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Introduction 

Le secteur de l'alimentation confronte les intervenants en santé au travail à de nouvelles 

difficultés : l'évaluation environnementale et le suivi médical se font maintenant pour des risques 

avec lesquels ils sont moins familiers parce que peu ou pas rencontrés dans les secteurs d'activité 

traditionnels : ce sont les risques biologiques et par certains aspects les risques ergonomiques. 

De plus, en ce qui concerne les médecins responsables, leurs liens sont peu établis avec les mé-

decins traitants alors que ce sont ces derniers qui suivent les travailleurs atteints d'infections, de 

dermatoses ou de problèmes musculo-squelettiques. Il n'y a pas non plus de guide de surveillan-

ce standardisé. La prévention des maladies professionnelles exigera un suivi régulier, une recher-

che des causes et des interventions aussi bien en hygiène qu'en ergonomie. 

Par ailleurs, nous avons dû aborder dans nos documents des risques à la santé qui sont communs 

à d'autres secteurs. Par exemple, les risques biologiques et les zoonoses se retrouvent surtout 

dans l'agriculture, mais par continuité se rencontrent souvent dans l'alimentation. D'autres 

problèmes de santé comme le travail de nuit se retrouvent dans l'alimentation, mais sont plus 

fréquents dans la fonction publique. 

Compte tenu de la variété des risques présents dans le secteur Aliments et Boissons, le document 

de référence que nous vous présentons ici se compose principalement d'un ensemble de textes 

de référence associés à chacun des principaux risques. Un texte les accompagne et se limite à 

des définitions et explications visant à orienter les activités. Nous espérons que ce recueil pourra 

inspirer les intervenants dans leur travail auprès des travailleurs et employeurs de ce secteur 

d'activités. 





Noise-Induced Hearing Loss: A Possible 
Marker for High Blood Pressure in Older 
Noise-Exposed Populations 

Evelyn O. Talbott, MPH. DrPH; Robert C. Findlay. PhD; Lewis H. Kuller, MD. DrPH; 
Lucretia A. Lenkner. MA; Karen A.Matthews. PhD; Richard D. Day, PhD; and 
Erick K. Ishii, MPH 

The pressât study assessed the relationships among occu-

pational noise exposure, noise-induced hearing loss, and high 

blood pressure. The study population consisted of245 retired 

metal assembly workers from Pittsburgh aged 56 to 68 with 

chronic noise exposure of 30 or more years at >89 dBA. Results 

of the audiometric testing indicated 52% of the younger work-

ers (ages 56 to 63) have severe noise-induced hearing loss 

(>65 dBA loss at 3f 4, or 6 kHz) and 67% of older workers 

(ages 64 to 68). Body mass index and alcohol intake were 

significantly related to systolic and diastolic blood pressure. 

Among older men, there was a marginally significant in-

creased prevalence of high blood pressure (^90 mm diastolic 

or taking blood pressure medicine) among those with severe 

noise-induced hearing loss (P = .05). Moreover, another mea-

sure of hearing loss at high frequencies, speech discrimination 

score in noise (measured in the better ear), referred to as the 

W-22 MAX score, was also found to be related to the preva-

lence of high blood pressure in the older (64 to 68) age group 

(P < .05). Multiple regression analysis revealed W-22 MAX 

and severe noise-induced bearing loss were independent pre-

dictors of hypertension in the older, but not in the younger 

group of retired workers. 

Noise-induced hearing loss is a m a j o r cause of disa-

bility. It is estimated that 10 million people in the 

United States a n d m a n y m o r e worldwide have hearing 
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loss that m a y be related to noise exposure.
1
 W h e r e a s 

the auditory effects of noise exposure are well k n o w n , 

the cardiovascular effects of chronic noise exposure are 

less clear.
8
"** T h e r e have been t w o general approaches 

used in the investigation of this subject. T h e first in-

volves the determination of noise exposure, both inten-

sity a n d duration, a n d the assessment of blood pressure 

status in noise exposed a n d comparison populations.
5 - 7 

- T h e second g r o u p of studies utilized varying defini-

tions of noise-induced hearing loss as a m a r k e r for noise 

exposure. T h e blood pressure status of occupationally 

noise exposed workers w a s then c o m p a r e d by hearing 

loss categories.
6 - 1 0

 T h e s e studies have been reviewed in 

detail.
11 

A study conducted in 1981 to 1982 of the epidemiology 

of high blood pressure ( H B P ) in metal assembly workers 

in Pittsburgh, P A , a n d a comparison population revealed 

a strong relationship between noise-induced hearing loss 

( > 6 5 d B A loss at 3,4, or 6 k H z ) a n d high blood pressure 

particularly a m o n g older m e n after adjusting for impor-

tant H B P risk factors (alcohol intake, family history, 

body m a s s index).
1 1
' " Although the effect w a s stronger 

in the noisier plant ( > 8 9 d B A ) , a relationship b e t w e e n 

noise-induced hearing loss a n d high blood pressure w a s 

seen in the less noisy plant ( < 8 1 d B A ) as well. 

T h e previous study'
9
 did not explore the potential 

effect of interference with speech discrimination a n d 

recruitment to loud sounds that m a y occur in noise 

exposed populations. T h e observed relationship m a y be 

confounded with another variable, that of social isolation 

from communication handicap a n d interference with 

lifestyle. This p h e n o m e n o n m a y affect older m e n in the 

g r o u p in which w e observed our greatest blood pressure 

difference. Therefore, the present cross-sectional inves-

tigation focused on a n in-depth study of a noise-exposed 
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population to characterize m o r e finely their audiolog-ical 

profile a n d to assess further the relationship of noise-

induced hearing loss as a m a r k e r for increased cisk of 

hypertension. 

T h e plant that employed these m e n w a s divided into 

six major sections: Press R o o m , Tool and Die, Metal 

Assembly, Blank a n d Sheer, Steel Storage, and Small 

Press. T h e s e are not partitioned by walls of any kind. 

T h e workers in the plant are engaged in the fabrica-

tion a n d partial assembly of large metal parts. A sound 

survey w a s conducted using both a G e n R a d 1 5 6 5 A 

sound level m e t e r as well as a M e t r o Logger dB-301 

dosimeter. T h e average noise level within the plant w a s 

8 9 d B A . T h e noise has been described as continuous a n d 

severe in all areas of the plant. A normal conversation 

is considered impossible. 

Since 1978 there has been a mandatory hearing con-

servation p r o g r a m in effect. W h e n m e n w h o participated 

in the study w e r e queried conccrning their current use 

of hearing protection, 3 9 % reported wearing protection 

always or almost always. H o w e v e r , before 1978, very 

few of the m e n used hearing protection of any kind. 

Study Design 

T h e r e w e r e 6 1 6 m e n w h o w e r e m e m b e r s of the union 

retirement organization as of April 1, 1984. T h e study 

population consisted of m e n aged 56 to 6 8 with 2 0 + 

years of e m p l o y m e n t at the plant and living within a 

50-mile radius. A total of 137 workers w e r e ineligible 

because they h a d m o v e d out of the state or lived beyond 

the 50-mile radius of our study area. O f the 4 7 9 remain-

ing, 110 w e r e ineligible because they were over or under 

a g e or currently working. Sixty-eight w a s chosen as the 

cutoff because the small n u m b e r s available at older ages 

m a y unduly confound the effects of noise exposure. 

Fifteen people from the original sample w e r e deceased, 

6 7 refused a n d 2 4 5 w e r e screened. A n additional 4 2 

w e r e unable to be. contacted. T h e overall response rate 

w a s 7 8 . 6 % . Clinical examination included measures of 

height, weight, pulse, a n d blood pressure, as well as a 

detailed medical a n d personal habit history, alcohol 

consumption, a n d s m o k i n g patterns. There w a s also a 

detailed questionnaire on occupational and military his-

tory a n d noisy hobbies. T h e examination and interview 

w e r e administered at the union hall. A n audiometric 

evaluation w a s also conducted. This consisted of air a n d 

bone conduction, audiometry, speech reception thresh-

old, w o r d discrimination testing, and an index of social 

interaction a n d communication. 

Multiple blood pressure measurements using stand-

ard procedures w e r e implemented in this investiga-

tion.
14
 Blood pressure wets determined by a nurse three 

times within 5 minutes after a 10-minute rest a n d then 

repeated by a second nurse 15 minutes later. 

T h e following standardized procedures were utilized. 

All blood pressure m e a s u r e m e n t s w e r e taken using the 

participant's right a r m in a sitting position. A standard 

m e r c u r y s p h y g m o m a n o m e t e r a n d r a n d o m zero device 

w e r e used for all m e a s u r e m e n t s . T h e first m e a s u r e m e n t s 

of each set of three w o r e taken with the standard device 

followed by two' readings of the zero muddler. T h e 

systolic and diastolic blood pressures of each w o r k e r 

were determined by the overall m e a n of four zero m u d -

dler measurements at one time. 

T h e first and fifth Korotkoff sounds w e r e recorded as 

the systolic and diastolic blood pressure, respectively. 

In addition, a history of cardiovascular disease a n d 

history of treatment for high blood pressure w e r e ob-

tained. T h e use of antihypertensive therapy w a s also 

ascertained including both current and previous use. 

Standardized audiometric testing procedures w e r e 

used. T h e testing w a s conducted by a certified audiolo-

gist. T h e procedure used for conducting the pure-tone 

audiogram includes the basic features of the H u g h s o n 

Westlake technique for determining the pure-tone hear-

ing threshold.
15
 All audiometric testing w a s performed 

in testing booths that conform to the A m e r i c a n National 

Standards criteria for background noise in audiometric 

rooms.
1 6
 A H thresholds w e r e measured with a single 

T D H headphone. T h e audiometers w e r e initially cali-

brated and periodically checked thereafter. T h e sound 

pressure output of the audiometer w a s calibrated 

monthly. A noise exposure questionnaire, which outlined 

information on e m p l o y m e n t , hobbies, military service, 

hearing disorders, w a s administered to each worker. 

T h e revised Hearing Performance Inventory ( H P I ) 

developed by L a m b et al
8 1
 to assess the communicative 

difficulty of hearing-impaired persons in a variety of 

everyday listening situations w a s administered to this 

population. 

T h e Interpersonal Support Evaluation has been e m -

ployed in a total of 12 studies as a m e a s u r e of support 

functions. For psychometric properties, correlation, a n d 

scale validity refer to C o h e n et aL®
8
 Responses to 3 6 

items on the Interpersonal Support Evaluation a n d six 

questions designed to m e a s u r e anxiety w e r e adminis-

tered. Responses to the 4 0 questions w e r e categorized 

into six choices: I agree very m u c h , I agree pretty m u c h , 

I agree a little, I disagree a little, I disagree pretty 

m u c h , and I disagree very m u c h . 

Results 

Cohort Description 

T h e age distribution of the total group is s h o w n in 

Table 1. T h e m e a n a g e w a s 6 3 years ( S D = 3.2). T h e 

present study utilized t w o age strata consisting of 5 6 to 

6 3 years and 6 4 to 6 8 years. Diastolic blood pressure 

did not vary markedly with age. H o w e v e r , there w a s a n 

age-related systolic blood pressure increase ( P < .01). 

,The average n u m b e r of years of w o r k at this plant w a s 

29.9 ( S D = 4.2). N o consistent pattern in blood pressure 

by total years of e m p l o y m e n t w a s noted. T h e initial date 

of hire ranged from 1946 to 1970 with 9 0 % of the m e a n 

reporting a 1950 to 1953 entry into the plant. T h e 

average date of retirement w a s 1981 ( S D = 4.0). There-

fore, this cohort had been r e m o v e d from daily exposure 

to noise for approximately 4 years. 
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T A B L E 1 

Distribution of Age among Hetired Assembly Workers in PillsbufgH, Pa 
1986-1987 

Blood Pressure 

Age Group, 
y* 

No. % Diastolic Systolic Age Group, 
y* 

Mean SD Mean SO 

56-59 
60-63 
64-68 
Totai 

39 
93 

113 
245 

15.9 
38.0 
46.1 

100.0 

83.6 
82.5 
83.4 
83.5 

9.52 
9.32 

11.01 
10.24 

135.6 
138.7 
143.4 
140.3 

13.3 
17.3 
19.4 
17.9 

• Mean age (SO) 62.9 (3.2). 

The majority of workers attained a high school di-

ploma. Ninety percent were currently married. Neither 

education or marital status was related to blood pres-

sure in this sample. Eighty-nine percent had served in 

the mil itary, especially World War I I and the Korean 

conflict. In addition, 61% of the participants reported 

participation in hobbies, the majority of which would be 

construed as noisy, such as woodworking, hunting, and 

target shooting. These noise insults might produce a 

cumulative effect on the acoustic mechanism and might 

affect our exposure marker, noise-related hearing loss. 

The majority (80%) of the men worked in areas meas-

ured as noisy (steel stores, press, machine shop, press 

pit, or metal assembty). 

Hypertension Risk Factors 

The prevalence of hypertension is defined as > 90 mm 

H g diastolic or currently taking blood pressure medi-

cations. Workers who reported currently taking blood 

pressure medications exhibited higher systolic and dia-

stolic blood pressure than those not reporting such 

usage (mean BP 85.9 mm Hg diastolic, 146.4 mm Hg 

systolic and 81.8 mm Hg diastolic, 137.1 mm Hg systolic, 

respectively). This may reflect poor compliance or poor 

hypertension control in this population. In contrast, 

those workers reporting a history of heart disease had 

slightly lower diastolic blood pressures than workers 

reporting no history of hypertension (mean BP 81.6 mm 

H g diastolic and 146.4 mm Hg systolic, v 83,5 mm Hg 

diastolic and 140.0 mm Hg diastolic, respectively). A 

history of hypertension in the immediate family was 

noted for 35.1% of the participants. Those reporting a 

family history of hypertension also exhibited higher 

systolic and diastolic blood pressure. 

Body mass index was directly related to blood pres-

sure, For both 56 to 63-year-old and the 64 to 68-year-

old groups, systolic and diastolic blood pressures signif-

icantly increased as body mass increased (P < .01). 

Alcohol consumption patterns were detailed by a self-

report of the type, quantity, frequency, and variability 

of alcohol use.1®"'9 There was a significant relationship 

between alcohol intake and systolic and diastolic blood 

pressure in the younger ( P < .05), but not in the older 

age group. Although 75.9% of the participants reported 

ever smoking cigarettes, only 06.5% reported being 

current cigarette smokers. 

Hearing Levels 

Mean hearing levels across various frequencies are 

shown in Figs. 1 and 2 for both the r ight and the left 

ear for all ages combined. It can be seen that there is 

significant hearing loss in this population, particularly 

in the high frequencies, with average decibel loss a t 

53.7, 60.3, and 60.5 dBA at 3, 4, and 6 kHz, respectively. 

There is some mild recovery evidenced at 6000 and 8000 

Hz. The mean threshold levels for the r ight and left 

ears of all 345 participants indicate differences between 

ears no greater than 2.5 dBA at al l frequencies from 

0.25 kHz to 6.0 kHz. The combined results of our sub-

jects demonstrate hearing within normal limits through 

1,0 kHz, followed by a progression of hearing loss that 

begins with a decline of 12 dBA between 1,0 kHz and 

2.0 kHz, a much steeper decline (30 dBA/octave) be-

tween 2.0 and 3.0 kHz, a rather uniform loss between 

3.0 and 6.0 kHz, and. finally, a mild recovery at 8000 

kHz. The audiogram W M consistent with noise-induced 

hearing loss (Figs. 1 and 2). 
Severe noise-induced hearing loss was defined as a 

threshold greater than or equal to 65 decibels, a t 3, 4, 

or 6 kHz within 20 dBA in the contralateral ear. Fifty-

six percent of the men aged 56 to 63 years and 68,1% 

of the older men (64 to 68 years) had severe noise-

induced hearing loss. Average speech reception thresh-

old scores (an index of hearing impairment at lower 

speech frequencies), monosyllabic word discrimination 

test scores (a measure of speech distortion), and mean 

hearing thresholds for the two age groups according to 

severe noise-induced hearing loss categories were also 

determined (Table 2) . There were clear differences 

between the high frequency ranges 3, 4, and 6 kHz 

according to severe noise-induced hearing loss cate-

Frequency (Hz) 

— dB —•— SD* (high) - * - SD* ( low) 

Rg. 1. Mean hearing loss levels in the right ear for workers in the 
noisy plant (exposed workers). 
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Fig. 2. Mean hearing levels in ihe left ear for workers in the noisy 
plant (exposed workers). 

TABLE 2 
Comparison of Purelone and Speech Discrimination Test Scores in Men by 

Age and Degree of Noise-Induced Hearing Loss* 

Severe 
Noise-

Induced* 
Hearing Loss 

(n = 74) 

Nonsevere 
Noise-tnduced 
Hearing Loss 

(n = 58) 

Mean (SO) Mean (SO) 

Age 56-63 y 
Average speech reception 

threshold 
Average speech discrimination 

score (in noise) 
Average hearing thresholds 

3000 d8 
4000 dB 
6000 dB 

Age 64-68 y 
Average speech reception 

threshold 
Average speech discrimination 

score (in noise) 
Average hearing thresholds 

3000 dB 
4000 dB 
6000 dB 

19.1 (10.1) 17.2 (15.6) 

42.2 (19.6) 62.0 (20.5)t 

60.7 (12.2) 39.1 (19.9) 
68.0 (11.9) 49.1 (18.1) 
66.4 (16.6) 48.4 (19.5) 

23.2 (12.9) 16.1 (9.8) 

41.3 (20.4) 60.8 (21,6)t 

63.0 (12.2) 37.7 (19.8) 
69.6 (12.5) 48.2 (17.3) 
70.7 (15.7) 44.8 (18.2) 

• >65 dB loss at 3, 4, or 6 kHz. 
t f test, I = 5.6, df = 130, P < .0001. 
X ( test t — 4.6. df = 1 1 1 . 0 0 1 . 

gories in both age groups. The monosyllabic discrimi-

nation tests administered in quiet areas yield scores 

very close to 100% in normal listeners. However, when 

the same test materials are administered with a com-

peting noise of 6 simultaneous speakers at a signal-to-

noise ratio of O dBA, normal listeners score was between 

80% and 90%. Speech reception threshold and speech 

discrimination scores did not differ according to noise-

induccd hearing loss in the 56 to 63-year-old group.13 

Among the older group, a difference was noted in the 

speech discrimination score between noise-induced hear-

ing loss workers compared with the nonnoise-induced 

hearing loss workers (83.2% (SD 11.5J i' 91.1% 

[SD 7.1). P < -01). 

W-22 MAX represents the maximum speech discrim-

ination score for the better ear when words are pre-

sented in combination with competing noise. It was 

usually more difficult to process speech in noise than in 

quiet conditions. In the noise presentation conditions, 

subjects with a lesser degree of noise-induced hearing 

loss scored almost 20 percentage points higher in dis-

criminating word lists in noise than their age counter-

parts ( P < .001). In the case of the two older age 

groups, subjects with less noise-induced hearing loss 

scored 7.7 percentage points higher in quiet ( t = 3.9, 

<ff = 111, P < .001) and 19.5 percentage points higher 

in noise conditions relative to subjects with more noise-

induced hearing loss ( t = 4,6, df= 111, P < .001). Thus, 

differences in degree of higher frequency hearing loss 

appear related to ability to discriminate speech stimuli, 

particularly in the presence of competing noise. 

Hypertension and Its Risk Factors According to Hearing Levels 

The mean ages of the younger group with and without 

noise-induced loss were similar (60.5 and 60,8, respec-

tively) (Table 3). Body mass index was higher in the 

nonsevere noise loss group ( P < .05). Their average 

years of employment were 30.2 and 30.1, respectively. 

For older men with or without severe noise-induced 

hearing loss, the mean age was 65.9 and 65.4 years, 

respectively. Body mass index was similar (38.1 v27.1) , 

as was average length of employment (29.0 years) 

(Table 2). 

A greater proportion of severe noise-induced hearing 

loss workers aged 64 to 68 years were currently taking 

blood pressure medications (39.2% v 20.5%, P < .05). 

The mean unadjusted blood pressures for these two 

groups were 144.1 mm Hg and 141.9 mm H g systolic, 

respectively, and mean diastolic 84.0 mm Hg and 82.2 

mm Hg, respectively ( P value not significant). 

There were no significant differences between the 

mean systolic or diastolic blood pressure for either age 

group dichotomized by hearing loss category (Table 3). 

Among men 64 to 68 years of age, there was a trend 

toward increased prevalence of high blood pressure in 

those with severe noise-induced hearing loss compared 

with those not meeting this criteria (39 of 77 [50.6%\ v 

11 of 36 [30.5%). P = .07). No evidence of a relationship 

was seen among men aged 56 to 63 years. 

The overall distribution of speech discrimination 

scores by hypertension status is shown in Fig. 3. There 

is a relationship between poor speech discrimination 

scores in noise ( < 6 0 % ) and HBP ( F < .05). Simi lar to 

the noise-induced hearing loss category, when these 

variables were further categorized by age, older hyper-

tensive men were twice as likely to exhibit poorer speech 

Journal of Occupational Medicine/Volume 32 No. 8/August 1990 
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Comparison of S ,«n« Pactocs ^ ^ A ^ . / w ^ s and « . . s e d u c e . H e a r , g 

^ — . " r--j Age 64-60 V Age 56-63 y 

Severe Noise-
Induced 

Hearing Loss 

Mean age, y 
Body mass index 
Mean years employment 
Family history of HBP 
History of hypertension 
Currently taking BP medication 
Currently smoking 
Exsmoker 
Total mean systolic blood pressure!, mm Hg 
Total mean diastolic blood pressuret. mm Hg 

* >65 dB loss at 3. 4 or 6 kHz (bilateral + 20). 
t Persons taking blood pressure medication excluded. 

Ages 55-63 Ages 64-69 

Speech Discrimination Score 

• I < 60 M > 60 
P < .01 

Fig. 3. Prevalence of high Wood pressure « ^ f ^ S 
or takina blood pressure medication) by age and speech discnmma-
ton S e ^ h e t e t t e r ear (in ndse) (or retired metal worker,. 

discrimination scores compared with nonhypertensive 

men (55% v 27.6%, P< .01). 

Hearing Performance Inventory 

Nonsevere Noise-
Induced Hearing 

Loss 

M e a n (SO) Mean 

74 58 
60.5 (2.2) 60.8 
27.6 (5.0) 29-4 
30.2 (3.8) 30.1 
35.6% 42.4% 
37.1% 37.3% 
34.8% 35.6% 
31.5% 22.0% 
17.8% 18.6% 

132.9 (13.2) 135.0 
81.8 (9-8) 81.3 

(SD) 

Severe Noise-
Induced 

Hearing Loss 

Mean 

Nonsevere Noise-
Induced Hearing 

Loss 

(SO) Mean (SD> 

(1.75) 
(5.3) 
(3.9) 

(15.2) 
(7.8) 

77 
65.9 
28.1 
29.3 
33.8% 
39.2% 
38.3% 
25.7% 
13.5% 

142.5 
83.5 

(1.5) 
(4.6) 
(4.5) 

(16.3) 
(12.6) 

36 
65.4 
27.1 
29.0 
35.9% 
20.5% 
23.1 % 
25.6% 
20.5% 

138.2 
79.9 

(1.5) 
(3.6) 
(5.0) 

(16.3) 
(8-6) 

The overall HP I scores in this particular study were 

in the lower range, indicating that the workers had 

little difficulty in everyday listening situations com-

pared wi th a clinical sample of hearing-impaired per-

sons. There was a nonsignificant correlation between 

puretone thresholds and the HP I inventory scores. The 

puretone threshold average correlates with the 47 lis-

tening items. However, there was only an 8% common 

variance. A thorough discussion of the reliability and 

validity of the HP I and its relationship to aud iometry 

thresholds and hearing handicap is reported else-

where.35 Of the 75 items, 38 purport to measure the 

ability to understand speech and thus constitute the 

"understanding speech" section. Nine items dealt with 

the detectability (not the understandabil i ty) of com-

munication and other environmental signals, making up 

the " intensity" section. Twenty items, composing the 

"response to auditory failure" section, relate to the 

subject's compensatory behaviors related to a commu-

nicative impairment, and eight items concern adjust-

ment to a hearing loss in the personal section. The 

distribution of HP I subscores related to the specific 

areas were then recorded into one of three tertiles (high, 

medium, and low), x* tests of the distribution between 

HP I score and HBP were conducted. No relationship 

between HP I and our outcome variable. HBP, was noted. 

Social Support 

Table 4 presents the distribution of social support 

scores according to noise-induced hear ing loss groups 

for five subscores of social support. Among younger 

men, there was no statistically significant difference in 

test scores between the two hearing loss groups. In the 

older category, the older men with noise-induced hear-

ing impairment did exhibit more social anxiety than 

younger men. Analysis of variance using blood pressure 

as the outcome and social support scores were dichotom-

ized by above and below the mean; no significant rela-

tionships were observed. 

Multiple Regression Analyses 

Logistic multiple regression model f itt ing techniques, 

together with a step-wise procedure, were used to de-

termine the predictors of hypertension status. Because 
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of the number of independent variables to be tested, only 

main effects were initially fitted; relevant interaction 

items were subsequently entered into the resulting 

equation to obtain a final model. Independent variables 

tested for inclusion in the model were (1) noise-induced 

hearing loss (yes = 1, no = 0) , (2) W-22 M A X (speech 

discrimination in noise) (<60 = I , >60 = 0), (3) family 

history of hypertension (yes = 1, no = 0), (4) alcohol 

consumption (grams of ethanol), (5) body mass index 

(kg/m a ) , (6) noisy hobbies (yes = 1, no = 0), (7) age 

in years, and (8) cigarette consumption (number of 

packs per day). The final model (see Table 5) included 

three independent variables—body mass index, family 

history of hypertension, and W-22 MAX—which to-

gether explained approximately 7% of the variance in 

the data. 

The data set was subsequently stratified into the two 

age groups. When the procedure was applied to these 

data, it was found that body mass index was the only 

variable in the final model for the younger (55 to 63 

years) age group, whereas the final model for the older 

(age 64+ years) age group included family history of 

hypertension, W-23 MAX , and body mass index. The 

latter model, when compared with the former, explained 

about three times the variance in the data (ic, 4% v 

13%), indicating tha t we were more successful in pre-

dicting hypertension status among the older subjects. 

Finally, the above analysis repeated the logistic 

regression only, without the W-22 M A X variable. This 

TABLE 4 
Distribution of Social Support Scores' for Noise-Induced and Non-Noise-

Induced Hearing Loss Groups 

Age 56-63 y, 
Noise-Induced Hearing 

Loss 

Age 64-69 y. 
Non-Noise-Induced 

Hearing Loss 

Mean (SD) Mean (SO) Mean (SO) Mean (SO) 

24.93 (6.3) 25.9 (7.1) 27.1 (7.5) 25.8 (8.3) 
22.4 (6.6) 22.9(7.8) 23.5(7.4) 21.5(6.2) 
24.7 (5.8) 24.7(7.0) 24.5(7.3) 23.7(6.7) 
18.8 (6.5) 18.6(8.2) 18.9(7.3) 16.9(5.6) 
22.2 (6.4) 20.9(6.8) 21.4(5.9) 24.1 (7.0) 

* Social support: low score = high social support; high score = 
low social support. Social anxiety: low score = high anxiety. 

Appraisal support 
Belongingness 
Self-esteem 
Tangible support 
Low social anxiety 

was done to determine whether or not noise-induced 

hearing loss would enter into the final model in the 

absence of W-22 MAX. When the logistic model was fit 

for all subjects (see TaWë 5 ) , noise-induced hearing loss 

did not enter the final equation, which consisted of only 

two variables—body mass index and family history of 

hypertension. When the data were stratified according 

to age group, noise-induced hearing loss did enter the 

equation for the older (age 64+ years) age group. The 

resulting equation for the older age group contained 

two independent variables, family history of hyperten-

sion and noise-induced hearing loss, which together 

explained about 9% of the variance. 

Discussion 

The aims of the present study were to characterize 

more finely the audiometric profile of a group of highly 

noise-exposed workers at a metal assembly plant and to 

determine whether severe noise-induced hearing loss 

was related to the prevalence of hypertension in this 

group of workers. The definition of severe noise-induced 

hearing loss was a puretone threshold of >65 dBA at 3, 

4, or 6 kHz in either ear (within 00 dBA of each other) 

and is considered to be a biologic marker of noise 

damage. In addition to using this definition of noise-

induced hearing loss, an additional index of communi-

cative difficulty, Hear ing Performance Inventory 

scores, was also utilized. This inventory measures five 

areas of hearing performance and was used as an indi-

cator of interference with lifestyle or interpersonal com-

munication abilities. A marginal ly significant relation-

ship was noted between severe noise-induced hearing 

loss and the prevalence of hypertension among older 

men. There were nonsignificant correlations between 

the HP I and the more objective puretone audiometric 

measures of hearing loss. No relationship was found 

between the total hearing performance inventory scores 

or HP I subscores and high blood pressure. 

Another measure of noise-induced hearing loss and 

communication in everyday life was the speech discrim-

ination score in noise (W-22 MAX) . This is an indicator 

of both the psychosocial impairment and biologic dam-

age to the hearing mechanism. Referred to in this 

TABLE S 
Multiple Logistic Regression of the Presence of Hypertension in Retired Male Workers and Significant Risk Factors with and without W-22 MAX" 

Group 
se 

var iable With 
W-22 MAX 

Without 
W-22 MAX 

With 
W-22 MAX 

Without 
W-22 MAX 

With 
W-22 MAX 

Without 
W-22 MAX 

With 
W-22 MAX 

Without 
W-22 MAX 

8MI 0.12338 0.11438 0.0375 0.0364. 10.82 9.90 .001 .002 
FHX 0.94741 0.85124 0.2944 0.2846 10.36 8.94 .001 .003 
W-22 M A X 0.50225 0.2852 4.17 .041 

.003 

BMI 0.12123 0.0487 6.19 .013 

FHX 1.58481 1.57904 0.4639 0.4408 11.67 12.83 .001 .000 
W-22 MAX 1.14020 0.4580 6.20 .013 

.000 

BMI 0.11138 0.0580 3.68 .055 
NIHLf 0.90994 0.4681 3.78 

.055 
.052 

All subjects (n = 
245) 

Age group 55-63 
(n = 132) 

Age group 64+ 
<n= 113} 

* Speech discrimination in noise/better ear. 
t NIHL, noise-induced hearing loss; >65 dB loss at 3.0. 4.0, or 6.0 kHz. 
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investigation as W-22 MAX, it represents the ability to 

differentiate a word list presented on an audiotape with 

a background of noise for both the left and right ear. 

The score or percent of a word list correctly identified 

in the better ear is then taken as the W-22 MAX score 

for speech discrimination. The "W-22 MAX measure of 

speech discrimination (<60% v >60%) was a predictor 

of increased prevalence of hypertension in both age 

groups. This indicates that W-22 MAX may be a more 

sensitive index of both the psychosocial and biologic 

components of noise-induced hearing loss. The hallmark 

of loss in the speech range was found in the frequencies 

of 1000 to 2000 kHz. Clinically, a person who is above a 

35-dBA threshold for these frequencies may be adversely 

affected with regard to his or her speech discrimination 

score. He or she may also be at risk for the hypertensive 

effects of chronic noise exposure. 

Our previous noise and blood pressure study also 

noted a significant relationship between noise-induced 

hearing loss and blood pressure, with the effect in older 

men being more pronounced." The sample population 

drawn from the plant for the present study were older 

retired men who had not participated in the earlier 

investigation. They represent, therefore, a cohort that 

in the earlier study were aged 56 to 63 years, but were 

now part of the 63 to 68-year-old group. It is interesting 

to note that once again this group may represent the 

most noise-exposed cohort. These results suggest that 

there may be a threshold of occupational noise exposure 

that must be reached before the relationship between 

noise-induced hearing loss and hypertension is exhib-

ited. W-22 MAX appears to be a unique measure of both 

noise-related damage to the cochlea as well as a deter-

minant of communication handicap. Further work with 

speech discrimination testing in other noise exposed 

populations is needed. 

A variable not addressed by the current study is the 

effect of lipoprotein levels and noise exposure on hear-

ing. Noise-induced hearing loss is a well-documented 

effect of prolonged exposure in a noisy environment. 

Several investigators, however, have reported a corre-

lation between hearing loss, particularly at high fre-

-quencies, and high serum cholesterol levels.81"31 Epide-

miologic studies have suggested that elevated blood 

lipids, which are known to lead to atherosclerosis, may 

cause damage to the vascular system of the inner ear. 

This may result in an increased susceptibility to noise-

induced hearing loss.3® Animal experimentation involv-

ing exposure to both an atherogenic diet and high levels 

of noise has yielded similar results.33-31 Although the 

pathogenesis of the relationship between abnormal blood 

lipids and noise-induced hearing loss is not fully under-

stood, a model for the mode of interaction has been 

proposed by Axelsson and Lindgren.28 Future work in 

the area of noise-induced hearing loss and blood pres-

sure should include lipid measurements as well as better 

measures of speech discrimination. 
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Agenda for Afternoon of Life 

We might compare masculinity and feminity and their psychic components to a 

definite store of substances of which, in the first half of life, unequal use is made. A 

man consumes his large supply of masculine substance and has left over only the 

smaller amount of feminine substance, which must now be put to use. Conversely, 

the woman allows her hitherto unused supply of masculinity to become active. 

This change is even more noticeable in the psychic realm than in the physical. 

How often it happens that a man of forty-five or fifty winds up his business, and the 

wife then dons the trousers and opens a little shop where he perhaps performs the 

duties of a handyman. There are many women who only awaken to social responsi-

bility and to social consciousness after their fortieth year . . . . 

The worst of all is that intelligent and cultivated people live their lives without 

even knowing of the possibility of such transformations. Wholly unprepared, they 

embark upon the second half of life. Or are there perhaps colleges for forty-year-

olds which prepare them for their coming life and its demands as the ordinary 

colleges introduce our young people to a knowledge of the world? No, thoroughly 

unprepared we take this step with the false assumption that our truths and ideals 

will serve as hitherto. But we cannot live the afternoon of life according to the 

program of life's morning; for what was great in the morning will be little at 

evening, and what in the morning was true will at evening have become a lie. 1 have 

given psychological treatment to too many people of advancing years, and have 

looked too often into the secret chambers of their souls, not to be moved by this 

fundamental truth. 

—-From Jung OG. Aspects of the Masculine. 

Beebe J , ed. Princeton, NJ: Princeton University Press 

(Bollingen Series); 

1989:33-33. 
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SURDITÉ ET AUTRES EFFETS DU BRUIT 

L e bruit est présent dans de nombreuses entreprises alimentaires. C o m m e la plupart 

des intervenants en santé au travail ont déjà une expérience valable dans ce 

domaine nous n'élaborerons pas sur ce sujet : l'évaluation et la surveillance 

médico-environnementales s'appliquent de la m ê m e manière. Les sources de bruit 

peuvent cependant être différentes. O n n'a qu'à songer à la chaîne mécanique de 

l'embouteillage. Il faudra se familiariser avec les solutions technologiques 

spécifiques aux différents procédés. Etant donné l'avancement du dossier sur le 

bruit, d'autres aspects c o m m e le stress dû au bruit pourraient être évalués. 
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CONTRAINTES THERMIQUES ET SANTE 

2.1 - Chaleur 

La chaleur peut devenir une contrainte dans certaines circonstances ou tâches 

précises. Par exemple les fours à pains dans les boulangeries. Comme pour 

le bruit, l'évaluation, la surveillance et les mesures de prévention sont 

similaires à celles appliquées dans d'autres genres d'entreprises. 

2.2- Froid 

Dans le contexte de l'industrie, l'exposition au froid dans l'entreprise se situe 

le plus souvent entre 0°C et 10°C et ponctuellement jusqu'à - 20°C. Il s'agit 

d'une contrainte thermique bien différente de celle des travailleurs de 

l'extérieur exposés à des températures extrêmement basses qui peuvent 

causer des engelures et des hypothermies sévères. On pourrait qualifier 

l'exposition du travailleur alimentaire de "froid intermédiaire" : il s'agit 

d'un stress thermique dont les effets sur la santé sont souvent mal définis et 

mal connus, mais qui contribue à des inconforts sérieux et à la perte de 

dextérité manuelle. Les lieux de travail les plus souvent impliqués sont : 

• chambres froides laitières ( + 4°C) 

* unité de coupe ( + 10°C) 

* empaquetage de la viande ( + 10°C) 

• entreposage : poisson (0°C à 2°C) 

produits laitiers (0°C à 10°C) 

produits congelés (- 18° à - 20°C) 

Il est bon de reviser brièvement comment se font les échanges thermiques 

de l'homme avec son milieu, comment ils s'appliquent aux travailleurs des 

entrepôts frigorifiques, jusqu'à quel point les travailleurs s'adaptent et enfin 

comment à la lumière de ces données scientifiques, ils peuvent se protéger. 

Les quatre processus d'échange de chaleur sont la conduction, la convection, 

l'évaporation et le rayonnement. Entre les corps matériels inertes, les 

échanges se font jusqu'à égalisation des températures. Entre le milieu 
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ambiant et le corps humain, les échanges se font vers l'égalisation, mais 
l'organisme tendant à maintenir une température constante, compense ses 
pertes par la production accrue d'énergie. Advenant une incapacité à 
maintenir une température constante, le corps humain peut développer toutes 
les pathologies bien connues de l'exposition au froid. La thermogénèse se 
fait par des mécanismes cardïovasculaires hormonaux, neurologiques ou 
hypothalamiques. Dans une ambiance froide, la perte de chaleur se produit 
par l'émission d'ondes électromagnétiques longues qui sont absorbées par 
les matières froides environnantes. Près d'un mur froid, un individu peut 
perdre beaucoup de son énergie calorifique. Cette perte est proportionnelle 
à la différence de température entre sa peau et la surface froide avoisinante. 
Cette perte est énorme. Le rayonnement compte pour 40 à 60% de la totalité 
des pertes calorifiques et se chiffre à environ 1000 à 1500 Kcal. Viennent 
ensuite les pertes par convection qui sont de l'ordre de 25 à 30%. Les pertes 
par conduction sont habituellement moins fréquentes car elles nécessitent le 
contact direct avec l'objet froid. L'évaporation de la sueur ne cause 
habituellement pas de refroidissement, mais si l'activité physique s'intensifie 
et que les vêtements s'humidifient au contact de la sueur, un refroidissement 
plus marqué s'ensuit. 

L'adaptation au froid, à toutes fins pratiques, se divise en adaptation 
corporelle totale et en adaptation des extrémités. Les înuit par exemple ont 
une adaptation des mains et du visage au froid, par contre ils sont aussi 
sensibles que les autres races à l'exposition corporelle totale vu qu'ils 
portent des vêtements protecteurs adéquats. 

Lors de l'immersion d'une main dans l'eau froide la température des doigts 
chute à 0°C; après quelques minutes, elle s'élève à 5-6°C et fluctue ensuite 
entre 0 et 5°C. Il y a vasoconstriction initiale suivie d'une vasodilatation 
observable, due à un "shunt" artério-veineux. La douleur survient en baisse 
de température et s'atténue lors de la pseudovasodilatation. La douleur 
apparaît le plus souvent en vasoconstriction mais existe parfois en 
vasodilatation. Ce phénomène se répète de façon intermittente. Les Inuit, les 
pêcheurs et bien d'autres ne ressentent pas de douleur, ils sont adaptés. 

En ce qui concerne l'adaptation corporelle totale seulement quelques 
peuplades s'acclimatent vraiment au froid. Paradoxalement, ils vivent dans 
des climats chauds. Les arborigènes d'Australie Centrale, les hommes des 
bois de Kalahari, les Indiens de Tierra Fuego et quelques autres s'adaptent. 



Ils peuvent dormir nus à 0°C ou plus bas en hiver sans abri entre deux petits 

feux. Ils ne frisonnent pas, leur température rectale ou cutanée continue à 

baisser toute la nuit et ils dorment. Ils survivent en hypothermie dans un 

confort relatif. Dans les mêmes conditions un individu non adapté perd sa 

chaleur, frissonne, présente une légère baisse de température rectale et bien 

entendu ne réussit pas à dormir. 

A la lumière de ces connaissances on peut se rendre compte que dans les 

entrepôts frigorifiques les travailleurs exposés à des températures de 0° à 

10°C ne passent pas à un stade d'adaptation même après des années 

d'exposition. Des études récentes en Suède tendent à confirmer ces faits. On 

a constaté un inconfort marqué au niveau des extrémités s'approchant parfois 

du seuil de la douleur à des températures de 10°C. Une baisse de dextérité 

manuelle se manifeste à ces niveaux. Par contre, on a noté une adaptation 

psychologique à ces inconforts ou douleurs. L'explication de la non 

adaptation vient du fait que les conditions de températures ne sont pas assez 

basses.pour permettre une adaptation des travailleurs. 

Cette absence d'adaptation doit être retenue lors de la recherche de moyens 

de protection de mains. Le port de gants en coton est efficace 

temporairement, mais perd de sa valeur quand le gant se mouille. La 

dextérité ou le rendement est souvent moindre avec des gants. 

En général, des travailleurs dans les chambres frigorifiques auraient 

tendance à sous-estimer le besoin de protection contre le froid et porteraient 

des vêtements d'isolation insuffisante. Cette perception du froid est 

probablement reliée à la variation d'intensité des activités. 

En l'absence d'adaptation physiologique à des conditions de températures 

froides limitrophes, il ne reste que la protection personnelle pour rendre le 

travail confortable. Comme les activités varient en intensité et que les 

températures ambiantes changent d'une pièce à l'autre, il faudra user de 

beaucoup d'ingéniosité pour arriver à une solution pratiquement acceptable. 



Prévention, contrôle et surveillance 

En ce qui a trait aux moyens de prévention générale nous vous référons au 

texte ci-joint de l'INRS sur le froid artificiel dans l'industrie alimentaire. 

Quant à la surveillance médicale nous procédons en déterminant la popula-

tion cible selon le risque et la présence des atteintes à la santé, et non par 

des examens généraux obligatoires tels que décrits en référence. Nous 

croyons qu'il est important de tenir compte des symptômes rapportés par les 

travailleurs, de vérifier les cas individuels et de proposer des solutions à la 

lumière des connaissances dans le milieu de travail. On pourra surveiller 

certaines pathologies spécifiques comme la maladie de Raynaud. Les métho-

des de surveillance et les solutions aux problèmes rencontrés ne sont pas 

nécessairement connues aussi faudra-t-il agir selon les besoins et circons-

tances des milieux de travail et suivre les recherches en cours. A titre 

d'exemple, même si on préconise la mesure de la température cutanée du 

dos de la main comme moyen d'évaluation, peu d'intervenants ont développé 

cette expertise et cette méthode reste à évaluer. 



Contraintes thermiques et santé 
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Baisse de la dextérité 
des salariés 
travaillant au froid 
M. Aptein centre de recherche de l'INRS 

I m p a i r m e n t of w o r k e r ' s dex te r i t y 
w o r k i n g In c o l d e n v i r o n m e n t s . -

Cold environments affect finger dexterity. 
The purpose of this study was to 
evidence any decrease in dexterity 
among people occupationatly exposed to 
cold in stores with temperatures between 
-30°C and + 10 °C. As the results of 
the studies carried out in this field are 
difficult to analyse, it appears necessary 
to previously assess the relationships 
between body cooling and dexterity by 
reviewing the literature. The concept of 
critical hand skin temperature, which is 
used now, allows us to choose the 
adequate statistical tool in order to 
analyse the results of this study. 

Fifty seven workers were twice subjected 
to the screw-test without any previous . 
training : one time at the workplace in a 
cold environment, another time in a room 
at normal temperature (around 20 °C). 
The threshold of hand skin temperature 
below which the dexterity is affected is 
23-24 °C. This result is obtained by an 
ANOVA. In fifty percent of the subjects 
studied, the hand skin temperature 
measured was below 24 °C during the 
working days. The results of this study 
show that the impairment of worker's 
dexterity could be a real problem. It must 
be taken into account by the persons 
organizing the work of people 
occupationally exposed to cold. 

L'exposition au froid entraine une diminution de la dextérité. L objectif de 
ta pîésenteétude est de rechercher celle-ci chez les ^ J r ^ a o o ' c e t 
froid dans des Jsicaux dont la température est comprise entre -30 <>C et 

+ Cinauarte-sept salariés ont subi deux fois le test du boulon sans aucun 

rhez les salariés exposés au froid est donc une réalité. 
I l ïait quelétudese déroule uniquement dans les entreprises améneune 

sîtiMtlon Expérimentale spécifique car certains ?" 
contrôlés directement Aussi, la validité du test du boulonjntérêt de t ^ 
en tant qu'indicateur de refroidissement, ainsi que la 
en forme de courbe à seuil liant le refroidissement corporel à la performance, 
sont discutés par rapport à la littérature. 

Le refroidissement des mains en-
traîne une baisse de la dextérité 

(Fox, 1967; Enander. 1984). Or, chez 
les salariés exposés au froid, le refroi-
dissement affecte surtout les extré-
mités corporelles, donc les mains 
(Enander et coll.. 1979; Williamson et 
coll.. 1984). Par ailleurs, il faut considé-
rer la baisse de la dextérité comme 
une des causes possibles d'accident 
du travail chez ces salariés. L'objectif 
de la présente étude est de mettre en 
évidence, si elle existe, cette baisse 
de la dextérité chez tes salariés 
exposés au froid dans l'industrie ali-
mentaire. Il s'agit donc d'une étude 

(«) Service de physiologie environnemen-
tale. 

sur le terrain qui i m p o s e des 
contraintes spécifiques (en particulier, 
absence de maîtrise du refroidisse-
ment des mains des salariés) à l'ori-
gine de difficultés pour mettre en 
évidence une liaison entre la perfor-
mance et le refroidissement des 
mains. En conséquence, c'est l'ana-
lyse des documents bibliographiques 
qui nous conduit à choisir le lest du 
boulon, car il nécessite des mouve-
ments lins des doigts, la température 
cutanée du dos de la main comme 
indicateur de refroidissement (Fox, 
1967) et une relation en forme de 
courbe à seuil pour relier le refroidis-
sement de la main à la performance 
{Fox 1967; Enander. 1984). Tous ces 
choix seront justifiés dans la discus-
sion. 



1. MÉTHODE 

La présente élude s'est entièrement 
déroulée au poste de travail des 
salariés sans que l'organisation de 
leur lâche soit modifiée. Parmi les 
57 salariés qui ont participé à l'étude. 
21 travaillent dans un local dont la 
température est inférieure à 0 °C 
(chambre Iroide) et 36 travaillent dans 
un local dont la température est 
compr i se entre 0 ° C et + 10 °C 
(chambre climatisée). Quinze femmes 
travaillent dans une chambre climati-
sée alors qu'aucune ne travaille dans 
une chambre froide. 

1.1. Origine et déroulement du test 
du boulon 

1.1.1. Origine 

Le test du boulon fait partie de la 
batterie des tests de dextérité et de 
rapidité de Bonnardel. La présentation 
du test aux salariés est rapide car 
visser des boulons est un geste 
connu par tous. Enfin, le matériel est 
solide, peu encombrant et facile à 
transporter. C'est pourquoi, ce test a 
été retenu pour la présente étude. 

1.12. Déroulement 

Le salarié est assis à une table. 
Oevant lui, 3 casiers sont disposés 
côte à côte. Les casiers de droite et 
de gauche contiennent soit les vis. 
soit les écrous, le salarié choisissant 
leur emplacement relatif. Au signal 
donné par l'expérimentateur, il prend 
une vis et un écrou, visse un tour- et 
dépose le boulon dans le casier 
central. La consigne est de visser le 
maximum de boulons pendant 2 mi-
nutes. Les vis ou les écrous qui 
tombent des mains ne doivent pas 
être ramassés. Avant et pendant le 
test, aucun encouragement n'est 
adressé au salarié pour le motiver. 

Le test du boulon est subi mains nues, 
sans aucun apprentissage préalable. 
II est subi deux fois, une fois dans des 
conditions de référence (Réf.), une fois 
au froid (F)- Pour te test au froid, la 
température d'air est toujours infé-
rieure à + 1 0 °C. Pour le lest de 
référence, la température d'air est 
comprise entre 18 et 26 °C. Avant le 
test au froid, les boulons et les casiers 
sont conservés dans un chariot iso-
therme (température supérieure à 
15 °C), si bien qu'ifs ne se refroidis-
sent pas suffisamment pendant ce 
test pour en biaiser tes résultats. Le 

lest au froid est subi sur le lieu du 
travail. S'il porte des gants, ie salarié 
les retire. Etant donné que le salarié 
subit deux fois le test, l'apprentissage 
peut interférer avec l'effet du froid. 
C'est pourquoi, la population des sa-
lariés étudiés est divisée en deux 
groupes. Un groupe subit d'abord le 
test de Réf., puis le test F (sens de 
passat ion - Réf. - F »). L'autre 
groupe subit le test F, puis le lest de 
Réf. (sens de passation « F Rél. »). 
Le sens de passation est pré établi 
pour chaque entreprise de manière à 
équilibrer, a priori, les effectifs des 
deux groupes. Cinquante-sept sala-
riés ont subi les deux tests, soit 29 
dans le sens « F - Réf. » et 28 dans 
le sens « Rél. - « F ». 

1.1.3. Mesure de la température 
cutanée du dos de la main gauche 

La température cutanée du milieu du 
dos 

de la main gauche (isk m) est 
relevée avant chacun des 2 tests. Le 
capteur de température est une Iher-
mistance de type CRAFTEMP, enve-
loppée dans un ruban de cuivre adhé-
sif. Ce capteur est fixé à la peau, 
dégraissée au préalable avec de 
l'éther, au moyen d'un ruban adhésif 
de type BUENDERM. 

2. RÉSULTATS 

Le test au froid est subi après une 
durée continue de travail au froid très 
variable d'un salarié à l'autre. En 
moyenne, cette durée est de 95 min 
avec un écart-type de 54 min. La 
dispersion esl importante: elle est due 
à la grande variabilité de la durée 
continue d'exposition au froid des 
salariés et, dans une moindre mesure, 
à l'instant choisi pour subir le test. Le 
test de référence esl réalisé dans le 
local où le salarié est préparé. Lors-
que le salarié subil le test de réfé-
rence. il est dans ce local depuis au 
moins 10 à 15 minutes. 

Les résultats sont présentés en deux 
parties. La première concerne la pré-
sentation des résultats bruts, la se-
conde partie présente la méthode 
statistique utilisée pour déterminer le 
seuil. 

2.1. Résultats bruts 

Le nombre de boulons vissés par un 
salarié pendant un test représente la 
performance. Les valeurs qui figurent 
dans le tableau I sont les moyennes 

TABLEAU I 
Moyenne et écart-type des performances réalisées 

par les salariés aux tests du boulon 

Effectif Sens 2 sens 
confondus 

Apprentissage Effectif 

1 | 2 | 3 
Rél. - F Rét. 

4 
Réf. 

5 
Froid 

6 
1<W 

7 
2* 

Échantillon 
complet 

(ligne A) 

57 X 29.1 27.6 27,2 29.5 
Échantillon 
complet 

(ligne A) 

57 

o 5.5 5.9 5.3 5.5 

Groupe 
Réf. - F 

(ligne B) 

28 X 28.9 29.7 
Groupe 
Réf. - F 

(ligne B) 

28 

o 5.6 5.6 

Groupe 
F Réf. 

(ligne C) 

29 X 25.6 29.3 
Groupe 
F Réf. 

(ligne C) 

29 

o 5.4 5.6 

X : moyenne, 
o : écart type. 
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inlerindividuelles des performances 
aux lests pour chaque groupe de 
salariés suivant : l'échantillon com-
plet. le groupe « Réf. - F », le groupe 
- F - Réf. 

Dans le tableau II. figurent les résultats 
des tests de Student pour échantil-
lons appariés réalisés sur les résultats 
bruts tels qu'ils sont présentés dans 
le tableau I. 

Pour l 'ensemble de l'échantillon, les 
performances au test au froid sont 
significativement inférieures à celles 
obtenues au tesi dans les conditions 
de rélérence (A4-A5. tableau H). 

Dans le groupe « Réf. - F ». les 
performances au test dans les condi-
tions de référence sont inférieures à 
celles obtenues au test au froid sans 
que cette différence soit significative 
(B1-B2. tableau II). 

Dans le groupe « F Réf. ». les 
performances au test au froid sont 
significativement inférieures à celles 
obtenues au test dans les conditions 
de référence (C2-C3. tableau II). 

?,?. Recherche du seuil 

L'analyse bibliographique montre l'im-
portance de tsk.m en tant qu'indicateur 
physiologique permettant de repré-
senter au mieux l'influence du froid 
dans le cadre de la relation en forme 
de courbe à seuil. La recherche du 
seuil est donc indispensable. 

Afin d'éliminer l'influence des varia-
tions interindividuelles de perfor-
mance. les boulons vissés au froid 
sont exprimés en pour cent de ceux 
vissés dans les conditions de rélé-
rence. La figure 1 présente l'évolution 
de la performance en fonction de tsn.m 
mesurée avant le tesl au froid de 
chacun des 57 salariés. 

Le seuil où commence à apparaître 
l'influence du froid est recherché par 
répétition d'une analyse de variance à 
deux facteurs avec prédétermination 

des deux classes établies par rapport 
à une valeur de tsk.m progressivement 
incrémentée de 1 °C. 

Les deux facteurs sont les suivants : 

- tsk.m mesurée avant le test au froid. 

- sens de passation. 

Chaque tSk.m est appariée au résultat 
du tesl exprimé en pour cent. L'ana-
lyse de variance se déroule alors 
comme suit. Pour chaque valeur de 
Iskm choisie entre 20 et 29°C. deux 
classes de salariés sont constituées, 
l'une dont tSk.m est inférieure à Uk.m 
choisie et l'autre dont tSk.m est supé-
rieure. Entre 20 et 29 °C. 12 valeurs de 
tSk.m sont choisies et. par conséquent. 
12 analyses de variances sont effec-
tuées. La ligure 2 représente l'évolu-
tion des 3 valeurs de « F » de Fischer 
correspondant aux 2 effets et à leur 

Flg. 1. Performance, exprimée en %, au 
test du boulon en fonction de ttk^n-

• : moyenne des performances des salariés dont 
tsk.m est dans l'intervalle [(lsk.nO. (Uk.m + 'M-
| : écart-type centré sur la moyenne. 
N : nombre de salariés pour lesquels t * m esl 
compris dans l'inteivafte défini précédemment. 

TABLEAU II 

Tests de Student 

Moyennes 
comparées 

« t . Degré de 
l iber té 
(ddl) 

Signffl-
cat iv i té 

A4 - A5 2.26 56 p < 0.05 

B1 -B2 0.37 27 NS 

C2 - C3 4.56 28 p < 0.01 

A6-A7 3.62 56 p < 0.01 

PERFORMANCE 

130 

141618202224 26283032 

'sk.rn (•O 

(M., 
fW» + Dl H. IS 18.19 19.20 20.21 21.22 22,23 23.24 

N 1 3 2 3 5 6 7 

24.25 25,26 26.27 27.28 28.29 29,31)1 30.31 31,32 32,33 

3 2 S 3 7 4 3 2 1 

NS : non significatif. 
p < 0.05 : seuil de significalivilé. 
A. B. C. 1.2, 3. 4. 5. 6. 7 sont les numéros des 
lignes el des colonnes du tableau I. 

D'autre part, pour l 'ensemble de 
l'échantillon, lorsque le sens de pas-
sation est pris en compte indépen-
damment de la température du local 
où le lest esl subi, les performances 
au premier test sont significativement 
inférieures à celles obtenues au se-
cond test (À6-A7, tableau II). 

Les résultais bruis des lests ne sont 
pas suffisants pour mettre en évi-
dence l'effet du froid. Mais ils indi-
quent que le sens de passation doit 
être pris en compte dans l'analyse 
des données. 

Valeur du F 

'20 21 22l 23| 24 25 26 27 28 29 
22
'
523
'
5
 Uk.mfC) 

chois ie 
comme seui l 

Flg. Z Recherche du seuil; valeurs des F 
pour chacune des 12 analyses de va-
riance (et. paragraphe 22). 

t«.m (°C) 
choisie 

comme seu3 
20 21 22 22,5 23 

Effectifs cbns 
les 2 cbsses 6-51 9-48 14-43 17-40 20-37 

23.5 24 25 26 27 28 29 

25-32 27-30 30-27 32-25 37-20 40-17 47-10 

2083 Cahiers de notes documentaires n° 128. 3° trimestre 1987 



interaction, en fonction de tsk.m choisi 
comme seuil. Chaque analyse de 
variance est réalisée avec des classes 
à effectils variables mais don! !e total 
des effectils des deux classes est 
toujours égal à 57. 

« L'effet température » est toujours si-
gnificatif car. quelle que soit tsk.m 
cho i s i e , tous les salar iés sont 
contenus dans tes 2 classes. C'est 
pourquoi, l'analyse des 2 courbes de 
la figure 2 tient compte uniquement 
des variations des valeurs de «F ». 
surtout dans l'intervalle 23-27 °C. En-
tre 23 et 27 oC. les valeurs de « F » de 
« l'effet température » sont les plus 
élevées et plus précisément entre 23 
et 23.5 °C. Autrement dit. l'influence 
de tsk.m sur la baisse de la perfor-
mance est maximum pour ces valeurs 

de tsk.m-

TABLEAU 111 
Tests de corrélation entre les t t M l supérieures au seuil 

ou inférieures au seuil et la performance correspondante 

Corrélation entre les 
t t k m supérieures au 

seuil et la performance 
correspondante 

Corrélation entre les t , ^ Intérieures au seuil et 
la performance correspondante 

Seuil 
°C 

r. ddl Signili-
calivité 

r. ddl Signili-
caliviiè 

Droite de régression 
pert. % = a Uk.m + b 

23 0.06 35 NS 0.38 18 p < 10% 

23.5 0.05 30 NS 0.48 23 p < 5% péri. % = 3.2 lsk,m + 16.8 

24 0.1 28 NS 0.55 25 p < 1 % pert. % « 4.3 Isk.m - 4.3 

ddl :. degré de liberté. 
NS : non significatif. 
p < S % : seuil de signilicativité. 

L'effet « sens de passation » n'est pas 
significatif en dessous de 22,5 °C. 
Puis la courbe s'élève brutalement 
entre 22.5 et 24 °C et l'effet devient 
significatif. Au-delà, la courbe reste 
parallèle à l'axe des tSk.m. Ainsi, lors-
que tSk.m est inférieure à 23 °C envi-
ron. l'influence du sens de passation 
sur la performance est faible parce 
que l'effet température prédomine. En 
revanche, lorsque tSk m est supérieure 
à 23 °C. « l'effet passation » est im-
portant, la répétition du test entraînant 
une amélioration des résultats. Autre-
ment dit. le salarié bénéficie alors de 
bonnes conditions d'apprentissage 
parce que l'influence de « l'effet tem-
pérature » n'existe plus. Ainsi, au-delà 
de 24 °C de tSk.m. la dextérité n'est pas 
modifiée par le froid. 

Si le seuil de tSk.m. en deçà duquel la 
dextérité est diminuée, est fixé entre 
23 et 24 oC. aucune corrélation ne doit 
alors exister entre tSk,m et la perfor-
mance pour tous les.salariés dont 
t$k.m est supérieure à ce seuil. 

Ce test de corrélation a donc été 
réalisé. Cependant, du fait que le seuil 
ne peut être fixé avec précision puis-
que c'est un intervalle qui est proposé. 
3 valeurs seuils ont été choisies, soit 
respectivement : 23. 23.5 et 24 °C. Le 
tableau III présente ces corrélations; 
pour chaque valeur du seuil. 2 corréla-
tions sont calculées : l'une entre tes 
tsk.m supérieures au seuil et la perfor-
mance correspondante, l'autre entre 
les tskm inférieures au seuil et la 
performance correspondante. 

L'examen de ce tableau montre que. 
quel que soit le seuil, aucune corréla-
tion n'existe-entre les tSk.m supérieures 

à ce seuil et la performance. En 
revanche, la corrélation entre les tSk.m 
inférieures à ce seuil et la performance 
est significative pour les valeurs de 
seuil de 23.5 et 24 °C. 

Ces résultats confirment donc que le 
seuil peut être fixé entre 23 et 24 °C. 

3. DISCUSSION 

La présente étude vise à mettre en 
évidence la diminution éventuelle de 
fa dextérité chez les salariés qui tra-
vaillent dans des ambiances thermi-
ques froides. Elle est donc réalisée 
sur le terrain sans que les conditions 
de travail des salariés soient modi-
fiées. Cette situation expérimentale 
particulière influence l'organisation de 
l'étude ainsi que le dépouillement. 

Chaque salarié étudié subit une 
contrainte thermique froide qui fui est 
propre. En effet, la tâche, le vêtement, 
la durée d'exposition et les caractéris-
tiques de la contrainte thermique sont 
propres à chacun des salariés étu-
diés. Par exemple, certains salariés 
portent en permanence des gants, 
d'autres n'en portent jamais, d'autres 
encore n'en portent qu'épisodique-
ment. d'autres enfin ne portent qu'un 
seul gant. L'exemple des gants illustre 
bien l'hétérogénéité des contraintes 
thermiques subies par les salariés. En 
conséquence, fe refroidissement des 
tissus cutanés et sous-cutanés du 
membre supérieur qui représente l'as-
t re in te thermique des sa la r iés 
exposés au froid (Enander et coll., 
1979; Williamson et coll.. 1984) n'est 

pas comparable d'un salarié à l'autre. 
Or. Clark et Cohen (1960) qui utilisent 
le test de nouage montrent que la 
performance dépend non seulement 
de la température cutanée mais aussi 
de la température des tissus plus 
profonds (muscles, nerfs, articula-
tions). Ainsi, selon ces auteurs, pour 
une même température cutanée, plus 
la température des tissus profonds 
est basse, plus la performance est 
diminuée. 

Cette observation a deux consé-
quences. En premier lieu, il n'est pas 
possible de proposer dans la pré-
sente élude une relation liant la baisse 
de la dextérité au refroidissement. En 
effet, en raison de l'hétérogénéité des 
conditions expérimentales, le refroi-
dissement des membres supérieurs 
de chaque salarié est spécifique, donc 
différent de chacun des autres sala-
riés. Il s'ensuit que pour deux salariés 
dont le refroidissement des tissus 
profonds est différent, ta performance 
au froid sera différente bien qu'il soit 
possible que leurs températures cuta-
nées soient identiques. En second 
lieu, le choix de l'indicateur de refroi-
dissement s'avère complexe. Aussi, 
ces deux questions doivent-elles être 
discutées en tenant compte des don-
nées bibliographiques. 

Auparavant, il est aussi nécessaire de 
justifier le choix du test du boulon 
parmi les différents tests disponibles. 

Les différents auteurs qui ont étudié 
l'influence du froid sur la dextérité ont 
montré l'importance que revêt le choix 
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lest. C'est le lest du boulon de 
nnardel qui a été choisi pour la 

présente étude. Il ne (igure pas dans 
liste des tests retenus par Wyon 
>77) pour évaluer la baisse de la 
xtérité chez l 'homme exposé au 

„ j d . Le test du boulon présente 
néanmoins les critères requis pour 

e retenu. En effet, les auteurs qui 
lisent des lests nécessitant des 
HJvements fins des doigts (tesl de 

nouage (knot lying), de ficelage (block 
stringing) et de rapidité digitale (coun-

g task)) observent une diminution 
: la performance au froid (Gaydos et 
isek. 1958; Clark et Cohen. 1960: 

Tanaka et coll.. 1983). En revanche, les 
auteurs qui utilisent des tests ne 

cessitant pas de mouvements lins 
(S doigts mais plutôt des mouve-

...snts du poignet ou du coude (cer-
tains tests du laboratoire de psycho-
'~9ie de l'université du Minnesota; 

st de vissage - dévissage avec 
urnevis) n'observent pas de diminu-

tion de la performance (Teichner. 
1957; Lockhart. 1968). Le test du 

>ulon implique des mouvements fins 
?s doigts et Bonnardel le considère 
jmme un test de dextérité. C'est 

donc un test pertinent pour mettre en 
évidence la baisse de la dextérité 

îez les salariés exposés au froid. 

refroidissement du membre supé-
rieur ou d'une partie de celui-ci est 

iffisant pour entraîner une baisse de 
dextérité (Leblanc. 1956; Lockhart et 
ess. 1971). Or. c'est essentiellement 

cette partie du corps qui se refroidit 
chez les salariés exposés au froid. De 

lus, parmi les différentes tempéra-
ires cutanées qui peuvent être rele-
;es au niveau du membre supérieur, 

Tanaka et coll. (1983) monlrent que la 
température cutanée du dos de la 

îain (tsk.m) est celle qui reflète le 
lieux l'influence du froid sur la dexté-

..té. Cette observation est partagée 
par d'autres auteurs (Fox. 1967; Enan-
Jer . 1984). La température cutanée du 

os de la main doit donc être retenue 
omme étant l'indicateur de refroidis-

sement le plus pertinent. 

e choix de la nature de la relation 
ant tsk.m à la performance soulève en 

.svanche plus de difficultés qui ne 
sont pas sans conséquence sur le 
' lépouillement des résultats. En effet. 
3 choix de l'outil statistique qui per-
met de dépouiller les résultais dé-

pend de la nalure de cette relation. 
Dans une analyse bibliographique. 
~ox (1967) estime que la baisse de la 
lextéritè n'apparaît que lorsque tsk.m 
itteint une valeur seuil. Pour cet au-

teur. le refroidissement de la main 
entraîne une hypoeslhésie ladite el 
jne diminution de la dextérité. Celles-

ci n'apparaissent qu'à partir d'un seuil 
de tsk.m qui serail. selon l'auteur, de 
8 °C pour la sensibilité tactile et de 12 
à 16 °C pour la dextérilé. Fox (1967) 
fonde son opinion sur l 'analyse 
d'études qui sont réalisées en labora-
toire ou sur le lerrain. La relation en 
forme de courbe à seuil ne semble 
pas loutelois compatible avec les 
résultats présentés par d'autres au-
teurs. Lockhart et Kiess (1971) et 
Tanaka et coll. ( 1983) trouvent, en effet, 
des corrélations significatives entre 
tsk m et la performance des sujets pour 
des tests qui impliquent des mouve-
ments fins des doigts. Cependant. 
Lockhart et Kiess (1971) limitent la 
portée de la relation linéaire qu'ils ont 
relevée parce qu'ils considèrent que 
tsk.m n'est peul-ètre pas l'indicateur de 
refroidissement le plus pertinent. 

Or. l'expérience de Clark et Cohen 
(1960) le démontre. C'est pourquoi, 
•Enander (1984) qui retient la relation 
en forme de courbe à seuil propose 
d'y inclure deux limites, d'une part le 
test choisi doit impliquer des mouve-
ments fins des doigts el d'autre part 
la température cutanée ne reflète pas 
précisément la température des tissus 
profonds dont le rôle apparaît déter-
minant. Cependant, dans toutes les 
expériences, seules les températures 
cutanées sont mesurées. En effet, la 
mesure de la température des tissus 
profonds esl difficilement réalisable 
chez l'homme. 

Les mécanismes à l'origine de la 
diminution de la dextérité sont mal 
connus. Lockhart et Kiess (1971) pen-
sent qu'une exposition sévère au froid 
modifie la sensibilité tactile cutanée, 
affecte le contrôle des muscles des 
doigls. des mains et des bras et réduit 
la mobilité articulaire. Hunier et coll. 
(1952) ont montré que la viscosité du 
liquide synovial de bovins augmente 
lorsque la température articulaire di-
minue. Vanggaard (1975) montre que 
la conduction nerveuse du nerf cubital 
chez l'homme diminue lorsque la tem-
pérature baisse et est bloquée lors-
que sa température atteint 10 °C. 

Dans la présente étude, une analyse 
de variance particulière permet de 
rechercher le seuil. Cette particularité 
lient au fait que les salariés étudiés 
n'ont subi aucun entraînement préala-
ble car celui-ci n'élait pas envisagea-
ble au regard de la situation expéri-
mentale. C'esl pourquoi l'échantillon 
des salariés étudiés est divisé en 
deux. Chaque groupe a subi deux fois 
les tests - une fois au froid, une fois 
dans les conditions de rélérence -
mais dans un sens de passation 
différent, ceci afin d'intégrer l'influence 

de la répétition du lest sur la perfor-
mance. L'analyse de variance intègre 
donc deux facteurs, à savoir le sens 
de passation el 1Sk.m. L'absence d'ap-
prentissage. loin de gêner l'interpréta-
tion des résultats obtenus, contribue 
à démontrer l'existencc du seuil. 
L'analyse de variance particulière utili-
sée peut donc être proposée dans 
des situations expérimentales où au-
cun apprentissage ne peut être envi-
sagé. 

Le seuil se situe entre 23 et 24 °C. Il 
est plus élevé que celui proposé par 
Fox (1967). Mais, dans une étude 
comparable à la présente étude et 
portant sur mille salariés. Meese et 
coll. (1984) observent que la baisse de 
la dextérité survient à une température 
plus élevée que celle proposée par 
Fox (1967) et Poulton (1970. cité par 
Meese). Sur la base des données 
recueillies dans l'élude réalisée par 
Meese. Schiefer et coll. (1984) situent 
le seuil de température cutanée de 
l'index entre 20 et 22 °C. Dans la 
présente étude, le seuil de tsk.m est 
situé entre 23 et 24 °C. H est donc tout 
à fait comparable avec celui proposé 
par Schiefer el coll. (1984). En effet, la 
température cutanée du doigt est tou-
jours plus basse que celle du dos de 
la main. 

Les résultats obtenus présentement, 
bien que ne pouvant valider la relation 
en forme de courbe à seuil, sont en 
concordance avec celte .hypothèse. 
D'autre part, l'examen de ces résultats 
montre que 27 des 57 salariés qui ont 
subi le test du boulon ont une tempé-
rature de la main inférieure au seuil de 
24 °c. soit près d'un salarié sur deux. 
En conséquence, la baisse de la 
dextérité chez les salariés travaillant 
dans une ambiance thermique froide 
est une réalité. Ce constat amène les 
deux conclusions suivantes : 

- le travail des salariés doit être 
organisé de telle sorte que les lâches 
impliquant des mouvements fins des 
doigts soient supprimées. 

- le froid doit être considéré comme 
un facteur de risque supplémentaire 
vis-à-vis des accidents du travail. 
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Le travail 
au froid artificiel dans 
l'industrie alimentaire 
Description des astreintes 
et recommandations 

M. Aptel, centre de recherche de Ï'INRS 

Working in refrigerated climates in the 
food industry. 
Description of stress and 
recommendations 

Little is known about the health effects of 
working in cold climates. The purpose of 
this study is therefore to describe the 
thermal stress to which exposed workers 
are subjected and to propose 
recommendations to improve their 
working conditions. The contents include: 
refrigeration in the food industry, cold 
stress, cold hands and dexterity, 
measuring cold environments by strain 
indexes proposal of a thermal stress 
indicator (the temperature of the dorsum 
of the hand), cold-induced pathology and 
recommendations (reducing cold strain, 
work organisation, protective clothing, 
rest periods, training and information, 
medical surveillance). 

In conclusion, working in refrigerated 
environments does not give rise to any 
major problems of thermal or 
sensorimotor stress, but certain, 
precautions must be taken. 

L'influence du travail au froid sur la santé des salariés est-mal connue. 
Aussi; cette note a pour but de décrire l'astreinte thermique t1) des 
personnes exposées et de proposer des recommandations afin d'améliorer 
leurs conditions de travail (2). Au sommaire : le froid artificiel dans l'industrie 
alimentaire, l'astreinte thermique, l'influence du refroidissement des mafns 
sur la dextérité, l'évaluation des ambiances thermiques froides par tes 
indices de contrainte, la présentation d'un Indicateur d'astreinte thermique 
(fa température cutanée du dos de la main), la pathologie due au froid et enfin 
recommandations (réduction de la contrainte froide, organisation du travail, 
vêtements contre le froid, pauses, formation et information, surveillance 
médicale). 

En conclusion, le travail au froid artificiel rie soulève pas de problèmes 
d'astreinte thermique ou sensorimotrice majeurs, mais certaines précautions 
doivent être prises. 

L'essor important de l'industrie alimentaire lors de ces quarante dernières 
années a nécessité la mise en place d'une réglementation stricte de la 
conservation des denrées périssables. Or, le froid est, parmi les différentes 
méthodes de conservation des produits frais, la technique de loin la plus 
répandue. Aussi, le nombre de chambres froides ( 1 ) et de chambres climati-
sées f1) a considérablement augmenté pendant cette période avec pour, 
conséquence un accroissement du nombre de postes de travail exposant des 
salariés à des ambiances thermiques froides artificielles. 

1. A S T R E I N T E S L IEES 

A U T R A V A I L A U F R O I D 

1.1. Le froid artificiel dans l'industrie 
alimentaire 

Les conditions de travail dans des 
ambiances thermiques froides artifi-
cielles doivent être distinguées de 
celles rencontrées dans les régions 
polaires ou lors de la période 
hivernale. Eh effet, le travail dans 
des conditions climatiques .natu-
relles représente une situation de 
contrainte ( ' ) thermique spécifique 

bien que certaines similitudes avec le 
travail au froid artificiel soient obser-
vées. Seules les conditions de travail 
au froid artificiel seront décrites ici. 

( f ) Cf. lexique. 
(2) L1NRS a réalisé une étude sur les 
conditions de travail au froid dans l'indus-
trie alimentaire qui a fait l'objet d'un mé-
moire de thèse. La présente note do-
cumentaire n'est qu'un résumé de cette 
étude; le mémoire de thèse peut être 
envoyé sur simple demande adressée à 
t'INRS à Nancy. Service de Physiologie 
Environnementale. 

ul 



TABLEAU I 
Température de conservation des denrées alimentaires 

et population des salariés exposés au froid 

Produits conservés Température des locaux 
Estimation de la 

populat ion exposée 
au froid 

Fabrication -h entreposage 
viande 
abals 
sleak haché 
charcuterie 

+ 7 «e 
0 °C à + 3 °C 
0 °C à + 3 °C 
0 °C à + 4 oc 

40 000 
à 

50 000 

volaille 0 °C à + 4 oc 10000 

Entreposage seul 
poissons 
lait et dérivés 
légumes et fruits 

0 °C à + 2 °C 
0 °C à + 6 °C 

+ 6 °C à -f- 10 °C 
10 000 

surgelés 
crèmes glacées 

maximum — 18 °C 
maximum — 20 °C 

10 000 

Population des salariés qui 
travaillent au froid 
(source: enquête par questionnaire 
auprès de 670 salariés) 

Population des salariés français 
Source INSEE 1975 (22 818 000) 

> 6 0 0 1 60 < âge < 64 

51 < âge < 60 7 19 50 < âge < 59 

41 < âge < 50 9 22 40 < âge < 49 

31 < âge < 4 0 27 21 30 < âge < 39 

21 < âge < 3 0 51 29 20 < âge < 29 

< 20 
• » i • 

6 5 15 < âge < 19 
1 i i 

50 40 30 20 10 C ) 10 20 30 40 50 

nombre de salariés (%) 

Fig. 1. Répartition, par tranche d'âge de 10 ans, de la population de tous les salariés 
français comparée à celle des salariés exposés au froid. 

L 'industrie alimentaire est la principale 
utilisatrice du froid artificiel. Deux prin-
cipaux types d'activités sont ren-
contrés d a r k l e s enceintes froides de 
cette branche industrielle, à savoir : la 
transformation de certaines denrées 
et l 'entreposage des produits frais ou 
surgelés. La découpe de la viande, de 
la volaille ou du poisson représente 
l'activité de transformation. L'activité 
d'entreposage succède en principe à 
la transformation. Cependant , de 
n o m b r e u s e s denrées périssables 
n'ont pas été transformées au froid. 
Pour celles-ci. la chaîne du froid 
commence fors de l'entreposage. 

A chaque activité correspond un mé-
tier spécifique. Aussi, deux principaux 
lypes de métiers sont rencontrés chez 
les salariés exposés au froid : les 
« bouchers »qu i découpent la viande, 
la volaille ou le poisson el les manu-
tentionnaires qui sont soit cariste soit 
préparateur de commandes ( ' ). Le tra-
vail des manutentionnaires est identi-
que quelle que soit la température du 
local. 

Chaque denrée doit être transformée 
et/ou entreposée à une température 
précise. Le tableau I indique la tempé-
rature de l'enceinte froide pour cha-
que denrée. L'examen de ce tableau 
montre que la température des en-
ceintes froides est théoriquement 
comprise entre' - 2 0 <>C et + 1 0 ° C ; 
en fait la température des chambres 
froides peut atteindre — 30 ° C le matin 
lors de l'ouverture des portes de 
l'entrepôt. 

La population des salariés exposés 
au froid peut être évaluée à 8 0 0 0 0 
personnes environ. Le tableau I indi-
que la répartition de cette population 
en fonction des types d'activité décrits 
précédemment. En raison du dévelop-
pement récent d e l'industrie alimen-
taire. la populat ion d e s salariés 
exposés au froid est jeune comme le 
montre la figure 1. En effet, près de 
60 % des salariés exposés au froid ont 
moins de 30 ans alors que dans la 
population totale des salariés travail-
lant en France, ils ne sont que 35 %. 

Les pauses d e travail ne font l'objet 
d'aucune réglementation particulière. 
Chaque entreprise organise, à sa 
façon, le régime des pauses. La répar-
tition et la durée des pauses dépen-
dent aussi d e la température de l'en-
ceinte froide. Ainsi, lessalariés travail-
lant en chambre froide bénélicient de 
pauses plus fréquentes et/ou plus 

(1) Cf. lexique. 

longues que les salariés travaillant en 
chambre climatisée. 

La plupart d'entre eux ont à leur 
disposition des vêtements de protec-
tion contre le froid. Pour les salariés 
travaillant en chambre climatisée, il 
s'agit le plus souvent d'anorak ou de 
veste matelassée qui s'ajoutent aux 
vêtements personnels. En revanche, 
pour les salariés travaillant en cham-

bre Iroide, l'employeur fournit un vête-
ment isotherme f1) particulier. 

1.2. Astreinte thermique 

Les résultats de l'étude menée par 
l'INRS auprès de salariés exposés au 
froid, complétés par les informations 
bibliographiques recueillies, peuvent 
être résumés comme suit. 



Oans les conditions habituelles de 
travail, le refroidissement corporel est 
très faible. En effet, l'évolution de la 
température du noyau ( ' ) au cours de 
la journée, appréciée par la mesure de 
la température rectale, demeure in-
changée par rapport à celle de sala-
riés non exposés au Iroid (Enander et 
coll., 1979). De même, la température 
de récorce( ' ) . appréciée par la me-
sure de la température cutanée 
moyenne, calculée selon la pondéra-
tion de Ramanalhan {cf. annexe 1) 
varie très peu au cours de la journée 
de travail au Iroid (fig. 2). En consé-
quence. aucun danger d'hypothermie 
n'est à craindre. En revanche, le refroi-
dissement des mains est important 
(fig. 2) sans toutefois entraîner ni 
engelures ni gelures, sauf cas 
particuliers. 

C'est pourquoi, l'astreinte thermique 
se traduit essentiellement par un re-
froidissement des extrémités corpo-
relles. Le port de gants et de chaus1 

sures n'assure pas une protection 
efficace contre le refroidissement des 
extrémités bien qu'il en limite l'inten-
sité. Enfin, une grande dispersion 
interindividuelle du refroidissement 
des mains est observée, sans que 
celle-ci soit en rapport avec les seuls 
facteurs de contrainte thermique (tem-
pérature et vitesse de l'air). 

D'autre part, l'étude menée par l'INRS 
a montré qu'une pause dont la durée 
est de 25 minutes environ n'assure 
pas un réchauffement suffisant des 
mains. En effet, ia température cuta-
née de la main des salariés n'atteint 
pas, à l'issue de cette pause, une 
température comparable à celle me-
surée avant le début de l'exposition au 
froid. Enfin, le réchauffement de la 
main pendant la pause est d'autant 
plus important que le refroidissement 
est plus intense. 

En dernier lieu, la comparaison entre 
le refroidissement des salariés travail-
lant en chambre froide et celui des 
salariés travaillant en chambre climati-
sée montre que ces derniers se refroi-
dissent plus que les premiers. Ce 
résultai, a priori paradoxal, est certai-
nement lié au fait que la durée d'expo-
sition continue au froid des salariés 
travaillant en chambre froide est plus 
courte que celle des autres salariés. 

1.3. Influence du refroidissement 
des mains sur la dextérité 

Le refroidissement des extrémités en-
traîne une diminution de la dextérité 

(1) Cf. lexique. 

Fig. Z Évolution de l'astreinte thermique cutanée et répartition des périodes d'exposi-
tion au froid au cours de la fournée de travail de deux salariés. 
Chaque figure se divise en deux partie : la partie supérieure représente les différentes 
températures cutanées et la partie inférieure les répartitions des périodes d'exposition 
au froid. 

P : pause 
R : repas 
L : temps passé dans le local de préparation 
W : période de travail 

•—• : température cutanée moyenne (Ramanathan) 
m—• ; température cutanée du dos de la main gauche 
o—o ; température cutanée du dos de la main droite 
Le trait en pointillés à 24°C indique le niveau où la dextérité commence à diminuer. 
Sur la partie supérieure des figures, seuls les points correspondent à des tempéra-
tures cutanées relevées. Le trait ne sert qu'à relier ces points, permettant ainsi de 
mieux figurer les variations de température. 

(Enander. 1984). L'influence, du froid 
sur la dextérité est représentée par 
une relation en forme de courbe à 
seuil. Ainsi, tant que la température 
cutanée du dos de la main est supé-
rieure au seuil, aucune modification de 
la dextérité n'apparaît. En revanche, 
dès que la température cutanée du 
dos de la main est inférieure au seuil, 
la dextérité diminue. 

Dans l'étude sur le travail au froid 
menée par l'INRS, le test du boulon 
(visser le maximum de boulons pen-
dant 2 minutes) a permis de montrer 
que le seuil de température cutanée 
du dos de la main est fixé à 24 °C. 
Autrement dit, tant que la température 
cutanée de (a main est supérieure à 
24 °C. le refroidissement de la main 
n'engendre qu'un inconfort thermique 



pour certains salariés. Mais dès que 
ce seuil est franchi, la capacité à 
effectuer des mouvements fins des 
doigts est réduite. Cetle diminution de 
la dextérité peut donc être responsa-
ble d'une incapacité à réaliser cer-
taines tâches, voire être à l'origine 
d'un accident du travail. 

A litre d'exemple. 60 % des salariés 
qui onl participé à l'élude déjà men-
tionnée onl, au moins une lois pen-
dant leur journée de travail au.lroid. 
une température cutanée de la main 
inférieure à 24 °C. Enlin. le port des 
gants n'assure pas systématiquement 
une tempéralure supérieure à 24 °C. 

1.4. Évaluat ion des ambiances ther-
miques f ro ides 

L'évaluation globale des ambiances 
thermiques apporte au préventeur une 
inlormation précieuse sur la sévérité 
de la contrainte thermique et permet 
la prévision ou l'appréciation de l'as-
treinte. Pour les salariés exposés au 
froid, le refroidissement global ou 
local du corps représente cette 
astreinte. 

Deux modes principaux d'évaluation 
des ambiances thermiques froides 
sont distingués : 

- les indices de contrainte qui, à partir 
de la mesure des différentes gran-
deurs climatiques, permettent de pré-
voir l'astreinte thermique; 

- un indicateur d'astreinte qui. à partir 
de la mesure de la température cuta-
née du dos de ta main, permet d'ap-
précier le refroidissement de la main 
et son retentissement sur l'aptitude 
sen so ri motrice du salarié. 

1.4.1. Indices de contrainte 

Un document de travail ISO ( ' ) portant 
sur l'évaluation des ambiances ther-
miques froides propose deux indices 
complémentaires : un indice de refroi-
dissement global permettant de pré-
voir l'isolement vestimentaire requis 
(IREQ) (1 ) et un indice de refroidisse-
ment local, le Wind Chill Index 
(WCIJC). permettant de prévoir l'in-
tensité du refroidissement des extré-
mités (mains et pieds) et te risque que 
celui-ci représente pour le salarié. 

IREQ : indice de refroidissement 
global 

L'information fournie par IREQ est 
double. D'une part, plus IREQ est 

(1) Cf. lexique. 

important, plus te pouvoir de refroidis-
sement de l'ambiance thermique est 
grand. D'autre part. IREQ permet de 
prévoir l'astreinte thermique du sala-
rié. En conséquence, cet indice doit 
être considéré comme un guide per-
mettant de choisir les vêtements qui 
assureront un isolement thermique 
suffisant pour que le salarié puisse 
demeurer plusieurs heures au froid. 
Aucun risque d'hypolhermie( l) n'est 
alors à craindre car le salarié est en 
équilibre thermique. 

L'information apportée par IREQ n'a 
d'intérêt que si l'isolement vestimen-
taire des vêtements esl connu. L'ISO 
propose, dans un autre document de 
travail, une méthode qui permet de 
calculer l'isolement vestimentaire de 
différentes pièces de vêtements 
(IcIJC). Ainsi, en comparant la valeur 
de IREQ - isolement vestimentaire 
requis assurant l'équilibre thermique 
- à Ici - isolement des diflérentes 
pièces de vêtements effectivement 
portées par les salariés exposés au 
froid —, il est possible de savoir si ces 
salariés sont suffisamment vêtus et, 
au cas où ils le seraient insuffisam-
ment, quel vêtement supplémentaire 
ils doivent porter. 

En fait, le document de travail ISO 
portant sur IREQ propose de calculer 
deux IREQ. IREQ mini et IREQ neutre. 
IREQ mini représente l'isolement ther-
mique minimum des vêtements que le 
salarié doit porter. Si l'isolement vesti-
mentaire (Ici) est inférieur à IREQ mini, 
le salarié se refroidira trop et devra, 
après un intervalle de temps calcula-
ble. quitter l'enceinte froide. En revan-
che. IREQ neutre représente un isole-
ment vestimentaire devant assurer le 
confort thermique au salarié. IREQ 

'TfëQlre est donc toujours supérieur à 
IREQ mini. 

Dans l'étude INRS réalisée auprès de 
salariés exposés au froid, les résultats 
de la comparaison entre IREQ et Ici 
(fig. 3a et 3b) peuvent être résumés 
comme suit : 

- pour les salariés travaillant en 
chambre froide, Ici est inférieur à IREQ 
mini. Aussi, les vêtements mis à leur 
disposition ont un isolement Ihermi-
quë insuffisant pour que ces salariés 
puissent demeurer dans une chambre 
froide, de façon continue, pendant 
plusieurs heures. Cependant, étant 
donné que leur durée continue 
d'exposition au froid est le plus sou-
vent inférieure à 1 heure, leur isole-
ment vestimentaire est satisfai-

sant comme le confirme la mesure de 
leur température cutanée moyenne (cf. 
paragraphe 12). 

- pour les salariés travaillant en 
chambre climatisée. Ici est équivalent 
à IREQ neutre. Ces salariés se sont 
donc vêtus pour que leur situation 
thermique soit proche du confort. 

WCI : indice de refroidissement local 

L'indice local de refroidissement pro-
posé par le document de travail ISO 
est Wind Chill Index (WCI). Mais 
aucun WCI calculé pour les condi-
tions de contrainte thermique des 
salariés, qui ont participé à l'étude 
déjà citée, n'est excessil. 

Ce résultat est logique. En effet, WCI 
est un indice qui vise à prévenir les 
accidents liés au relroidissement local 
excessif. Ce n'est donc pas un indice 
intéressant pour les contraintes 
froides auxquelles les salariés sont 
exposés car ces accidents ne sont 
que très rarement rencontrés. En re-
vanche, WCI ne permet pas de prévoir 
la baisse de dextérité. 

1.4.2. Température cutanée du dos 
de fa main, indicateur d'astreinte 
thermique pour les salariés exposés 
au froid 

Un hiatus existe donc entre les 2 in-
dices proposés par l'ISO et l'astreinte 
thermique des salariés telle qu'elle est 
décrite précédemment (cf. p a r a -
graphes 1 2 et 1.3). En effet, ces 
2 indices de contrainte visent à préve-
nir une situation qui n'est pas ren-
contrée chez les salariés exposés au 
froid, à savoir le refroidissement 
excessif du corps et les pathologies 
locales aiguës liées au refroidisse-
ment des extrémités. En consé-
quence. l'information fournie par ces 
indices est de portée limitée, car elle 
ne permet pas de prévoir la diminution 
de la dextérité. 

Une nouvelle méthode d'évaluation 
doit être proposée. 

La température cutanée de la main est 
la méthode d'évaluation qui, pour les 
conditions de travail des salariés 
exposés au froid, paraît la plus inté-
ressante. bien que ne constituant pas 
un indice permettant de prévoir le 
refroidissement des salariés à partir 
de la mesure des grandeurs caracté-
ristiques d'une ambiance thermique 
froide de travail. Pourtant, le choix de 
la température cutanée de la main 
comme indicateur d'astreinie est 
fondé sur les arguments suivants : 



Fig. 3. 

- spontanément, compte tenu de teur 
contrainte thermique de travail, les 
salariés choisissent un isolement ves-
timentaire satisfaisant; 

- lorsque la température cutanée de 
la main atteint 23 o u 24 °C . la capaci té 
sensor imotr ice de la main est d imi-
nuée {cf. paragraphe 1.3). Elle entraîne 
l ' inaptitude du salarié à réaliser cer-
taines tâches et peut être la source 
d 'acc idents du travail; 

- les var ia t ions i n te r i nd i v i due l l es 
dans le refroidissement des extré-
mités sont très importantes et seul un 
indicateur d'astreinte peut les p rendre 
en compte. 

Toute température cutanée de la main 
supérieure à 24 ° C cor respond à un 
refroidissement de la main qui n 'en-
trave pas l'activité d u salarié. Dès que 
ce seuil est franchi, le refroidissement 
de la main doit être cons idéré c o m m e 
potentiel lement dangereux. 

Enfin, la mesure de la température 
cutanée de la main est s imple à 
réaliser et l 'apparei l de mesure peu 
onéreux {cf. annexe 2). 

1.5. Pathologie, due au froid 

Deux types de pathologies doivent 
être distingués : la pathologie aiguë et 
la pathologie chronique. 

La pathologie aiguë 

Elle est représentée par l'hypothermie 
qui est un accident général et par les 
gelures, engelures ou « pied de tran-
chée » qui sont la conséquence du 
refroidissement excessif des extré-
mités. Cependant, pour les salariés 
exposés au froid, le risque d'être 
victime d'un de ces accidents est 
minime, voire inexistant. Il ne peut 
survenir que dans des conditions 
exceptionnelles lorsque le salarié est 
enfermé dans une chambre froide 
pendant un temps très long, mais le 
respect des consignes de sécurité 
vise à éliminer ce risque. 

La pathologie chronique 

Dans ce domaine, aucune certitude 
n'existe. Pourtant le froid est consi-
déré comme un facteur de risque pour 
différentes maladies. Trois appareils 
sont concernés : 

- l'appareil respiratoire. 

- l'appareil circulatoire. 

- l'appareil ostéo-arlicuiaire, dans 
une moindre mesure. 

r/ 



En effet, le froid semble être un facteur 
d e r isque pour la bronchi te chronique, 
les affect ions de la sphère ORL. les 
rhumat ismes et le syndrome d e Rey-
naud. Mais cet te l iste n'est pas 
exhaust ive. 

Sans vouloir faire une l iaison formelle 
entre l 'astreinte physio logique du sa-
larié exposé au froid et la pathologie, 
certains aspects peuvent être envi-
sagés. Ainsi, il est possib le que l'ins-
pirat ion régulière d 'un air à - 2 5 °C 
favorise des troubles morbides à type 
de bronchi te chronique par exemple. 
De même, la vasoconstr ict ion péri-
phér ique répétée et prolongée peut 
être un des facteurs à l 'origine d 'un 
p rocessus physiopathologique res-
ponsab le du syndrome de Reynaud. 
Cependant , ce ne sont que des hypo-
thèses qui ne reposent sur aucune 
preuve. 

L 'étude de la responsabi l i té du froid 
dans la genèse de certaines maladies 
est à entreprendre. Le fait que la 
populat ion de salariés soit ieune avec 
une faible ancienneté d 'une part et 
que le délai d 'appari t ion des premiers 
symp tômes de ces maladies soit long 
rend plus difficile la mise en évidence 
de la responsabi l i té du froid en tant 
que facteur de risque. « L'exploration 
fonct ionnel le thermique » peut être un 
moyen efficace de dépistage et /ou de 
prévent ion. Cependant , c'est actuelle-
ment un domaine encore peu étudié. 

1.6. Questions en suspens 

De nombreuses quest ions demeurent 
enco re sans réponse en ce qu i 
concerne l'effet d u froid sur l 'orga-
nisme. Ainsi, l'effet de variations bru-
tales de température pouvant attein-
dre une ampl i tude de 50 ° C en été, 
répétées plusieurs fois dans la jour-
née. demeure inconnu, notamment 
l'effet sur l 'appareil respiratoire. Or, de 
nombreux salariés se plaignent de 
gêne respiratoire lorsqu' i ls sortent de 
la c h a m b r e f ro ide . Par a i l leurs , 
commen t prévenir le refroidissement 
des extrémités? 

Pour l ' instant, il n 'existe pas encore de 
protect ion satisfaisante des extré-
mités (mains et pieds). Ainsi, aucun 
type de chaussure ou de gant ne peut 
être cons idé ré c o m m e réel lement 
efficace. 

D'autre part, si l ' isolement thermique 
est satisfaisant, le vêtement de travail 
d e s salariés n'est pas suff isamment 
adapté à leur tâche. 

Par exemple, les variations brutales 
de charges de travail peuvent entraî-
ner une modification importante de 
l ' isolement vestimentaire requis ou 
générer des réductions notables de 
l ' isolement thermique effectif. C'est 
ainsi qu'un travail intense, avec parfois 
une sudation importante, va diminuer 
l ' isolement thermique du vêtement en 
raison de l 'humidité que celui-ci ab-
sorbe. Dès que le travail sera moins 
intense, le vêtement humide ne sera 
plus suffisamment isolant. L'améliora-
lion de la connaissance des méca-
nismes évaporatoires à travers les 
vêlements ainsi que la découverte de 
nouvelles fibres textiles devraient per-
mettre de résoudre ce problème. 

2. RECOMMANDATIONS 

La plupart des articles consacrés à la 
présentation de recommandations vi-
sant à améliorer les condit ions de 
travail au froid considèrent plutôt les 
condit ions de travail dans les régions 
polaires. Or, les prob lèmes ren-
contrés par les salariés exposés au 
froid artificiel dans notre pays sont 
dilférents. En effet, il ne s'agit pas de 
prévenir les risques d'hypothermie ou 
de gelure. Les mesures d'astreinte 
démontrent que ces accidents ne 
peuvent survenir dans les condi t ions 
habituelles de travail. Le faible refroi-
dissement corporel est donc lié à 
l'efficacité, en tant qu'isolant thermi-
que. des vêtements qu'i ls portent. 

C'est pourquoi. les recommandat ions 
qui vont être proposées suivent une 
or ien ta t ion légèrement d i f férente. 
Elles portent sur les points suivants : 

- réduction de la contrainte froide. 

- organisation du travail, 

- amélioration de l'efficacité de l ' iso-
lement vestimentaire. 

- critères d'efficacité des pauses, 

- information et formation. 

- surveillance médicale des salariés. 

En France, le Code du travail ne 
prévoit qu'une seule obl igation pour 
les salariés exposés au froid; ils 
doivent bénéficier d'une surveillance 
médicale spéciale ' (arrêté de juillet 
1977). 

Aussi, les recommandations présen-
tées sont issues de documents prove-
nant d 'organismes officiels des États-
Unis. de Norvège, de Suède, des 
Pays-Bas et de Suisse. 

D'autre part, ces recommandat ions 
portent exclusivement sur les pro-
blèmes rencontrés par les salariés 
exposés au froid dansJs^cadre habi-
tuel de leur travail. Les prob lèmes de 
prévention d e s incendies, o u ceux l iés 
à l ' intoxication par tes l iquides fr igori-
gènes. ne sont pas abordés. 

Par ail leurs, celte présentat ion ne tient 
pas compte de la température du 
local. En effet, les prob lèmes des 
salariés travaillant en chambre froide 
ne sont pas fondamentalement diffé-
rents de ceux des autres salariés. 

Cependant à chaque fois qu 'un pro-
blème spéci f ique se pose, il sera 
évoqué dans le cadre du plan adopté 
pour présenter ces recommandat ions. 

2.1. R é d u c t i o n d e la c o n t r a i n t e 
f ro ide 

Les moyens de prévention technique 
sont très réduits. La température des 
locaux ne peut évidemment pas être 
modifiée. Cependant, la diminut ion de 
la vitesse d e l'air est un moyen très 
efficace pour ralentir le refroidisse-
ment des salariés. Les documents 
consultés proposent différentes vi-
tesses d'air maximales tolérables au 
niveau des zones de travail. Ainsi, 
pour l 'ÂCGlH (3). la vi tesse d'air maxi-
male tolérable est de 1 m s - 1 , un 
règlement suédois prévoit 0,2 m s * ' , 
une recommanda t i on norvég ienne 
0.1 m s - 1 et la CRAM de l ' I le-de-
France p ropose 0.2 m s - 1 . Nous pen-
sons que 1 m s " ' est une vitesse d'air 
beaucoup trop élevée. Par contre, le 
chiffre p roposé par la CRAM est tout 
à fait satisfaisant. Pour obtenir une 
vitesse d'air faible, plusieurs solut ions 
peuvent être proposées : 

- placer les aérothermes le plus haut 
possible, autrement dit construire des 
entrepôts de hauteur suffisante; 

- interposer entre les aérothermes et 
le local des faux-plafonds percés de 
petits orif ices. Dès lors, la vi tesse de 
l'air est réduite; 

- arrêter, quand cela est possib le, les 
aérothermes lorsque les salariés sont 
présents; 

- placer aûtour des postes de travail 
des écrans de protect ion contre le 
vent; 

- éloigner le plus possib le les postes 
de travail des aérothermes. 

(3) American conference of governmental 
industrial hygienists. 



En ce qui .concerne les oulils, leurs 
manches doivent être faiblement 
conducteurs de la chaleur. De même, 
les sièges doivent être construits en 
matériaux thermiquement isolants. 

Le rèchaulfement localisé du poste de 
travail avec des appareils de chauf-
lage par rayonnement peut être une 
solution. De même, des réchaufleurs 
pour les mains peuvent être installés 
dans l'enceinte froide. Mais aucun de 
ces syslèmes n'esl utilisé dans les 
entreprises qui ont participé à l'étude 
INRS déjà citée. 

Par ailleurs, les règlements prévoient 
que les portes doivent pouvoir s'ouvrir 
de l'intérieur. De plus, un signal so-
nore et lumineux doil être installé alin 
qu'un salarié qui se trouverait enfermé 
dans l'enceinte froide puisse signaler 
sa présence. 

2.2. Organisation du travail 

La production de chaleur par le corps 
humain détermine, dans une certaine 
mesure, la durée d'exposition au Iroid. 
Elle est liée au travail physique im-
posé par la tâche. Par conséquent, le 
travail sédentaire (métabolisme infé-
rieur à 100 W m - 2 ) , ainsi que le travail 
intense, doivent être autant que possi-
ble limités (cf. paragraphe 1.6). C'est 
pourquoi, un travail régulier dont le 
métabolisme est compris entre 100 et 
170 W m - 2 représente la situation 
« idéale ». 

Il est nécessaire que le salarié puisse 
réaliser sa tâche avec des gants. 
Autrement dit, la tâche doit être orga-
nisée de manière à ce que le salarié 
n'ait pas besoin de les retirer. De ce 
fait, les travaux d'écriture doivent être 
défendus. De plus, les produits froids 
ne doivent jamais être manipulés à 
mains nues, surtout si la température 
de ces produits est inférieure à 0 °C. 

Le travail doit être organisé de telle 
façon qu'un salarié ne se retrouve 
jamais seul dans l'enceinte froide. 

2.3. Vêtements contre le froid 

Le vêtement est un moyen de protec-
tion essentiel lors de l'exposition au 
froid. Toutefois, il ne fait que diminuer 
l'intensité des llux de chaleur perdue. 
Il est donc indispensable que des 
pauses soient organisées afin de per-
mettre aux salariés de se réchauffer. 

C'est presque toujours l'entreprise qui 
fournit les vêtements. Cependant, el 
c'est souvent le cas, il est nécessaire 

que les salariés soient consultés afin 
de donner leur avis sur les vêtements 
que l'entreprise achète. 

L'expérience acquise dans le do-
maine de la protection vestimentaire 
contre le froid a permis de mettre en 
évidence l'intérêt du vêtement en 3 
couches : 
- la couche interne avec les sous-
vêtements (tee-shirt, caleçon, chaus-
settes). 

- la couche moyenne avec le pull et 
le pantalon en laine, 
- la couche externe avec le vêlement 
spécialisé (parka. . anorak, veste, 
pantalon). 

Le système du vêtement en « 3 cou-
ches » comporte plusieurs avan-
tages : la multiplication des bouches 
permet rajustement de l'isolement 
thermique en fonction de la produc-
tion de chaleur. De plus, elle permet 
d'emprisonner un maximum d'air im-
mobile. l'air immobile étant un excel-
lent isolant thermique. Enfin, elle per-
met de mieux épouser les formes 
corporelles, ce qui a pour effet de 
limiter les mouvements d'air entre la 
peau et le vêtement et. par consé-
quent. les perles de chaleur. 

Par ailleurs, certaines règles doivent 
être respectées : 
- les vêtements doivent être secs et 
propres; il faut donc les changer dès 
qu'ils sont mouillés; 

- les salariés doivent se sécher le 
corps avant de s'habiller; 

- ils doivent renouveler périodique-
ment les vêtements, le nettoyage ré-
pété et/ou l'usure diminuant leur 
efficacité; 

- ils doivent porter une protection de 
la tête (cagoule ou bonnet). De plus, 
lors du travail en chambre froide, le 
port d'un capuchon est indispen-
sable; 

- les chaussures de sécurité doivent 
avoir des semelles anti-dérapantes et 
comporter des semelles isolantes re-
nouvelées régulièrement. La coque de 
protection doit être bien isolée thermi-
quement. En effet, cette coque est 
souvent en acier, bon conducteur 
Ihermique, ce qui accélère le refroidis-
sement des pieds; 

- les gants sont indispensables dès 
que la température esl inférieure à 
10 °C. Il est recommandé de fournir 
des gants spéciaux réduisant la sur-
face de contact afin de prévenir les 
gelures. De plus, pour les salariés des 
chambres froides, le port de 2 paires 
de gants esl indiqué. En effet, une 
paire de mitaines peut très bien être 

portée au-dessus de gants plus fins, 
ce qui améliore l'efficacité de l'isole-
ment thermique des mains. 

Les vêtements doivent, en outre, avoir 
les caractéristiques suivantes : 

- veste ou parka recouvrant large-
ment le panlalon; 

- exlrémilés libres des vêlements 
bien adaptées à la peau par une 
bande élastique, sans toutefois serrer 
les membres; 

- pas de compression au niveau des 
genoux ou des coudes, le port de 
bretelles étant préférable à celui de la 
ceinture; 

- fermetures à glissière recouverte de 
tissu; 

- vêtement de préférence en 2 par-
ties. En effet, ce vêlement est préféra-
ble à la combinaison parce qu'il per-
met au salarié de se déshabiller plus 
facilement pendant les pauses. D'au-
tre part, le capuchon doit être attaché 
à la veste afin de réduire les pertes de 
chaleur au niveau du cou; 

- chaussettes ne serrant pas trop le 
pied. Si le salarié porte deux paires de 
chaussettes, la pointure de la se-
conde doit être plus grande. 

2.4. Pauses 

Pour le salarié exposé au froid, les 
pauses sont indispensables. Le local 
où a lieu la pause doit être correcte-
ment chauffé (température supérieure 
à 20 °C). En outre, il est conseillé de 
mettre à la disposition des salariés 
des boissons chaudes. D'autre part, il 
faut leur conseiller de retirer les vête-
ments de la couche externe pendant 
la pause afin de faciliter le réchauffe-
ment du corps. Les résultats de 
l'étude déjà citée ont montré que le 
temps de réchauffement des mains 
est relativement long. Aussi il est 
souhaitable que le temps minimal de 
pause soit de 20 minutes environ. 

Green (1978), médecin du travail sur-
veillant des salariés travaillant en 
chambre froide, propose un cycle de 
40 minutes de travail au froid, suivi de 
20 minutes de pause si le métabo-
lisme énergétique est faibte (exem-
ple : cariste). Si le métabolisme éner-
gétique est plus élevé (exemple : pré-
parateur de commande), le cycle peut 
être de 60 minutes de travail suivi de 
20 minutes de pause. 

2.5. Information et formation 

Les salariés nouvellement embauchés 
doivent pouvoir s'accoutumer pro-



LEXIQUE 

Astreinte : eflet de la contrainte sur 
l'homme en fonction de caractéristi-
ques et aptitudes individuelles (réfé-
rence : norme AFNOR X 35-001). 
Chambre climatisée : enceinte froide 
dont la température est supérieure à 
0°C. 
Chambre froide : enceinte froide donl 
la température esl inférieure à 0 °C. En 
lait, la température de la plupart des 
chambres froides est inlérieure à 
—18 °C. 

Contrainte : ensemble des conditions 
extérieures el des exigences qui. dans 
le système de travail, sollicitent les 
fonctions organiques ét/ou mentales 
de l'homme (référence : norme AF-
NOR X 35-001). 
Êcorce : tissus superficiels du corps 
qui enveloppent le noyau. Du point de 
vue anatomique. l'écorce est représen-
tée par l'ensemble des tissus cutanés 
et sous-cutanés. La température de 
l'écorce varie beaucoup plus que celle 
du noyau. La température cutanée 
moyenne représente fa température de 
l'écorce. De nombreuses pondérations 
permettent de calculer la température 
cutanée moyenne. 

Équilibre thermique : placé dans un 
environnement thermique froid, le 
corps humain perd de la chaleur. Si la 
production de chaleur liée au métabo-
lisme est égale aux pertes de chaleur, 
le bilan thermique est nul el le salarié 
est en équilibre thermique. 

Hypothermie : elle apparaît lorsque les 
perles de chaleur sont plus élevées 
que la production de chaleur, entraînant 
un risque d'accident pour le salarié du 
fait du refroidissement de son corps. 

Ici : isolement thermique total des diffé-
rents vêtements portés. Une unité prati-
que est le Clo qui correspond à 
0.155 K.W-i.m*. 

ÏREQ : isolement thermique requis (en 
Clo). C'est l'isolement thermique dès 
vêtements que le salarié doit porter 
pour maintenir l'équilibre thermique du 
corps lorsqu'il est dans une ambiance 
froide. 

ISO (International Standard Organisa-
tion) : organisme responsable au ni-
veau international de la normalisation. 
Le correspondant français est 
l'AFNOR. 

Noyau : organes profonds du corps 
dont la température varie très peu. La 
mesure de la température rectale, de la 
température orale, de la température 
œsophagienne ou de la température du 
conduit auditif sont des moyens d'ap-
précier la température du noyau. 

Préparateur de commandes : le salarié 
est muni d'un chariot et d'un bon de 
commande. Il collecte dans l'entrepôt 
les denrées commandées el les dé-
pose dans le chariot. 

Vêtement isotherme : ensemble vesti-
mentaire destiné aux salariés travaillant 
en chambre froide. Il se compose de 
2 parties, un pantalon matelassé re-
montant très haut et une veste matelas-
sée munie d'une, cagoule. 

WCI : wind chill index. C'est un indice 
qui. à partir de la mesure de la vitesse 
de l'air et de la température sèche de 
l'air, permet de connaître la sévérité de 
la contrainte thermique froide. Pour ce 
faire, la valeur de WCI calculée doit être 
comparée aux valeurs limites conte-
nues dans un tableau. 

ANNEXE 1 ANNEXE 2 

Température cutanée moyenne 

calculée selon la pondération 

de Ramanathan (1964) 
Conseils pour mesurer la température cutanée de la main 

Parmi les nombreuses pondérations qui 
permettent de calculer la température cuta-
née moyenne (ÎsK). celle proposée par 
Ramanathan (1964 : RA) est très souvent 
utilisée sur le terrain du fait de sa commo-
dité. Elle ne nécessite, en effet, que la 
mesure de 4 températures cutanées. La 
pondération est la suivante : 

tsk. RA « 0.2 (température cutanée du mol-
let) + 0,2 (température cutanée de la 
cuisse) + 0.3 (température cutanée du 
thorax) + 0.3 (température cutanée du 
bras). 

Ces conseils ne visent qu'à permettre au 
préventeur de mesurer de façon sommaire 
une température cutanée. En effet, la pré-
sente note documentaire n'a pas pour 
objectif de décrire les techniques de me-
sure de cette variable physiologique. 

Pour mesurer la température cutanée de la 
main, il est nécessaire que : 

- la surface du capteur (thermistance ou 
thermocouple) soit de faible dimension 
( < 1 cm2) et que la lecture de la tempéra-
ture affichée ait lieu après que le capteur 
soit en équilibre Ihermique avec la peau. Il 

est préférable que le capteur de tempéra-
ture soit placé entre deux rubans adhésifs 
en cuivre. 

- la peau soit dégraissée et rasée. Le 
capteur doit être fixé sur la peau au milieu 
du dos de la main en dehors de. l'aire de 
projection cutanée d'une veine super-
ficielle. 

A litre d'exemple, le capteur de tempéra-
ture CRAFTEMP associé au lecteur CRA-
FON esl un moyen de mesure simple et 
peu onéreux de fa tempéralure cutanée. 



gressivement à la température des 
locaux durant les premiers jours de 
travail. 

Par ailleurs, le personnel doit être 
inlormé des risques qu'il encourt et 
des moyens de les prévenir. Ces 
conseils seront affichés. 

Des programmes de formation portant 
sur les risques liés à leurs conditions 
de travail peuvent être envisagés. Ces 
séances de formation peuvent porter 
sur la protection vestimentaire ou sur 
les méthodes de travail favorisant la 
sécurité. 

2.6. Surveillance médicale des 
salariés 

La surveillance médicale des salariés 
est laissée à l'initiative du médecin du 
travail. Celui-ci peut lixer librement la 
fréquence des visites médicales et 
choisir les examens complémen-
taires. En France, les salariés doivent 
passer au moins une visite médicale 
par an. 

Les résultats obtenus dans l'étude 
INRS montrent l'importance de la tem-
pérature cutanée de la main pour 
apprécier le refroidissement des sala-
riés. Dans le cadre du « tiers-temps », 
le médecin du travail dispose ainsi 
d'un outil très simple pour l'évaluer. 

Par ailleurs, le médecin joue un rôle 
fondamental dans le dépistage des 
premiers symptômes des maladies 
dont le froid peut être responsable. 

En ce qui concerne l'examen médical 
proprement dit, il devrait être orienté 
vers la recherche des signes cliniques 
des maladies évoquées au para-
graphe 1.5. De plus, les examens 
complémentaires suivants peuvent 
être conseillés : 

- électrocardiogramme. 
- radiographie du thorax et explora-
tions fonctionnelles respiratoires pour 
les salariés présentant des signes 
d'atteinte bronchique. . 

D'autre part, des inaptitudes médi-
cales sont parfois proposées. Ainsi, 
une recommandation suisse propose 
comme contre-indications définitives 
au travail en chambre froide : 

- allergie au froid. 

- crampe musculaire en rapport avec 
la vasoconstriction. 

- troubles vasculaires (inlarctus. in-
suffisance cardiaque, hypertension ar-
tér ie l le et les a n t é c é d e n t s de 
thrombose), 

- le syndrome de F i n a u d , 

- les maladies rhumatismales, 

- les alfections chroniques des voies 
aériennes. 

- l'épilepsie el les antécédents de 
pertes dé connaissance, 

- l'alcoolisme. 

Puis, comme contre-indicalions pro-
visoires : 

- les inlections de la sphère ORL el 
pulmonaires non guéries. 

Les salariés âgés de plus de 40 ans 
doivent bénéficier d'une surveillance 
médicale particulière. Il sera parfois 
nécessaire d'envisager pour eux une 
diminution de la durée d'exposition, 
voire une mutation. Cette décision doit 
être prise à la lecture du dossier 
médical el en concertation avec le 
salarié. 

Enlin. l'entraînement physique amélio-
rant la tolérance au froid des salariés, 
des conseils d'hygiène de vie peuvent 
leur être proposés. 

3. CONCLUSION 

Le travail au froid artificiel ne soulève 
pas de problèmes d'astreinte thermi-
que ou sensorimotrice majeurs. Ce-
pendant. certaines précaulions doi-
vent être prises en compte, en vue 
d'améliorer les conditions de travail 
des salariés. Ainsi, un régime de 
pauses adapté, la suppression des 
tâches nécessitant des mouvements 
fins des doigts, le choix de vêtements 
adéquats et une surveillance médicale 
rigoureuse sont recommandés pour 
que cette contrainte de travail soit 
sans risque. 

Enfin, les résultats de l'étude sur le 
travail au froid menée par l'INRS ont 
clairement démontré la validité de la 
mesure de la tempéralure cutanée du 
dos de la main comme méthode 
d'évaluation de l'astreinte thermique 
des salariés. Aussi du fait notamment 
de sa simplicité (voir annexe 2). l'utili-
sation de cet indicateur d'astreinte 
thermique peut être aussi recom-
mandée. 
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Scand. j. work environ. & health 5 (1979) 195—204 

Effects of work in cold stores on man 

by ANN ENANDER, M.A., ANN-SOFIE LJUNGBERG, M.Sc., and 

INGVAR HOLMÉR, Ph.D.1 

E N A N D E R A , U U N G B E R G , A S. and H O L M Ê R , I. Effects of work in cold stores 
on m a n . Scand. j. work environ. & health 5 (1979) 195—204. A work physiological 
study was conducted during three different types of work in cold stores, i.e., at 
dairies and in the cutting and packaging of meat Peripheral cooling, especially of 
the fingers and hands, was noted in all the subjects. The work load was relatively 
light for the packers but varied considerably in the dairy work. In both dairy and 
packaging work, clothing was unsatisfactory in terms of thermal insulation and 
flexibility. The butchers were subjected to less cooling, as a result of a relatively 
intense but even work rate and clothing adapted to the work. The subjects were 
very capable of perceiving temperature changes in the peripheral parts of their 
bodies. Individual variations were considerable, especially with respect to cooling 
and the perception of temperature and discomfort 

Key words: body temperature, climate, cold, cold stores, dairy work, discomfort, 
ergonomics, meat cutting, meat packaging, perceived temperature, skin temperature, 
work load. 

A cold climate is a reality in many out-

door jobs and also in indoor work in, e.g., 

cold stores. The need for a low tempera-

ture (below + 10°C) in the storage and 

"handling of food is a complicating factor 

with regard to a satisfactory work en-

vironment. 

Occupational exposure to a cold environ-

ment may have an adverse effect on man's 

performance, health and comfort. Cold is 

regarded by the workers in this kind of 

work as one of the main causes of acci-

dents, illness and different types of com-

plaints. 

The problem of work in a cold climate 

» Occupational Health Department, National 
Board of Occupational Safety and Health, 
Stockholm, Sweden. 

Reprint requests to: Dr. Ingvar Holmér, Na-
tional Board of Occupational Safety and Health, 
.S-171 84 Solna, Sweden. 

has been studied in laboratories and under 

field conditions. Several reviews have 

been published on this topic (1, 2, 9). Vari-

ous behavioral effects of exposure to cold 

have been reviewed by Fox (4). Some field 

studies on occupational work have been 

performed in the Scandinavian countries. 

Workers in the fishing industry were stud-

ied with respect to cold both in the labora-

tory (5) and in the field (11). The biological 

effect... of meat cutting and packaging 

in low temperatures has also been 

studied (8). However, there is still a short-

age of documentation on the effects dur-

ing practical work. The present report 

summarizes a physiological study of work 

in cold stores in the food industry (6, 7, 

10). 

The objectives of the study were to deter-

mine energy requirements during work, to 

record the nature and extent of the effects 

of exposure to a cold climate and cold 
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' goods on individuals, and to study the per- MATERIAL AND METHODS 

ception of temperature in relation to cor-

responding objective measurements. Approximately eight subjects from the 

. -T-- staff were studied at each work site. They 

were of normal height and weight, and 

their physical work capacity was moderate 

or slightly below average. The subjects 

CLIMATE AND ACTIVITY AT THE were men between 19 and 60 years of age, 

DIFFERENT WORK SITES with the exception of three women be-

The following three different types of 

work in cold stores were studied: (a) store-

room and loading work in a dairy, (b) the 

cutting down and rough cutting of beef 

quarters, and (c) the fine cutting and 

packaging of meat (fig. 1). The climatic 

conditions are listed in table 1. 

In dairy cold stores 4°Ci the staff 

picked out goods according to customer 

orders and placed these goods onto a floor-

level conveyor belt. The work involved a 

great deal of movement, lifting, and car-

rying. 

In the meat-cutting unit ( + 10°C) the 

butchers alternated weekly between cut-

ting down and rough cutting beef quarters. 

Cutting down involved movements with 

many changes in work position. Lifting of 

pieces weighing 40 kg also occurred. The 

slabs of beef were rough cut into 2- to 8-kg 

chunks. This work consisted mainly of sta-

tionarv arm work. 

Work in the packaging department 

( + 10°C) involved the additional process-

ing of the chunks of beef produced by the 

meat-cutting unit. These chunks were 

sliced, minced or processed in this room. 

Packaging and price marking also took 

place there. The work was mainly station-

ary. Order-filling work in a cold-storage 

room (+4°C) was also studied in 
packaging department. 

the 
Fig. 1. Measurement of the oxygen uptake of 
a packer during work in the packaging depart-
ment. 

Table I. Variation in the temperature, humidity and velocity of the air and the surface tem-
perature of the products at the different work sites. 

Parameter Dairy Meat 
cutting 

Packaging 

Packaging Cold-storage 
room room 

Air temperature (°Q 1—6 10—13 8—15 2—5 
Air velocity (m/s) 0.1—0.4 < 0.2 0.0—0.3 0.1—0.5 
Air humidity (°/o) 83—95 65—85 48—73 64—75 
Surface temperature 

48—73 64—75 

of products (°C) 2 0—6 (—9) 2—6 2—6 
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tween 19 and 35 years of age in the pack-

aging department. The subjects wore their 

ordinary workclothing during the work 

sessions. White cotton clothing was sup-

plied by the company. Most workers wore 

a short jacket, trousers, underpants, one 

or two pgirs of socks, clogs, and sometimes 

also undershirts, cotton gloves, aprons or 

a cap. The estimated clo values varied 

from 0.8 to 1.2 (3). Clothing in the 

packaging department was supplemented 

with an insulating vest and trousers which 

increased the estimated clo values to 1.0— 

L5. 

Each subject was studied for 2 h during 

ordinary work on two different occasions. 

At 20- to 30-min intervals during the mea-

surement sessions the subjects estimated 

their perception of temperature and dis-

comfort from heat or cold in their body, 

hands and feet with the aid of two 20-

point rating scales. Each scale had a 

neutral midpoint and verbally defined 

end-points ( + 10 and —10), termed maxi-

mal warmth/discomfort from warmth and 

maximal cold/discomfort from cold, re-

spectively. 

Body temperature was measured with 

an oral (butchers an<T packers) or rectal 

(dairy workers) thermometer before and 

after each session. Skin temperature was 

recorded with six linear thermistors (accu-

racy: ±0.5°C) taped on the right side of 

the body (e.g., the top of the index finger, 

back of the hand, chest, shoulder or fore-

head, heel or leg, and big toe). The signals 

were recorded on a portable, 2-channel 

tape recorder which also recorded heart 

rtfe. _ 

In order for the energy requirements of 

the work to be calculated, oxygen uptake 

was determined in the subjects on two 

different occasions during each work ses-

sion with the aid of the Douglas-bag 

technique. The volume of expiratory air 

from 2—5 min of work was measured with 

a gas meter, and ventilation (BTPS) was 

calculated. The oxygen (Beckman OM11) 

and carbon dioxide (Beckman LB2) con-

centrations were determined. Oxygen 

uptake (STPD) was then calculated. 

Energy requirements were calculated on 

the basis of oxygen uptake according to 

the following relationship: 11 O^min « 

350 W « 5 k c a l / m i n . 

During each measurement session, sub-

ject activity was noted and regular climat 

ic measurements were made. The sur 

face temperature of the goods, the table 

the floor, and the walls was measured witl 

an infrared meter (Raynger). 

RESULTS 

Oxygen uptake and heart rate 

The work rate in the dairy cold store} 

was governed by the need to load the deliv-

ery trucks rapidly. This was especially 

the case during early morning sessions. 

In conjunction with these sessions, the 

values for oxygen uptake were found tc 

vary from 0.5 to 1.5 1/min with individual 

peaks exceeding 2 1/min (fig. 2). The mean 

heart rate during work varied from 90 to 

130 beats/min during the early morning 

and late morning sessions (fig. 3). The 

work was essentially intermittent with 

periods of high work intensity with peaks 

in heart rate exceeding 140 beats/min suc-

ceeded by rest pauses or lighter work. The 

individual variation in heart rate was 

largely ascribable to individual variations 

in physical work capacity (maximal oxygen 

uptake). In an assessment of the physio-

logical work load, it was found that the 

workers periodically utilized 50—70 nf 

their physical work capacity in conjunc-

tion with work peaks. 

Physical requirements were lower dur-

ing the afternoon session. A varying 

work load resulted in individual values for 

oxygen uptake ranging from 0.4 to 1.8 1/ 

min. The mean heart rate during afternoon 

work varied from 75—110 beats/min and 

was generally lower than in the morning. 

The butchers could usually determine 

their own work intensity, and they select-

ed an even and moderate work rate. Dur-

ing cutting-down work the mean heart4 

rate varied from 100—110 beats/min. 

Oxygen uptake was found to amount to 

0.8—2.1 I/min during work, corresponding 

to 35—50 °/o of the respective individual's ] 

physical work capacity. The highest work I 

loads were obtained in conjunction with 

the cutting down of bull carcasses, espe-

cially in work on hard or tough meat. Indi-

vidual peaks in heart rate of about 140 
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Fig. 5. Initial val-
ues and lowest 
skin temperatures 
measured on the 
fingers for all sub-
jects and measure-
ment sessions. Sub-
jects listed within 
each group accord-
ing to the lowest 
temperature mea-
sured. 
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beats/min were then occasionally noted. 

The work load was somewhat lower dur-

ing rough cutting, the heart rate being 

about 8 beats/min lower and the values for 

oxygen uptake also being somewhat lower 

(fig. 2 and 3). 

In the packaging department work in-

tensity was on an even but clearly lower 

level than in the meat-cutting unit. The 

oxygen uptake of the men varied from 0.6 

to 1.3 1/min. The oxygen uptake of the wo-

men amounted to 0.4—0.61/min during 

work in 10—13°C. Their work in the cold-

storage room (about +4°C) was somewhat 

heavier, and oxygen uptake varied from 

0.6 to i.u i/min (fig. 2). The mean heart 

rate averaged 35—120 beats/min. peaks 

occasionally rising to 130 beats/min (fig. 3). 

In general, heart rate remained fairly 

constant for the packers during the work 

session, even if the brief pauses and breaks 

made the work appear to be intermittent. 

In relation to oxygen uptake, their heart 

rate was somewhat higher than for, e.g., 

the butchers, primarily because of the age 

and sex differences between the groups. 

The work staff studied in the packaging 

department mainly consisted of older men, 

but it also included three women. 

Body and skin temperature 

Fig. 4 and 5 show individual values for 
body and finger skin temperature at the 

V s 1 

different work sites and sessions. Fig. 6 

shows the individual response pattern for 

skin temperature at different parts of the 

body of one woman from the packaging 

department. 

I I n the dairy cold stores an increase in 
body temperature (rectal temperature) 
was generally noted during sessions with 
high activity. Body temperature remained 
almost unchanged during low-activity ses-
sions. 

r The hands and fingers were always the 

fold egt parts of the body Finger skin 

temperatures of 12—15°C were measured 

for several subjects. The back of the hand 

W M generally a few degrees warmer, 15— 

20°C. Skin temperatures on the lower 

limbs were generally 25—30°C, while the 

corresponding values for the feet were 

20—25°C. It is interesting to note that the 

skin temperature of the chest was 3—4°C 

higher, on the average, for the four sub-

jects from one of the dairies than for the 

others. For all four of these subjects 

increases in body temperature were also 

measured. The explanation of these find-

ings is probably to be found in a higher 

work intensity at this dairy, which contri-

buted to a higher heat production. 

Body temperature (oral temperature) 

was almost constant during meat-cutting 

work (fig. 4). However, it dropped 0.2— 

0.6°C in a few subjects. 

The lowest skin temperature (finger) 

19? 
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measured during cutting work varied from 

1&—30°C (fig. 5). The temperature on the 

back of the hand was much more even 

i.e., about 25—32°C. The skin temperature 

of the chest and shoulder was almost al-

ways more than 30°C. The temperature 

of the heel and toe also displayed wide 

interindividual variations, the values 

ranging from 20° to 35°C. 

W o r k intensity in the packaging depart-

ment was also even, but of low intensity, 

and warmer clothing was often required 

in order to maintain heat balance. Body 

temperature (oral temperature) displayed 

wide interindividual variations (fig. 4). The 

body temperature of two of the women 

dropped by nearly 1°C during work at 

+ 10°C. During order filling in the 

cold-storage room of the packaging depart-

ment (+4°C), the body temperature of the 

women remained more or less unchanged, 

probably as a result of a higher work 

intensity and warmer clothing. 

The akin temperatures measured were 

generally somewhat lower in the packag-

ing department than in meat-cutting work. 

During periods of direct con Lac I With COld 

meat or work at +4°C, skin temperature 

dropped even further, especially in the 

hands and fingers (fig. 5 and 6). A very 

low skin temperature <+10°C) was mea-

sured for the fingers of one subject. 
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In all the types of work studied, t he ) ) 

skin temperature of the hands was a few 0 / r ^ 

degrees higher when cotton g lôvè iTwir i / 0 
worn.- As mentioned earlier, the in ter ind i^ 

vidual variation was striking, especially 

irrespect to cooling of the hands. The 

skin temperature of unprotected hands 

was often extremely low. Hand and skin 

temperatures were affected by "the work 
a n d work details, such as contact With 

cold products, whereas body temperature 

was m o reHëpend en t uffua wuih intensity 
a n d ambieni temperature. The skin tem-

perature oi covered body parts, such as 

the chest, back and neck, was generally 

only slightly affected during the measure-

ment sessions. In conjunction with pauses 

and breaks in heated rooms, the hand and 

finger temperatures increased for most 

subjects. 

Temperature perception 

At all the work sites, skin temperature 

variation of central parts of the body was 

rather slight. In general, the temperature 

of the body was perceived to be rather 

constant, and estimated values were around 

the neutral or warm part of the scale. The 

butchers' perception of body temperature 

differed during cutting down and rough 
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cutting even though each individual 

used equivalent clothing in each of the 

two work sesisons. Most subjects felt 

somewhat warmer when cutting down 

than when rough cutting, even when 

the chest temperature was directly 

comparable. Rough cutting work was less 

active, and most subjects sometimes felt 

cold. 

Both inter- and intraindividual varia-

tions in skin temperature were consider-

able in peripheral parts of the body. In 

almost every subject, a change in tempera-

ture was also accompanied by a corres-

ponding change in perception. This rela-

tionship was especially striking for the 

hands, as illustrated on the left in fig. 7. 

Finger temperature and the equivalent 

estimate paralleled one another very close-

ly. The foot temperature varied less, as 

was also reflected in the perception of skin 

temperature. The general feeling of warm-

ing up during break also affected the 

perception of foot temperature. 

A difference in temperature between the 

left and right hand was found in several 

cases, mainly among the butchers and 

packers, e.g., when they held cold goods 

with one hand. The subjects proved to be 

able to estimate these differences, as 

exemplified on the right in fig. 7. A dif-

ference of 4—5°C in the temperature of 

the left and right hand of a subject was 

clearly reflected in the perceived tempera-
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ture of the respective hands, whereas the 

objectively measured skin temperature did 

not differ in those cases in which the same 

perceived value was given for both hands. 

In most subjects, a difference of 2—3°C 

between hands was sufficient to elicit 

discriminating ratings. 

Hie interindividual variation in the 

level of perceived temperature was consid-

erable at. all the work sites. Nevertheless, 

certain tendencies were common to all the 

subjects examined. Hands and feet began t 

to feel cold at finger and toe temperatures 

under about ^ - t ; . a linger temperature 

of less than 20°C1 almost every subject 

perceived his/her hands as rather or very 

cold.. 

As a rule, discomfort from cold was only 

reported in conjunction with very low skin 

temperatures. In the dairies most of the 

subjects experienced discomfort in their 

hands and/or feet on some occasion. Dis-

comfort from cold was noted at tempera-

tures under 20—21°C. The finger tem-

perature of the butchers was generally 

somewhat higher, and they did not report 

discomfort from cold hands. One subject 

in the packaging department, whose work 

involved laying slices of semithawed liver 

on plastic trays, had a fjnger temperature 

taelow +_10°C during one period, and she 

reported great discomfort in the form of 

finger pain and sfïïlness in conjunction 

with these duties. 
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Fig. 7. Skin temperature and corresponding ratings of perceived temperature (see methods sec-
tion) on the left hand and foot (on the left) and on the right and left hand (on the right) of 
one subject The measurements were m a d e during 2 h of work in the meat packaging depart-
ment (+ 10°C). 
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DISCUSSION 

Two^ j f f e r e n t types of climate-related 
physiological problems could be distin-
guished in the cold-store work studied One 
concerned the measures required to pre-
vent general cooling D f the body, i.e., to 
maintain body temperature. The other 
concerned local, cooling of peripheral body 
parts, especially the hands. 

The body's heat balance"Ls b y 

wor i ^m i e n s ^ ( t h e body's heat production) 

and the insulating properties nf clothing 

in addîtiôrTlo^tKê"effect ot climate. ' The 
s u^jects adapted their clothing to heavy 

and in tensi v e w o r k phases by wearing 

clothing with relatively little thermal 

insulation. The required thermal insula-

tion of clothing was estimated at approxi-

mately 0.8 clo under these conditions (1) 

Nevertheless, many workers became hot 

and sweaty.when activity was Vf Wo r f , r 

especially in the dairies. This sw^t inâ ' 

contributed to more rapid 

low activity. The heat production during 

] ? w activity resulted in~ j n r t w o tg 

three times as much insulation in clothing 

or 2—3 clo. i'he work clothing used rnnlH 

not meet this requirement It 

emphasized that great individual varia-

tions m energy expenditure existed, and 

therefore different needs for clothing insu-

lation existed. The values presented and 

discussed are average estimates. 

Work intensity in the dairies was mainly 

governed by external factors. Peaks of 

high work load could occur during the 

day, and these were especially fatiguing 

to people with a low physical work capa-
A better distribution of worlr c o u l d 

reduce—foe_load while s imul taneous" 

simplifying the clothing problem: 

The air temperature was somewhat 

W a long row of cold (0-6° C ) animal 
carcasses hanging on hooks about 1 m 

that this cold draft did not appear to affect 
the subjective ratings may be due to the 
very active nature of the work 

The muscular strain occurred in meat 

cutting primarily in the back, shoulder 

and cutting arm. Heart rate increased 

when the animal carcasses were especially 

£ T h r n g Y ^ r e a S e d c u t t i n g d i s t a n c e 

w a s the probable reason for this phe-

n o m e n o n . More-detailed studies are neces-

sary m order to quantify the m a n n e r in 

which muscular strain is affected b y e g 

temperature and m e a t quality. 

W o r k intensity in the packaging depart-

... ——* — i o m e w n a i 
higher and the work intensity more even 

in the meat-cutting room. The butchers 

were therefore able to adjust their cloth-

jng to their work intensity and did not 

have as great a problem as dairy staff in 

protecting themselves against the cold 

The relatively high work intensity enabled 
t h e m to^weaTial i ie i light clothirijpan». 

an estimated^clo value at «k»,,* fl ft ^ ^ 

value is in agreement with the predicted 

required clo value for these conditions (1) 

None of the butchers used additional 

insulation clothing. A cold draft radiated 

— « • » . « = ya^dgu iR depart-
ment was low, making wanner clothing 
necessary. Most o f the staff did wear 
extra insulating clothing providing an 

d o value of 1-1.5. Ma i n t a i n * * a 
normal body temperature still proved to 
be difficult. In comparison with meat-
cutting work, packaging work under 
otherwise similar climatic conditions called 
for clo values between 1.5—2.0 in order 
to attain heat balance (1). A drop in air 
temperature from + 1 0 to 
S a m f *ype Of work IncreaReçt h a ^ t l Tm j . 
insulation required by about «s*J. n * 
o xyf i e n uptake of about 0.5 l / m i n " ^ ^ 
g e n e , r a 1 ' the workers underestimated' the 
insulation_requirements of ciothinp 

iess physically demanding a^tivi-
ties. 

The cooling of peripheral body parts, 

the hands in particular, is the other major 

problem in work in a cold climate. Cooling 

may lead to a decreased sense of touch and 

manual dexterity, factors which may 

increase thTïîsïTBf accidents in the pro-

cessing of meat with sharp-edged tools, 

especially in work with hard or tough 

Z e a n T** a5 d s became more n , r n n T r f 1 

^g-types of work «inHi-i T h e palm 

of the left hand in particular easily 
b e c f n e cooled in meat cutting and 

Packaging because of the direct contact 

with cold and moist meat. Dry cotton 

gloves reduced cooling bv a few degrees 

These gloves were also used by about 75 <Vo " 
o f g " the butchers employed in the meat-

unit studied. Unfortunately, the 

gIoveg_became wet after a r» l» t i i « i y 

p e n o d o f j i m e as a result of 

the meat products. Gloves can also lead 



to an impairment of manual performance 

capacity, especially when iney do not fit 

well. 

I n all three phases of the study, the 

subjects were able to assess temperature 

changes in peripheral parts of the body 

well. Even relatively slight changes in_ 

the temperature of the skin of the hands 

were detected by most of the subjects. The 

skin temperature â l one site ion the 

periphery was used throughout as the ob-

jective measure with which subjective 

assessments were compared. However, 

this temperature may vary considerably 

at different sites on the hand. I t can also 

shift in different directions at different 

sites, as was noted in many butchers dur-

ing breaks. It is apparent that the percep-

tion of hand temperature reflected a rela-

tively complex process. 

In most subjects, the perception of tem-

perature could vary considerably without 

any discomfort being reported. On the 

other hand, the variations in temperature 

perception provided information on devia-

tions from the optimum comfort range for 

each individual. These deviations were to 

be found in the peripheral parts of the 

body for almost all the subjects. As a rule, 

discomfort from cold hands was experi-

enced at temperatures at which previous 

studies also recorded a decline in manual 

performance capacity (3). wnen there was 

pronounced discomfort because of cold 

hands, the hahd temperature Of several 

subjects approached the pain threshold, 

i.e., around 

The widé individual variation in re-

sponse patterns underlines the difficulties 

in assessing the effect of cold on the indi-

vidual merely on the basis of climatic mea-

surements. An assessment of this kind 

must be supplemented with biological 

measurements to a greater extent. There. 

is currently no relevant climatic index_ 

which~can be used to assess the physio-

logicaTeffect on man in moderately cold 

environments. 

To summarize, the climate-related 

physiological problems associated with 

work in the cold mainly involve the 

cooling of peripheral parts of the body, 

the hands in particular. Unsatisfactory 

design of work clothing, especially with 

respect to insulation and ventilation prop-

erties, is another problem. In both these 

respects, basic and applied efforts are 
needed to provide information on the 
measures required to reduce or eliminate 
the unfavorable effect of cold climate in 
the work environment. 
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/Cand j work environ health 6 (1980) 58—65 

Reactions to hand cooling in workers 
c cupationally exposed to cold 

b; \nn Enander, MA. Bjôrn Skôldstrôm, MSc, and Ingvar Holmér, PhD 1 

E N A N D E R A, S K O L D S T R O M B. H O L M Ê R I. Reactions to hand cooling in workers 
occupationally exposed to cold. Scand j work environ health 6 (1980) 58—65. Ten m e n 

, occupationally exposed to cold and ten office workers participated in the study Reac-
I tions to immersion of the hands in cold water (+ 10°Q for 2 min were studied during 
I the following 30 min at two different ambient temperatures, 10 and 20°C. Hand 
i skin temperature was recorded in thermograms, and the subjects rated cold sensation 

and pain. Considerable interindividual differences In hand skin temperature reaction 
i were found in both groups. O n the average the occupationally exposed workers had 
j a somewhat higher hand skin temperature than the office workers during the recovery 

! period in the 10 C ambient temperature, although the difference did not reach signi-
ficance. The office workers rated significantly greater cold sensation as a result of 

; the cold immersion, especially during an ambient temperature of 10°C. and the frequency 
of pain ratings was higher for this group. The results suggest that cooling among 
the occupationally exposed workers at work was not severe enough to produce physio-
logical adaptations, although some psychological adaptation was indicated. 

Key terms: adaptive responses, hand cooling, pain, skin temperature, thermal sensation. 

£r~>sure of the hands to cool or cold ara-

ji< t conditions while the rest of the body 

s bjected to a comfortable microclimate 

•ccurs in some occupational activities (2, 

" 6, 9, 11, 12, 14). Many kinds of out-

lo activities in the winter, as well as 

in cold stores, may produce long-

asting, repeated exposures with hand skin 

ei eratures below 20°C and finger skin 

ei eratures below 15°C (3, 14). 

Adaptive responses to local cooling of 

hf ' lands have been reported in many in-

c Rations [for reviews see Carlson et al 

I) -nd Hellstrôm (6)]. Adaptation is the 

lost obvious in populations permanently 

x( ïed to cold (Eskimos. Lapps, Arctic 

n< ns, etc), eg, they have a quicker onset 

r artment of Occupational Health, National 
E rd of Occupational Safety and Health, 
S ta, Sweden. 

eprint requests to: Dr Ingvar Holmér, Na-
oi Board of Occupational Safety and 
ei i, S-171 84 Solna, Sweden. 

and a higher frequency of cold-induced 

vasodilatation (2, 9). Although similar find-

ings have been obtained from fishermen (9), 

fish filleters (11) and ice-chamber workers 

(17), occupational exposure to cold in gen-

eral is less severe and involves smaller 

adaptive responses (3, 6, 16, 17). Hand 

blood flow and cold-induced vasodilata-

tion did not differ significantly in groups 

exposed to cold occupationally in compar-

ison with the referents studied by Hell-

strom (6). In the same study (6) how-

ever the cold-exposed group maintained a 

higher hand skin temperature and per-

ceived pain at lower hand skin tempera-

tures in comparison with nonexposed in-

dividuals. 

The purpose of the present study was to 

investigate the extent to which men oc-

cupationally exposed for many years to a 

moderately cold climate ( + 5 to + 10°C) 

display physiological or psychological ad-

aptations similar to those found in more 

severe cold exposure in response to local 

cooling. 

Material and methods 

Subjects 

A total of 20 male subject 

the study; 10 of the subjec 

exppsed to cold (approx 

meat-cutting and packagi 

of a slaughterhouse. Ag< 

data for this group are g 

Included also are the lo 

finger skin temperatures 

workers as measured d i 

workday in a separate sti 

maining 10 subjects we 

group of office workers ms 

to age (table 1). These si 

more acclimatized to cold 

expected for the time of ye 

December). There were si> 

cold-exposed group and fi 
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Experimental procedure 

I n the experiment the subj* 
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climatic conditions, ambie 
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Mean 4: 
SD u 

155-3140/80/010058-8 



Material and methods 

Subjects 

; A total of 20 male subjects participated in 

•• the study; 10 of the subjects were workers 

exposed to cold (approx + 10°C) in the 

meat-cutting and packaging departments 

of a slaughterhouse. Age and exposure 

data for this group are given in table 1. 

Included also are the lowest hand and 

finger skin temperatures of some of the 

workers as measured during a normal 

workday in a separate study (3). The re-

maining 10 subjects were a reference 

group of office workers matched according 

to age (table 1). These subjects were no 

more acclimatized to cold than could be 

expected for the time of year (November-

December). There were six smokers in the 

cold-exposed group and five in the refer-

ence group. 

Experimental procedure 

In the experiment the subjects' hands were 

exposed to a cold test under two different 

climatic conditions, ambient temperature 

.+ 10 and + 20°C. The two sessions were 

rùn consecutively, and the sequence was 

reversed for half of the subjects in each 

group. For sessions at 20°C the subjects 

wore a short-sleeved cotton T-shirt, white 

cotton slacks and jacket, underpants, socks 

and shoes. At 10°C the standardized cloth-

ing was supplemented by thermal trousers 

and a thermal jacket. 

Before the start of the experiment the 

subjects received informatidri'bn the study 

and instructions .concerning the procedure. 

During the 30-min break between sessions 

the subjects completed a questionnaire re-

garding, eg, health status, previous hand 

injuries, experience of cold exposure-and 

frost bite, etc. 

The cold test used in the study consisted 

of immersing rubber-gloved hands up to 

the wrists in cold water ( + 10°C) for 2 

min (18). Thermograms of the palmar sur-

face of the dry, naked hands were taken 

immediately prior to immersion (upon en-

tering the climate chamber) and after 0.5, 

2, and then every fourth minute up to 30 

min after the immersion. During this time 

the subjects remained seated and kept 

their hands still at waist level. Im-

mediately after each thermogram the sub-

jects were requested to rate their percep-

tion of temperature and pain in the hands. 

Measurements 

The experimental sessions were conducted 

in a climate chamber with controlled air 

temperature (± 0.5°C), relative humidity 

(40 °/o) and air velocity (less than 0.2 m/s). 

Body temperature was measured with a 

rectal thermometer at the start of the ex-

Table 1. Age and exposure data for the two groups. Lowest finger and hand 
skin temperatures measured during normal work are reported for the occu-
pationally exposed group (3). 

Subject 
Occupationally exposed group Reference 

group 
number Age 

(a) 
Exposure 

(a) 

Skin temperature (°C) 

Finger Hand 
Age 
(a) 

1 61 20 20 23 65 
2 56 30 22 28 58 
3 54 17 14 20 54 
4 53 14 18 23 52 
5 47 30 46 
6 47 30 40 
7 33 13 — 32 
8 28 11 25 26 28 
9 22 3 25 
10 21 4 20 22 23 

Mean 
S D 

42 
15 

17 
10 

19.8 
3.7 

23.7 
2.9 

42 
15 
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périment, between the two sessions, and 

at the end of the experiment. Temperature 

was rated on a 19-point scale with verbal 

definitions on every second point as fol-

lows: 

9 
8 Very, very w a r m 
7 
6 Very w a r m 
5 
4 W a r m 
3 
2 Somewhat w a r m 
1 
0 Neither w a r m nor cold 
1 
2 Somewhat cold 
3 
4 Cold 
5 
6 Very cold 
7 
8 Very, vèry cold 
9 

Pain was rated on a continuous scale 

with five verbally defined points, ranging 

from no pain to unbearable pain. 

The thermography equipment consisted 

of an AGA Thermovision System mod 

680/102B, operated at a sensitivity of ap-

proximately 2°C per color with a total 

temperature range from 14 to 34°C. A 

temperature reference, AGA mod 1010, set 

at a temperature of 30°C, was used for 

system calibration and in the thermo-

grams. Each thermogram depicted the 

hands in up to 10 different colors accord-

ing to skin temperature. 

Evaluation and analysis 

Each thermogram was evaluated with re-

gard to 22 points on each hand as shown 

in fîg 1. The temperature value corre-

sponding to the color/colors at each point 

was determined (accuracy ± 1°C) and 

typed into a minicomputer (Alpha LSI-2). 

The following variables were calculated 

on both hands for further analysis: mean 

fingertip temperature (points 1—4), mean 

finger temperature (points 1—14), mean 

Fig 1. Location of the 22 points used in eval-
uating the thermograms of the hand. 

Fig 2. Change fn hand skin temperature on the right hand of one occupational^ exposed sub-
ject 
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lysis 

'as evaluated with re-

t each hand as shown 

>erature value corre-

r/colors at each point 

ecu racy ± i °C) and 

nputer (Alpha LSI-2). 

tbles were calculated 

arther analysis: mean 

e (points 1—4), mean 

(points 1—14), mean 

! points used in eval-
f the hand. 

hand temperature (points 15—22) and mid-
hand temperature (point 22). Each indivi-
dual temperature point weighed equally 
in the calculation. 

For the statistical analysis of skin tem-

perature and perceived temperature data 

a three-way analysis of variance model 

with repeated measurements on two fac-

tors was used (20). Group, ambient tem-

perature, and measurement occasion con-

stituted the three sources of variation. 

Results 

General reaction pattern 

After a considerable drop following the 

cold water immersion, the change in hand 

skin temperature during recovery dis-

played great in te rind ivi dual variation. In 

some subjects there was a more or less 

pronounced negatively accelerated in-

crease in temperature with time; the in-

crease brought some of the temperatures, 

but not all, back to the preimmersion level 

within 30 min. In other subjects hand skin 

temperature remained nearly constant at 

the first postimmersion value during the 

entire recovery period. This latter reac-

tion was more frequent when recovery 

took place in an ambient temperature of 

10°C, as compared to 20°C. Fig 2 illustrates 

the temperature reaction in different parts 

of the hand of one subject in the two en-
vironments. 

No relationship could be observed be-

tween changes in hand skin temperature 

and body temperature, age, number of 

years of exposure to cold, or smoking ha-

bits. Neither were there any systematic 

differences in the response of the two 

hands to the immersion and recovery pro-

cedure. Cooling was in no case sufficient 

to elicit vasodilatation. 

The perceived temperature of the hands I 

closely followed the variation in the ob-/ 

jectively measured temperatures of most / 

of the subjects. Even quite small varia-l 

tions in finger temperature could cause a 

change in perception. Fig 3 illustrates the 

finger temperature and perceived temper-

ature for one subject during an experi-

mental session. Several subjects indicated 

a subjective difference in the temperature 

of the two hands,, or in the different fin-

gers of one hand, which in most cases 

could be found also in the thermograms. 

Comparison between groups 

Apart from a markedly higher frequency 
of cuts and injuries of the hands among 
the occupationally exposed group, no dif-
ferences between the groups as regards 
health status or other factors were re-
vealed in the responses to the question-
naire. 

to'c ambient 

Min 

® 22 26 30 

>na)!y exposed sub» 

38 

34 

26 

22 

18 

14 

10 

Skin 
temperature 
X 

Perceived 
temperature 

I \ 

1 A - - - . \ 
lr ' / v - -
V ' • -

v ! V \ 
1 ' / \ / 

/ '«s. 
" S . 

• perceived 
- - - - mean hand 

mean linger 

IVfri 

6 10 14 22 26 30 

•3 38 

• 2 34 

• 1 30 

0 26-

-1 22-

- 2 18 

-3 14 

• 4 
1 

10 
-2 

Skin temperature 
*C 

Fig X Hand skin temperatures and perceived 
temperature in the hand of one occupationally 
exposed subject during a session with an am-
bient temperature of 10°C. 

20 °C 

K)*C 

Fig 4. Mean finger Temperature of the right 
hands of both groups (CEG = occupationally 
cold-exposed group, NG = occupationally non-
exposed group) at ambient temperatures of 10 
and 20° C. 
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Change in finger temperature 

Fig 5. Mean change in finger temperature per 
minute during rewarming in an ambient temper-
ature of 10°C in comparison with 20®C. Each 
point represents one subject (NG = occupa-
tionally nonexposed subject, C E G = occupa-
tionally cold-exposed subject) 

Perceived 
temperature 

20*C 

lOt 

10 M 18 22 26 30 
Fig 6. Mean perceived temperature ratings for 
the right hand for both groups (CEG = occupa-
tionally cold-exposed group. N G = occupation-
ally nonexposed group) at ambient temperatures 
of 10 and 20°C. 

Table 2. F-ratios and degrees of freedom (df) 
obtained In the analysis of variance of perceived 
temperature ratings for the right hand in re-
sponse to cold immersion. The analysis was per-
formed on the values before and immediately 
after immersion. 

Source of variation df F-ratio 

Group (G) 1/18 638 * 
Ambient temperature (A) 1/18 4 S2* 
Measurement occasion (M) 1/18 112.79 ••• 
G x A 1/18 < 1 
G X M 1/18 1.69 
A X M 1/18 1.00 
G X A X M 1/18 6.05* 

p < 0.05, •• p < 0.01, < 0.001. 

The two groups demonstrated a similar 

decrease in mean finger skin temperature 

during immersion. The interindividual 

variation in reactions during recovery was 

considerable within both groups. As illus-

trated in fig 4, the mean temperature of 

the occupationally exposed group was 

however consistently higher than that of 

the reference group during recovery. This 

difference in reaction between the groups 

remained for all the temperature vari-

ables studied, but only under the 10°C 

conditions. No differences were observed 

at an ambient temperature of 20°C. In the 

analysis of variance of finger skin tem-

perature data during recovery, no differ-
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ences between the groups or interaction 

with groups reached significance. 

The average change in finger tempera-

ture per minute was calculated for each 

individual and is given in fig 5. Almost 

.all subjects in both groups showed a 

smaller rate of increase in temperature 

when the ambient temperature was 10°C 

than when it was 20°C. The groups dif-

fered somewhat at 10°C in that five sub-

jects in the occupationally exposed group 

had a value of 0.16°C/min or higher, as 

compared to only one subject in the refer-

ence group. 

Fig 6 shows the mean perceived temper-

ature ratings for the right hand for both 

groups at the ambient temperatures of 

10 and 20°C. The analysis of variance 

of the subjective reaction to the cold im-

mersion (values before and immediately 

after the immersion, table 2) disclosed a 

significant difference between the groups 

(p < 0.05) and a significant interaction be-

tween the groups, climate and time 

(p < 0.05). The reference group felt some-

what colder than the occupationally ex-

posed group in both climate types, and 

this difference was especially marked af-

ter the cold immersion at 10°C. For both 

groups there was a significant difference 

in ratings between the two climate types 



(p < 0.05) and, naturally, before and after 

immersion (p < 0.001). 

The analysis of variance of perceived 

hand temperature over the entire recovery 

phase (values from 0.5 to 30 min after im-

mersion) showed no significant differences 

as regards the groups or interactions with 

the groups. During recovery the mean tem-

perature rating was somewhat higher for 

the occupationally exposed than for the 

reference group in an ambient temperature 

of both 10 and 20°C (fig 6). However, the 

wide interindividual range, in temperature 

reaction during the recovery phase was 

accompanied by a considerable variation 

in the perception rating of both groups. 

Most subjects in both groups felt some 

pain in the hands during the immersion 

test, although the pain often decreased 

rapidly after they removed their hands 

from the cold water. Immediately after 

the cold immersion there was a greater 

frequency of pain ratings among the refer-

ents in an ambient temperature of both 

10 and 20 °C (7 and 6 out of 10, respec-

tively) than among the occupationally ex-

posed group (4 and 2 out of 10, respective-

ly). These differences did not, however, 

reach significance when tested with the 

chi-square test (13). A few subjects in both 

groups indicated slight pain throughout 

the recovery phase. 

Discussion 

The hands show the most pronounced ad-

aptations after prolonged exposure to cold 

environments with, eg, modifications in 

the onset, frequency, and magnitude of 

cold-induced vasodilatation and main-

tained higher levels of skin temperature in 

response to local cooling (1, 6). A key fac-

tor in the occurrence of adaptation is that 

the tissues are actually cooled for some 

time and with sufficient intensity. Fur-

thermore, the nature and extent of adap-

tation are dependent on the interaction of 

local temperature, mean skin temperature, 

and body core temperature (1, 19). Unfor-

tunately, many studies on habituation to 

cold present no other data on conditions 

of exposure than the air temperature of 

the environment Under such circum-

stances it is difficult to assess the actual 

factor stimulating the habituation process. 

This may be one explanation for the dis-

crepancy of results from different studies 

as reviewed by Hellstrom (6). 

Cold-induced vasodilatation was not 

studied in our subjects since the water 

bath test was too short and too small a 

cooling stimulus to evoke it (8). Since the 

occupationally exposed group was accus-

tomed to a relatively moderate cold cli-

mate, a less severe cold test was chosen. 

No significant differences in hand skin 

temperatures were found between the two 

groups in this study. The occupationally 

exposed group did however tend to have 

higher hand skin temperatures in the 10°C 

environment than the referents did. This 

tendency is in accordance with previous 

results (6, 11, 16, 17). 

Apparently, the absence of any signifi-

cant physiological adaptation of the occu-

pationally exposed groups can be ex-

plained by the fact that cold stress was not 

severe enough to produce tissue cooling 

stimulating the habituation process. This 

conclusion is supported by Tanaka (17), 

who reported smaller adaptations in cool-

room workers in comparison with, eg, ice-

chamber workers and swimmers. 

" In six of the ten subjects of the occu-

pationally exposed group in this study, 

skin temperatures were monitored on two 

different occasions during a normal work-

day (3). The average hand and finger tem-

peratures were 23.7 and 19.8°C, respective-

ly, with great interindividual variations 

(table 1). In the same study it was found 

that body core temperature remained al-

most constant and normal during the ob-

servation period (3). A t higher rates of 

work in ambient temperatures of 0—10°C 

with appropriate clothing it is easier to 

maintain thermal balance and reduce, or 

even prevent, peripheral cooling of, eg, 

hands and feet. Under the same conditions 

the rewarming of cold hands and feet can 

take place (7) and has been found to be 

quicker and more pronounced in cold-ex-

posed outdoor workers (16). 

On the other hand the relatively high 

hand and finger skin temperatures ob-

served during normal work can be a result 

of acclimatization. Glaser & Shephard (4) 

clearly showed that hand skin tempera-

tures fell progressively less during succes-
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sive exposure to cold (air temperature 3— 
6°C) in lightly clad, resting subjects, aver-
aging 15.5°C on the 11th day. This hand 
skin temperature is about 5° lower than 
that measured tor six of our subjects dur-
ing work. 

In both climates the occupationally ex-

posed group rated hand temperature as 

less cold than did the referents. The ques-

tion remains as to whether this reflects a 

difference in perception or in the use of 

the rating scale per se between the two 

groups. The subjects' previous experience 

of the stimulus dimension to be evaluated 

should be considered when different 

groups are compared with verbal defini-

tion scales. A l l the occupationally exposed 

subjects in this study had been repeatedly 

exposed to low hand temperatures, and 

this exposure could have conceivably re-

sulted in a shift in the meaning attached 

to the verbal definitions used on the tem-

perature scale as compared to the refer-

ents' responses. 

Regardless of the level at which the sub-

jects set their ratings, the referents showed 

a significantly greater change in perceived 

temperature in response to immersion at 

10^C. No such differences were found at 

20 C, and only the referents rated a 

greater drop in temperature in 10°C than 

in 20°C. Since there were no correspond-

ing differences in mean hand temperature 

in response to immersion, it would seem 

reasonable to attribute these results to 

differences in experience with cold be-

tween the groups. I t can be hypothesized 

that a low ambient temperature to which 

subjects are unaccustomed h a s j h e effect 

of increasing the subjective reaction to 

local cooling in comparison with that of 

subjects accustomed to cold exposure. 

Evidence of experimentally induced 

adaptation to cold pain has been shown in 

several studies (10, 15). Hellstrôm (6) found 

a lower frequency of pain reaction in out-

door than in indoor workers within the 

same finger temperature range. A similar 

but nonsignificant, tendency was found in 

the present study between the two groups 

although the cold immersion test was less 

severe than that usually used in studies of 

cold pain. 

To summarize, local cooling of the hands 

with occupational c o T d ^ p ô s u r m ï r the 

present study was not severe enough to 

produce significant al adapta-
tion. rhere was'however some evidence of 
a^Egycholoffical adaptation to côETiasSâ-
tion and pain among tKe cold-exposed 
workers studied. — 
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INTRODUCTION 

L ' h o m m e e s t b e a u c o u p m o i n s p r o t é g é c o n t r e l ' e f f e t d u 

f r o i d p a r r a p p o r t a u x a n i m a u x . L ' o r g a n i s m e h u m a i n 

p o s s è.d e q u a n d même un m é c a n i s m e c o m p l e x e de t h e r m o -

r é g u l a t i o n . 

L ' e x p o s i t i o n a u f r o i d n ' e s t p a s s i r a r e q u ' o n p e u t se 

l ' i m a g i n e r : d e s m i l l i e r s d e p e r s o n n e s s o n t q u o t i d i e n n e -

m e n t e x p o s é e s à d e s t e m p é r a t u r e s b a s s e s à l e u r t r a v a i l . 

On p e u t m e n t i o n n e r q u e l q u e s e x e m p l e s : l e s t r a v a i l l e u r s 

d e l a c o n s t r u c t i o n , l e s f e r m i e r s , l e s f o r e s t i e r s , l e s 

t r a v a i l l e u r s d e s u s i n e s d e c o n g é l a t i o n , d e s u s i n e s d e 

t r a n s f o r m a t i o n d e l a v i a n d e , d u p o i s s o n , e t i l y en a 

b e a u c o u p d ' a u t r e s . 

Le t r a v a i l l e u r q u i o e u v r e d a n s u n e a m b i a n c e f r o i d e e s t 

h a b i t u e l l e m e n t p r o t é g é p a r un h a b i l l e m e n t a p p r o p r i é m a i s 

s e s e x t r é m i t é s d e m e u r e n t t o u j o u r s - p l u s à r i s q u e . 

On n e p e u t p a s s é p a r e r l ' e f f e t l o c a l d u f r o i d s u r l e s 

e x t r é m i t é s de l a r é a c t i o n g é n é r a l e d e t o u t l ' o r g a n i s m e 

e n v e r s l ' a g r e s s e u r t h e r m i q u e . 

N o t r e c o r p s e s t en c o n t a c t p e r m a n e n t a v e c l ' e n v i r o n n e -

m e n t . V o i c i l e s c h é m a d e s é c h a n g e s d e c h a l e u r e n t r e 

l ' o r g a n i s m e e t l ' e n v i r o n n e m e n t . 

2 
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F i g u r e 1 . SCHÉMA DES ÉCHANGES DE CHALEUR 

ENTRE L ' O R G A N I S M E ET L 1 E N V I R O N N E -

MENT ( E x t r a i t d e " L e s r o t a t i v i s t e s " 

CNAM/ANACT, 1 9 8 2 ) . ( 1 ) 

MÉCANISMES DE CONSERVATION DE LA CHALEUR ET DE L 'AUGMEN-

TATION DE LA PRODUCTION DE CHALEUR QUAND LE CORPS SE 

R E F R O I D I T 

Le c o r p s h u m a i n e s t d e s t i n é à f o n c t i o n n e r 

t u r e i n t e r n e c o n s t a n t e é g a l e à 3 7 ° C . 

u n e t e m p e r a 

La t e m p é r a t u r e d u c o r p s e s t c o n t r ô l é e p a r v o i e n e r v e u s e e t 

h u m o r a l e . ... 

H u m o r a l e - q u i s e r a p p o r t e a u x h u m e u r s . On p a r l e d e l a 

v o i e h u m o r a l e comme d ' u n m o y e n d e t r a n s p o r t d e l a p l u p a r t 

d e s s u b s t a n c e s à l ' i n t é r i e u r de 1 o r g a n i s m e . On o p p o s e 

a s s e z 

h u m o r a l e à 

mé d i c a l ) . 

s o u v e n t d a n s l e s m é c a n i s m e s p h y s i o l o g i q u e s de l a v o i e 

l a v o i e n e r v e u s e ( L a r o u s s e , D i c t i o n n a i r e 
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Qua>nd l a t e m p é r a t u r e t o u be e n d e s s o u s de 3 7 ° C , u n m é c a -

n i s m e s p é c i a l q u i a p o u r b u t d e c o n s e r v e r l a c h a l e u r 

i n t e r n e e t d ' a s s u r e r l ' a u g m e n t a t i o n d e l a p r o d u c t i o n de 

c h a l e u r e s t d é c l e n c h é . 

La c o n s e r v a t i o n d e c ha l e u r e s t a s s u r é e p a r l a v a s o c o t i s -

t r i t i o n e t p a r l ' a b o l i t i o n d e l a t r a n s p i r a t i o n . 

P r e m i è r e m e n t , l e f r o i d a m è n e u n e b a i s s e de l a t e m p é r a t u r e 

c u t a n é e - e t i l p r o d u i t e n s u i t e u n r e f r o i d i s s e m e n t d u s a n g 

d a n s l e s c a p i l a i r e s p é r i p h é r i q u e s . Le s a n g r e f r o i d i 

a r r i v e p a r l e c o u r a n t ' s a n g u i n à l a r é g i o n t h e r m o - s e n s i b l e 

d u c e r v e a u . La c h u t e d e l a t e m p é r a t u r e s ' e n r e g i s t r e d a n s 

l a r é g i o n p r é - o p t i q u e de l ' h y p o t h a l a m u s . 

L ' h y p o t h a l a m u s f o n c t i o n n e comme u n t h e r m o s t a t : i l com-

p a r e l ' i n f o r m a t i o n o b t e n u e a v e c s o n s e u i l ( " S e t P o i n t " ) 

e t i l d é c l e n c h e l e s r é a c t i o n s a d é q u a t e s p o u r m a i n t e n i r l a 

b a l a n c e t h e r m i q u e ( f i g u r e 2 ) . 

L e s g l a n d e s s u r r é n a l e s s o n t s t i m u l é e s p o u r p r o d u i r e 

l ' a d r é n a l i n e . Une v a s o c o n s t r i c t i o n a d r é n e r g i q u e m a î t r i s e 

l a f o n c t i o n d e s g l a n d e s s u d o r i p a r e s p o u r p r é v e n i r l e s 

p e r t e s de c h a l e u r p a r e v a p o r a t i o n . 

L ' h y p o t h a l a m u s d i r i g e a u s s i l a r é p o n s e du s y s t è m e 

h u m o r a l . L ' h y p o p h y s e e s t s t i m u l é e p o u r - a u g m e n t e r l a 

p r o d u c t i o n d ' h o r m o n e t h y r e o t r o p e . C e t t e d e r n i è r e , à s o n 

t o u r , s t i m u l e l a g l a n d e . t h y r o ï d e q u i p r o d u i t p l u s d e 

t h y r o x i n e , l ' h o r m o n e q u i a c c é l è r e l ' o x y g é n a t i o n . 
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F i g u r e 2 . B A S I C THERMOREGULATORY MECHANISMS IN 

RESPONSE TO COLD EXPOSURE ( A ) 

( P a r M. L . D e m b e r t , m . d . ) 

5 



CREF: 85021201 

Le g l y c o g è n e a c c u m u l é d a n s l e f o i e s e l i b è r e - e t s e c r a n s -

f o r m e e n g l u c o s e p o u r f o u r n i r l ' é n e r g i e a d d i t i o n n e l l e . 

Le f r i s s o n , l u i a u s s i , e s t i n d u i t p a r l ' h y p o t h a l a m u s . 

D e s c o n t r a c t i o n s r a p i d e s d e s m u s c l e s p r o d u i s e n t l a c h a -

l e u r s u p p l é m e n t a i r e n é c e s s i t é e . C e t t e r é a c t i o n a u g m e n t e 

l e n i v e a u du m é t a b o l i s m e de l ' o r g a n i s m e . On r e m a r q u e un 

a c c r o i s s e m e n t d e l ' a p p é t i t e t u n e d e m a n d e é l e v é e de n o u r -

r i t u r e a y a n t u n e g r a n d e v a l e u r c a l o r i q u e p o u r é q u i l i b r e r 

l a b a l a n c e é n e r g é t i q u e . 

FACTEURS I N D I V I D U E L S DANS LA R É S I S T A N C E AU FRO ID 

Le n i v e a u d e r é s i s t a n c e a u f r o i d v a r i e d ' u n e p e r s o n n e à 

l ' a u t r e . I l e s t a s s e z d i f f i c i l e d e f a i r e u n e d i s t i n c t i o n -- -

e n t r e l e s f a c t e u r s j o u a n t un r ô l e p l u s i m p o r t a n t d a n s l a 

s e n s a t i o n d ' i n c o n f o r t c h e z u n e p e r s o n n e p a r t i c u l i è r e . L a 

t a i l l e , l a f o r m e d u c o r p s a i n s i q u e s a c o n d i t i o n p h y s i q u e 

s o n t d e s f a c t e u r s q u i i n f l u e n c e n t l e n i v e a u d e s p e r t e s d e 

c h a l e u r . P a r e x e m p l e , s i l a c h a l e u r e s t e x p r i m é e e n 

u n i t é p a r p o i d s , l a d e m a n d e de m a i n t e n i r l a t e m p é r â t u r e 

i n t e r n e c o n s t a n t e s e r a p l u s g r a n d e c h e z u n e n f a n t q u e 

c h e z un a d u l t e , c e q u i e s t dû a u f a i t q u e l a s u r f a c e 

e x p o s é e à l ' a m b i a n c e e s t p l u s l a r g e p a r u n i t é de p o i d s 

q u a n d l e c o r p s , a u t o t a l , e s t p l u s p e t i t . 

S i d e u x p e r s o n n e s s o n t e x p o s é e s à l a même t e m p é r a t u r e 

b a s s e m a i s q u ' e l l e s s o n t - d e . t a i l l e - d i f f é r e n t e , l e s p e r t e s 

d e c h a l e u r s e r o n t p l u s i m p o r t a n t e s p o u r l a p e r s o n n e l a 

p l u s g r a n d e . C ' e s t e n g r a n d e p a r t i e d û a u f a i t q u e l a 

p e r s o n n e l a p l u s g r a n d e p o s s è d e é v i d e m m e n t - d e p l u s l o n g s - . 

b r a s e t d e p l u s l o n g u e s j a m b e s . La s u r f a c e e x p o s é e a u 

f r o i d d e v i e n t d o n c , p a r l e f a i t m ê m e , p l u s i m p o r t a n t e . 
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Un a u t r e f a c t e u r i m p o r t a n t de t o l e r a n c e a u f r o i d e s t l a 

c o u c h e d e s t i s s u s a d i p e u x h y p o d e r m i q u e s . La c o n d u c t i v i t é 

t h e r m i q u e du g r a s e s t b e a u c o u p m o i n s i m p o r t a n t e q u e c e l l e 

d e s m u s c l e s . D o n c , l e s p e r t e s d e c h a l e u r à l ' e n v i r o n n e -

m e n t d e v i e n n e n t m o i n s i m p o r t a n t e s c h e z u n e p e r s o n n e p l u s 

g r a s s e ( c o r p u l e n t e ) . T e l q u e m e n t i o n n é p r é c é d e m m e n t , l e s 

p e r t e s d e c h a l e u r d é p e n d e n t d e l a d i f f é r e n c e e n t r e l a 

t e m p é r a t u r e d e l a s u r f a c e d u c o r p s e t c e l l e d e l ' e n v i r o n -

n e m e n t . 

L e s p e r s o n n e s a y a n t t r è s p eu d e s u b s t a n c e s g r a s s e s com-

m e n c e n t à f r i s s o n n e r " l o r s q u e - l a t e m p é r a t u r e d e l a p e a u 

a t t e i n t 30 , 8 ° C t a n d i s q u ' u n e p e r s o n n e p o s s é d a n t p l u s d e 

s u b s t a n c e s g r a s s e s c o m m e n c e r a à f r i s s o n n e r à u n e t e m p é r a -

t u r e a t t e i g n a n t 2 1 , 1 ° C . ( 5 ) 

On p e u t d o n c c o n c l u r e q u e l e g r a s h y p o d e r m i q u e e s t u n 

f a c t e u r t r è s i m p o r t a n t p o u r l ' i s o l a t i o n e t q u e l a d i f -

f é r e n c e d e q u a n t i t é d e s u b s t a n c e s g r a s s e s e n t r e d e u x 

p e r s o n n e s p e u t e x p l i q u e r l a d i f f é r e n c e de t o l é r a n c e ' 

i n d i v i d u e l l e a u f r o i d . 

La f i g u r e 3 m o n t r e q u ' u n e i m m e r s i o n d a n s l ' e a u f r o i d e 

( 1 5 ° C ) d u r a n t 30 m i n u t e s p r o d u i t d e p l u s g r a n d e s c h u t e s 

d e t e m p é r a t u r e r e c t a l e c h e z d e s p e r s o n n e s p l u s m a i g r e s . 

L ' a c t i v i t é p h y s i q u e a u c o u r s d e l ' e x p o s i t i o n a u f r o i d 

d e v i e n t l e p l u s i m p o r t a n t f a c t e u r p o u r l a t o l é r a n c e a u 

f r o i d e t l ' a u g m e n t a t i o n d e l à p r o d u c t i o n d e c h a l e u r . 

La c o n d i t i o n p h y s i q u e e s t u n a u t r e f a c t e u r i m p o r t a n t d e 

t o l é r a n c e a u f r o i d . L ' h a b i t u d e de l ' e x e r c i-ce a u g m e n t e l a ' _ ' . * -

v a s c u l a r i s a t i o n e t l a g r a n d e u r d e s m u s c l e s ' s t r i é s a i n s i 

q u e l a n a s se m u s c u l a i r e d u c o e u r , d o n c l a c a p a c i t é d e 

t r a v a i l p o u r c e s t i s s u s a u g m e n t e é g a l e m e n t . 
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F i g u r e 3 . E F F E C T OF S U B C U T A N E O U S F A C T ON H E A T 
P R O D U C T I O N AND BODY I N S U L A T I O N I N 
COLD W A T E R . ( ° C ) . R E S U L T S FROM 2 F A T 
AND 2 T H I N MEN A F T E R THEY HAD S T A B I -
L I Z E D T H E I R D E E P BODY T E M P E R A T U R E S 
I N S T I R R E D WATER AT D I F F E R E N T T E M P E -
R A T U R E S . THE 2 LOWER C U R V E S = T H I N 
MEN (MEAN S K I N F O L D T H I C K N E S S E S b , 5 
AND 6 , 7 MM) . T H E 2 U P P E R C U R V E S = 
F A T MEN (MEAN S K I N F O L D T H I C K N E S S E S 
2 6 , 7 AND 2 6 , 8 M M ) . D a n s " M a n i n t h e 
C o l d " , p . 2 1 . ( 5 ) 
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LA RÉPONSE VASOMOTRICE AU F R O I D - LA RÉGULATION DE 

TEMPÉRATURE DES EXTRÉMITÉS 

L e s e x t r é m i t é s d u c o r p s p e u v e n t ê t r e d é f i n i e s comme l e s 

p a r t i e s d u c o r p s a y a n t t r è s p e u d e m u s c l e s e t d e t i s s u s 

v i s c é r a u x c a p a b l e s d e p r o d u i r e d e l a c h a l e u r . 

L 1 a n a t om i e d e c e s r é g i o n s e s t t e l l e q u ' e l l e s s o n t e n t i è -

r e m e n t d é p e n d a n t e s d e l a c i r c u l a t i o n d u s a n g p o u r l e u r 

p r o d u c t i o n d e c h a l e u r . 

D a n s u n e a m b i a n c e f r o i d e , l e s p e r t e s de c h a l e u r s o n t 

p r é v e n u e s p a r l ' e f f e t d e v a s o c o n s t r i c t i o n . P a r c o n t r e , 

s i l a t e m p é r a t u r e d e s e x t r é m i t é s ' d e s c e n d t r è s b a s , u n 

dommage a u x t i s s u s p e u t s u r v e n i r - D a n s c e c a s , u n e c h a -

l e u r a d d i t i o n n e l l e d o i t ê t r e f o u r n i e l a q u e l l e p e u t ê t r e - -

p r o d u i t e p a r u n e a u g m e n t a t i o n de l a c i r c u l a t i o n s a n g u i n e . 

L ' a n a t o m i e v a s c u l a i r e d e s e x t r é m i t é s p r é s e n t e d e u x c a r a c -

t é r i s t i q u e s s p é c i a l e s , l e s q u e l l e s i n f l u e n c e n t g r a n d e m e n t 

l ' e f f e t d e t h e r m o r é g u l a t i o n p a r l e s c h a n g e m e n t s d a n s l a 

c i r c u l a t i o n s a n g u i n e . P r e m i è r e m e n t , l a c i r c u l a t i o n d u 

s a n g d a n s l e s e x t r é m i t é s e s t c o n ç u e de f a ç o n à c e q u e l e 

s a n g se r e n d e j u s q u ' a u b o u t e t r e v i e n n e . 

L e s s y s t è m e s v e i n e u x e t a r t é r i e l s s o n t t r è s p r o c h e s l ' u n 

d e l ' a u t r e . 11 y a u n c o m p l e x e a d d i t i o n n e l d e v e i n e s 

p l a c é e s t r è s p r è s d e l a s u r f a c e de l a p e a u m a i s q u i n ' o n t 

p a s d ' a r t è r e s a t t e n a n t e s m a j e u r e s . 

Le s a n g c h a u d s ' e n r e t o u r n e p a r l e s y s t è m e v e i n e u x s u p e r -

f i c i e l , c e q u i p e u t o c c a s i o n n e r d e s p e r t e s d e c h a l e u r - . 

H a i s , d a n s u n e a m b i a n c e f r o i d e , l e s v e i n e s s u p e r f i c i e l l e s 

s o n t f e r m é e s e t p o u r s ' e n r e t o u r n e r , l e s a n g u t i l i s e l e s 
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v e i n e s p r o f o n d e s l e s q u e l l e s s o n t p l a c é e s t r è s p r è s d u 

s y s t è m e a r t é r i e l , c e q u i c a u s e un r e f r o i d i s s e m e n t d e s 

e x t r é m i t é s . Le s a n g a r t é r i e l , en e n t r a n t d a n s 

l ' e x t r é m i t é , s e t r o u v e en c o n t a c t t r è s é t r o i t a v e c l e 

s a n g f r o i d d e s v e i n e s . 

Une a u t r e p a r t i c u l a r i t é a n a t o m i q u e d e s e x t r é m i t é s s e r a i t 

u n e t r è s h a u t e d e n s i t é d è s a n a s t o m o s e s a r t é r i o - v é n e u s e s 

l e s q u e l l e s , q u a n d e l l e s s o n t o u v e r t e s , a s s u r e n t u n e t r è s 

m i n c e r é s i s t a n c e pour- l a c o m m u n i c a t i o n d i r e c t e e n t r e 

a r t é r i o l e s e t v e i n u l e s . 

La c i r c u l a t i o n s a n g u i n e p a r l e s a n a s t o m o s e s d e s t i s s u s 

s u p e r f i c i e l s d e s e x t r é m i t é s s e r t â l a t h e r m o r é g u l a t i o n , 

i n d é p e n d e r a m e n t d e s d e m a n d e s en o x y g è n e d e c e s t i s s u s e t 

de l e u r s m e t a b o l i t e s . . . . - ... _ 

I l f a u t s o u l i g n e r q u e m a l g r é p l u s i e u r s é t u d e s v i s a n t à 

c o m p r e n d r e l e m é c a n i s m e de l a c i r c u l a t i o n p é r i p h é r i q u e , 

l ' a s p e c t d e l a r é p o n s e * v a s o m o t r i c e a u f r o i d n ' e s t p a s 

t o u j o u r s c l a i r e m e n t e x p l i q u é . 

L ' e f f e t d e v a s o d i l a t a t i o n , l u i n o n p l u s , n ' e s t p a s t r è s 

c l a i r . L e w i s l ' a d é c r i t p o u r l a p r e m i è r e f o i s e n 19 3 0 . 

D a n s s o n e x p é r i m e n t a t i o n , i l a d é m o n t r é q u e d e s d o i g t s 

p l o n g é s d a n s u n m é l a n g e d ' e a u e t d e g l a c e o n t r e f r o i d i 

j u s q u ' à 1 °C m a i s d a n s un l a p s d e . t e m p s d ' u a e à d e u x m i n u -

t e s , l e u r t e m p é r a t u r e a a u g m e n t é à 8 ° C . Une c h u t e d e l a 

t e m p é r a t u r e j u s q u ' à 0 ° C a . s u i v i - c e t t e a u g m e n t a t i o n . ( 7 ) . 

L ' e f f e t d ' a u g m e n t a t i o n d e l a t e m p é r a t u r e a é t é i m p u t é à 

l ' a u g m e n t a t i o n m a s s i v e de l a c i r c u l a t i o n s a n g u i n e . L e w i s ' 

a e x p l i q u é c e p h é n o m è n e p a r l a r é a c t i o n du r é f l e x e 

d ' a x o n e du n e r f s e n s o r i e l . 
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P a r c o n t r e , d ' a u t r e s é t u d e s o n t r e l e v é q u ' u n e 

v a s o d i l a t a t i o n p e u t ê t r e p r o d u i t e c h e z d e s s u j e t s a v e c 

s y m p a t e c t o m i e e t s e r a p r é s e n t e d a n s l a f o r m e m o d i f i é e 

même a p r è s l a d é g é n é r e s c e n c e c o m p l è t e d e t o u s l e s n e r f s 

s e n s o r i e l s e t m o t e u r s . I l a é t é a u s s i s u g g é r é q u e l a 

v a s o d i l a t a t i o n e s t u n e f f e t d û a u x a g e n t s h u m o r a u x . 

En 1 9 8 3 , u n e é t u d e s u r l a p a r t i c i p a t i o n v a s c u l a i r e l o r s 

d e l a s e n s a t i o n d e d o u l e u r p r o f o n d e a é t é p r é s e n t é e p a r 

H . F r u h s t o r f e r . On a--- a s s u m é - -que l a d o u l e u r a u f r o i d 

é t a i t r e l i é e à l a t e m p é r a t u r e i n t e r n e d e s e x t r é m i t é s e t 

q u e l e s r é c e p t e u r s r e s p o n s a b l e s d e c e t t e r é a c t i o n é t a i e n t 

t r è s p r o c h e s d e s v e i n e s . P o u r t e s t e r c e t t e h y p o t h è s e , on 

a i n j e c t é u n e p e t i t e q u a n t i t é ~ ( 2 0 m l ) d e s o l u t i o n i s o t o -

n i q u e f r o i d e de s e l d a n s l e s v e i n e s v i d e s d e s b r a s d e 16 

s u j e t s . ( 8 ) • -

La s o l u t i o n i s o t o n i q u e i n f é r i e u r e à 2 6 ° C p r o d u i t l a s e n -

s a t i o n p u r e d u f r o i d ; l a t e m p é r a t u r e i n f é r i e u r e à 2 0 ° C 

p r o d u i t l a s e n s a t i o n d e f r o i d e t de d o u l e u r t a n d i s q u e l a 

t e m p é r a t u r e d e 5 ° C a é t é j u g é e comme l a l i m i t e d e t o l é -

r a n c e à l a d o u l e u r p o u r p l u s i e u r s s u j e t s . 

L ' a p p a r i t i o n d e d o u l e u r a é t é c o n s t a t é e a p r è s l ' e x p o s i -

t i o n a u f r o i d e t e l l e d i s p a r a i s s a i t a v a n t o u en même 

t e m p s q u e l e f r o i d . On a s u g g é r é q u ' i l y a v a i t d e u x 

t y p e s de r é c e p t e u r s v a s c u l a i r e s : . l e r é c e p t e u r s p é c i f i q u e 

e t s e n s i b l e a u f r o i d e t l e r é c e p t e u r d e d o u l e u r , a v e c u n e 

l i m i t e d e t o l é r a n c e a u x e n v i r o n s de 2 0 ° C . 
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P e n d a n t l ' e x p o s i t i o n a u f r o i d , l à v a s o c o n s t r i c t i o n r é d u i t 

l a c i r c u l a t i o n d u s a n g d a n s l a p e a u c e q u i a p o u r b u t d e 

r é d u i r e l e s p e r t e s d e c h a l e u r p a r c o n v e c t i o n . Un r e f r o i -

d i s s e m e n t t r è s f o r t d e s e x t r é m i t é s p e u t a p p o r t e r 1 ' i n c o n -

f o r t , l ' i n c a p a c i t é e t u n r i s q u e de g e l u r e . La r é a c t i o n 

v a s o m o t r i c e à l ' e f f e t d u f r o i d s e r t à d e u x o b j e c t i f s 

c o n f r o n t a n t s : l a n é c e s s i t é d e m i n i m i s e r l e s p e r t e s d e 

c h a l e u r e t d e m a i n t e n i r - l ' i n t é g r i t é ' d e s t i s s u s . 

L e s p ê c h e u r s e n e a u p r o f o n d e - p e u v e n t t r a v a i l l e r en p l o n -

g e a n t l e u r s m a i n s d a n s u n e e a u s i f r o i d e q u ' e l l e s e r a i t 

i n s u p p o r t a b l e p o u r d ' a u t r e s p e r s o n n e s . A l o r s on p e u t 

a s s u m e r q u e l a c i r c u l a t i o n s a n g u i n e d a n s l e s m a i n s de c e s 

p ê c h e u r s e s t a j u s t é e e t - p l u s r é g u l i è r e q u e c-he z l a - -

p l u p a r t d e s a u t r e s p e r s o n n e s * 

La r é a c t i o n d e d i f f é r e n t e s p e r s o n n e s a u r e f r o i d i s s e m e n t 

l o c a l p a r l a t e c h n i q u e c l a s s i q u e d ' i m m e r s i o n d e s d o i g t s 

o u e n c o r e d e s m a i n s d a n s l ' e a u f r o i d e a d é m o n t r é q u e l e s 

p e r s o n n e s a c c l i m a t é e s s o n t c a p a b l e s de m i e u x t o l é r e r c e s 

t e s t s s e l o n l a s e n s a t i o n d e d o u l e u r , d ' e n g o u r d i s s e m e n t e t 

de d e x t é r i t é m a n u e l l e . Le m é c a n i s m e de c e t t e a c c l i m a t a -

t i o n n ' e s t p a s e n c o r e b i e n e x p l i q u é . 

I l e s t p r o u v é q u e l a c a p a c i t é d e t o l é r a n c e a u r e f r o i -

d i s s e m e n t l o c a l e s t d u e à l a c a p a c i t é i n d i v i d u e l l e 

d ' a c c l i m a t a t i o n e t n o n . a u x c a r a c t é r i s t i q u e s r a c i a l e s 

hé r é d i t a i r e s . 

L ' a c c l i m a t a t i o n a u r e f r o i d i s s e m e n t - i n t e n s i f p r o d u i t u n e 

a u g m e n t a t i o n d e l a c i r c u l a t i o n s a n g u i n e a i n s i q u ' u n e 

a u g m e n t a t i o n d e s p e r t e s de c h a l e u r . On a a s s u m é q u e l a 

c i r c u l a t i o n t o t a l e d a n s l e s t i s s u s s u p e r f i c i e l s d u r a n t 
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1 ' e x p o s i t i o n a u f r o i d p o u v a i t ê t r e r é d u i t e c h e z l e s 

p e r s o n n e s a c c l i m a t é e s , même s i l e c o u r a n t s a n g u i n d a n s 

l e s e x t r é m i t é s é t a i t a u g m e n t é m a i s c e t t e h y p o t h è s e n ' a 

p a s é t é c o n f i r m é e . 

REVUE DES ÉTUDES S P É C I F I Q U E S SUR L ' E X P O S I T I O N DES MAINS 

AU F R O I D 

L a de u x i è me p a r t i e de- c e d o c u m e n t a p po r t e r a u n e b r è v e 

r e v u e d e s p u b l i c a t i o n s q u i o n t é t é j u g é e s p e r t i n e n t e s 

p o u r l ' é l a b o r a t i o n d u " p r é s e n t - d o c u m e n t . 

Ce s o n t d e s é t u d e s e x p é r i m e n t a l e s q u i a v a i e n t p o u r b u t 

d ' é t u d i e r : l a r é a c t i o n d e s h u m a i n s a u n e e x p o s i t i o n 

l o c a l e a u f r o i d ; l a l i m i t e - a c c e p t a b l e d u - r e f r o i d i - s s e m e n t 

p a r l a s e n s a t i o n d e d o u l e u r ; l ' e f f e t c a r d i o - v a s c u l a i r e à 

u n e e x p o s i t i o n l o c a l e a u f r o i d ; e t l e c h a n g e m e n t d e l a 

f o r c e d u p o i n g p a r l ' e x p o s i t i o n a u f r o i d . 

11 f a u t a u s s i s o u l i g n e r q u e c e s é t u d e s o n t é t é e f f e c t u é e s 

s u r u n n o m b r e l i m i t é d e p e r s o n n e s . De p l u s , e l l e s ne 

s o n t p a s u n i f o r m e s p a r l a m é t h o d o l o g i e d ' e x p é r i m e n t a t i o n 

e t e l l e s p r é s e n t e n t , à l ' o c c a s i o n , d e s r é s u l t a t s c o n t r a -

d i c t o i r e s . 

L ' é t u d e d e T a n a k a f a i t e s u r 14 hommes a d é m o n t r é q u e l e s 

t r a v a i l l e u r s e x p o s é s à d e s f r o i d s e x t r ê m e s p r é s e n t a i e n t 

u n e t e m p é r a t u r e d e l a p e a u p l u s é l e v é e e t un t e m p s de 

p r e m i è r e a u g m e n t a t i o n d e t e m p é r a t u r e a p r è s l ' i m m e r s i o n 

p l u s c o u r t q u e l e s t r a v a i l l e u r s e x p o s é s à u n e t e m p é r a t u r e 

f r a î c h e ( 1 5 ° - 1 8 ° C ) . ( 1 0 ) . _ 

13 
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L ' I n d e x , d e r é s i s t a n c e a u f r o i d * a é t é s i g n i f i c a t i v e m e n t 

p l u s é l e v é p o u r l e g r o u p e de t r a v a i l l e u r s h a b i t u é s à u n e 

e x p o s i t i o n à d e s f r o i d s e x t r ê m e s . 

Une a u t r e é t u d e p r é s e n t é e p a r Ann E n a n d e r a v a i t p o u r b u t 

d e v o i r s ' i l y a v a i t u n e d i f f é r e n c e e n t r e l e g r o u p e 

e x p o s é o c c a s i o n n e l l e m e n t a u f r o i d e t d ' a u t r e s g r o u p e s 

e x p o s é s j o u r n a l i è r e m e n t à d e s r e f r o i d i s s e m e n t s d e s 

ma i n s . ~ 

P o u r l e s d e u x g r o u p e s , d e 10 p e r s o n n e s c h a c u n , l e s m a i n s 

d e s s u j e t s a v a i e n t " é t é p - l o n g é e s d a n s l ' e a u à' u n e 

t e m p é r a t u r e d e 1 0 ° C , p e n d a n t d e u x m i n u t e s . 

La d i f f é r e n c e n ' é t a i t p a s s i g n i f i c a t i v e . P a r c o n t r e l e s 

t r a v a i l l e u r s n o n e x p o s é s . r é g u l i è r e m e n t -au f r o L d mon- ... -

t r a i e n t u n e s e n s a t i o n d e f r o i d a i n s i q u ' u n e s e n s a t i o n d e 

d o u l e u r p l u s f o r t e s . ( I l ) 

La c o n c l u s i o n t i r é e d e s r é s u l t a t s d e c e t t e é t u d e é t a i t 

q u e l ' e x p o s i t i o n d e s t r a v a i l l e u r s a u f r o i d n ' é t a i t p a s 

a s s e z i m p o r t a n t e p o u r p r o d u i r e l ' a d a p t a t i o n 

p h y s i o l o g i q u e . 

L ' e f f e t d ' u n r e f r o i d i s s e m e n t l o c a l d e l a m a i n p a r l ' a i r a 

é t é é t u d i é a i n s i q u e l e s s e n s a t i o n s t h e r m i q u e s e t d o u l o u -

r e u s e s . D i x - h u i t s u j e t s o n t é t é . e x p o s é s à . t r o i s t e m p é r a -

t u r e s d i f f é r e n t e s s o i t : 0 ° C , 7 ° C e t 1 5 °C p o u r u n e d u r é e 

d e 95 m i n u t e s p o u r c h a q u e . c o n d i t i o n t h e r m i q u e . 

* L ' i n d e x de r é s i s t a n e e a u f r o i d , c ' e s t l ' i n t e n s i t é d e l a . 

r é s i s t a n c e de l ' o r g a n i s m e a u x c h a n g e m e n t s t h e r m i q u e s . 
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L e s v a r i a t i o n s i n t e r - i n d i v I d u e l 1 e s d a n s l a r e a c t i o n a u 

r e f r o i d i s s e r a e n t é t a i e n t j u g é e s c o n s i d é r a b l e s ( 1 2 ) . 11 a 

é t é c o n c l u q u e l a r e l a t i o n c a l c u l é e e n t r e l a s e n s a t i o n 

t h e r m i q u e e t l a t e m p é r a t u r e c u t a n é e de l a m a i n e s t s t a b l e 

e t i n d é p e n d a n t e d e s c o n d i t i o n s d e l a t e m p é r a t u r e 

a m b i a n t e l o c a 1 e . 

L e s é t u d e s s u r l a d o u l e u r comme r é a c t i o n a u r e f r o i d i s s e -

m e n t o n t é t é p r é s e n t é e s d a n s d ' a u t r e s s é r i e s d f e x p é r i m e n -

t a t i o n s . 

L 1 é t u d e d e C r o z e ( 1 ? 8 ) a i c o n c l u q u e l a l i m i t e d e l a 

s e n s a t i o n d e d o u l e u r s e s i t u e a u x e n v i r o n s d e 1 0 ° C ( 1 3 ) . 

Le même a u t e u r , e n 1 9 8 3 , a é t u d i é l e s r e l a t i o n s e n t r e 

l ' e x p o s i t i o n a u f r o i d e t l a s e n s a t i o n d e - d o u l e u r . N e u f - -

p e r s o n n e s o n t é t é l e s u j e t d ' e x p é r i m e n t a t i o n s a l o r s q u e 

l e u r s d e u x m a i n s é t a i e n t e x p o s é e s a u x t e m p é r a t u r e s 

s u i v a n t e s : 1 5 ° , 1 0 ° , 5 ° e t 0 ° C . .. 

I l a é t é d é m o n t r é q u e l ' i n t e n s i t é de l a d o u l e u r r e s s e n t i e 

a u c o u r s d e 1 ' e x p o s i t i o n a u f r o i d e t c e l l e d e l à s t i m u l a -

t i o n m o n t r e u n e c o r r é l a t i o n l i n é a i r e . ( 1 4 ) . 

Une a u t r e s é r i e d e t r a v a u x a é t é f a i t e p o u r é v a l u e r 

l ' i n f l u e n c e d e l ' e x p o s i t i o n a u f r o i d s u r l a f o r c e 

m a n u e l l e d ' u n e p r e s s i o n de l a m a i n f e r m é e . _ 

L e s r é s u l t a t s d ' u n e é t u d e de D-. J . J o h n s o n o n t d é m o n t r é 

u n e d i m i n u t i o n s i g n i f i c a t i v e de l a f o r c e , i m m é d i a t e m e n t 

a p r è s l ' e x p é r i m e n t a t i o n a i n s i q u ' u n e a u g m e n t a t i o n s i g n i -

f i c a t i v e d e l a f o r c e d a n s l e s 80 m i n u t e s . s j j i v a n t ; l ' e x p é 

r i m e n t a t i o n ( 1 5 ) . D o u z e é t u d i a n t e s a v a i e n t p a r t i c i p é à 
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c e t t e e x p é r i e n c e d ' u n e d u r é e d e 30 m i n u t e s d ' e x p o s i t i o n d e s 

b r a s d a n s un b a i n f r o i d ( 1 0 ° - 1 5 ° C ) . Un g r o u p e d e c o n t r ô l e 

a v a i t l e s mêmes c o n d i t i o n s d ' e x p é r i m e n t a t i o n m a i s en e x c l u a n t 

l ' e x p o s i t i o n à l ' e a u f r o i d e . 

Q u a t o r z e p e r s o n n e s o n t p a r t i c i p é à u n e e x p é r i m e n t a t i o n q u i 

a v a i t p o u r b u t d e d é t e r m i n e r l e s e f f e t s d ' u n e e x p o s i t i o n d a n s 

un b a i n d ' e a u à u n e t e m p é r a t u r e de. 1 0 ° C , s u r l a f o r c e d e s 

p o i n g s . L ' e x p o s i t i o n f u t d ' u n e d u r é e de 3Û m i n u t e s e t u n 

g r o u p e c o n t r ô l e a é t é u t i l i s é . 

La f o r c e a d i m i n u é " s i g n i f i c a t i v e m e n t a p r è s l ' e x p é r i m e n t a -

t i o n ; e l l e e s t r e v e n u e à un n i v e a u n o r m a l d a n s l e s AO m i n u -

t e s s u i v a n t c e l l e - c i . A u c u n e a u g m e n t a t i o n de f o r c e a p r è s 

1 ' i m m e r s i o n n ' a é t é c o n s t a t é e ( 1 6 ) . 

Comme on l ' a d é j à m e n t i o n n é , l e r e f r o i d i s s e m e n t d e s e x t r é m i -

t é s p r o d u i t u n e r é a c t i o n . g é n é r a l e de l ' o r g a n i s m e . L ' e f f e t 

c a r d i o - v a s c u l a i r e l o r s d e l a s t i m u l a t i o n de l a m a i n e t d u 

v i s a g e p a r l e f r o i d a é t é é t u d i é p a r l e g r o u p e de c h e r c h e u r s 

d u d é p a r t e m e n t d e p h y s i o l o g i e de l ' u n i v e r s i t é L a v a l ( 1 7 ) . 

L o r s d e l a s t i m u l a t i o n de l a m a i n p a r l e f r o i d c h e z 13 

s u j e t s , u n e a u g m e n t a t i o n d e l a f r é q u e n c e c a r d i a q u e , d e 

l ' i n d e x c a r d i a q u e * , de l a p r e s s i o n a r t é r i e l l e m o y e n n e e t d e s 

r é s i s t a n c e s p é r i p h é r i q u e s a é t é c o n s t a t é e . 

* L ' i n d e x c a r d i a q u e = ( Dd 3 - p s 3 ) X F . C . ( F e i g e n b a u m 7 6 ) 

s u r f a c e c o r p o r e l l e 

o u D d 3 e s t le v o l u m e d i a s t o l i q u è 

D s 3 e s t le v o l u m e s y s t o l i q u e 

D d 3 - D s 3 e s t l e v o l u m e d ' é j e c t i o n s y s t o l i q u e 

F . C . - e s t l a f r é q u e n c e c a r d i a q u e . 
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L e s r é s u l t a t s s u g g è r e n t q u e l a r é a c t i o n c a r d i o - v a s c u l a i r e à 

l a s t i m u l a t i o n d e l a m a i n p a r l e f r o i d e s t u n e r é a c t i o n d u 

t y p e s y m p a t h i q u e . 

L ' é t u d e d e t e m p s s y s t o l i q u e p e n d a n t l e r e f r o i d i s s e m e n t 

d e s m a i n s é t a i t c o m b i n é e a v e c l a b a s c u l e t ê t e é l e v é e 

( H e a d - u p - t i l t ) . L ' i m m e r s i o n d e s m a i n s a p r o d u i t u n e 

a u g m e n t a t i o n d e l a p r e s s i o n a r t é r i e l l e d i a s t o l i q u e a i n s i 

q u ' u n e a u g m e n t a t i o n c o n c o m i n a n t e d e l a d u r é e de l a 

p é r i o d e d e p r é - é j e c t i o n . ( 1 8 ) . 

L ' E F F E T DU F R O I D SUR LA PERFORMANCE MANUELLE 

P l u s i e u r s é t u d e s s u r l a p e r f o r m a n c e m a n u e l l e o n t c o n c l u 

q u e l e s p e r s o n n e s a y a n t , l e s m a i n s f r o i d e s - d é m o n t r e n t 

u n e i n c a p a c i t é s i g n i f i c a t i v e même s i l e u r c o r p s e s t 

c h a u d e t q u ' a u c o n t r a i r e , l e s p e r s o n n e s a y a n t l e s m a i n s 

c h a u d e s n e d é m o n t r e n t a u c u n e . . i n c a p a c i t é même s i l e u r 

c o r p s e s c f r o i d ( 2 2 ) . 

Le f r o i d c h a n g e l a f o r c e m u s c u l a i r e d e s m a i n s : i l 

p r o d u i t u n c h a n g e m e n t d a n s l a s e n s i b i l i t é t a c t i l e . 

P a r c o n t r e , i l f a u t s o u l i g n e r q u e l e s i n d i v i d u s q u i s o n t 

h a b i t u é s à t r a v a i l l e r a u f r o i d o n t d e m e i l l e u r e s p e r f o r -

m a n c e s p o u r d e s t â c h e s m a n u e l l e s q u e . l e s i n d i v i d u s n o n 

h a b i t u é s . 

L ' e x p é r i e n c e du t r a v a i l a u f r o i d p r o d u i t u n e " a d a p t a t i o n 

p h y s i o l o g i q u e . Comme on l ' a d é j à m e n t i o n n é , l ' e n d u r a n c e 

m a n u e l l e a i n s i q u e l ' a d r e s s e a u t r a v a i l , d a n s le- f r o i d • s„e_ 

d é v e l o p p e n t c h e z l e s t r a v a i l l e u r s s u i t e à 1 ' - e x p é r i e n c e . 
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11 a é t é d é m o n t r é q u e d a n s u n e a m b i a n c e f r o i d e , l a 

t e m p é r a t u r e d e s a r t i c u l a t i o n s b a i s s e p l u s q u e c e l l e d e s 

m u s c l e s e t d e l a p e a u . 

C e t a b a i s s e m e n t d e l a t e m p é r a t u r e d e s a r t i c u l a t i o n s c a u s e 

u n e g r a n d e r é s i s t a n c e a u x m o u v e m e n t s a i n s i q u ' u n e d i m i n u -

t i o n de l a v i t e s s e d e s m o u v e m e n t s . 

L e s é t u d e s s u r l a d e x t é r i t é m a n u e l l e o n t d é m o n t r é q u e l e s 

f o n c t i o n s de l a m a i n s o n t s é r i e u s e m e n t d é t é r i o r é e s q u a n d 

l a t e m p é r a t u r e d e s s u r f a c e s d e s d o i g t s d e s c e n d en d e s s o u s 

d e 1 5 ° C . A p a r t i r d e 1 0 ° C , on a d m e t l a d i f f i c u l t é de. .se 

s e r v i r d e s m a i n s e t en d e s s o u s de 5 ° C , une p e r t e t o t a l e 

de l a s e n s i b i l i t é * t a c t i l e a é t é c o n s t a t é e . La s e n s i b i -

l i t é t a c t i l e s o u f f r e d ' u n e g r a n d e d é t é r i o r a t i o n p a r l e 

r e f r o i d i s s e m e n t . 

Le f r o i d c a u s e un e f f e t a n e s t h é s i q u e p a r t i e l s u r l e s 

m a i n s . Les m a i n s p e r d e n t l e u r c a p a c i t é d ' é v a l u e r l e s 

o b j e t s q u i s o n t t e n u s . 

11 n o u s f a u t s o u l i g n e r q u e d e s c h a n g e m e n t s d a n s l a p e r -

f o r m a n c e m a n u e l l e p e u v e n t d e v e n i r l a c a u s e d ' a c c i d e n t s . 

LES PROBLÈMES MÉDICAUX R E L I É S A L ' E X P O S I T I O N AU F R O I D 

L ' e x p o s i t i o n a u f r o i d o c c a s i o n n e l e s y n d r o m e de R a y n a u d , " 

l e q u e l s e t r a d u i t p a r l a c o n s t r i c t i o n d e p e t i t e s a r t è r e s 

e t a r t é r i o l e s . I l se d é v e l o p p e p a r un c h a n g e m e n t d e 

c o u l e u r de l a p e a u a u x p a r t i e s d i s c a l e s . L e s c h a n g e m e n t s , 

d e c o u l e u r t o u c h e n t un ou p l u s i e u r s d o i g t s e t o n t 

18 



CREF: 85021201 

t y p i q u e m e n t t r o i s p h a s e s , l e s q u e l l e s s o n t : p â l e u r , 

c y a n o s e e t r o u g e u r . La d o u l e u r e t l ' e n g o u r d i s s e m e n t 

p e u v e n t ê t r e n o t é s p e n d a n t l à p h a s e d e p â l e u r e t l a p h a s e 

c y a n o t i q u e . ( 1 9 ) . 

Le p r o b l è m e d e s v e r r u e s ( v i r u s P a p i l l o m a ) p a r m i l e s t r a -

v a i l l e u r s du s e c t e u r d e l a v o l a i l l e n ' a é t é r a p p o r t é q u e 

r é c e m m e n t . La m a n i p u l a t i o n d e s o b j e t s f r o i d s a é t é r e l e -

v é e comme un d e s f a c t e u r s d u m i l i e u de t r a v a i l r e l i é s , d e 

f a ç o n s i g n i f i c a t i v e , à l a p r é s e n c e de v e r r u e s . ( 2 1 ) . 

I l e s t p r é s u m é q u e l e c o n t a c t c o n t i n u e l d e s m a i n s , a v e c 

d e s o b j e t s f r o i d s comme d e s p o u l e t s a m e n é s à u n e t e m p é r a -

t u r e d e 4 ° C , p a r e x e m p l e , a m è n e r a i t u n e v a s o c o n s t r i c t i o n 

q u i e m p ê c h e r a i t u n e b o n n e c i r c u l a t i o n a u n i v e a u d e s m a i n s 

e t p a r c o n s é q u e n t , u n e b o n n e d é f e n s e de l ' é p i d e r m e c o n t r e 

l e v i r u s d e s v e r r u e s . 

Une é t u d e B u l g a r e p u b l i é e e n 1 9 8 3 p r é s e n t e l e s r é s u l t a t s 

s u r l a r é a c t i v i t é n e u r o - v é g é t a t i v e d e s m e m b r e s s u p é r i e u r s .. . 

c h e z l é s t r a v a i l l e u r s e x p o s é s a u f r o i d l o c a l s y s t é m a t i -

q u e . 

E l l e r a p p o r t e q u e s e l o n d e s r é s u l t a t s d ' e x a m e n s c l i n i -

q u e s de p l u s i e u r s t e s t s p h y s i o l o g i q u e s a i n s i q u e de d o n -

n é e s d u q u e s t i o n n a i r e , i l y a u n e d i f f é r e n c e s i g n i f i c a -

t i v e d a n s l a m a n i f e s t a t i o n d e l a p a t h o l o g i e n e u r o -

v é g é t a t i v e a n g i o d y s t o n i q u e * e n t r e l e s c a s e t l e s t é m o i n s . " 

* A n g i o d y s t o n i e n e u r o v é g é t a t i v e e s t u n e a l t é r a t i o n d e l a 

t o n i c i t é d e s v a i s s e a u i x l i é a u d é r è g l e m e n t f o n c t i o n n e l 

d e s s y s t è m e s s y m p a t h i q u e ou p a r a s y m p a t h i q u e . 
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limite de travailleurs. 0 n ne 
ne la mentionne ici 
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Plusieurs éléments de l'étude sont d i f f i c i l e . 
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tels résultats. 

qu'à 

la l a n g u e , 

à s a i s i r . 
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CONCLUSION 

On a p r é s e n t é 1 ' i n f o r m a t i o n g é n é r a l e p o u r p o u v o i r é v a l u e r 

l e r i s q u e r e l i é à l ' e x p o s i t i o n d e s m a i n s a u f r o i d . 

On p e u t c o n c l u r e q u e l e n i v e a u d e c o n n a i s s a n c e s c i e n t i -

f i q u e a c t u e l n e n o u s p e r m e t p a s de n o u s p r o n o n c e r a u 

s u j e t de l ' e x i s t e n c e d u r i s q u e à l ' e x p o s i t i o n d e s m a i n s 

au froid. 

M a l g r é t o u t , o n p e u t c e p e n d a n t a f f i r m e r q u e l e s v e r r u e s , 

a i n s i q u e l e t r a u m a t i s m e l i é à l ' e n g o u r d i s s e m e n t d e s 

m a i n s p a r l e f r o i d , p r é s e n t e n t u n r i s q u e r é e l p o u r l e s 

t r a v a i l l e u r s a f f e c t é s à l a m a n i p u l a t i o n d e s p o u l e t s 

c o n g e l é s . 

Comme m e s u r e s p r é v e n t i v e s , o n s u g g è r e l e p o r t d e g a n t s 

a p p r o p r i é s , l e s q u e l s d o i v e n t a s s u r e r u n e p r o t e c t i o n 

s u f f i s a n t e c o n t r e l e f r o i d l o c a 1 1 V i n f e c t i o n v i r a l e e t 

l e t r a u m a t i s m e . 

Un c h a n g e m e n t d e p r o c é d é t e c h n o l o g i q u e v i s a n t à é v i t e r l a 

m a n i p u l a t i o n d i r e c t e d e s o b j e t s f r o i d s p e u t a u s s i r é g l e r 

l e p r o b l è m e r e l i é à l ' e x p o s i t i o n a u f r o i d l o c a l . 

En c o n c l u s i o n , i l n o u s s e m b l e t r è s s o u h a i t a b l e q u e l a 

r e c h e r c h e é p i d é m i o l o g i q u e v i e n n e d o c u m e n t e r 1 ' e x i s t e n c e 

e t l a g r a v i t é d e s p r o b l è m e s de s a n t é l i é s à l ' e x p o s i t i o n * 

q u o t i d i e n n e a u f r o i d l o c a l . 
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TRAVAIL POSTE (SHIFTWORK) ET TRAVAIL DE NUIT 

Les humains vivent selon un rythme physiologique sur une période de 24 heures. 

Ces rythmes biologiques sont le plus souvent appelés rythmes circadiens. Ce sont 

des facteurs synchronisateurs endogènes qui répondent au temps du jour et de la 

nuit, à la connaissance des heures, aux expériences de la famille et au rythme 

social d'éveil et de sommeil. Seulement 10% de la population aime le travail posté, 

20 à 30% ne l'aime pas et la majorité le tolère. 

L'ajustement des horaires de nuit et de jour entraîne des baisses de rendement, de 

la fatigue, des pertes de sommeil, des troubles de l'appétit et des symptômes 

gastro-intestinaux. La vie sociale est en général assez dérangée sinon perturbée. 

Surveillance médicale et prévention 

En ce qui a trait à la surveillance médicale et à la prévention, il n'y a pas de 

recettes toutes faites. Avant toute intervention visant à modifier le travail posté ou 

de nuit il faut s'assurer d'une bonne connaissance théorique des effets sur la santé 

de ce genre d'horaire. Des facteurs comme la durée de travail, les horaires, la 

rotation des quarts de travail, les troubles du sommeil et les problèmes de santé 

individuels feront ensuite partie de l'évaluation. Parfois, l'inventaire des 

symptômes peut nécessiter qu'on propose un questionnaire approprié. Enfin, on ne 

doit pas s'attendre à des résultats mirobolants. Les intervenants en santé au travail 

devraient ajuster leurs interventions aux conditions particulières de chaque milieu 

de travail et utiliser avec discernement les suggestions de solutions de la littérature 

scientifique. Nous vous référons aux articles de l'INRS et de Rutenfranz qui 

résument bien le sujet et proposent des approches validées par l'expérience. 
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Psychological and psychophysiological effects of shift work 

by Torbjôrn Akerstedt, P h D 1 
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Shift work is one of the more apparent and dramatic 
components o f the work environment. It has been 
clearly l inked to a scries of acute and chronic cffccis 
on the organism, most of them related to,the arcadian 
rhythmici ty o f the body. The major effects concern 
sleep alertness, and performance, but also long-term 
health The purpose of the present pape rs to prov.de 
a brief review o f these effects and to discuss mechan-
isms and countermeasures. 

Before turn ing to the effects, however, the term 
- s h i f t w o r k " needs to be defined. The term usually 
refers to an arrangement of workhours which employs 
two or more teams (shifts) o f workers in order to ex-
tend the hours o f operation beyond that o f conven-
tional off ice hours. It has. however, become customary 
to apply the concept also to groups with more unstruc-
tured and irregular workhours and to groups w.th per-
manent night or evening work . Wi th this usage the 
propor t ion o f shift workers make up at least one-
four th o f the work ing population in most industrial-
ized nations ( I ) . In the present overview I have re-
stricted the discussion to shift work that, at least oc-
casionally. involves night work , since such schedules 
are the most interesting f rom a psychophysiological 
point o f view. Permanent night work , rotat ing three-
shift work , night-oriented roster work , and irregular 
workhours are included. 

. N a t i o n a l I n s t i t u t e f o r P s y c h o s o c i a l F a c t o r s a n d H e a l t h & 

D e p a r t m e n t f o r Stress R e s e a r c h . K a r o l m s k a I n s t , l u t e . 

S t o c k h o l m . S w e d e n . 

Reprint requests to: Dr T Akerstedt. National I n r tu t c for 
Psychosocial Factors and Health & Department for Stress Re-
search^Karoti nska Institute. Box 60205, S-I040I Stockholm, 
Sweden. 

C i rcad ian phys io l ogy 

The psychology and psychophysiology of shift work 
is intimately related to the rhythmic t iming system of 
humans, particularly that having a 24-h periodi -
the circadian ( f rom circa dies = approximately 24 h) 
system. It has its neural basis in the lower f ronta l 
hypothalamus, situated above the optic chiasma (2). 
These suprachiasmatic nuclei produce a cyclic oscilla-
t ion wi th a period o f 24 h. A l though the rhy thm is 
rather stable, it may be modif ied by environmental syn-
chronizers such as l ight, sleep, food. etc. The speed 
o f adjustment to a new t ime zone is usually about 
I h /d although this speed may differ between variables. 

In order to describe the circadian rhythm o f an in-
dividual. frequent measurements are needed — dur-
ing work , leisure l ime, and sleep. This need places a 
considerable burden on the subjects, and researchers 
have, for this reason, tended to focus on functions that 
are easy to measure, such as oral temperature and un-
nary constituents (2. 3). Figure 1 derives f rom one of 
the most extensive studies o f oral temperature, w.th 
a total of 133 workers in al l (4). Dur ing the day o f the 
first night shift an increase occurs f rom the t ime of 
rising in the morn ing to a peak in the evening. There-
after the temperature falls dur ing the night shift 
towards a min imum around 0400, after which a rise 
is seen towards the end o f the shift and the new 
morning bedtime. The fifth shift shows a similar pat-
tern but wi th seemingly low temperature dur ing the 
morning. (No measurements were taken during sleep.) 
Such a pattern, w i th low night levels and high day 
levels, has been demonstrated for many physiological 
variables, eg, C o r t i s o l , potassium, adrenaline, etc (2. 3). 

In contrast to the variables just presented, which 
have a strong endogenous rhythmici ty part ly unaf-
fected by behavior, other variables mainly reflect di-
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Figure 1. Mean oral t e m p e r a t u r e of > 5 0 shi l t workers dur ing 
t h e first and f i f th night s h i f t s . The 24-h period with the lirst 
n ight sh i f t b e g a n a s a normal day with awakening around 
0700-0800 a f t e r a n i g h t ' s s l e e p (filled bar) but con t a in s an af-
• v n o o n n a p around I500(fi l led bar). {Figure redrawn from refer-
e n c e 4} 

rect changes in the rest-activity pattern. This holds true 
for, among others, noradrenaline excretion, heart rale, 
and blood pressure. Incidentally, a rather peculiar ob-
servation in this context is that the subjective effort 
associated with a certain heart rate at a given work load 
is higher during the night shift than during the day shift 
(5, 6). In some sense this phenomenon could be inter-
preted as the subjects being "o l de r " on the night shift. 
Maximum work capacity does not differ though. A 
somewhat related observation is the occurrence of 
ventricular ectopic activity in connection with night 
work (7). 

With respect to adjustment over several consecutive 
shifts figure I suggests that a few hours* delay of the 
nightly fall o f oral temperature has occurred by the 
f i f th night shift. Still, the minimum occurs at the same 
time as during the first night shift. I f at all present, 
the adjustment over the five night shifts must be con-
sidered marginal. The same pattern has been observed 
in many other'studies (3). It is likely, however, that 
pan of the apparent adjustment is a direct effect o f 
the environment, unrelated to the biological clock but 
"mask ing" its output (8). Lying down wil l , eg, reduce 
body temperature, and activity wil l raise it, both mask-
ing the underlying circadian pattern. Actually, it might 
be argued that the endogenous circadian rhythm never 
adjusts in shift workers (8). The reason for the mar-
ginal or nonexisting adjustment is that the circadian 
system, as discussed later, is very persistent and needs 
a longer time for adjustment than night workers ever 
enjoy since they usually revert to a diurnal life when 
o f f duty. 

Laboratory studies allow a much better control o f 
environmental influences and make it easier to carry 
out around-the-clock measurements. In one of the clas-
sic studies Golquhoun et al (9) showed that oral tem-
perature across 12 consecutive night shifts flattened 
but never completely adjusted. Similar results have 
been published by, eg, Knauth et al (10) and Weitz-
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man & Kripke (11). On the whole, most or the adjust-
ment tends to occur during the first 1 to 3 d and then 
proceeds at a slower pace. It should be observed that 
in these studies all environmental synchronizers (light, 
food, social life) were geared towards a nocturnal life. 
This is something the night worker has little chance 
to experience. 

It should be emphasized that most o f the studies of 
the physiological circadian rhythms o f shift workers 
are mainly o f theoretical interest since a clear relation 
between rhythm adjustment and health parameters has 
seldom been demonstrated, except for a few studies 
suggesting that individuals who have difficulties toler-
ating shift work may have desynchronized rhythms or 
small amplitudes o f their entrained rhythms (12). 

Sleep 

Disturbed sleep is perhaps the most dramatic effect of 
shift work. A number o f survey studies have indicated 
that shift workers have difficulties mainly at main-
taining sleep after the night shift and initiating sleep 
before the morning shift (13). The afternoon shift has 
usually presented no sleep problems. 

The standard psychophysiological approach to sleep 
usually involves recording an electroencephalogram, 
an electrooculogram, and an electromyogram on pa-
per and scoring the output visually in sleep stages per 
30-s intervals (14). The standard sleep stages include 
wakefulness (stage 0), superficial to deep sleep (stages 
I to 4), and rapid eye movement sleep (stage REM — 
dream sleep). 

Sleep studies of shift workers have mostly been car-
ried out in the laboratory (13). Recently, however, 
some studies o f shift workers* sleep have been made 
in the workers* natural sleeping environment (15—17). 
The results are fairly conclusive in that sleep length 
on the night and morning shifts o f rotating shift work-
ers is reduced by I to 4 h. This reduction mainly af-
fects stage 2and REM. Stages 3 and 4 [which together 
make up slow wave sleep (SWS) or deep sleep] seem 
seldom to be affected. Furthermore, sleep latency is 
increased in connection with the morning shift and is 
shortened in connection with the night shift. Figure 
2b demonstrates a hypnogram (sleep stages plotted 
against time) for the night shift. Note that the post-
workday sleep is short but otherwise exhibits a nor-
mal pattern with two sleep cycles. 

Rather little is known about the adjustment process 
across a series of night shifts. The available studies sug-
gest that sleep length does not improve a great deal 
(18,19). Permanent night workers seem to sleep longer, 
however, than rotating shift workers on the night shift 
( 19 -23 ) . 

The reason for the shortened daytime sleep has in 
several studies been attributed to higher noise levels 
at that time (24, 25). This may certainly be one o f the 
causes o f disturbed daytime sleep. On the other hand. 
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eep after the night shift is shortened also under op-
mal laboratory conditions (26, 27). Thus noise does 

not seem to be the major cause of disturbed day sleep. 
\ stronger influence is exerted by the circadian rhythm, 
ostponing sleep to different times of day under con-
itions o f isolation f rom time-of-day cues (26) shows 

that the more sleep is postponed f rom the evening 
w a r d s noon the next day, the more truncated it be-
omes, and when noon is reached the trend reverts, 

.'hus sleep during the morning hours is strongly in-
terfered with, despite the sizeable sleep loss that, logi-

ally, should enhance the abil i ty to maintain sleep, 
limilar observations have been made for subjects who 

can select their own preferred sleep-wake pattern un-
der conditions o f long-term isolation f rom time cues 
27,28). In the latter studies it has been demonstrated 
hat the factor most closely associated with the prema-

ture termination of sleep is the rising phase of the tcm-
oerature cycle. 

Sleepiness 

4any questionnaire studies have demonstrated that 
„h i f t workers report more fatigue than do day work-
ers (29). Usually, the fatigue is particularly widespread 
j n the night shift , hardly appears at all on the after-
loon shi f t , and is intermediate on the morning shift. 
In some studies sleepiness has been reported to be 
severe enough to have resulted in actual incidents o f 
fall ing asleep during the night shif t . 

The upper part o f figure 2 illustrates the 24-h pat-
tern o f rated sleepiness in a group of 24 three-shift 
workers at a paper mi l l (17). In connection with the 
afternoon shift sleepiness never reached high levels but 
was low during the day-evening and reached a medium 
level at bedtime. In connection with the night shift 
sleepiness increased during the night and reached a pro-
nounced peak during the second half o f the night shift. 
This pattern o f early morning sleepiness has been 
demonstrated in many other studies (19, 30). 

Physiological evidence o f night shift sleepiness is 
more scarce. However, in the study illustrated in fig-
ure 2, electroencephalography and electrooculography 
were also carried out. These procedures were done with 
the aid o f small subject-worn tape recorders (Medilog) 
for a duration of 24 h on three occasions involving 
morning, afternoon, and night shifts. The lower part 
o f figure 2 shows the hypnogram o f one worker dur-
ing the night shift (17). During work two episodes 
o f sleep can be seen. They are followed by a (short) 
day sleep of litt le more than 4 h, and later on by a 
45-min nap dur ing leisure l ime. Similar incidents o f 
sleep occurred for approximately one-fourth o f the 
subjects. Usually they occurred during the second half 
o f the night shift and never in connection with any 
other shift . Importantly, sleep on the job was not con-
doncd by the company, nor was there any off icial 
awareness that sleep would or could occur during 

workhours. Similar results but with ultrashort intru-
sions of sleep (as judged by electroencephalography, 
elect rooculography, and electromyography) have been 
demonstrated for locomotive engineers during work 
(31) and for other groups (32. 33). 

Incidentally, the general impression from most 
studies o f sleepiness during activity is that, although 
a certain sleepiness is clearly perceived by the indi-
vidual, there seems to be no " f i na l warning" before 
dozing o f f (29). This, very likely, constitutes a major 
safety problem in many occupations. 

As to adjustment over shifts, there is a clear impres-
sion that night shift sleepiness wil l gradually delay its 
appearance over successive shifts (34—38) in a man-
ner very similar to the behavior o f oral temperature 
discussed earlier. There is no indication, however, that 
more than a marginal adjustment takes place. This 
seems to be the case also for permanent night workers. 

The cause of night shift sleepiness is apparently the 
combined influence o f circadian and sleep-loss factors. 
The former was obvious in many of the field studies 
already cited and is practically always correlated with 
the body temperature rhythm. The influence o f sleep 
loss is more diff icult to isolate in field studies but may 
be readily observed in laboratory sleep deprivation 
studies (39). In addition Carskadon & Dement (40) 
have demonstrated that 3 h o f sleep reduction results 
in increased subjective and physiological sleepiness 
(using the multiple sleep latency test). Furthermore this 
sleepiness measure showed accumulation across suc-
cessive days of restriction. 
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Figure 2. Upper figure: mean and standard errors of self-rated 
s l e e p i n e s s during a 24-h period with a night shift and an after-
noon shift; lower figure: hypnogram representing a 24-h period 
with a night shift for o n e of the sub jec t s in the upper figure. 
|Figure redrawn from reference 17| 
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Performance 

If sleepiness on the night shift is as widespread and 
as dramatic as has already been indicated, one would 
expect to see pronounced effects on performance, and 
consequently on output and safety. One of the clas-
sics in this area is the study by Bjerner et al (41), who 
showed that errors in meter readings over a period of 
20 years in a gas works had a pronounced peak on the 
night shift . There was also a secondary peak during 
the af ternoon (figure 3). Similarly, Browne (42) 
demonstrated that telephone operators connected calls 
at a considerably slower pace at night. Hildebrandt et 
al (43) found that -locomotive engineers failed to 
operate their alerting safety device more often at night 
than during the day, with a secondary peak around 
1500. 

Most other studies of performance have used labora-
tory types of tests and demonstrated, eg, reduced reac-
tion time or poorer mental arithmetic on the night shift 
(15). Flight simulation studies have, furthermore, 
shown that the ability to " f l y " a simulator at night 
may decrease to a level corresponding to that after 
moderate alcohol consumption (0.05 % blood alco-
hol) (44). To these results may be added those from 
numerous laboratory studies which have demonstrat-
ed that performance on many tasks deteriorates dur-
ing the night hours (45). 

Adjustment across shifts has very seldom been in-
vestigated under practical conditions. Laboratory in-
vestigations, however, clearly indicate that adjustment 
does occur, although it may take up to two weeks. Fre-
quently, the body temperature rhythm adjusts in par-
allel. 

The impression of the night shift deterioration of 
performance is mainly based on fairly simple psycho-
motor types of tasks. There is, however, some specu-
lation that high-level cognitive tasks, because of a high 
memory load, might show a differently phased rhythm 
(45). The latter would not, however, apply to the situa-
tion where sleepiness has come close to actual sleep, 
since any type of activity would then be interfered with. 
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F i g u r e 3. N u m b e r of m e t e r r e a d i n g e r r o r s a c c u m u l a t e d over 
19 y e a r s fo r t h r e e t h r e e - s h i f t w o r k e r s . 8 a r s i n d i c a t e t h e t h r e e 
s h i f t s . ( F i g u r e r e d r a w n f r o m r e f e r e n c e 4 ! | 

Another important point is that common sense and 
available data suggest that the output from a produc-
tion process will not be affected by night.work as long 
the major determinant of the production flow is 
machines rather than people. Thus, it seems rather un-
likely that sleepiness induced by the nightshirt would 
affect output in all occupations. 

A more important area of impact may be safety. If 
sleepiness is severe enough, interaction with the en-
vironment will cease, and, if this interaction coincides 
with a critical need for action, an accident may ensue. 
Such potential performance lapses due to nightwork 
sleepiness were seen for several of the locomotive en-
gineers discussed earlier (31). The transport area is, in 
fact, where most of the available accident data on night 
shift sleepiness has been obtained. Thus Harris (46) 
and Hamelin (47,48) convincingly demonstrated that 
single vehicle accidents have, by far, the greatest prob-
ability of occurring at night (early morning). Most of 
these accidents are thought to be due to sleepiness. 
With respect to air transport Ribak et al (49) found 
military flight accidents to be increased in the early 
morning, and Price & Holley (50) argued that also 
many civil air transport accidents may be caused by 
fatigue due to work scheduling. Finally, a number of 
spectacular nuclear accidents (including those at Cher-
nobyl and Harrisburg) have been partly attributed to 
fatigue-inducing work schedules (51). 

As with sleepiness, the main reason for night shift 
deterioration in performance is circadian rhythmicity 
and sleep loss (45). 

Modifying factors 

Several factors influence the adjustment to shift work. 
One such factor is the direction of rotation of the shift 
schedule. Since the free-running (spontaneous) period 
of the human sleep-wake cycle averages 25 h and since 
it can be entrained by environmental time cues only 
within I to 2 h of the free-run period, phase delays 
are easier to accomplish than phase advances (52). For 
the rotating shift worker this situation implies that 
schedules that delay, ie, rotate clockwise (morning-
afternoon-night) should be preferred to those that ro-
tate counterclockwise. There has been, however, very 
few practical tests of this theory. Still, Czeisler et al 
(53) have demonstrated that a change from counter-
clockwise to clockwise rotation, together with a change 
from 7-d to 21-d rotation, improved production and 
well being for three-shift workers. Orth-Gomér (54) 
found that a change in the same direction among rapid-
ly (I d) rotating police officers reduced blood pressure 
and improved well being. 

The length of a work shift is another parameter that 
one would expect to influence at least sleepiness and 
performance. In the laboratory it is usually the case 
that performance falls with time if learning effects are 
eliminated (55). Still, in one study of policemen. Pea-
cock et al (56) found no cffects of a change from 8 li 
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(n ine shi f ts across 8 d) to 12-h shif ts ( two nights-one 
f ree- two days-three free) o n overal l alertness. How-
ever the d is t r ibut ion o f free days changed at the same 
l ime . T w o other studies o f nurses (57) and industr ia l 
sh i f t workers (58) have produced similar results Re-
cently Rosa & Co l l igan (59) used 2-h ratings in a fidd 
experiment and demonstrated that the 12-h night shift 
indeed, produced higher ratings o f fatigue than 8-h 
n ight shi f ts, In add i t i on , in a study o f accidentsj>f 
t ruck dr ivers, Hamel in (48) demonstrated a U-shaped 
re lat ion between hours dr iven and accidents, le, after 
an in i t ia l " w a r m u p " per iod accident risk was low. 
w i t h an increase towards I I h o f dr iv ing. 

As may be expected, also the watch-keeping systems 
(4 on . 8 o f f ) o n ships are associated w i th low alert-
ness and poor per formance dur ing the night (60). A p -
parently, rotat ing systems cause greater disturbance to 
the ind iv idua l than do stable systems. 

Ano the r type o f unusual workhours is that o f air 
crews on transmeridian routes. T h e n , not only are the 
workhours displaced to " b i o l o g i c a l " night t ime, but 
also the t ime reference is changed through t ime-zone 
shifts. A s w i th other types o f shi f t wo rk , survey stud .es 
have demonstrated d is turbed sleep and wakefulness 
(61) . T h e d isturbed wakefulness h a s been evidenced 

also in night simulator studies. 
In some occupat ions the personnel may sleep at the 

works i te un t i l needed. Th is is the case for among 
others, physicians. Since the greater part o f such n ighu 
are o f ten are spent w o r k i n g , sleepiness-fatigue is o f -
ten pronounced, and performance tends to be reduced 
a l though the pract ical impl icat ions ( for the: patients) 
are st i l l u n k n o w n (62, 63). Other forms o on-cal l 
systems may be f o u n d among, for example, engineer 
o f f icers in the merchant marine (64). 

A m o n g ind iv idua l dif ferences age has been related 
to sleep disturbances (65, 66). In electroencephalo-
graphic studies trends have been found towards more 
superficial sleep in middle-aged shift workers (16). The 
studies by Foret et a l (65) and Akerstedt & Torsva l l 
(66) also indicated that experience was negatively 
related to general wel l being over a number o f years. 
Kol ler et a l (67) f o u n d that reduced health appeared 
earlier among shi f t workers than among day workers 
Dahlgren (68) f ound no effects o f three years o f nigh 
work on the rhy thm o f rated act ivat ion across n.ght 
shif ts. Neither d i d W y n n et al (69). over a temporary 
10-week per iod o f weekly al ternat ion between nigh 
and day work in a g roup o f nurses. Dumont et al (70) 
f o u n d that the amount o f sleep-wake and related dis-
turbances in present day workers was positively re laed 
to their previous experience o r night w o r k . Gu.l le-
minau l t et al (71) f o u n d an overrepresentat.on o f 
former shi f t workers w i th di f ferent c l i n i c a l sleep/wake 
disturbances appearing at a sleep cl inic. A l though not 
direct ly related to sleepiness, it is sti l l o f interest to ob-
serve that Angersbach et al (72) have demonstrated an 
earl ier occurrence o f gastrointestinal disease among 
three-shift workers than among day workers. Simi lar ly, 

Knutsson et al (73) demonstrated that the incidence o f 
myocardia l in farc t ion (and cardiovascular disease: in 
general) is related to the amount o f exposure to shi f t 

f i n a l l y , the trai t o f morningness (having a tenden-
cy towards early sleep-wake preferences) has frequently 
been associated wi th poor adjustment to sh.ft work (74. 
75). Th is has also been the case fo r the trai t o f sleep 

r ig idi ty (76). 

Concluding comments 
Taken together, the reviewed literature clearly indicates 
that shi f t work that involves night shif ts strongly in-
fluences the psychology and psychophysiology o f the 
ind iv idual . 
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Travail de nuit, travail posté i) 

Le travail posté est un mode 
d'organisation du travail qui repond 
à une production continue sur 24 
heures, ou qui couvre une portion de 
la journée assez grande pour néces-
siter la succession d'au moins deux 
équipes. 

Le travail de nuit (de 22 heures à 

5 heures du matin) n'est autorisé que 

pour les hommes, sauf dérogations, 

dont certaines sont importantes (les 

infirmières, par exemple). 

Le système d'horaires comprend 

en général deux équipes successives 

(2 x 8) ou trois ( 3 x 8 ) ; les embau-

ches se font vers 6 heures, 14 heures 

et 22 heures. Maïs, sur cette trame, 

nombreuses sont les combinaisons 

possibles, car Ton peut jouer sur 

plusieurs facteurs : 

- l'horaire du poste : il peut être 

fixe (« toujours de nuit »), ou au 

contraire alternant ( le matin, puis 

l'après-midi, puis la nuit, etc.), cas le 

plus fréquent en France; 

- le nombre d'équipes : il est d'au 

moins quatre pour assurer un « feu 

continu ». Mais la tendance actuelle 

est d'aller à cinq équipes ou plus, ce 

qui diminue la durée moyenne du 

travail, et rend donc moins fré-

quents, pour une même personne, les 

postes du même type; 

- la vitesse de rotation : les tra-

vailleurs peuvent rester au même 

poste deux ou trois jours consécutifs, 

ou une semaine, ou plus. La ten-

dance actuelle est aux rotations 

courtes (deux, trois ou quatre postes 

de même horaire d'affilée). 

En 1982, le travail posté concer-

nait 17,3% des ouvriers (25 ,6% 

dans les seules industries de transfor-

mation), pourcentage qui diminue 

régulièrement depuis le milieu des 

années soixante-dix (respectivement 

21,9% et 31 ,3% en 1974). À noter 

toutefois que celte proportion est 

très variable d'un secteur à l'au-

tre: on comptait ainsi, en 1982, 

53,7 % d'ouvriers travaillant en équi-

pe dans l'industrie du caoutchouc. 

44,2 %dans le pétrole, et seulement 
6,6 % dans la fabrication de produits 
pharmaceutiques, ou 5,2 % dans l'in-
dustrie du cuir. 

Le travail posté contraint le tra-

vailleur à deux « déviances », à la 

fois par rapport aux horaires spon-

tanés de repos et d'activité (pro-

blème essentiellement biologique) et 

par rapport aux horaires de vie de 

l'ensemble de la société (problème 

psychologique, sociologique, mais 

aussi biologique). 

Le travail posté, c'est évident,-, 

crcç des problèmes de relations dans j 

la vie familiale et sociale. Cela i 

affecte et le travailleur et son entou-

rage, en particulier le plus proche. 

Tout individu a en quelque sorte 

dans la vie plusieurs rôles (celui de 

travailleur, mais aussi de mari, de 

père, de citoyen, etc.); or, s'il a des 

horaires de vie « anormaux », cer-̂  

tains de ces rôles se trouvent diffi-! 

cilement remplis. Cela peut susciter 

des insatisfactions, engendrer une 

exclusion des formes « normales » de 

vie sociale, et conduire à la longue, 

sur le plan social, à un repli sur 

lui-même d'un individu ou d'un 

groupe d'individus (avec tout ce que 

cela comporte d'injustice, d'ineffica-

cité) et, sur le plan personnel, à une 

régression psychosomatique se ma-

nifestant au niveau de la sphère^ 

digestive (douleurs digestives, priser 

de poids) et de V* équilibre ner-! 

veux » (état dépressif ou, au contrai-

re, état d'hypcrcxcitation, besoin de 

médicaments, excitants ou hypnoti-

ques, pour - tenir »). 

Tous ces troubles peuvent aller 

jusqu'à la maladie déclarée (ulcère 

d'estomac, dépression nerveuse). 

Mais les statistiques médicales met-

tent mal en évidence la fréquence de 

ces affections, entre autres parce 

que, avec le temps, il s'opère une 

sorte de - sélection-élimination • 

parmi les travailleurs postés (ceux 

qui le supportent mal chercheront ou 

seront amenés à changer d'emploi). 

1 ) Source: C a s s o n , 
.Ed* La d é c o u v e r t e , 

B-r Les risques du t r a v a i l . 
Partis, p . 94-99,. (1985) 



Travailler à des horaires anor-
maux pose aussi un problème biolo-
gique grave dont les termes sont 
désormais bien connus (chronobiolo-
gjc). Les horaires de vie anormaux 
entrent en conflit avec les rythmes 
biologiques innés de l'organisme 
humain cl obligent perpétuellement 
ceux-ci à tenter de s'adapter aux 
nouveaux horaires de veille et de 
sommeil [298]. 

La base biologique 

du problème 

Les rythmes circadiens : prati-
quement toutes les fonctions physio-
logiques humaines ont un niveau 
d'activité qui suit un rythme circa-
dien (du latin circa : environ, et 
dies : jour). Cela se traduit en géné-
ral par un maximum et un minimum 
d'activité qui se répètent toutes les 
24 heures, à la même heure (par 
exemple, la température corporelle 
passe par un maximum à la fin de 
l'après-midi, et par un minimum en 
fin de nuit; le taux de Cortisol dans le 
sang, très bas dans la journée, pré-
sente un pic important à la fin de la 
nuit et au début de la matinée, après 
4e réveil). Ces rythmes circadiens 
sont endogènes, c'est-à-dire qu'ils ne 
sont pas directement provoqués par 
l'alternance nuit/jour, mais qu'ils 
sont inscrits dans l'héritage généti-
que de chacun, d'où leur très grande 
résistance à toute forme de manipu-
lation. 

Les synchroniseurs sociaux : leur 
importance est capitale. Quand on 
place des êtres humains en isolement 
total, sans qu'ils puissent deviner 
l'heure ni l'état de la société envi-
ronnante, leurs rythmes circadiens 
spontanés s'établissent en moyenne à 
25 heures. Dans la vie réelle, nos 
rythmes sont entraînés exactement 
sur 24 heures par ce qu'on appelle 
des «synchroniseurs» sociaux; ces 
synchroniseurs sont avant tout les 
horaires d'activité et la façon dont la 
société s'organise autour d'eux (hor-
loges, répartition quotidienne des 

diverses activités : repas, vie en 
famille, transports, niveaux de bruit 
et de lumière correspondants, etc.). 
Tous ces synchroniseurs sont, pour la 
plupart des gens, cohérents entre 
eux (on dort aux heures où il y a le 
moins de bruit, on prend ses repas, 
ou Ton devrait les prendre, à des 
moments où il y a baisse de l'acti-
vation interne). 

Or, le travail à horaires chan-

geants a deux conséquences. L'une 
est immédiate : un changement de 
poste perturbe les rythmes circa-
diens, car il impose à l'organisme 
une « journée » de trente heures (pre-
mier poste de nuit) ou de seize 
heures (jour de repos après un poste 
de nuit). Mais les rythmes circadiens 
sont trop rigides pour suivre d'em-
blée un changement aussi brusque 
des synchroniseurs. Un grand désor-
dre s'établit dans l'évolution tempo-
relle des fonctions biologiques, et 
dans leur équilibre. 

La seconde conséquence est diffé-
rée; quelques jours après la prise du 
poste de nuit, une contradiction inso-
luble demeure entre les divers syn-
chroniseurs sociaux auxquels doit se 
conformer l'organisme du travail-
leur. La société, d'un côté, lui signi-
fie les meilleures heures pour se 
reposer et pour être actif (ce sont les 
heures dites «normales»); le poste 
de nuit, par ailleurs, l'oblige à tra-
vailler quand les autres se reposent 
et à se reposer quand les autres 
travaillent. Même si un ajustement 
partiel s'opère après quelques jours, 
il sera forcément brisé par la surve-
nue d'une période de repos, car le 
travailleur reprendra alors des horai-
res de vie normaux. De ce fait, il n'y 
aura jamais adaptation complète. 

L'impression de fatigue et de 
malaise est en partie due au manque 
de sommeil, conséquence directe des 
heures biologiquement défavorables 
auxquelles il est pris. Mais il est très 
vraisemblable que cette fatigue soit 
surtout due à ce « désordre » des 
rythmes circadiens que nous venons 
de décrire. Et, bien entendu, le 
manque de sommeil fait qu'il est 
encore plus difficile de « récupérer » 
le décalage horaire. 
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ÉVOLUTION OU POURCENTAGE D'OUVRIR 

(Nouvcu* 
Unité : 

ACTIV ITÉ ÉCONOMIQUE 

Pétrole 

Extraction de minéraux divers 

Production et première transformation des mé-

taux 

Industrie des produits minéraux non métal l iques 

dont : Industrie du verre 
Industrie ch imique 

dont: Fabrication de produits pharmaceuti-

ques 

Fabrication d 'ouvrages en métaux 

Construction de mach ines et de matériel mécani-

que 

Construction électrique et électronique 

Construction d 'automobi les et de pièces déta-

chées 

Construction d 'autre matériel de transport 

Fabrication d ' ins t ruments de précision, d 'opt ique et 

similaires 

Industries des produits alimentaires, des bo issons 

et du tabac 

Industrie textile 

Industrie du cuir 

Industrie des chaussures et de l 'habil lement ; . 

dont : Industrie des chaussures 
Industrie de l'habillement (sauf four-
rure et peaux) 

Industrie d u bois et du meuble en bois 

Industrie d u papier et fabrication d'articles en 

papier 

Imprimerie et édit ion 

Industrie du caoutchouc 

Transformation des matières plast iques 

Autres industries manufacturières 

Bât iment et Génie civil 

Transports terrestres et auxiliaires 

Autres transports et activités connexes 

Hygiène 

INDUSTRIES DE TRANSFORMATION (non compris le bâti-

ment) 

dont : INDUSTRIES TRANSFORMATRICES DES MÉ-
TAUX 

INDUSTRIES DE TRANSFORMATION (y compris le bâti-

ment) 

TRANSPORTS (non compris S N C F et R A T P ) 

TOTAL (non compris combust ib les minéraux sol ides, 

gaz et électricité, S N C F et R A T P ) 

Î 9 7 4 

47,4 
28.3 

71 ,0 
38.4 
58 .0 
34.6 

4 .2 
18.5 

18.7 
21.6 

58,3 
14,9 

13,2 

21.8 
50 ,2 

8 .3 
4 , 0 
2,8 

1.7 
10,0 

52 ,6 
33 ,8 
52 .5 
46 .6 

9 .3 
1.4 
4 ,9 

22,0 
3.8 

31 ,3 

27 ,0 

24 ,3 
9 ,3 

21 ,9 

Source: ministâre des Affaires sociales t Enquête s u r l ' a c t i v i t é 



-^VAILLANT EN ÉQUIPES DE 1 9 7 4 A 1 9 8 2 
NOMENCLATURE) 
pourcentage 

1977 1981 1982 

52.0 37,0 44.2 
24,3 19,3 20,5 

70.1 69,3 66.1 
39,1 35.7 33,3 
53,8 55,9 52.7 
32,8 34,2 32.4 

2.8 6.1 6.6 
17,1 17,4 16,5 

15.4 16.0 14,6 
20,8 19,2 18,0 

57,9 57,1 52.6 
13,4 15,1 16.0 

8,5 6.0 5,7 

24.1 23,2 21,7 
49,1 40,3 38,4 

8,6 4,2 5,2 
2.0 0,9 1.0 
3,0 2,8 2,6 

1.2 0,3 0,5 
8,0 5,2 3,3 

53,1 49,0 47,4 
29,3 27,3 27,6 
65,1 63,5 53,7 
47,4 42,5 39,5 

8.9 7.0 5,6 
1.4 1.0 0.6 
5,4 4.0 3.6 

23.6 10,8 16,7 
2.3 2,6 1.8 

29,9 27,5 25.6 

25.4 26,2 24,5 

23,3 22,3 20.7 
8.7 6,1 7,8 

20,4 18.5 17.3 

conditions d'emploi de la main-d'œuvre» ( A C E M O Ï . 



de l'appétit, de la digestion, de l'as-

similation (la prise de poids exces-

sive chez les travailleurs postes est 

significative), à des troubles organi-

ques allant de la simple gêne à 

l'ulcère déclaré [213). Au niveau du 

système nerveux, il s'agit avant tout 

de difficultés à dormir de façon 

satisfaisante; or, ces troubles du 

sommeil interfèrent avec la fatigue 

générale du travailleur et l'accen-

tuent. Mais il y a aussi des aggrava-

lions anormales de tendances indivi-

duelles allant vers Thypcrcxcilalion 

ou au contraire la dépression et des 

perturbations de l 'humeur qui , en un 

cercle vicieux, rendent insupporta-

ble la situation. 

Les difficultés vécues par les tra-

vailleurs postes s'accentuent en 

intensité et en fréquence au fur et à 

mesure qu'ils vieillissent. Elles de-

viennent particulièrement sensibles 

à partir de quarantc/quarante-cinq 

ans el peuvent amener à l'impossibi-

lité de rester en poste. Elles ne sont 

pas seulement de nature économique 

ou sociofamilialc. L'évolution nor-

male avec l'âge de nombreuses fonc-
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sur la santé 
À l'cnconlre de tout cc que les 

travailleurs postes ressentent et 

disent, les statistiques médicales ne 

prouvent pas clairement que le tra-

vail poslé par lui-même affecte leur 

état de sanié. D'abord, parce qu'en 

matière d'cffcls sur la santé, il est 

difficile de faire la part de respon-

sabilité du travail posté lui-même, 

de la nature du iravail effectué cl du 

vieillissement. Ensuite, parce qu'il 

ne s'est pas dégage de pathologie 

spécifique au travail poslé. 

Mais la fatigue, si souvent ressen-

tie, doit être regardée comme un 

symptôme qui peut en annoncer 

d'autres (les mêmes que dans toute 

situation du travail où il existe une 

forte charge mentale, une attention 

soutenue longtemps, une forte res-

ponsabilité, une situation stressante, 

etc.) 

Quels symptômes? Dans la sphère 

digestive, cela peut aller des troubles 



(ions physiologiques (dont le som-

meil, qui se modifie beaucoup) joue 

sûrement un rôle dans les problèmes 

des travailleurs postes vieillissants. 

Par ailleurs il se confirme de plus 

en plus que, indépendamment de 

toute expérience du travail posté, le 

vieillissement (au-dessus de qua-

rante ans environ) s'accompagne 

d'altérations notables de certains 

caractères des rythmes circadiens 

(réduction de leur amplitude, rac-

courcissement de la période). Plus 

étonnant encore est le fait que ces 

modifications ressemblent beaucoup 

à celles qui se manifestent dans le 

cas de dépressions spontanées. Il se 

pourrait ainsi que le complexe tra-

vail postc-vicillisscmc.nt-déprcssion 

ail comme point commun avec Petal 

dépressif des perturbations des ryth-

mes biologiques circadiens, mais on 

en est encore, dans ce domaine, au 

stade des hypothèses. 

Que faire? 
Tenter d'appliquer certains prin-

cipes, quelques-uns relevant du bon 

sens, d'autres étant le fruit d'études 

spécifiques. Au niveau du processus 

de production, rechercher les possi-

bilités techniques qui diminuent le 

besoin de présence la nuit (par exem-

ple, ralentissement de la production, 

marche à vide des installations). Au 

niveau de l'organisation, c'est la 

diminution du temps de travail 

moyen et/ou l'augmentation du 

nombre d'équipes, l'amélioration 

des « tournantes » : les postes doivent 

se succéder dans un ordre logique 

(matin, après-midi, nuit, repos) et les 

changements doivent être rapides 

(deux ou trois postes semblables 

d'affilée, et suppression des rota-

tions hebdomadaires ou semi-men-

suelles, comme c'était l'habitude 

autrefois); enfin, il faut retarder les 

embauches trop matinales (pas 

avant 6 heures du matin), le poste du 

matin étant toujours perçu comme le 

plus pénible. 

Mais le problème du travail posté 

ne doit pas être séparé de celui des 

conditions et du contenu du travail. 

Du fait de leur nature, certains 

travaux sont particulièrement diffi-

ciles à faire la nuit ou pendant une 

longue durée... Surveiller la marche 

d'une raffinerie et surveiller une 

coulée de fonte sont deux travaux 

qui ne peuvent être simplement com-

parés entre eux, même s'ils ont lieu 

tous deux la nuit. 

Plus généralement, il s'agira d'es-

sayer d'introduire le maximum 

d'imagination dans ce domaine où 

toute tentative de changement se 

heurte systématiquement à des op-

positions très variées, y compris de la 

part des intéressés eux-mêmes. 

Jean Foret 

Les nouvelles technologies 
Écrans de visualisation [106], 

automatismes d'atelier [103], au-

tomatismes de processus [104] et 

bien d'autres : l'expression « nouvel-

les technologies », qui se généralise 

pour désigner la transformation des 

méthodes de production, est trom-

peuse quand on s'intéresse aux 

conditions de travail et à leurs 

conséquences sur la santé. 

Les situations, en effet, sont très 

diverses selon les branches, et les 

pages qui suivent montrent qu'un 

même matériel peut avoir des 

conséquences trèsdifférentesen fonc-

tion des conditions dans lesquelles il 

est implanté. Il n'y a pas de pro-

blème de conditions de travail lié 

aux « nouvelles technologies », il y a 

des situations concrètes qui doivent 

être analysées en détail. De plus, les 

conditions dans lesquelles vont tra-

vailler les opérateurs et les opératri-

ces confrontés à de nouvelles machi-
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Abstract Working at night results in a misalignment be-

tween the sleep-wake cycle and the output of the hypo-

thalamic pacemaker that regulates the circadian rhythms 

of certain physiologic and behavioral variables. We evalu-

ated whelher such physiologic maladaptation to nighttime 

work could be prevented effectively by .a treatment regi-

men of exposure to bright light during the night and dark-

ness during the day. We assessed the functioning ol the 

circadian pacemaker in five control and five treatment 

studies in order to assess the extent of adaptation in eight 

normal young men to a week of night work. 

In the control studies, on the sixth consecutive night of 

sedentary work in ordinary light (approximately 150 lux), 

the mean (±SEM) nadir of the endogenous temperature 

cycle continued to occur during the night (at 03:31 ±0:56 

hours), indicating a lack of circadian adaptation to the 

nighttime work schedule. In contrast, the subjects in the 

treatment studies were exposed to bright light (7000 to 

AP P R O X I M A T E L Y 7.3 million Americans ^rorlK 

L at night, either on permanent shifts or on sched^/ 

ules requiring a rotation o f day, evening, and night' 

work.1 These workers forgo nocturnal sleep and then 

attempt to sleep dur ing daylight hours. Yet, as Bene-

dict first noted at the turn of the century, a complete 

physio logic adap t a t i on o f endogenous circadian 

rhythms to such inversion of the daily routine docs 

not occur2"4 even after years of permanent nighttime 

work.5'6 Physiologic maladaptation to an inverted 

schedule results in diminished alertness and perform-

ance dur ing nightt ime work, with attendant increases 

in the number o f fatigue-related accidents during 

nighttime hours.0"9 Then, despite the nocturnal depri-

From die Center for Circadian and Sleep Disorders Medicine. Division of 
Endocrinology. Department of Medicine, Harvard Medical Set tool. Brigham and 
Women ' s Hospital, Boston ( C . A . C . . M . P J . . J .F.D.. E.N.O.. J .M.R.); and the 
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12,000 lux) at night and to nearly complete darkness dur-

ing the day, and the temperature nadir shifted after 

four days of treatment to a significantly later, midafternoon 

hour (1453±032; P.C0.0001), indicating a successful cir-

cadian adaptation to daytime sleep and nighttime work. 

There were concomitant, shiftsjn the 24-hour patterns of 

plasma Cortisol concentration, urinary excretion rate, sub-

jective assessment of alertness, and cognitive perform-

ance in the treatment studies. These shifts resulted in a 

significant improvement in both alertness and cognitive 

performance in the treatment group during the night-shift 

hours. 

We conclude that maladaptation of the human arcadian 

system to night work, with its associated decline in alert-

ness, performance, and quality of daytime steep, can be 

treated effectively with scheduled exposure to bright light 

at night and darkness during the day. (N Engl J Med 1990; 

322:1253-9.) 

vation of sleep, these workers typically experience 

daytime insomnia. ,0"14 Long-term.exposure to variable 

work schedules that include work at night is also asso-

ciated with an increased risk o f cardiovascular dis-

ease, gastrointestinal illness, reproductive dysfunction 

in women, and sleep disorder.15"18 Improvements in 

performance and well-being have been achieved as a 

result o f modifications in work-schedule design,14 but 

true physiologic adaptation to night work under field 

conditions has not previously been demonstrated. 

During the past 20 years, considerable progress has 

been made in understanding the underlying neuro-

physiologie processes that regulate adaptation to the 

periodic aspects of the external environment. Studies 

involving ablation, transplantation, and other proce-

dures have demonstrated that the suprachiasmatic 

nuclei of the hypothalamus serve as the principal 

pacemaker o f the circadian timing system in mam-

mals . 1*" A specialized rctinoliypotlialamic tract links 

the retina to these nuclei, forming a nouvistial plioto-

rcccptivc system that mediates the synchronization,-

or ciuraitimciti, of the circadiaii pacemaker with 

the light-dark cycle." Even though corrcs|M>iiding 

structures subserving rliyihmicity and photic entrain-
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m e n t in ( l i e b r a i n l i a v c b e e n i d e n t i -
fied, it w a s t h o u g h t t h a t ( l ie 
h u m a n c i r c a d i a n p a c e m a k e r w a s 
u n i q u e l y i n s e n s i t i v e t o l i g h t a n d 
( l in t it i n s t e a d r e l i e d o n " s o c i a l c o n -
t a c t s " t o a c h i c v c s y n c h r o n y wi t l i ( l ie 

- h o u r day.*" ' H o w e v e r , w e l i a v c 
d e m o n s t r a t e d t l i a t t h e l i g h t - d a r k 
c y c l e l i a s a d i r e c t s y n c h r o n i z i n g e f -
f e c t o n ( l ie h u m a n c i r c a d i a n p a c e -
m a k e r . 2 7 - 7 8 F u r t h e r m o r e , w c h a v e 
r e c e n t l y d i s c o v e r e d t h a t p r o p e r l y 
l i m e d e x p o s u r e t o b r i g h t l i g h t a n d 
d a r k n e s s c a n r e s e t t h e p a c e m a k e r 
b y a s m u c h a s 12 h o u r s w i t h i n t w o 
t o t h r e e d a y s . 2 9 W e f o u n d t h a t t h e 
p a c e m a k e r ' s r e s e t t i n g r e s p o n s e t o 
b r i g h t l i g h t d e p e n d s o n t h e l i m i n g 
o f t h e a v e r a g e m i d p o i n t o f t h e t o -
t a l d a i l y e x p o s u r e t o l i g h t , a f t e r 
w e i g h t i n g f o r b r i g h t n e s s . 2 9 T h e r e -
f o r e , t h e b r i g h t l i g h t t o w h i c h n i g h t -
t i m e w o r k e r s a r e o f t e n e x p o s e d 
d u r i n g t h e d a y ( e . g . , d u r i n g t h e r e -
t u r n h o m e f r o m w o r k ) m a y p r e v e n t 
t h e m f r o m a d a p t i n g t o n i g h t w o r k . 
O n t h e b a s i s o f t h e s e r e s u l t s , w e d e -
s i g n e d a p a t t e r n o f e x p o s u r e t o 
b r i g h t l i g h t a n d d a r k n e s s i n t h e 
w o r k a n d h o m e e n v i r o n m e n t s b y 
w h i c h t h e p h a s e o f t h e p a c e m a k e r 
c a n b e r e s e t r a p i d l y a n d e f f e c t i v e l y in p e r s o n s w h o 
w o r k a t n i g h t , e v e n i f c h e y a r e e x p o s e d t o n a t u r a l l i g h t 
o n t h e w a y h o m e f r o m w o r k e a c h m o r n i n g . 

METHODS, 

Subjects 

Ten two-week studies were earned out in eight healthy men, 22 to 
29 years old. The subjects had no medical, psychiatric, or steep 
disorders as determined from their'medical histories, physical ex-
aminations, chest radiographs, electrocardiograms, biochemical 
screening tests, and psychological screening questionnaires (the 
Minnesota Multiphasic Personality Inventory). None had worked 
regularly at night on a permanent or rotating shift within the pre-
ceding year, and none had traveled to another lime rone during the 
previous six weeks. They were not taking any medications and were 
instructed to abstain from the use of alcohol, recreational drugs, 
and products containing caffeine for the duration of the study. Uri-
nary toxicologic screening was used to verify that they were drug-
free at the time of the study. 

The first two subjects participated in the control study and then 
in the treatment study, after an interval of three to five weeks during 
which they lived at home and maintained a schedule of regular 
daytime activity and nocturnal sleep. To facilitate recruitment the 
remaining six men were asked to participate in only one study; cach 
was randomly assigned to either the control study or the treatment 
study after the successful completion of an initial evaluation of his 
circadian phase. 

Al l the studies were carried out in the summer, to avoid seasonal 
variation in exposure to outdoor light during the week of night 
work. The experimental procedures and the procedure for obtaining 
informed consent were approved by the Committee for the Protec-
tion of Human Subjects from Research Risks of Urigham and 

Control Sludy Treatment Study 
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Figure 1. Overall Study Protoool (Middle Panels) and Changes in Temperature Re-
corded during the First and Sixth Night Shifts (Upper and Lower Panels) in One Man 

during a Control Study and a Treatment Study. 
Solid bars indicate daily sleep episodes, open bars constant routines, and circled x's 
the initial and final endogenous arcadian temperature nadirs as derived from the 
temperature data (vertical dashed lines) measured during the constant routine During 
the second through fifth nights of work (midnight to 08:00 hours), the men were 
exposed either to ordinary indoor light (approximately 150 lux; stippled box) in the 
control studies or to bright fight (7000 to 12,000 lux; solar symbol in the open box) in 
the treatment studies. To facilitate visual comparisons, segments of the temperature 

data have been double-plotted. 

Women's Hospital. Written informed consent was obtained from 
cach man before participation in the study. 

Overall Study Design 

Five control and five treatment studies were performed; each 
consisted of one week of ambulatory recording of base-line tem-
perature, physical activity, and heart rate, followed by a week of 
night-shift work. The men lived at home throughout each study, 
reporting for "work" in the laboratory each night of the second 
week. To evaluate the extent of physiologic adaptation to nighttime 
work, the output of the Orcadian pacemaker was evaluated50 during 
the first and sixth consecutive night shifts. On* those nights, and 
during each of the immediately preceding days; the activity of the 
subjects was restricted to the enforced semi recumbent wakefulness 
of a laboratory constant routine as described below. Both the con-
trol and the-treatment protocols are shown in Figure 1. 

During the week of base-line recording, the men maintained reg-
ular bedtimes and waking times (within a range of ± I hour). Their 
subjective sleep-wake logs were verified for accuracy by comparison 
with the results of continuous ambulatory monitoring of wrist activ-
ity, heart rate, and body temperature (PMS-8 Recorder, Vitalog, 
Redwood City, Calif.) throughout both weeks of the study. In the 
case of two men (one control and one treatment subject) whose 
behavior during the study did not conform to the protocol, the 
results were exduded before the outcome of their experimental tri-
als was determined. 

On the second through the fifth nights of work, the men r e t r i e d 
to the laboratory at 23:45 hours and spent the eight hours l»ctwee.. 
midnight and 08:00 sealed ai a desk. On those four nights, the men 
in the treatment studies were exjwscd to bright light ( 7000 to 12,000 
lux, an intensity comparable to that of natural* sunlight just after 
dawn) between 00:1 S and 07:45 hours, whereas those in the control 
studies were cx|>oscd to ordinary room light (approximate! v ISO 
lux). Al l subjects completed cogiiitivc-jKrrformaiice tasks hourly 



V o l . 3 2 2 N o . 18 T K K A T M K N T O K M A I . A D A P T A T I O N T O N I G H T W O R K — C Z K I S L K R E T A l . . 1255 

d u r i n g l i t i s t i m e a i u l s u h j r t l i v c assessments <»T a ler t «was a n d IIKMNI 
e v e r y 2 0 m i n u t e s . T l i c y w e r e o t h e r w i s e free t o d o t l te i r o w n w o r k 
a m i w e r e g i v e n d i n n e r Mod a snack d u r i n g c a d i n i gh t sh i f t . I n a l l l i n t 
t w o t r i a l s , t h e s u b j e c t s ( o n e i n t h e « t u t r u l s tudy a n d o n e i n the 
t r e a t m e n t s t u d y ) c o n s u m e d t h e i r mea l s at t imes o f the i r o w n CIHMIS-
i n g . A t e c h n i c i a n m o n i t o r e d the sub jec ts t h r o u g h o u t each ni twi t shi f t 
t o e n s u r e t h a t t h e y r e m a i n e d a w a k e . 

A l t e r e - i ch n i g h l s h i f t , t he m e n left the lalNir:n«n v ;utd t r a v e l e d 
h o m o . I h e y w e r e t h u s e x c i s e d t o o u t d o o r l igh t each m o r n i n g d u r -
i n g t h i s t r a v e l t i m e . I h e m e n i n the t r e a t m e n t s tud ies were i n s t r u c t -
ed to r e m a i n i n the d a r k f r o m 0! l : (XI to 17:00 hours each ( l av , i n 
l>cdr<mnis i n w h i c h t h e w i n d o w s w e r e Covered w i t h njia<|uc m a t e r i a l 
t o c x c l u d c s u n l i g h t . I n c o n t r a s t , t he m e n i n the c o n t r o l s tud ies w e r e 
no t s c h e d u l e d t o r e m a i n i o the d a r k at any p a r t i c u l a r t i m e each d a y , 
a l t h o u g h m o s t d i d use t h e i r e x i s t i n g w i n d o w shades o r c u r t a i n s 
w h i l e i h e y s l e p t , a t t i n tes o f t h e i r o w n d t o o s i n g . N o o the r res t r i c -
t i o n s w e r e p l a c e d o n t h e a c t i v i t i e s o f the sub jects i n e i the r g r o u p 
d u r i n g t h e i r " n o n w o r k " h o u r s . A l l were p r o v i d e d w i t h a b reak fas t 
a n d a l u n c h t o t a k e h o m e a n d eat at w i l l . 

Assessment of Endogenous Circadian Phase 

P r e v i o u s a t t e m p t s t o e v a l u a t e t h e ex ten t o f c i r c a d i a n a d a p t a t i o n 
to n i g h t w o r k h a v e been c o m p l i c a t e d by the m a s k i n g ef fects o f 
a c t i v i t y o n t h e p h y s i o l o g i c v a r i a b l e s m o n i t o r e d . I n th is s t u d y , t he 
c o n s t a n t - r o u t i n e m e t h o d w a s used t o reveal t he endogenous c o m p o -
n e n t o f t h e b o d y - t e m p e r a t u r e r h y t h m , an es tab l i shed m a r k e r o f t he 
e n d o g e n o u s c i r c a d i a n p a c e m a k e r . 3 1 ' 1 1 D u r i n g the c o n s t a n t - r o u t i n e 
p r o c e d u r e , w e d e t e r m i n e d the endogenous c i r cad ian .phase ( t h e p a r -
t i c u l a r p o i n t a t ' w h i c h a r e g u l a r l y r e c u r r i n g even t occurs i n ' a n i n -
t r i n s i c o s c i l l a t o r y p rocess ) a t w h i c h the n a d i r o f the d a i l y b o d y -
t e m p e r a t u r e c y c l e o c c u r r e d . O u r m e t h o d i n v o l v e d a n ex tens ion a n d 
r e f i n e m e n t o f a t e c h n i q u e first p r o p o s e d b y M i l l s et a l . ,1 4 a c c o r d i n g 
t o w h i c h t h e s u b j e c t s a r e s t u d i e d u n d e r cons tan t e n v i r o n m e n t a l alnd 
b e h a v i o r a l c o n d i t i o n s i n o r d e r to e l i m i n a t e ( o r d i s t r i b u t e across t h e 
c i r c a d i a n c y c l e ) t h e p h y s i o l o g i c responses evoked by e n v i r o n m e n t a l 
o r b e h a v i o r a l s t i m u l i , s u c h as s leep ing , e a t i n g , c h a n g i n g p o s t u r e , 
a n d c h a n g i n g l i g h t l eve ls . D u r i n g a l l t he c o n s t a n t - r o u t i n e s tud ies , 
t h e m e n w e r e r e s t r i c t e d t o a b s o l u t e , s e m i r e c u m b e n t bedres t i n a 
r o o m w i t h c o n s t a n t i n d o o r l i g h t i n g ( a p p r o x i m a t e l y ISO l u x ) a n d 
r e q u i r e d t o r e m a i n a w a k e . W a k e f u l n e s s was m o n i t o r e d b y a re-
s e a r c h t e c h n i c i a n a n d v e r i f i e d b y c o n t i n u o u s p o l y s o m n o g r a p h y re-
c o r d i n g . 9 0 D u r i n g t h e c o n s t a n t r o u t i n e , (he men*s d a i l y n u t r i t i o n a l 
a n d e l e c t r o l y t e needs w e r e m e t b y i den t i ca l h o u r l y snacks, w i t l r \ 
a p p r o x i m a t e l y 150 m m o l o f s o d i u m a n d a p p r o x i m a t e l y J O O m m o l J 
o f p o t a s s i u m e v e n l y d i s t r i b u t e d o v e r the 2 4 - h o u r pe r i od . T h e ' c a l o * ^ 
ric r e q u i r e m e n t s f o r w e i g h t m a i n t e n a n c e w e r e ca l cu la ted w i t h use 
o f t he W i l m o r e n o m o g r a m " t o d e t e r m i n e the basa l m e t a b o l i c ra te ; 
t h e y w e r e t h e n a d j u s t e d u p w a r d b y a 10 pe rcen t a c t i v i t y f ac to r . 
S i n c e the c o n s t a n t - r o u t i n e p r o c e d u r e r e q u i r e d t ha t t he sub jects lose 
a t least o n e n i g h t o f s l e e p , i t w a s c a r r i e d o u t c o n c u r r e n t l y w i t h the 
first a n d s i x t h n i g h t s h i f t s . E a c h cons tan t r o u t i n e was b e g u n j u s t 
a f t e r t h e s u b j e c t a w a k e n e d o n t h é d a y o f t he s h i f t , a n d i t c o n t i n u e d 
f o r as l o n g as w a s n e c c s s a r y ( a t least 21 hou rs ) to d e t e r m i n e accu -
r a t e l y t h e e n d o g e n o u s c i r c a d i a n t e m p e r a t u r e n a d i r . I n t w o sub jec ts 
( o n e i n t h e c o n t r o l s t u d y a n d o n e i n the t r e a t m e n t s t u d y ) , a n a d d i -
t i o n a l 24 h o u r s w a s r e q u i r e d fo r t h i s d e t e r m i n a t i o n d u r i n g t h e final 
c o n s t a n t r o u t i n e . 

Physiologic and Behavioral Measures 

T h r o u g h o u t e a c h c o n s t a n t r o u t i n e , the core b o d y t e m p e r a t u r e o f 
t h e s u b j e c t w a s r e c o r d e d a t o n e - m i n u t e i n te r va l s f r o m a d i sposab le 
t h e r m i s t o r ( Y e l l o w S p r i n g s I n s t r u m e n t C o m p a n y , Y e l l o w S p r i n g s , 
O h i o ) i n s e r t e d 10 c m i n t o t h e r e c t u m . I n a d d i t i o n , b lood samp les 
w e r e c o l l c c t c d i n s y r i n g e s a n d t r ans fe r red to l i c p a r m - c o a t e d t u l x s 
e v e r y 15 t o 25 m i n u t e s o n a r a n d o m i z e d s a m p l i n g schedule f r o m an 
i n d w e l l i n g i n t r a v e n o u s c a t h e t e r w i t h s ide IKHCS (Dcserc t M e d i c a l , 
S a n d y , U t a h ) t h a t w a s p l a c e d i n a f o r e a r m v e i n " ; the samples were 
c h i l l e d i m m e d i a t e l y a n d c c n t r i f u g c d w i t h i n t w o hou rs , a n d the p las-
m a w a s f r o z e n at - 2 0 * 0 . T h e p l a s m a Cort isol conccn i r a l i ons were 
m e a s u r e d w i t h i n five m o n t h s o f s a m p l e co l l ec t i on hy an ' - ' ( - c o a l e d 
Iul>e r a d i o i m m u n o a s s a y p r o c e d u r e ( D i a g n o s t i c P roduc ts , l*os A n -

geles) i n d i e ( d u t L a l i o r a t o r y o f l l r i g h a m a n d W o m e n ' s H o s p i t a l 
( î e t i e r a l C l i n i c a l Research C e n t e r ( i u t r a a s s a y coe f f i c i en t o f v a r i -
a i e n t f i t - I 0 | . 6 . 2 ( te r ren t at a m e a n o l ' 50 m nut |»er l i t e r a n d 3.!) 
|H-rcent a t a m e a n o f U H UUHII |>cr l i t e r ; i u te rassay coe f f i c i en t o f 
v a r i a t i o n | n = t 5 0 | , 13.2 pere.cut a t a m e a n o f 4 7 u o i o l p e r l i t e r a n d 
7.3 j te rcent at a m e a n «if n m o l p e r l i t e r ) . ' I l i c u r i n a r y v o l u m e 
was m e a s u r e d at t h ree -hou r i n t e r v a l s . 

S u b j e c t i v e aler tness was assessed t h r e e timers j»er h o u r w i t h use o f 
a l i n e a r , n o m tumer i c , 100-u i in h i j x i l a r v i s u a l - a n a l o g u e scale."1"' C o g -
n i t i v e | t e r fo rma i i ee was measu red h o u r l y hy a lest i n v o l v i n g c a l c u l a -
t i o n t ha t i n c l u d e d 125 r a n d o m l y g e n e r a t e d p a i r s o f t w ^ - d i g i t i n i m -
ité rs. ' I l ie m e n were g i ven f o u r m i n u t e * to s u m as m a n y p a i r s as 
|K>ssil>lc, a n d t he i r tests w e r e scored a c c o r d i n g t o t h e n u m b e r o f 
c a l c u l a t i o n s c o m p l e t e d i n the t i m e a l l o w e d . 

Exposure to Bright Light 

T h e sub jec ts p a r t i c i p a t i n g i n the t r e a t m e n t s tud ies w e r e sea ted a t 
a desk a n d exposed to b r i g h t l i g h t ( 7 0 0 0 t o 12,000 l u x ) f r o m o n e o f 
t w o sources: e i t he r a w a l l - m o u n t e d b a n k o f 8 0 2 . 4 - m ( 8 - f t ) , 9 6 - w a n 
" i on -ga rd * * F 9 G T H I 2 V i t a l i t é w i d e - s p e c t r u m fluorescent l a m p s 
( D u r o - t e s t , N o r t h Bergen, N . J . ) , s e p a r a t e d f r o m t h e sub jec t b y 
( l oo r - t o - ce i l i ng panels m a d e o f t w o sheets o f d e a r g lass 3-. 175 m m 
t h i c k , separa ted b y a l aye r o f p o l y v i n y l b u t y l p l a s t i c ( l a m i n a t e d 
safety g lass) ; o r a p o r t a b l e b a n k o f 16 1 .2 -m ( 4 - f t ) " c o o l - w h i t e " 40-
w a t t l a m p s ( N o r t h A m e r i c a n P h i l i p s L i g h t i n g , B l o o m f i c l d , N . J . ) , 
sepa ra ted f r o m the sub jec t b y a w i r e - m e s h screen.- E a c h sub jec t ' s 
d a i l y e x p o s u r e to u l t r a v i o l e t l i g h t d u r i n g t h e t r i a l s w a s w e l l w i t h i n 
the gu ide l i nes fo r safety o f s u c h e x p o s u r e es tab l i shed b y t h e A m e r i -
can C o n f e r e n c e o f G o v e r n m e n t a l I n d u s t r i a l H y g i e n i s t s a n d the 
U . S . A r m y a n d r e c o m m e n d e d b y t h e N a t i o n a l I n s t i t u t e f o r O c c u p a -
t i o n a l Safe ty and H c a l t h . , M , T h e m e n p a r t i c i p a t i n g i n t h e las t f o u r 
b r i g h t - l i g h t t r i a l s w o r e d e a r , u l t r a v i o l e t - e x d u d i n g p o l y c a r b o n a t e 
U l t r a - S p e c 2000 safety glasses w i t h 4 C c o a t i n g ( U v e x W i n t e r O p t i -
ca l , S m i t h f i d d , R_I.) t h r o u g h o u t the e x p o s u r e to b r i g h t l i g h t . I l l u -
m i n a n c e was measured a t five-minute i n t e r v a l s w i t h research 
p h o t o m e t e r s ( I n t e r n a t i o n a l L i g h t , N e w b u r y p o r t , M a s s . ) , e a c h 
e q u i p p e d w i t h a de tec to r w i t h a p h o t o p i c spec t ra l b ias a n d a cos ine 
a n g u l a r response; the de tec to rs w e r e p l a c e d a t t h e s u b j e c t s ' fore-
heads a n d d i r e c t e d t o w a r d the l i n e o f gaze. F i f t e e n m i n u t e s o f 
t r a n s i t i o n a l i l l u m i n a t i o n p receded a n d f o l l o w e d e a c h e x p o s u r e to 
b r i g h t l i g h t . 

Statistical Analysts 

T h e endogenous c i r c a d i a n phase w a s assessed b y n o n l i n e a r least-
squares ana lys is t o fit a t w o - h a r m o n i c regress ion m o d e l t o t h e d a t a 
o n co re b o d y t e m p e r a t u r e co l l ec ted d u r i n g the c o n s t a n t r o u t i n e s . 4 0 

T e m p e r a t u r e d a t a g a t h e r e d d u r i n g t h e first five h o u r s o f t h e c o n -
s tan t r o u t i n e , w h a t the t h e r m o r e g u l a t o r y sys tem w a s n o t ye t i n a 
s teady s ta te , w e r e c x d u d e d f r o m the ana l ys i s . T h e e n d o g e n o u s O r -
c a d i a n t e m p e r a t u r e n a d i r w a s d e f i n e d as the ave rage o f t h e fitted 
m i n i m u m s f r o m the s i n g l e - h a r m o n i c a n d c o m p o s i t e w a v e f o r m s o f 
t he m o d e l a n d w a s used as a re fe rence m a r k e r f o r t h e phase o f 
t he endogenous a r c a d i a n t e m p e r a t u r e cyc le . I n t h e t w o s tud ies 
i n w h i c h the f i na l cons tan t r o u t i n e w a s e x t e n d e d a n a d d i t i o n a l 
24 h o u r s , t he t e m p e r a t u r e d a t a used i n the ana lyses w e r e those 
f r o m the second h a l f o f t he c o n s t a n t r o u t i n e , s ince t h e es t ima tes 
o f phase d e r i v e d f r o m the first a n d second h a l f o f t h e t e m p e r a t u r e 
d a t a d u r i n g s i m i l a r l y e x t e n d e d c o n s t a n t r o u t i n e s w e r e h i g h l y c o r r e -
la ted (Pearson 's c o r r e l a t i o n coe f f i c ien t = 0 .908 ; PCO.OOI) ( u n p u b -
l i shed d a t a ) . 

Pa i red c o m p a r i s o n s be tween t h e va lues o b t a i n e d f o r t h e phase 
a n d a m p l i t u d e o f endogenous c i r c a d i a n t e m p e r a t u r e i n i t i a l l y ( d u r -
i n g the first n i gh t sh i f t ) a n d a t t he e n d o f t h e s t u d y ( d u r i n g t h e s i x t h 
m g h t s h i f t ) were m a d e for b o t h the c o n t r o l a n d the t r e a t m e n t s t u d -
ies hy the p a i r e d S tuden t M c s t ( p a r a m e t r i c ana l ys i s ) , 4 1 w i t h c o n -
firmation o f s ign i f i can t resu l ts h y t h e W i l c o x o n s î g i i e d - r a n k t rs t 
( m m ] i a r a n i c t r i c ana lys i s ) . C o n i | t a r i s o n s l i e t w c e n t h e c o n t r o l a m i 
l r c a t m a t t s tud ies w i t h res|»ect t o the i n i t i a l e n d o g e n o u s c i r c a d i a n 
phase, the f i na l endogenous c i r c a d i a n phase , the sh i f t i n phase l ie-
tween t h e first a n d s i x t h n i g h t s , t he va lues f<»r a le r tness a n d pe r -
f o r m a n c e o b t a i n e d d u r i n g these n i g h t s , a n d the a m p l i t u d e o f v a r i -
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a t i o n i n (he endogenous c i rcad ian teui|>cra(urc cycle were made 
w i t h use o f S tuden t ' s u n p a i r e d t-tcst (paramet r ic analysis), w t i h 
c o n f i r m a t i o n o f s ign i f icant results by t l ic Wi lcoxnn r a n k - s u m test. 
A l l s ta t i s t i ca l analyses were two- ta i led . 

F i n a l l y , in b o t h g r o u p s t h e b o d y t e r n i r a M ires, s u b j e c t i v e - a l e r t -
n e s s a n d c o g n i t i v c - | > c r f o r i u a n c c s c o r e s , u r i n a r y exc re t ion r a t e s , a m i 
p l a s m a Cor t i so l c o n c e n t r a t i o n s w e r e a v e r a g e d a c c o r d i n g in il»c t i m e 
o f d a y ( h i r i n g i l i c i n i t i a l c o n s t a n t r o u t i n e s a n d c o m p a r e d wil l i t he 
a v e r a g e s f o r t h e s a m e t i m e s of d a y d u r i n g i l , c f m a l c o n s t a n t f o u -
î m e s . l -or t h e less f r c r{ucu i ly s a m p l e d a m o i i j ; i l içsc v a r i a b l e s ( sub-
j e c t i v e a l e r t n e s s , c o g n i t i v e p e r f o r m a n c e , a m i u r i n a r y e x c r e t i o n 
r a l e ) , t h e m e a n v a l u e o f t h e d a i a f o r e a c h m a n w a s c a l c u l a t e d c v r r v 
t w o h o u r s , a n d a n a v e r a g e fo r all s u b j e c t s w a s o b t a i n e d ; fo r the 
r e m a i n i n g v a r i a b l e s ( b o d y t e m p e r a t u r e a n d p l a s m a Cortisol c o n c e n -
t r a t i o n ) , t h e m e a n ( ± S 6 M ) v a l u e fo r all s u b j e c t s w a s c a l c u l a i c d at 
r e g u l a r i n t e r v a l s ( e v e r y 100 m i n u t e s ) . 

R E S U L T S 

Sleep-Wake Schedules 

D u r i n g t h e week of base-line, recording, each man 
m a i n t a i n e d a r egu la r s l eep -wake schedule consistent 
wi th t h a t r equ i red for regular dayt ime work. T h e r e 
were no s igni f icant differences between the control 
a n d the t r ea tmen t , s tudies with respect to ei ther the 
a v e r a g e ( ± S E M ) bed t ime (00 :22±0 : I8 vs. 00 :04± 
0:21 hou r s ) o r the average waking time (07 :48±0 : I9 
vs. 0 7 : 3 3 ± 0 : 2 9 hours ) d u r i n g the week of base-line 
record ing . 

D u r i n g the schedu led night shifts the men in both 
s tud ies s lep t d u r i n g d a y t i m e hours , as shown in Figure 
I . H o w e v e r , t h e men in the t rea tment studies slept an 
a v e r a g e of t w o hours longer per day. than the men in 
t h e con t ro l s tud ies a f t e r each of the second through 
t h e fifth n i g h t s of work (7 .7±0 .1 vs. 5 .7±0 .5 hours per 
d a y ; . P = 0.0103), a s repor ted in their s leep-wake logs 
a n d i n d e p e n d e n t l y verified on the basis of the moni-
to r ing d a t a . 

Assessments ofEndogërious Circadian Phase 

T h e mean ' i n i t i a l nad i r of the endogenous circadian 
t e m p e r a t u r e cycle occur red a t 04:59 hours, 2.7 hours 
before t h e m e n ' s hab i tua l waking time in the week 
before e a c h s t u d y . T h e r e was no significant difference 
b e t w e e n c o n t r o l a n d t r e a tmen t studies with respect to 
the t im ing of this n a d i r (P = 0.1564) (Fig. 2). In the 
con t ro l s t ud i e s , the m e a n t imes of the initial and final 
n a d i r s o f t h e e n d o g e n o u s c i rcadian tempera ture cycle 
( 0 4 : 3 8 ± 0 : 1 1 vs. 0 3 : 3 1 ^ 0 : 5 6 hours) were similar. In 
c o n t r a s t , in t he i t r ca tmen t studies, the mean final tem-
p e r a t u r e n a d i r occur red 9.6 hours later than the mean 
init ial t e m p e r a t u r e n a d i r (14:53±0:32 vs. 0 5 : I 9 ± 0 : 2 3 
hours ; P C 0 . 0 0 0 I ) (Fig. 2). T h e mean shift in the 
e n d o g e n o u s c i r c a d i a n t e m p e r a t u r e nad i r be tween 
the first a n d sixth nights in the treatment g r o u p 
( — 9 . 6 ± 0 . 7 hours ) was significantly greater than that 
in the con t ro l g r o u p ( I . I ± 0 . 9 hours) (l'CO.OOOl). Fi-
nal ly , the m e a n endogenous circadian t empera tu re 
n a d i r on t h e sixth night occurred significantly later in 
the t r e a t m e n t s tud ies than in the control s tudies 
( 1 4 : 5 3 ± 0 :32 vs. 03:31 ±0:5fi hours; PC0.000I ) . 

T h e s e d i f fé rences between the control and treat-
m e n t g r o u p s were a lso statistically significant even 
w h e n the d a t a for o n e control trial and one t rea tment 

Control 
Study 

Treatment 
Study 

US </> 2 

® e 

First 
Night 

Sixth 
Night 

First 
Night 

Sixth 
Night 

Figure 2. Shifts in Endogenous Circadian Temperature Nadirs 
between the First and Sixth Nights of Work in the Subjects in the 

Control and Treatment Studies. 
The men in the control studies were exposed to ordinary indoor 
light on the second through fifth nights, and they slept at home on 
a free schedule during the day, whereas, the subjects in the treat-
ment studies were exposed to bright light during night work and to 
da/kness during daytime sleep, which was scheduled for the peri-
od between 09:00 and 17:00 hours. Horizontal lines and vertical 

bars denote mean itSEM values. 

trial for cach of the first two men ( w h o pa r t i c ipa t ed 
in both the t r ea tment a n d control s tudies) were ex-
cluded f r o m t h e analysis . Finally, there was no signifir 
can t difference between the m e a n a m p l i t u d e s of the 
initial a n d final t e m p e r a t u r e wave fo rms in e i the r the 
control o r the t r ea tment s tudies . However , for o n e 
m a n in the t r ea tment s t udy the a m p l i t u d e of the cycles 
for t empera tu re and p l a s m a Cortisol concen t r a t i on 
was a t t enua ted d u r i n g the first 24 h o u r s of t h e final 
cons tan t routine; when the cons tan t - rou t ine s t udy was 
extended for an addi t iona l 24 hours, , bo th t h e a m p l i -
tude and phase shift of these var iables were c o m p a r -
ab le with those of the o t h e r subjects in the t r e a t m e n t 
studies. 

24-Hour Patterns of Physiologic and Behavioral Variables 

T h e mean 24-hour pat terns-of core body t e m p e r a -
ture, subjective a ler tness assessments , cogni t ive per -
formance, ur inary excret ion rate, a n d p l a s m a Cortisol 
concentrat ions du r ing the initial cons t an t rou t ine in 
both the control and t r ea tmen t s tudies h a d p r o m i n e n t 
c i rcadian variations. T h e mean wave forms a n d t im-
ing for each of these var iables d u r i n g the initial con -
s tant routine were s imilar in the men w h o s u b s e q u e n t -
ly part icipated in the control and t r e a t m e n t s tud ie s 
and also resembled those reported previously3 0 '3 1-"-4 2 

(Fig. 3). During the final cons tan t rout ines , a persis t -
ent circadian rhy thm was appa ren t in the ave rage 
wave form for each var iab le in both g roups . F u r t h e r -
more, the internal icm[>oral relation be tween these 
rhy thms did not change du r ing the final cons tan t rou-
tine of the control and t r ea tment s tudies : T h e re la t ion 
of cach of these average r h y t h m s to the t ime of d a y 
did not change from the initial «> the final cons t an t 
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Figure 3. Shifts in Physiologic and Behavioral Measures during 
the First and Sixth Nights of Work rn the Subjects in the Control 

and Treatment Studies. 
Each point shows the mean ±SEM for each variable at a given 
hour during the initial (open symbols) and final (solid symbols) 
constant routines tn the control subjects (left-hand panels) and 
the subjects in the treatment group (right-hand, panels). Vertical 
dashed lines indicate the beginning of the night shift (midnight). 
Conditions during the control and treatment studies were as de-
scribed in Figure 2. The values for cognitive performance are 

expressed as the deviation from the 24-hour mean. 

routine in the control studies, but in the treatment 

studies the average curves were displaced to a later 

hour (Fig. 3). The average curves for the final constant 

routines of the treatment studies also occurred later 

than those o f the control studies. The magnitude of 

the displacement was consistent with quantitative es-

timates of the shift o f the endogenous circadian phase 

as derived from the temperature data. 

Performance and Alertness Measures during the Night 
Shift 

As shown in Figure 3H , the shift in the endogenous 

circadian phase observed during the final constant 

routine in the treatment studies was associated with 

significantly higher normalized levels o f performance 

dur ing the hours o f the night shift (midnight to 08:00) 

after treatment than before treatment (P = 0.041). In 

the control studies, there was no significant différence 

in performance during the night-shift hours between 

the initial and the final constant routines (Fig. 3C). 

Similarly, the mean values for alertness were signifi-

cantly higher during the night shift after the bright-

light intervention in the treatment studies than 11 icy 

were before treatment (I» = 0.0009) (Fig. 3G) . Al-

though the mean values for alertness during the night 

shift were also significantly higher in the control stud-

ies' at the time of the final constant routine than at the 

time of the initial constant routine (P = 0.009) (Fig. 

3B), the improvement was significantly greater in the 

treatment studies than in the control studies (31.5± 

7.8 vs. I3.4±6.3 mm , respectively; P = 0.004). 

D I S C U S S I O N 

Despite the high prevalence of night work in mod-

ern society, the physiologic response of the circadian 

timing system to the reversal it occasions in the sleep-

wake schedule is poorly understood. This is largely 

because night workers arc exposed to conflicting syn-

chronizing cues: their work schedule demands activity 

at night and sleep during the day, whereas all other 

periodic environmentalcues (in particular the light-

dark cycle) are oriented toward activity dur ing the day 

and sleep at night. Although some laboratory experi-

ments have indicated considerable adaptation to a 

week of simulated nighttime work,12 those experi-

ments were conducted in laboratories shielded from 

the environmental light-dark cycle to which shift 

workers are ordinarily exposed. Studies of shift work-

ers exposed to normal periodic environmental cues 

have* suggested that an incomplete adaptation to 

nighttime work, occurs in persons who live at home 

and travel daily to work.2"6,0,44 

In this study, we attempted to resolve the di lemma 

by evaluating endogenous circadian rhythms under 

controlled laboratory conditions on the first and sixth 

night shifts in men otherwise living at home. The 

physiologic and behavioral data that we collected in 

the control studies demonstrate that under field.condi-

tions the circadian timing system fails (o adapt to an 

inversion of the daily routine even after a week of 

night work. In fact, three o f the five men had small 

maladaptive advances of the endogenous circadian 

phase on the sixth night shift as compared with the 

first. The failure of the circadian timing system to 

adapt to night-shift work in persons working in ordi-

nary room light at night and sporadically exposed to 

bright outdoor light during the day is probably a con-

sequence of the direct and powerful biologic eflcct o f 

light on the human circadian pacemaker.78'29 

In contrast, in the treatment studies we found that 

four cycles of exposure to a properly designed regimen 

of bright light and darkness induced a complete physi-

ologic adaptation to night work in the men living at 

home and traveling to and from work. "lite physiologic 

and behavioral adaptation to the night shift was evi-

dent with rcs|>cct to all measured variables. The stic-

cess of this experimental paradigm in inducing an ad-
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ap ia t ion c<> an inversion of the s lccp-wakc sclicdulc is 
consis tent with (h c finding that travelers adapt more 
rapidly to a t ime-zone shift if they remain outdoors on 
arrival ral l ier than in their hotel rooms0*16 and with 
recent s tudies suggesting that bright light is an effec-
tive synchronizer of circadian rhythmicity in h u m a n 
s u b j e c t s . ' O u r findings are comparable with the 
results of exper iments conducted under conditions of 
24-hour dayl ight in the Arctic, in which adaptat ion of 
the body- tempera tu re cycle to a reversal of the activi-
ty -s leep schedule was achieved after only three to four 
days a m o n g subjects who concurrently reversed their 
exposure to the na tura l l ight-dark cycle by using 
bl indfolds du r ing day t ime sleep.54 However, it should 
be noted tha t the resetting effect of light on the circa-
d ian pacemake r is critically dependent on the timing, 
intensity, a n d dura t ion of the light exposure. T h e de-
sired phase shift may not be achieved even with the 
same a m o u n t of exposure to bright light55 unless it is 
adminis te red at appropr ia te times.29 

T h e use of the constant-routine procedure allowed 
the extent of adap ta t ion of both physiologic and be-
havioral var iables to be evaluated in the control and 
t r ea tmen t studies. T h e endogenous circadian rhythms 
of body tempera ture , plasma Cortisol concentration, 
and ur inary excretion rate all failed to adjust to the 
schedule of n ight work in the control studies, yet in the 
t r ea tmen t s tudies they were all effectively synchro-
nized with the night-work schedule. T h e indexes of 
a ler tness a n d performance remained at their lowest 
dai ly levels f rom midnight to 08:00 hours in the con-
trol s tudies , even af ter a week of nighttime work. In 
the t r e a t m e n t studies, these same indexes dur ing the 
night were s ignif icandy improved, and there was a 
marked decl ine in alertness (or an increase in sleepi-
ness) d u r i n g the dayt ime, when night workers must 
a t t e m p t to sleep. T h i s increase in dayt ime sleepiness is 
consis tent with the shift in phase of the physiologic 
var iables a n d may account for the significantly in-
creased sleep t ime a m o n g the men in the t rea tment 
s tud ies . T a k e n together , these da ta suggest tha t 
the schedule of light and darkness to which these 
men were exposed shifted a master circadian pace-
maker tha t dr ives all these physiologic and behavioral 
rhy thms . 

Misa l ignmen t of the circadian phase and sleep dep-
rivation a re the principal factors contributing to the 
dec remen t s in performance and increased accident 
rates associated with night-shift work.9 Therefore, the 
ability of exposure to light and darkness to adjust the 
c i rcadian phase and improve the sleep of night-shift 
workers could have impor tant implications for both 
industr ia l product ivi ty and safety. Furthermore, since 
c i rcadian-pl iasc misal ignment, sleep deprivation, or 
both may add to the deleterious consequences for 
health tha t a rc associated with nighttime work (such 
as digestive, cardiovascular , and sleep disorders), the 
ability to induce physiologic adaptat ion to such a 
schedule could also have important conséquences for 
the health of night workers. 

Although this study is a step toward the develop-

ment of a practical treatment for maladaptat ion to 

nighttime work, a numl>cr of important questions re-

main to be answered. T h e y concern the relative im-

portance of exposure to bright light dur ing nightt ime 

work as compared with darkness dur ing dayt ime 

sleep, variability both between individuals and ac-

cording to age and sex in the phase-shifting response 

to bright light, and the number, durat ion, and intensi-

ty of light ex|H>sures needed to induce and mainta in 

optimal physiologic adaptation to nightt ime work. 

W C a r c i n d e b t e d l o the v o l u n t e e r sub jec ts i n t h e s t u d y IO t h e 
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TRIAD OF SHIFT WORK COPING FACTORS 

to the work shift as rapidly as possible, and to 
maintain that orientation throughout their spell 
of duty on that shift (Monk 1986). 

Studies of jet-lag and laboratory phase shifts 
have suggested that phase delays are more easily 
accomplished by yhf biological clock than phase 
advances (AschofTrt al. 1975, Klein et ai 1972). 
Night workers should thus take their sleep 
straight after work, rather than waiting untiftHe 
aftgrnpqn,.This corresponds to a delay of about 
nine hours, a change that is easier for the 
biological clock to achieve than the advance of 
about nine hours required by an afternoon 
bedtime. Since excessive napping can interfere 
w i t h the quality of the major sleep episode, 
afternoon naps should be used only as a 'topping 
up' device and should be limited to two hours or 
less. 

Night workers should identify the time eues 
that .ire pulling their biological clock towards a 
nocturnal orientation and strengthen them, and 
identify those that are working against a 
nocturnal orientation and attenuate them. Time 
cues working in their favour will be a regular 
morning bedtime, three meals per 'day , with a 
proper lunch half way through the working 
night, and physical activity and social interaction 
through the night. Time cues working against 
them will be daylight on the journey home from 
work (perhaps warranting the use of sunglasses), 
sleep during the nipht shift and social or work 
commitments during the first half of the day 
(Bam to 4pm). 

Not everyone's biological clock properties 
are the same, and certain characteristics will 

influence how easy or difficult an individual finds 
it to cope with shift work. In particular, 
'morning types' with an early phasing biological 
clock who like to be up with the dawn seem to 
experience extra shift work coping problems 
(Hildebrandt and Stracman 1979). Also at risk are 
those in their late forties or fifties whose 
biological clocks have become earlier phasing 
and less robust with age (Foret et al. I98t). For 
such individuals the change from successful shift 
work coping to significant sleep and well-being 
problems can be a precipitate one. 

Steep coping strategies 

Shift workers should jealously guard the time set 
aside for their sleep. This time should be regular 
and predictable, and free from social or other 
commitments. During that time, telephones, 
doorbells and domestic appliances should be 
silenced. Heavy curtains and thick carpets should 
be used to help make the bedroom as quiet and as 
dark as possible. The bedroom should be used 
only for sleep and lovemaking. Caffeine should 
be avoided within five hours of hetffime. and 
aIcohol should not be used as a sedative since 
subsequent sleep would then be li^ht and 
disrupted. Because of problems of tolerance and 
withdrawal, sleeping pills should be used only 
very occasionally. Shift workers taking sleeping 
pills more than four times a week should consult 
a physician about tapering them otf. Apart trom 
being good health practicc, this would mean that 
occasional use at a later date would be much 
more effective. 
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People who naturally need a lot of sleep to 
function well can find shift work particularly 
hard to cope with. Often such individuals report 
that all they do is 'work and sleep', missing out on 
recreation and social interaction. This can 
become so problematical that a switch to 
daywork is called for. 

Social and domestic roping strategies 

Few of the coping strategies outlined for the 
other two factors of the triad will work unless Un-
social and domestic milieu suppnrrivr Shift 
workers should seek to gain their family's 
understanding of their predicament and to rally 
their support in coping with it. Relationships 
should be forged with other shift-work families 
who arc more likely than day-working friends to 
be supportive and understanding. 

Particularly at risk from a domestic point of 
view are those shift workers who are still 
expected to run a household and look after the 
children (Gadbois 1981). These shift workers arc 
often 'working wives', and husbands should 
realize that this can severely cut into the sleep 
time of the shift worker, and will thus increase 
irritability and family tensions. 

Shift work coping strategies 

• Sleep immediately after a night shift, rather 
than before it. 

• Keep to a regular three meals per day, 
avoiding excessive snacks. 

• Keep a regular bedtime on each spell of duty. 
• Avoid exposure to bright sunshine on the 

way home from a night shift (wear 
sunglasses). 

• Jealously guard one's sleep time, silencing 
telephones, doorbells, and domestic 
appliances. 

• Keep the bedroom quiet and dark. 
• Only use the bedroom for sleep and 

lovemaking. 
• Avoid caffeine within five hours before sleep. 
• Avoid the habitual use of alcohol or sleeping 

pills. 
• Rally the support of your family in helping 

you to cope. 
• Keep the channeb of family communication 

open. 
• Set aside special times to be with spouse and 

children. 
• Forge links with other shift-working 

families. 

Spouse and parenting roles may also be 
compromised, particularly on the evening shift, 
which has little impact on sleep or biological 
clock factors. Efforts should be made to ensure 
that other limes are specifically set aside for the 
shift worker to spend time with the spouse and 
children. In general, the" presence of a shift 
worker in the household, like that of a 
handicapped person, can either strengthen the 
family by drawing it closer together against the 
difficulties, or it can destroy the family with 
strain and disharmony. Working hard to keep 
the family lines of communication open is a vital 
component of the domestic coping strategy. 

Conclusions 

Shift work is a multifaceted problem requiring 
multifaceted solutions. Coping strategies that 
promote suitable behaviours in the 
social/domestic, sleep and biological dock 
domains can help alleviate some of the adverse 
symptoms that arc experienced. 

Timothy H. Monk gained his Ph.D. in Psyc-
hology from the University of Nottingham in 
1974. Since then he has pursued a career in 
research into human circadian rhythms and sleep, 
publishing widely in that area. Positions have 
included: Scientist with the British Medical 
Research Council; Assistant Professor of Psyc-
hology in Psychiatry at Cornell University Med-
ical College; and Associate Professor of Psychia-
try at the University of Pittsburgh (his current 
pose). 
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Shift work, fetal development and course of pregnancy 
by Tuula Nurminen, MSc* 

NURMINEN T. Shift work, fetal development and course of pregnancy. Scand J Work Environ Health 
t989;15:J95—403. Information on 1475 mothers of infants with selected structural malformations and 
an equal number of mothers of "normal" babies was analyzed for a possible relationship between shift 
work and adverse pregnancy outcome or a complicated course of pregnancy. The primary data were ob-
tained from the Finnish Register of Congenital Malformations supplemented by special interviews on the 
mothers' work conditions. No signs of a teratogenic risk were observed. The relationship between course 
of pregnancy and outcomes other than malformations was determined from the noncase mothers* ex-
perience. Threatened abortion and pregnancy-induced hypertension were not associated with rotating shift 
work alone, but in a noisy work environment moderate risks could not be ruled out. Rotating shift work 
was associated with a slight excess of babies small for their gestational age independently of noise ex-
posure. The results suggest that further studies on the effects of different work schedules on pregnancy 
are worth consideration. 

Key terms: birth defects, birth weight, length of gestation, malformations, occupation, pregnancy-induced 
hypertension, threatened abortion, vaginal bleeding. 

Few investigations have been made on the possible rela-

tionship between shift work and fetal development or 

course of pregnancy. In a Japanese study (1) shift and 

night workers reported spontaneous abortion more fre-

quently than day workers. Shift work in laboratories 

was related to a clearly higher rate of spontaneous 

abortion in a Swedish study (2). But this relation was 

not confirmed in a later investigation (3), and only a 

slightly increased risk was associated with work entail-

ing irregular hours or rotating shifts as compared with 

day work only. In a study in Montreal (4) rotating or 

irregularly changing shift work was related to spon-

taneous abortion, and the association was confirmed 

in a second analysis of the same data. Shift work and 

night work was associated with preterm delivery in a 

French study (5). However, another French study (6) 

found no relation between preterm delivery or low 

birth weight and night work. In the Montreal study (7) 

changing shift work was related to preterm birth and 

low birthweight, but not consistently. Because of the 

large overlap between preterm birth and low birth-

weight, the data of the Montreal study were analyzed 

further, and gestational age was allowed for when 

birthweight was the outcome. The results suggested 

that shift work retarded fetal growth and increased the 

risk of preterm birth (8). The results of the later 

Swedish study (3) supported the hypothesis that irregu-

lar work schedules might have a negative influence on 

birthweight. 

1 Institute of Occupational Health. Department of Epidemi-
ology and Oiosiatisiics, Helsinki, Finland. 

Reprint requests to: Ms T Nurminen. Department of Epidemi-
ology and Biosiaiisiics, Institute of Occupalional Heallh, 
Topcliuksenkniu 41 a A . S17-00250 Helsinki. Finland. 

To investigate the effects of shift work on terato-

genic risk, threatened abortion, pregnancy-induced 

hypertension, length of gestation, and birthweight, the 

present study scrutinized the experience of 1475 

mothers of infants with selected structural malforma-

tions and an equal number of mothers of noncase 

babies. The study was part of a project whose origi-

nal goal was to explore the possible role of occupa-

tional factors in the occurrence of birth defects (9). 

Subjects and methods 

Birth defects 

The source information of the study was the Finnish 

Register of Congenital Malformations between June 

1976 and December 1982. The data included 365 

defects of the central nervous system, 581 orofacial 

clefts. 360 structural defects of the skeleton, 169 car-

diovascular malformations, and 1475 noncase babies 

whose deliveries had preceded the case deliveries in the 

same maternity health care district (9). The mothers 

of the time- and area-matched case-noncase pairs of 

babies were interviewed by means of standard Regis-

ter procedures about particulars of the latest and previ-

ous pregnancies, diseases, consumption of drugs and 

alcohol, smoking habits, etc (10). The Register data 

were supplemented with interviews on the mothers' 

work conditions. Two trained interviewers from the 

Finnish Institute of Occupational Health carried out 

the interviews. (For details, see references 9, I I , 

and 12.) 

The special interview started with a question in-

quiring if the mother had worked during her pregnancy 

mosi of the time, only temporarily, or not at all. In 

addition io information on the employer, job title, and 

395 
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Major 
occupat ional 
group* 

° P h y s i c a l « * » « « • social sc ience 
humanis t ic and art is t ic work) 

1 (administrative, managerial and clerical work) 
2 (sales work) 

S (transport and communica l ion work) 
6/7 (manufacturing and related work) 
8 (service work) 

9 (work noi e l sewhere classif ied) 

Total 

According to re ference 14. 

Two-
shi I ( 

workers 

53 
13 
8 
5 

43 
78 

208 

Three- Other 
shift type of 

Tot; workers shift Tot; 
workers 

7 111 171 
2 

t s 
— 2 10 
4 

10 
18 2 63 
6 3 87 
1 3 12 

38 122 368 

J * » \ P h J f S i c a l load of the mothe r s who did shift woric and 
nancy ° < M n ° n S h i " W O r k i n , h e , i r s l « m e J * i X p £ j 

Mean 
physical load9 

Sedentary work 
Standing work 
Work involving walking 
Work with a modera te 
physical load 

Shift Nonshift 
workers workers 

N* % N«= % 

127 34.6 1114 57.5 
131 35.9 443 22.9 
81 22.2 106 5.5 

26 7.1 273 14.1 

" S a r " 1 5 f o r a description of the assessment of phys-
6 There were three mothers with missing data on physical load 

There were 43 mo .he r s with m i s s i n g 9 d a t a ^ X S S : 

time of employment, the mother was asked if she had 

worked m shifts. Of the mothers. 2073 had worked 

throughout most of their pregnancy, and 603 had not 

worked in the first trimester, the risk period for struc-

tural malformations (10). In all. 274 mothers had 

worked temporarily in the first trimester, and the rea-

son for stopping work was the termination of employ-

ment for 47 % of these mothers, maternity leave or 

a n d s i c k I e a v e 0 r « s t r a i n for 
^ r c s t other reasons or the reason was 

unknown. The mothers who did not work in the first 
trimester of pregnancy were excluded from the ana-
lyses when birth defects were studied. 

Altogether. 368 mothers (16 % of those who had 

worked) had done shift work during early pregnancy 

41 temporarily and 327 regularly. In the shift work 

group, 57 % of the mothers had worked in two shifts 

10 Vo in three shifts, and 33 % had work arrangement 

that differed in some manner from normal daily work 

mainly periodic work. In Finland, the individuals who 

work in shifts usually do rotating shift work in which 

the work schedule changes after every week in two-

shift work and after 4 d in three-shift work, while in 

periodic work the cycle is two or three weeks (13). In 
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work and about one-half had been in manufacturing 

or nursing work. Of the mothers working in three 
shifts, almost one-half had done manufacturing work 
The mothers in other types of shift work were mainly 
m the nursing field. (See table 1 ) 

Acwrding to the classification of socioeconomic sta-

tus of he Central Statistical Office of Finland (14) 

most of the mothers (96 * ) in shift work during early 

urar:
el7"ievci

 e m p i o y e e s w u h
 ̂ -.-nis 

trative and clerical occupations or manual workers 

wher^s 84 % of the mothers in nonshift work b " 
w o l h l V h ^ CatC8?rieS- N ° n C ° f t h e W O m e n i" shift 
work had been employed in farming. Possible con-
foundmg was controlled for in additional analyses in 

Z a Z ^ WCrC r C S t r i c t e d t o ^agricultural 
wortes u the two aforementioned socioeconomic 

The physical load of the occupational activities of 

he mothers was evaluated with a standardized method 

reflecting energy expenditure (15). The group in shift 

work.included relatively more women in standing work 

and , n work involving walking. Nonshift work was 

more often sedentary, but also moderate physical load 

was more common in nonshift work (table 2) Over 

one-half of the mothers in nonshift work with a moder-

ate physical load had worked in agriculture 

Two industrial hygienists independently assessed ex-

posure to noise blindly from a description of the 

mother s workday and a fixed question on noise ex-

posure(I2). [nail. 17 % o f the mothers in shift work 

«n the first trimester of pregnancy had been exposed 

to an 8-h equivalent continuous A-weighted sound level 

<L/vcq <«*,) of around 80 dB or higher during early 

pregnancy, whereas the corresponding percentage was 

seven in the nonshift group. 

Similarly, two industrial hygienists assessed the 

mothers' solvent exposure on the basis of the work-

day description and a fixed question on solvent ex-

posure (16). A mother was considered exposed if the 

continuous concentrations had been at least one-third 

of the threshold limit values for chemical substances 
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J C n a n c y arid * o s e w h o w o r k e d t h r o u g h o u t m o s t o l t he . r p r e g n a n c y . 

Background 
Characterist ic 

Maternal age 2 35 years 
No previous pregnancy 

Previous del iver ies w i thou t an adverse 
pregnancy ou t come 

Previous adverse pregnancy ou tcome* 

Menstrual i r regular i ty 

Regular smok ing 
A lcoho l in take 

Intake of d rugs in the f i rst t r imester* 
Common c o l d or fever in the f i rst 
t r imester 

Temporary work R e g u l a r w o r k 

Shi f t 
w o r k e r s 
(N = 4 1 ) 

<%> 

N o n s h i l t 
w o r k e r s 
<N = 233) 

(%) 

Sh i f t 
w o r k e r s 
(N = 327) 

<%) 

N o n s h i f t 
w o r k e r s 

(N = 1746) 
<V.) 

9 .8 9.4 7.0 8 .6 

41.5 41.4 39.0 37.6 

17.0 28.4 31.3 35.1 

41.5 30.2 29.7 27 .3 

9 .8 6.2 t3 .2 9.1 

21.9 14.6 12.3 12.4 

39.0 43.4 43.9 42 .8 

26.3 3 t . 6 30.7 25 .8 

19.5 12.4 17.7 15.5 

- Previous induced abort ion, miscarr iage, preterm del ivery, mal formed ch i ld , or st i l lb i r th. 
0 V i tamins and ton ics not inc luded. 

in workroom air (17) or peaks had been higher than 

the threshold limit value. Exposure to solvents did not 

differ much between the shift and nonshift groups. 

When the relation between shift work and malfor-

mations was studied, physical work load, exposure to 

noise and solvents, and temporariness of employment 

were adjusted for in the analyses. 

The mothers who had been in temporary shift work 

during early pregnancy had experienced more previ-

ous adverse pregnancy outcomes and were more of-

ten regular smokers than the mothers in temporary 

nonshift work or in regular work. More women in shift 

work had had menstrual irregularities than those in 

nonshift work. (See table 3.) Table 4 presents the 

maternal characteristics that were adjusted for in the 

analyses. 

The matching procedure had not correlated the case 

and noncase series with respect to shift work, and 

therefore the data were analyzed as independent se-

ries to enhance efficiency (18, 19). Confidence inter-

vals for the crude odds ratios were calculated with the 

modified Cornfield method (20,21). The adjusted odds 

ratio estimates and their confidence intervals were cal-

culated from results of unconditional logistic regres-

sion analyses, which were executed with the SAS soft-

ware system (22). The independent variables were en-

tered into the models as binary codes, or category in-

dicators were used. Before the final models were fit, 

stratified analyses were performed to judge whether 

the stratum-specific estimates of the effect of shift 

work could be considered constant and to obtain esti-

mates against which the modeling results could be 

checked. 

Birthweight and course of pregnancy 

The second part of the present study, on birthweight 

and course of pregnancy, was based on the noncase 

Tab le 4. M a t c h e d o d d s ra t io e s t i m a t e s of all b i r th d e f e c t s 
p o o l e d fo r m a t e r n a l c h a r a c t e r i s t i c s a m o n g all t h e 1475 c a s e -
n o n c a s e pa i r s . 

Ma te rna l c h a r a c t e r i s t i c 0<Sds rat io* 

Mate rna l a g e &35 y e a r s " 
Birth o r d e r g r e a t e r t h a n t h r e e 0 

Two or m o r e p r e v i o u s i n d u c e d a b o d i o n s e 

P r e v i o u s m i s c a r r i a g e c 

P r e v i o u s s t i l lb i r th 6 

P r e v i o u s m a l f o r m e d ch i ld* 
R e g u l a r s m o k i n g du r ing p r e g n a n c y 6 - * 
Alcoho l i n t a k e du r ing p r e g n a n c y " 
i n t a k e o l d r u g s in t h e f i rs t t r i m e s t e r 0 0 

C o m m o n c o l d or f eve r in t h e f i r s t trimester*» 

a C a l c u l a t e d f r o m d a t a m a t c h e d o n t i m e a n d a r e a . 
6 S o u r c e : t h e R e g i s t e r q u e s t i o n n a i r e . 
c S o u r c e : t h e r e c o r d s o l t h e m a t e r n i t y h e a l t h c a r e c e n t e r . 
« All r e g u l a r s m o k i n g c o m p a r e d t o n o n s m o k i n g o r t e m p o r a r y 

s m o k i n g d u r i n g p r e g n a n c y . T h e o d d s r a t i o w a s 0 . 9 ( o r t e m -
pora ry s m o k i n g d u r i n g p r e g n a n c y , 1.4 f o r r e g u l a r s m o k i n g 
of l e s s t h a n f ive c i g a r e t t e s dally, a n d 1.5 fo r r e g u l a r s m o k -
ing of f ive o r m o r e c i g a r e t t e s dai ly a s c o m p a r e d w i t h n o t 
s m o k i n g du r ing p r e g n a n c y . T h e r e w e r e n i n e m o t h e r s w h o 
h a d s m o k e d over 20 c i g a r e t t e s dai ly d u r i n g p r e g n a n c y r e g u -
larly. 

• V i t a m i n s a n d t o n i c s n o t i n c l u d e d . 

mothers' experience. This procedure has been 

described in more detail elsewhere (23, 24). Informa-

tion on the noncase mothers' pregnancies was obtained 

from the Register questionnaires and the records of 

the maternity health care center. 

The mother was asked in the Register interview if 

she had experienced a threatened abortion and what 

symptoms she had had. In the analyses vaginal bleed-

ing with or without lower abdominal pain was con-

sidered an indication of a threatened abortion but not 

lower abdominal pain only. 

An increase of at least 20 mm Hg (3 kPa) in the mean 

arterial blood pressure between the mother's first visit 

to the maternity health care center and her last visit 
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before delivery was considered a sign of pregnancy-

induced hypertension (25). 

The length of gestation was calculated from the first 

day of the last normal menstrual period. The small size 

of the noncase series did not allow a study of rare out-

comes like preterm birth (length of gestation less than 

259 d), whose occurrence was 2.6 % (27 mothers) 

among those who had worked during most of their 

pregnancy. Instead, the occurrence of pregnancies that 

were shorter than 280 d was studied. The reference 

value for the definition of a small baby for his or her 

gestational age was the tenth percentile birthweight of 

the babies of the same sex born to mothers in nonshift 

work in the same gestational age group. The applied 

gestational age groups were <37 weeks, 37—39 weeks, 

40—41 weeks, and >42 weeks. (For more details on 

these outcomes see references 23, 24, and 26.) 

Seventeen of the 1475 noncase mothers had twin 

births, and for one woman information on the num-

ber of fetuses was missing. These 18 mothers were ex-

cluded from the second part of the study. Of the re-

maining mothers, 267 had not worked during pregnan-

cy, 146 had worked only temporarily, and 1044 had 

worked regularly throughout most of their pregnan-

cy. A total of 178 mothers had done shift work regu-

larly and 22 temporarily. For the mothers who had 

been in shift work throughout most of their pregnan-

cy, the median duration of gestation at the termina-

tion of work was 242 d with a lower quartile (Ql) of 

223 d and an upper quartile (Q3) of 251 d, and in non-

shift work the median was 248 (Ql 225, Q3 252) d, 

respectively. In regular shift work the reason for stop-

ping was maternity leave for 39 % of the mothers, sick 

leave for 32 <7o, and the rest had other reasons, in-

cluding vacation, or the reason was unknown. In non-

shift work the respective percentages were 45 and 27. 

When the occurrence of threatened abortion was 

studied, all the mothers who had worked were part of 

the analyses, but, when other aspects of pregnancy 

were under consideration, only mothers who had 

worked throughout most of their pregnancy were in-

cluded. The mothers' socioeconomic class and agricul-

tural work were controlled by the same restrictions that 

were used in the study of birth defects, and the same 

features of work were adjusted for in the analyses. 

For threatened abortion the possible confounders 

maternal age, parity, outcome of previous pregnan-

cies, history of menstrual irregularity, intake of drugs, 

alcohol consumption, and smoking were controlled in 

the analyses. For pregnancy-induced hypertension 

maternal age, parity, outcome of previous pregnan-

cies, alcohol intake, and smoking were adjusted for. 

The models for length of gestation included the co-

variates maternal age, parity, outcome of previous 

pregnancies, history of menstrual irregularity, alcohol 

intake, and smoking. In the study of the occurrence 

of babies small for their gestational age maternal age, 

parity, outcome of previous pregnancies, maternal 
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prepregnancy weight less than 50 kg, alcohol intake, 

and smoking were controlled for. 

The estimates and confidence limits for the crude 

risk ratios were calculated according to the chi-square 

function procedure of Miettinen & Nurminen (21). The 

estimates of the adjusted risk ratios were calculated 

from the results of binomial regression analyses execut-

ed with the generalized linear interactive modeling 

(GLIM) program and the macros written by Wacholder 

(27). Independent variables were defined and analyses 

were performed that corresponded to the procedures 

used to study birth defects. The effect of shift work 

on vaginal bleeding and shortened length of gestation 

(less than 280 d) was not homogeneous when divided 

into strata according to noise exposure (test for heter-

ogeneity of risk ratio (28) for vaginal bleeding X* = 4.7 

(P = 0.03) and for shortened length of gestation 

X J = 5.8 (P = 0.02)J, and some indication of cor-

responding heterogeneity was found for pregnancy-

induced hypertension (X' = 2.4, P = 0.I2). Therefore 

the estimates of the effect of shift work on vaginal 

bleeding, pregnancy-induced hypertension, and short-

ened length of gestation were presented separately for 

strata according to noise exposure, and the concerned 

product terms were included in the models. No other 

noteworthy signs of heterogeneity were found in the 

data, the smallest P-value being 0.15. 

Results 

Malformations 
When all the birth defects were pooled, the crude odds 

ratio for shift work in the first trimester of pregnancy 

was 0.9 with a 95 % confidencejnterval (95 % CI) of 

0.7—1.2, and the adjusted analysis yielded similar 

estimates. The crude and adjusted odds ratios for the 

separate malformation groups under study were unity 

or very close to it (table 5). When analyzed using the 

groups restricted to the nonagricultural workers in the 

two socioeconomic classes of lower-level employees 

with administrative and clerical occupations and 

manual workers, the adjusted overall odds ratio esti-

mate was 0.9 (95 <7o CI 0.7—1.1). In addition, the es-

timates for the specific malformation groups were very 

similar to those obtained in the unrestricted analyses. 

Vaginal bleeding (threatened abortion) 
In the group of mothers who had done shift work dur-

ing pregnancy, the occurrence of vaginal bleeding was 

12 and in the nonshift group 9 % had experienced 

symptoms of threatened abortion (risk ratio 1.3.95 % 

CI 0.8—1.9). The crude risk ratio for shift work and 

threatened abortion in the first trimester was 1.3 (95 % 

CI 0.7—2.1). When the mothers' occupations were 

considered, it was revealed (hat the mothers who had 

done shift work in manufacturing and related occu-

pations had an elevated risk of vaginal bleeding when 



:ompared with ihc mothers in nonshift work in manu-
acturing (table 6). 

In manufacturing, 82 % of the mothers in shift work 
had been exposed to a noise level of around 80 dB 

•*Aeq (8 h) ° r h ' 8 h e r 3 S a Ê a i ï l S t 5 4 % ° f l h e m 0 t h e r S i n 

lonshift work. Exposure to noise modified the rela-
tion between shift work and the occurrence of vagi-
,al bleeding. The risk ratio for shift work among the 
nothers who had worked in a noisy environment was 
1.0 (95 % CI 1.2—7.5), but the risk for shift work was 

not elevated in the case of noiseless work environments 
[table 7). When work conditions and maternal back-
ground characteristics were taken into account, the ad-
justed risk ratio for shift work in a noisy environment 
was 1.8 (95 % CI 0.7—4.6), and for shift work in a 
noiseless environment the adjusted risk ratio was 0.8 
(95 <7o CI 0.5— 1.4). When the analysis was restricted 
to the nonagricultural workers in the two socioeconom-
ic classes of lower-level employees with administrative 
and clerical occupations and manual workers, the ad-
justed risk ratio for shift work in a noisy environment 
was 1.8 (0.7—4.8), and for shift work in a noiseless 
environment the corresponding value was 0.9 (95 % 
CI 0.5—1.5). 

Pregnancy-induced hypertension 

The occurrence of pregnancy-induced hypertension 
was 9 °/o among the mothers who had been in shift 
work and 7 °?o among those who had not worked in 
shifts (risk ratio 1.2,95 % CI 0.7—2.0). The risk was 
elevated among the mothers who had done two- or 
three-shift work in a noisy environment; but, without 
noise exposure, the mothers in shift work had ex-
perienced no more pregnancy-induced hypertension 
than the mothers with normal daywork (table 8). The 
adjusted risk ratio for shift work in a noisy environ-
ment was 2.2 (95 <7o CI 0.7—6.5), and for noiseless 
shift work it was 1.0 (95 % CI 0.5—2.0). The restricted 
analyses yielded an adjusted risk ratio of 1.9 (95 % 
CI 0.6—5.6) for an association between shift work in 
a noisy environment and pregnancy-induced hyperten-
sion, and the adjusted risk ratio for shift work in a 
noiseless environment was 1.1 (95 CI 0.6—2.3). 

Length of gestation and birthweight 
In all, for 39 % of the mothers in shift work, the length 
of gestation was less than 280 d, whereas the cor-
responding percentage in nonshift work was 44 °7b 

Table S. Mothers in M l work and .hose In nonshil . work in .he firs, trimester o. pregnancy according .0 whether ,hei, baby 
was a case or noncase. ^ _ _ _ _ _ _ _ _ _ _ 

Shift workers Nonshift workers Crude odds ratio* Adjusted odds rat io1 

(N) (N) 

Cases 
Central nervous system defects 
Orofacial clefts 
Skeletal defects 
Cardiovascular delects 
All cases pooled 

Noncases 

4 4 
63 
46 
23 

176 
192 

237 
387 
243 
118 
985 
994 

1.0 
0.8 
1.0 
1.0 
0.9 

(0.7-1.4) 
(0.6—1.1) 
(0.7-1.4) 
(0.6-1.6) 
(0.7-1.2) 

1.0 
0.8 
1.1 
0.9 
0.9 

(0.7—1.4) 
(0.6—1.1) 
(0.7—1.6) 
(0.6—1.5) 
(0.7-1.1) 

* 95 % conlidence interval in parentheses. 

Table 6. Vaginal bleeding (threatened abortion, and shift work according to the mothers' occupations. 

Major 
occupational 
group* 

Number 
of 

mothers" 

Vaginal 
bleeding 

% 

Crude 
risk 
ratio 

9 5 % 
confidence 

interval 

0 (technical, physical science, 
social science, humanistic, and 
artistic work, & 1 (administrative, 
managerial, and clerical work) 

Shi 11 work 
Nonshitl work 

2 (sales work). 5 (transport and 
communication work) & 8 (service work) 

Shilt work 
Nonshift work 

6/7 (manufacturing and related work) 

Shift work 
Nonshift work 

3 (agriculture, forestry, and fishing) 
& 9 (work not elsewhere classified) 

Shilt woik 
Nonshift woik 

97 
473 

59 
280 

33 
113 

9 
122 

5 
30 

10.3 
9.1 

8.5 
10.7 

24.2 
8.0 

0.0 
7.4 

1.1 

0.8 

3.0 

0.6—2.1 

0 . 3 - 1 . 8 

1 .3 -7 .0 

- 4 . 5 

• shiM work and .WO mothers in nonshil, work with missing data on ,he symptoms. 

399 



I h f ( ^ 7 o r r d 9 u H n g T r S n ? n c y h r e a , e n e d a b ° r t i ° n ) a m ° n 9 m ° , h e r S W Î ' h a n d , h o s e w i , h o u t " P ° S u r e l * "Otoe in sh i f t o r non-

Number 
of 

mothers* N 

Vaginal 
b leeding 

% 

C r u d e 
risk 
ral io 

95 % 
c o n f i d e n c e 

interval 

Noisy envi ronment" 
Shift work 

Any shift work 
Two-shift work 
Three-shift work 

Nonshif t work 

34 
26 

6 
68 

9 
8 
1 

6 

26.5 
30.8 
Î6.7 

8.8 

3.0 
3.5 
1.9 

1.2—7.5 
1.4—8.8 
0 .3—8.7 

N o i s e l e s s environment 
Shifi work 

Any shift work 
Two-shift work 
Three-shift work 
Other shif t work 

Nonshi f t work 

164 
95 
10 
59 

920 

14 
7 
1 
6 

85 

8.5 
7.4 

10.0 
10.2 
9.2 

0 .9 
0 .8 
1.1 
1.1 

0 .5—1.6 
0 .4—1.6 
0 .2—4.5 
0 . 5 - 2 . 3 

• There were two shif t workers and t w o nonsh i f t workers with miss ing d a t a on t h e s y m p t o m s 
b Level of no ise an 8-h equivalent c o n t i n u o u s A-weighted sound level of a round 80 d B or h i g h e r / T w o m o t h e r s h a d b e e n in an-

o the r type of shif t work, and they had not had vaginal b leeding. 

Table 8. Pregnancy-induced hype r t ens ion and shi f t work a m o n g t h e mo the r s with and t h o s e wi thout o c c u p a t i o n a l e x o o s u r e 
to n o i s e throughout mos t of their p r egnancy . 

Number 
of 

m o t h e r s 4 

Pregnancy- induced 
hyper tens ion 

N. % 

C r u d e 
risk 
ra t io 

9 5 % 
c o n f i d e n c e 

interval 

E x p o s u r e to no i se 6 

Two- or three-shift work 
Nonshi f t work 

No n o i s e exposure 
Shif t work 

Two- or three-shif t work 
Other shift work 

Nonshi f t work 

28 
66 

92 
55 

798 

6 

6 

6 
4 

58 

21.4 
9.1 

6.S 
7.3 
7.3 

2.4 

0 .9 
1.0 

0.8—6.4 

0 .4—1.9 
0 . 4 - 2 . 5 

• There were two shift workers and t w o nonsh i l t workers with miss ing d a t a on b lood p r e s s u r e . 
6 Level of no ise an 8-h equivalent c o n t i n u o u s A-weighted s o u n d level of a round 80 dB or higher . O n e m o t h e r had b e e n in an-

o the r type of shi f t work and had not had pregnancy- induced hyper tens ion . 

(crude risk ratio 0.9,95 % CI 0.7— I . I ) . Table 9 shows 
the distributions of the gestational ages of the babies 
according to whether their mothers were in shift or 
nonshift work. In a noisy environment, 57 % of the 
mothers in shift work had a gestation shorter than 
280 d, and for mothers in nonshift work this percent-
age was 37 (crude risk ratio 1.5, 95 % CI 1.0—2.4, 
and adjusted risk ratio 1.4, 95 % CI 0.9—2.1). For 
nonagricultural workers in the two socioeconomic 
classes of lower-level employees with administrative 
and clerical occupations and manual workers the cor-
responding adjusted risk ratio was 1.3 (95 C I 
0.8—2.0). 

The tenth percentile birthweight o f the babies born 
to mothers who had been in two- or three-shift work 
was 2940 g; for the babies born to mothers who had 
done another type of shift work, the lenth percentile 
was 2900 g; and. for ihe babies born lo mothers with 

normal daily work, the tenth percentile was 3000 g 
(table 9). 

In a noiseless environment, the crude risk ratio for 
the mothers in shift work giving birth to babies that 
were small for their gestational age was 1.4 (95 % C I 
0.9—2.2) (table 10). The restriction o f the study group 
to nonagricultural workers in the socioeconomic cat-
egories of lower-level employees with administrative 
and clerical occupations and manual workers yielded 
an adjusted risk ratio o f 1.5 (95 % CI 1.0—2.4). 

Placental weight 

The mean placental weight was 631 (SO 132) g for Ihe 
mothers in shift work and 611 (SD 125) g for the 
mothers in nonshift work. In all, 5 o f the mothers 
in shift work had placentas weighing 400 g or less as 
against 4 % of the mothers in nonshifl work (risk ratio 
1.2, 95 % CI 0.6—2.5). 
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Discussion 

The analyses produced no indication of a teratogenic 

risk in connection with shift work. In light of the study 

data twofold or greater risks appeared implausible for 

all of the examined structural malformations. (See 

table 5.) 

One-fourth of the mothers who had been in two-

or three-shift work were in manufacturing and related 

occupations. (See table 1.) In manufacturing, the crude 

risk of threatened abortion was elevated for shift work, 

but some 80 % of these mothers had also been exposed 

to noise at a level of around 80 dB L ^ ^ or higher. 

In the study data, shift work alone was not related to 

the occurrence of threatened abortion, but, in a noisy 

work environment, the mothers in shift work showed 

indications of an elevated risk of both this outcome 

and of pregnancy-induced hypertension. In addition, 

shift work and noise together appeared to shorten the 

length of gestation, but the data did not allow an evalu-

ation of the occurrence of preterm delivery. 

The occurrence of threatened abortion or pregnancy-

induced hypertension showed no associations with two-

or three-shift work in environments in which the level 

of noise was clearly less than 80 dB L ^ (8 h). The 

women in other types of shift work had mainly done 

periodic work in nursing occupations, and the level of 

noise in their work had been low. The risks of threat-

ened abortion, pregnancy-induced hypertension, or 

shortened length of gestation were not elevated among 

these women. However, the study population was 

small, and the data were compatible with a broad range 

of possibilities. 

The study mothers who had been in shift work had 

a slightly elevated risk of giving birth to babies that 

were small for their gestational age when the babies' 

birth weights were compared with the birthweights of 

the babies born to the mothers in nonshift work, and 

this excess of small babies was not necessarily related 

to exposure to noise. It is not unlikely that the work 

conditions during the last months of pregnancy are the 

most relevant with respect to birthweight. Therefore 

only mothers who had worked throughout most of 

their pregnancy were included when birthweight was 

studied. Half of the mothers in shift work had already 

stopped working around the middle of the 35th week 

(as calculated from the first day of the last normal men-

strual period), while the mothers in nonshift work 

usually worked a little longer, half of them having 

stopped by the middle of the 36th week. At the time 

when the study data were collected, Finnish legislation 

stated that a pregnant woman should normally start 

her maternity leave 24 workdays (ie, around 29 days 

Table 9. Birthweight by the gestational age of the babies according to whether their mothers were in shift or nonshift work. 

Babies Birthweight (g) • 
Gestational age 
ot .hebab.es N . % M e ( ) i a n ^ m h ^ 

<37 weeks 
Shift work 

Two* or three-shift work 1 
Other shift work 2 

Nonshift work 24 
37—39 weeks 

Shift work 
Two- or three-shift work 45 
Other shift work 20 

Nonshift work 347 
40—41 weeks 

Shift work 

Two- or three-shift work 59 
Other shift work 29 

Nonshift work 429 
& 42 weeks 

Shilt work 
Two- or three-shift work 14 
Other shift work 5 

Nonshift work 52 

0.8 3000 
3.6 2465 
2.8 2605 875 

37.8 3500 2770 
35.7 3285 2625 
40.7 3400 2930 

49.6 3650 3020 
51.8 3790 3000 
50.4 3660 3150 

11.8 3 620 3 250 
8.9 4000 3700 
6.1 3750 3140 

Total 
Shift work 

Two- or three-shift work 
Other shift work 

Nonshift work 

119 
56 

852 

100 
100 
100 

3570 
3620 
3540 

2940 
2900 
3000 

' There were three shift workers and 14 nonshift workers with missing dala on the length of gestation. 
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, 0 - ® a b i e s s m a " »or «heir ges ta t i ona l age and ma te rna l 
sh i f t wo rk m a no ise less e n v i r o n m e n t - a m o n g aM the w o m e n 
tho^e^nn ln^ i . ^ f ^ o u t " o s . o f Ihei r p regnancy a n d a m o n g 
I h o s e nonagr i cu l tu ra l wo rke rs w h o w o r k e d t h roughou t mos t 
o f the i r pregnancy in t he t w o soc ioeconomic c l a s s l s of lower 
z ^ T J l ^ . a d m i n i S " a , i V C « e u p r i o n s 

Work group 

AH mothers who worked 
throughout most of 
their^pregnancy 

Shift work 
Any shift work 
Two- or three-shift work 
Other shift work 

Nonshift work 

Nonag r i cu l t u ra l lower- level 
e m p l o y e e s a n d manua l 
w o r k e r s 

Shift work 
Any shift work 
Two- or three-shift work 
Other shift work 

Nonshift work 

Tolal Babies small for 
number gestational age 

of babies — -

146 20 13.7» 
91 12 13.2 
55 8 14.6 

771 74 9.6 

141 18 12.8e 

87 10 11.5 
54 8 14.8 

597 55 9.2 

* ^ ^ ^ - A L E N , c o n , i n u o u s A - w e i g h t e d s o u n d l e v e f o f < 8 0 

b n C ï d ; S " I ' 4 . f 9 5 % confidence interval (95 % CI) 
0.9-22J. adjusted nsk ratio 1.4 (95 % CI 0 9—22) 
m % C M r 0 a - 2 4 ) ( 9 5 % C , 0 8 ~ 2 - 3 ) - a d ' u s , e d ' i s k r a t i o 1-5 

lyses produced results s imi lar to those obta ined w i l l 
the more heterogeneous data. 

In Finland, shift work usually involves rotat ing work 
schedules (13). The employee in ro ta t ing shi f t work 
must adapt each t ime that the schedule changes, and 
many bod.ly functions and systems which are circadian 
m nature can be disturbed (30). The study mothers in 
shift work reported more irregularit ies in menstrua-
t ion (see table 3), but the possible relat ion between cir-
cadtan rhythm and reproduction is not well understood 

The published studies provide some evidence o f ad-
verse effects o f shi f t w o r k , especially ro ta t ing sh i f t 
work or irregularly changing work schedules, o n preg-
nancy ( I 5, 7, 8). but the results include inconsisten-
cies. The analyses o f thë present study produced ind i -
cations that ro ta t ing shi f t wo rk could be ha rmfu l fo r 
pregnancy. Al together, the available research data are 
not ample. Thus further studies on the possible effects 
o f d i f ferent work schedules on pregnancy are needed 
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when Sundays and holidays are included) prior to the 

estimated date of her delivery. More study mothers in 

shift work had stopped working before the beginning 

o f maternity leave than those in nonshift work. 

On ly a few o f the mothers in shi f t work were in the 
categories o f own-account (ie, self-employed) work -
ers o r upper-level employees wi th administrat ive, 
managerial, professional and related occupations ac-
cord ing to the used socioeconomic classification (14). 
Moreover, none o f the mothers in shift work had been 
involved in farming, which explained the fact that the 
g roup in nonshif t work included relatively more 
mothers wi th a moderate physical work load. (See ta-
ble 2.) In addi t ion to compar ing the groups o f all 
mothers in shift and nonshif t w o r k , fur ther analyses 
were restricted to nonagricul tural workers in the two 
socioeconomic classes o f lower-level employees wi th 
administrat ive and clerical occupations and manual 
workers. The use o f these selection cri teria aimed at 
comparisons in which occupational aspects, other than 
work in shifts, would be more simi lar and, hence, ihe 
categories o f work more comparable w i th respect to 
potent ial determinants o f r isk. In add i t ion, possible 
selection for certain types o f employment is a cause 
fo r concern. In the restricted analyses the compared 
mothers would be expected io have more similar preg-
nancy outcomes i f they had noi had di f ferent work 
schedules. (Compare reference 29.) The restricted ana-
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Travailler la nuit? 
Mais dans quelles 
conditions? 

Y. Oueinnec^), C. Teiger{2). G. de Ter s sac (3) 

Working at night: but how? 

On the basis of an initial inventory, this 
data sheet analyses the difficulties 
encountered by shift workers in the 
exercise of their activity and explains the 
consequences of working at unusual 
hours. 
Comparison of the various data indicates 
thai there is no single solution, nor even 
a catalogue of satisfying solutions in 
which each company would find the 
answer to its particular problem. The 
arrangements suggested for each 
parameter are presented in the form of 
options, the advantages and 
disadvantages of which are analysed to 
help the user strike the correct balance 
advisedly. 

La démarche présentée dans cette note consiste, à partir d'un état des 
lieux, à analyser les difficultés rencontrées par les travailleurs postés dans 
l'exercice de leur activité ainsi qu'à expliciter les conséquences du travail 
en horaires inhabituels. 

De la confrontation de ces diverses données, il apparaît qu'il n'existe pas 
de solution unique, ni même un catalogue de bonnes solutions où il serait 
possible de trouver la réponse au cas particulier de chaque entreprise. Aussi, 
les aménagements proposés pour chaque paramètre sont présentés sous 
forme d'options analysées en termes d'avantages et d'inconvénients, 
permettant d'élaborer des compromis en connaissance de cause. 

Plus de 17 millions des salariés de 
l'industrie el des services de 

la Communauté économique euro-
péenne élaieni en 1978 des travail-
leurs en équipes successives alter-
nantes. Cette lorme particulière d'or-
ganisaiion du iravail (travail poslé) 
concernai! en France, à celle date, 
environ 21 % des travailleurs des 
secteurs secondaire el leriiaire. Le 
recours au travail posté, après avoir 
connu une forte progression entre 
1950 el 1973 environ, s'est stabilisé 
jusqu'au début des années 80. Sa 
croissance reprend depuis 5 ou 6 ans. 
Ainsi, de 11 % de l 'ensemble des 
salariés français en 1981. te poids des 
salariés en équipes successives est 
passé à 12.6 % en 1984. 60 % de ces 
personnes travaillent en 2 équipes et 
40 % en 3. 4. 5 équipes el plus. A 
l'heure actuelle on eslime. en France, 
que près d'un million de salariés sont 
directement touchés par la nécessité 
de travailler, de manière plus ou 
moins régulière, la nuit. 

L'augmentation du travail de nui! ( + 3 
à 4 % des salariés en équipes entre 
1981 et' 1984) résulte au moins d'un 
double mouvement : d'une part, l'ac-
centuation du poids des contraintes 
économiques et sociales, d'autre part, 
la diffusion vers de nouveaux secteurs 
épargnés jusqu'à présent (agro-ali-
meniaire. organismes d'information, 
construction électronique par exem-

( ' ) Psychophysiologiste, maître de confé-
rence au laboratoire de psychophysiologie 
(UA 664 du CNRS) de l'Université Paul 
Sabaiier-Toulouse. 
(2) Psychologue-ergonome, chargée de 
recherche CNRS, laboratoire d'ergonomie 
et neurophysiologie du travail. Conserva-
toire national des arts el métiers (CNAM) 
- Paris. 
(3) Sociologue, chargé dé recherche 
CNRS. Centre de recherches sociologi-
ques de l'Universiiè de Toulouse - Le 
Mirail (UA 245). 



LEXIQUE 

ACTIVATION (et son contraire la dé-
saclivation) : notion caractérisant le ni-
veau de fonctionnement du système 
nerveux central sous l'influence de 
structures cérébrales diffuses. L'inter-
vention de ces structures affecte à la 
fois les parties hautes du cerveau el les 
systèmes de contrôle de l'activité 
motrice. 

ALGORITHME : description de la suc-
cession organisée des décisions élé-
mentaires conduisant à la réalisation 
d'une séquence de Iravail ou à la 
résolution d'un « problème ». 

ASTREINTE -, ce terme est utilisé en 
ergonomie et en organisation du travail. 
Dans le premier cas. il évoque les eflels 
(le coût) d'une contrainte (d'une exi-
gence) sur les opérateurs. Dans le 
second cas. il fail référence au lemps 
pendant lequel un salarié doil rester à 
la disposition de l'entreprise à son 
domicile afin de rejoindre son poste 
très rapidement sur simple appel. 

BIORYTHMES : voir Rythmes biologi-
ques. A ne pas confondre avec les 
pseudo-rythmes (dont 1'exislence n'est 
nullement démontrée) postulés sans 
justification scientifique par certains au-
teurs. Ils rendraient compte de cer-
taines prédispositions (!) certains jours. 

CONTINU (travail posté continu) : lonc-
lionnemenl d'une installation ou d'un 
service sans interruption ni la nuil ni en 
fin de semaine. Très souvent, ce mode 
de Iravail est qualifié de 3 x 8 ou de 
4 x 6 en référence au nombre de 
posies sur 24 heures. 

CYCLE DE ROTATION: nombre de 
jours séparant le débul d'une sé-
quence de travail posté et le retour à 
celte même séquence. Par exemple, 
dans un système régulier comportant la 
succession de 2 après-midi - 2 mati-
nées - 2 nuits el 3 jours de repos, la 
durée du cycle esl de 9 jours. 

DÉSACTTVATION (ou déaclivalion) : 
voir Activation. 

DISCONTINU (iravail poslé dis-
continu) : fonctionnement d'une instal-
lation ou d'un service avec arrêt en fin 
de journée et en fin de semaine. Très 
souvent, ce mode de fonctionnement 
est qualifié de 2 x 8 en référence au 
nombre d'équipes par 24 heures. 

ÉQUIPE : groupe d'opérateurs e x c -
luant leur travail aux mêmes heures et 
prenant leur repos les mêmes jours. 

ÉQUIPES ALTERNANTES : cas où les 
travailleurs d'une même équipe sonl 
afieclés alternativement aux différents 
horaires, par exemple x matinées puis 
x après-midi puis x nuils. 

ÉQUIPE DESCENDANTE : équipe qui 
termine son irayail. 

ÉQUIPES FIXES : cas où les travail-
leurs d'une même équipe travaillent 
toujours è un même horaire (un même 
poste). Celle situation, assez rare en 
France en ce qui concerne le travail de 
nuil. s'observe surtout dans le secteur 
hospitalier ou dans la presse. 

ÉQUIPE MONTANTE : équipe qui vient 
prendre son travail. 

ÉQUIPES SUCCESSIVES : voir Travail 
poslé. 

ÉTAT DES LIEUX : première étape in-
dispensable de toute démarche ergo-
nomique. Description préliminaire et 
globale de la siluation rencontrée dans 
une entreprise. Cet état est fondé sur 
l'inventaire des paramétres caractéri-
sant les siluaiions de travail el sur 
l'analyse des relations qui les unissent. 
Au-delà d'une simple - pholographie 
il permel de comprendre pourquoi les 
Jieux sonl en l'élal actuel. 

FACTION: voir Poste. Intervalle de 
temps pendant lequel doit s'effectuer le 
iravail d'une équipe donnée. Très sou-
vent les 24 heures sônt découpées en 
2. 3 voire 4 factions égales (2 x 12 2 
x 8. 3 x 8. 4 x 6 ...). II s'agit-là d'un 
choix purement organisalionnel sans 
justification technique. 

MODE OPÉRATOIRE : ensemble orga-
nisé d'opérations visant à l'exécution 
d'une lâche donnée, c'est-à-dire toule 
action organisée en vue d'obtenir un 
résultat précis. 

NYCTHEMERE : espace de lemps 
comprenant 1 jour el 1 nuit. 

O.T.T. (organisation temporelle du Ira-
vail) : définition de l'emploi du lemps 
compte tenu d'une durée hebdoma-
daire du travail. 

POSTE : peul désigner : l) remplace-
ment où se trouve divers appareils el 
où se déroule le travail (poste de 
conduite automobile par exemple); 2) (a 
fonction confiée à une personne (poste 
de rondier. de chef d'équipe».); 3) enfin, 
l'intervalle de temps pendant lequel 
s etfeclue le travail pour une équipe 
(poste de nuil. poste de malinée...). 
Dans ce dernier cas, - poste » esl 
synonyme de quart ou de faction (voir 
ce terme). 

QUART : synonyme de laclion ou de 
poste. 

REPÈRE : ensemble d'options permet-
tant à chacun de se siluer au regard 
des connaissances et des pratiques, et 
par là d'envisager les transformations 
en connaissance de cause. 

TRAVAIL POSTÉ [Ou Iravail en équipes 
successives) : loime d'organisation du 
travail dans laquelle des équipes dis-
tinctes se succèdent pour assurer la 

continuité d'une production ou d'un 
service. 

RELÈVE : momenl (el durée) pendant 
lequel l'équipe montante et l'équipe 
descendante se transmettent les 
consignes. 

ROTATION COURTE : cas où le nom-
bre de tactions identiques esl égal à 1. 
2 ou 3; exemple : 2 après-midi puis 2 
matins puis 2 nuits. 

ROTATION INVERSE affectation suc-
cessive d'une équipe dans les diffé-
rents postes selon l'ordre anti-horaire; 
exemple : iravail le matin puis la nuil 
puis l'après-midi. 

ROTATION IRRÉGULIÈRE : cas des 
systèmes de rotation présentant un 
nombre variable de lactions succes-
sives; exemple : 5 malinèes. 2 nuits. 5 
après-midi. 3 nuils. 

ROTATION LENTE : cas où le nombre 
de factions identiques successives est 
supérieur à 4; exemple : 7-7-7. 

ROTATION NORMALE : succession 
des posies (malin, après-midi, nuit) 
dans le sens horaire. Un travailleur fera 
d'abord les après-midi, puis les nuils 
puis les matinées. 

ROULEMENT (système de...) : voir 
Cycle de rotation. 

R YTHME BIOLOGIQUE : variation sys-
tématique d'une fonction biologique ou 
physiologique montrant une tendance 
à se reproduire dans un intervalle de 
temps défini (sa période). Par exten-
sion. toute variation similaire d'une 
fonction psychologique ou d 'un 
comportement. Parmi les rythmes bio-
logiques. ceux dont la période esl 
voisine de 24 heures (rythmes circa-
diens) sonl les plus étudiés (et sans 
doute les plus perturbés chez les ira-
vailleurs postés). 

SEMI-CONTINU : fonct ionnement 
d'une installation ou d'un service-24 h 
sur 24 h. avec arrêt en fin de semaine. 

SYNDROME : ensemble des symp-
tômes qui caractérisent une affection, 
un état pathologique. 

TOLÉRANCE (au iravail posté) : 
concept vague laisani référence à une 
acceptation du iravail posté par un 
travailleur en l'absence de troubles 
décelables ou mal supportés. 

TOURNANTE : voir Cycle de rotation. 

ULCÈRE (gastro-duodénal) : plaie de 
l'estomac ou d'une parlie de l'intestin 
(duodénum), fréquemment rencontrée 
chez les travailleurs postés après quel-
ques années en posie. L'ulcère doil 
èt/e distingué des autres troubles gas-
tro-intestinaux résultant de l'irrégularité 
des repas. 
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pie). Par ailleurs, de nouvelles catégo-
ries de personnel sonl touchées (ou 
risquent dé l'être dans les toutes 
prochaines années), or les connais-
sances actuelles concernant ces 
« nouveaux postés » sont bien sou-
vent très • insuffisantes. De ce seul 
point de vue. la levée des restrictions 
concernant le travail de nuit du per-
sonnel féminin est très inquiétante 
dans la mesure où. à côté de justifica-
tions dites égatitaristes. se dessinent 
des raisons plus profondes concer-
nant ta recherche d'une main d'oeuvre 
généralement peu qualifiée, moins 
onéreuse et très fréquemment sou-
mise à des tâches répétitives. Celle 
évolution, non seulement pose avec 
force le problème du travail de nuit, 
mais elle en modifie aussi les condi-
tions d'exécution (main d'oeuvre diffé-
rente, introduction des technologies 
de traitement de l'information, condi-
t ions s o c i o - é c o n o m i q u e s part i -
culières). 

Le travail de nuit reste donc, hélas, un 
problème d'actualité et tes pronostics 
les plus optimistes n'envisagent ni sa 
suppression ni même sa stricte limita-
tion aux besoins collectifs indispensa-
bles ou à la sauvegarde des systèmes 
de production. Dans un tel contexte, 
le problème est donc de rechercher 
les conditions les moins défavorables, 
sachant toutefois qu'aucune solution 
ne peut être réellement satisfaisante 
puisque le travail de nuit comporte de 
nombreuses variables dont tes effets 
sonl contradictoires. Ceci n'implique 
pas pour autant que loutes les solu-
tions se valent. Certaines accentue-
ront les effets indésirables, d'autres 
tendront à limiter les conséquences 
les plus négatives. II nous a donc paru 
important de fournir aux entreprises et 
aux partenaires sociaux un cadre de 

""référence au sein duquel l'élaboration 
des conditions du travail posté dans 
une entreprise particulière pourra se 
situer. 

Nous avons alors été conduits à 
élaborer une démarche fondée sur la 
recherche de « repères » permettant 
d'éclairer les choix, objets de négo-
ciations entre les partenaires sociaux 
concernés. Cel le expérience a donné 
lieu à la publication d'un ouvrage 
« Repères pour négocier le travail 
posté » {*) qui a deux objectils : 

- comprendre les conséquences du 
travail poslé et notamment analyser 
les mécanismes qui produisent la 
surlatigue, les effets physiologiques, 
psychologiques et sociaux étant sou-
vent non évidents parce que non 
immédiats: 

- repérer ce qui est aménageable 
dans la situation du travail posté, 
éclairer les choix possibles et propo-
ser une démarche négociatrice pour 
atténuer les conséquences négatives 
et obtenir le meilleur compromis pos-
sible à un moment donné de la vie 
d'une entreprise. 

Le texte présenté ici est un condensé 
de cet ouvrage, condensé ayant 
comme ambition de fournir quelques 
éléments de réflexion sur l 'aménage-
ment (ou le réaménagement) du travail 
posté, en invitant le lecteur plus direc-
tement concerné à se reporter au 
texte intégral. 

Dans l'entreprise où s'est réalisée 
cette expérience, le iravail des postés 
comporte essentiellement des tâches 
de surveillance; cel aspect, privilégié 
dans les exemples, ne doil pas faire 
oublier que d'autres types d'activités 
sont également souvent effectués en 
horaires postés. 

INTRODUCTION 

Des questions primordiales 

De quoi parle-t-on? 

• Des systèmes de rotation? 
• Des équipes, de leur nombre, de 
leurs effectifs? 
• De la qualification el de la poly-
valence? 
• De la conception des dispositifs 
techniques, des lâches? 

Oui parle el au nom de qui? 

• Les adeurs concernés? 
• Le projet de transformation de cha-
cun des groupes? 
• Le rôle de chacun dans la démar-
che? 

Ouentendre par recommandations? 

• Des normes? 
• Des propositions générales? 
• Oes repères? 

Pour quel usage? 

(4) Ouvrage édité par le Service des publi-
cations. Université de Toulouse - Le Mirait 
(56. nie du Taur - 31000 Toulouse). 1985. 

• Une prescription? 
• Un outil de réflexion pour les travail-
leurs? 
• Un outil de dialogue entre les parte-
naires sociaux? 

L'organisation du travail en équipes 
successives 

Propositions :' 

• pas de solution unique: 
• pas de solutions toutes laites. 

Pour éclairer, présenter des options : 
- renvoyant aux connaissances scien-
tiliques et aux pratiques: 
- prenant en compte les caractéristi-
ques et les souhaits des personnes 
concernées. 

Des choix : 

• susceptibles d'entraîner des trans-
formations des conditions de vie au 
Iravail des postés: 
• que les acteurs auront à élaborer, 
mettre en œuvre et évaluer: 
• selon les modalités qu'ils auront à 
définir. 

Compte tenu de notre objectif, à 
savoir élaborer des repères pour 
éclairer des choix, plusieurs itinéraires 
peuvent être empruntés. C'est le rôle 
de la démarche que d'indiquer un (ou 
plusieurs) chemin(s) possible(s) et 
d'envisager les moyens à mettre en 
œuvre. La démarche, quoique préci-
sée dans ses grandes lignes dès le 
départ, n'est jamais définie une fois 
pour toutes. Elle fait l'objet de réajus-
tements permanents tout en conser-
vant sa fonction essentielle d e « gui-
dage ». La démarche oriente le dérou-
lement : 

- au niveau de la nature, de l'ordre el 
des modalités de recueil des informa-
tions: 

- au niveau de l'analyse, d e la restitu-
tion et de la présentation des résul-
tats. 

Elle met en œuvre un ensemble de 
règles dont elle contrôle le respect : 
anonymat, contrôle de l'information 
par celui qui l'émet, restitution des 
résultats à lous les acteurs concernés, 
avec présentation, à la lin de chacune 
des étapes, de . l'état d'avancement 
des travaux pour procéder aux réajus-
tements nécessaires. 

C e texte s'organise autour d e quel-
ques étapes indissociables au travers 
desquelles se dessine la démarche. 



Ces étapes permettent en outre de se 
doter d'outils méthodologiques afin 
de répondre aux questions primor-
diales pour entamer un processus de 
transformation des condit ions du*ka-
vail poslé répondant au mieux aux 
attentes des personnes concernées. 
Ainsi formulé, le problème implique 
donc de : 

1° décr i re l 'é ta l des l ieux pour 
comprendre la diversité des situations 
lant du point de vue des horaires de 
travail et du travail effectif que de celui 
des caractéristiques des personnes. 
Il est nécessaire d'évaluer l'impact, 
des horaires en tenant compte, d'une 
pari, du Iravail à laire comme de ses 
fluctuations et. d'autre part, des moda-
lités réelles de fonctionnement des 
opérateurs humains compte tenu de 
leurs caractéristiques individuelles; 

2° présenter et discuter les aménage-
ments sous forme d'options pour cha-
cun des critères pouvant faire l'objet 
de choix en ^ponçant quelques condi-
t ions à réunir pour que ces repères 
soient susceptibles d'être suivis par 
des actions transformatrices; 

3° recenser les principales consé-
quences du travail en équipes suc-
cessives, tant dans la vie de travail 
que dans la vie hors de l'établisse-
ment. à partir des diverses recherches 
qui ont été menées depuis une cin-
quantaine d 'années par de nombreux 
organismes dans la plupart des pays. 

1. ÉTAT DES LIEUX 

Cette première étape a pour objet 
d'identifier le (ou les) mode(s) d'orga-
nisation dans l 'unique objectif d'avoir 
un inventaire le plus exhaustif possi-
ble des caractéristiques de chacune 
des situations de Iravail dans l'entre-
prise. tant du point de vue du temps 
de travail et des tâches que du point 
de vue de la structure des équipes ou 
des caractéristiques du personnel. 

Il s'agit d 'un préalable indispensable. 
En effet, si les caractéristiques pro-
pres à chacun des services s'avèrent 
différentes, alors cela implique qu'une 
solut ion unique ne peut être envisa-
gée. 

Une telle é lude'de l'existant permet de 
cerner les points communs mais aus-
si les différences entre les services. 
Elfe permet en oulre de disposer 
d 'une base d'informations commune 
el objective. 

Celle-ci sera alors restituée aux diffé-
rents partenaires qui, dans la grande 
majorité des cas. ne connaissent pas 
avec exactitude la situation réelle de 
leur entreprise, voire de leur propre 
service. 

Au-delà de la « photographie » des 
lieux, celle première partie a aussi 
pour objet de comprendre pourquoi 
les lieux sonl en l'étal actuel. Ceci 
implique que la descript ion s'ac-
compagne nécessairement d 'une 
analyse des déterminants de la (ou 
des) siluation(s) rencontrée(s). c'est-
à-dire des objectils poursuivis lors de 
l 'adoplion de telle ou telle organisa-
tion temporelle. La descript ion doit 
également comporter des éléments 
sur les modalités d'élaboration de 
chaque solution retenue. Ainsi, le 
choix d'un système de rotation donné 
a répondu, à un moment donné, à un 
ou plusieurs objectifs el a pu être 
imposé (par qui?) ou négocié. 

Il s'agit, au-delà de l'anecdote, d'es-
quisser un guide méthodologique 
permettant de cerner les principales 
ca rac té r i s t iques d ' un t ravai l en 
équipes successives el de restituer la 
diversité, dans une entreprise donnée, 
des situations impliquant un recours 
au travail posté. 

Il convient enfin de connaître l 'opinion 
des personnes qui ont à supporter le 
travail poslé et. au-delà, de dresser le 
bilan des attitudes vis-à-vis des solu-
tions organisationnelles en place. 

S'agissant d'un premier repérage, les 
informations recueillies ne pourront 
donner qu'une image globale de la 
situation. Cet ensemble de repères 
permeltra cependant d'orienter les 
recueils el l'analyse ullérieurement. 

Les informations peuvent être regrou-
pées selon quatre axes principaux : 

a) les informations relatives à l'orga-
nisation temporelle du travail, c'est-à-
dire à l'organisation de l 'emploi du 
temps, service par service; 

b) les informations concernant l'orga-
nisation lemporel le des équipes, 
c'esl-à-dire le mode d'insertion des 
hommes dans l'emploi du lemps; 

c) l'évaluation du travail posté par les 
personnes concernées. Les altitudes 
et opinions des postés à l'égard des 
solutions existantes sont autant de 
repères qu'i l conviendra de prendrë 
en compte fors de la préparation de 
nouvelles modalités; 

d) les informations caractérisant le 
travail à réaliser, c'esl-à-dire non seu-
lement les tâches prévues mais aussi 
les activités réellement déployées sur 
les lieux du travail et notamment les 
éventuelles différences entre le travail 
de jour et le travail de nuit. 

Ce découpage en quatre domaines 
est arbitraire. Chacun n'acquiert toute 
sa signil icaiion qu'en le reliant avec 
les autres. Néanmoins, compte tenu 
des objectifs de cette phase, il se 
dégage une première vision des ca-
ractéristiques principales d'une situa-
tion de travail impliquant d 'occuper les 
postes à des heures inhabituelles. 
Dans la majorité des cas, il ne s'agil 
pas d'un simple catalogue, certes utile 
pour guider le recueil d' informations, 
mais bien d'un ensemble de repères 
pour faciliter la compréhension des 
facteurs qui structurent la d imension 
temporelle du travail. 

Ce recensement permet de dégager 
quelques problèmes que peut poser 
l'articulation entre la logique d'util isa-
tion des disposit i fs techniques dans 
un contexte organisationnel donné 
avec la (les) logique(s) de fonctionne-
ment des opérateurs humains. 

Enfin, il est important de respecter ici 
trois impératifs : 

a) recueillir les informations dans 
tous les services impliquant directe-
ment ou indirectement du travail 
posté, continu ou discont inu; 

b) comb iner p lus ieu rs m é t h o d e s 
d'obtention des données et notam-
ment prendre en compte le point de 
vue des personnes vivant dans ces 
situat ions, mais auss i rechercher 
dans les archives (CE, CHSCT...) les 
éléments susceptibles d'éclairer la 
situation présente à partir de son 
histoire; 

c) restituer l ' information recueillie au-
près de tous les acteurs et confronter 
les réactions pour arriver progressive-
ment à un bilan aussi exact que 
possible. 

1.1. Organisat ion tempore l le 

1.1.1. Organisation temporelle des 
services 

Pour chaque service, l 'organisation 
lemporelle du travail peut être saisie 
à partir de deux indicateurs : la durée 
du travail et les horaires de travail. 
Quel que soit le mode d'organisation, 
continu, semi-continu ou discont inu, 
l'objectif d 'un service est d'assurer 



une production ou une prestation 
dans les meilleures conditions possi-
bles. Au cours de la période de 
fonctionnement des dispositifs, le ser-
vice doit donc assurer ses fonctions 
dans des conditions de sécurité, de 
fiabilité el de production optimales. 

Les opérateurs humains devront alors 
maintenir ces conditions, en dépit 
d'événements plus ou moins aléa-
toires. Le travail sera déterminé, en ce 
qui concerne le temps, d'un double 
poini de vue : 

- il se déroule sur la base d'une 
durée fixée, 

- les conditions d'utilisation du temps 
sont définies par diverses caractéristi-
ques organisationnelles. 

Ainsi, les 39 heures hebdomadaires 
actuelles peuvent être effectuées uni-
quement de jour, avec ou sans inter-
ruption entre 12 et 14 heures, ou bien 
en 2 x 8 ou encore en continu. Des 
pauses peuvent intervenir, ou non. 
pendant le travail... En ce qui concerne 
le travail en équipes successives, la 
réalité se révèle souvent bien 
complexe car les notions de jour, de 
semaine... ne signifient pas toujours ta 
même chose. De même, il est parfois 
difficile d'identifier ce que la notion de 
durée du travail recouvre. 

1.1 JL Organisation temporelle des 
équipes 

Pour une durée hebdomadaire de 
travail (moyenne) déferminée et des 
conditions temporelles définies, l'or-
ganisation temporelle des équipes va 
imposer les modalités d'insertion des 
travailleurs dans l'emploi du temps. 
Nous examinerons successivement 
les différentes options mises en œu-
vre puis les caractéristiques des per-
sonnes impliquées. 

Deux options de base vont déterminer 
la situation du personnel. La première 
concerne le mode d'occupation des 
factions. La seconde a trait au choix 
des systèmes de roulement (ou tour-
nantes ou cycles de rotation). Par 
ailleurs, diverses dispositions, sou-
vent négligées dans l'approche du 
iravail posté, vont faciliter ou au 
contraire aggraver les conditions de 
travail et de vie des travailleurs en 
équipes. 

a) Mode d'occupation des tactions 

Une équipe peut soit occuper en 
permanence une même plage horaire 
(équipe fixe), soit, au contraire, être 

affectée successivement aux dillè-
rentes laciions (équipe alternante). 

b) Les notioo&xde rotation, roulement 
ou tournante, se réfèrent « à la suc-
cession des diverses phases de tra-
vail de nuit, de matin, d'après-midi et 
de repos dans lè cadre d'un travail 
posté » (FUC - CFDT - Sommeil à 
vendre? 1982). 

Par exemple, les trois grands types de 
rotation régulière (tableau I) ont été 
observés dans 1'enlreprise étudiée : 

- des rotations tenles, puisque, dans 
ce cas, les postés restent 7 jours dans 
la même laclion © . 

- des rotations peu rapides puis-
qu'elles font rester le posté 4 jours ® 
dans la même faction; 

- des rotations très rapides puis-
qu'elles ne font rester le posté que 
1 jour dans la même faction du matin, 
d'après-midi ou de nuit 

© 

© 

© 

© 

Par ailleurs, des rotations plus 
complexes, dites irrègulières. se ren-
contrent également dans l'entreprise 
étudiée © . 

En résumé, l'organisation lemporelle 
du travail répartit les travailleurs à 
l'intérieur de l'enveloppe préalable-
ment définie. Elle fixe le mode d'inser-
tion de chaque individu dans ce ca-
dre. détermine les obligations de ser-
vice el délimite la gestion personnelle 
du temps par les travailleurs postés. 
Il va de soi qu'aucune de ces disposi-
tions n'est indépendante des autres : 
l'emploi du temps nécessite pour être 
mis en œuvre une organisation tem-
porelle des équipes et celle-ci ne 
s'établit qu'à l'intérieur d'une enve-
loppe de temps donnée. Si certains 
paramètres comme la durée du travail 
sonl imposés de l'extérieur, d'autres 
font l'objet de choix et de négocia-
tions. A ce niveau, de très importantes 
marges de manœuvre existent. 

Heures Ourée 
de début des 
et de fin factions 

04 h 30-12 h 30 08 h 00 M 
12 h 30-20 h 30 OShOOA 
20 h 30-04 h 30 08 h 00 N 

08 h 00-16 h 00 08 h 00 HA 

18 h 30-06 h 30 

06 h 30 -18 h 30 

12 h 00 N 

12 h 00 J 

07 h 30-12 h 30 
12 h 30-20 h 30 
20 h 30-07 h 30 

05 h 00 M 
08 h 00 A 
11 hOON 

07 h 00-14 h 15 
14 h 00-22 h 15 
22 h 00-07 h 15 
08 h 00 -16 h 30 

07 h 15 M 
08 h 15 A 
09 h 15 N 
08 h 30 HA 

TABLEAU I 
Quelques e x e m p l e s d e roulement 

pour d e s services fonctionnant e n continu d a n s l'entreprise étudiée 

MMMMMMM 
AAAAAAA 

NNNNNNN 
RR RRR 

HAHAHA 
RRRRR 

(sur 
5 

sem.) 

NNNN NNNN 
RRRR RRRR RR RR 

JJJJ HA 

M M M M M M M 
A A A A A A A 
N N N N N N N 

RR RR RR RR RR RR RR 

1" semaine. 35 h M R R R N N N 
2e semaine. 45 h R A A N R R R 
3e semaine. 36 h N N N R A R R 
4* semaine. 42 h 30 HA HA HA HA HA R- R 
5e semaine, 43 h 30 R ou HA M M A R A A 
6e semaine. 37 h 15 A R R M M M M 

A : après-midi: HA : journée horaire « administratif »: J : journée (horaire non « administratif •): 
M : matin: N : nuit: R : repos. 



TABLEAU II 

Fiche sur les caractéristiques d u personnel posté : 
informations devant être recherchées 

t. Age. 
2. Sexe. 
3. Nombre d'années passées en tra-

vail conlinu, semi-continu. à la jour-
née. 

4. Dale d'embauché. 
5. Anciennelé dans le service el au 

poste de travail occupé actuelle-
ment. 

6. Principaux services fréquentés au-
paravant (nombre d'années). 

7. Formation initiale. 
8. Formation acquise en cours d'em-

ploi (el temps nécessaire). 
9. Qualification estimée, reconnue, 

mise en œuvre. 
tO. Y a-l-if eu dépôt de demande de 

mulalion? Si oui : quand, pour 

quelles raisons., quelle est la ré-
ponse donnée...? 

î 1. Le conlrat d'embauche comport ait -
il une clause concernant l'accepta-
tion. en cas de besoin, de Iravaitler 
en continu? 

12. En cas de promotion, le nouveau 
poste implique-l-il un iravail posté? 

13. Situation familiale (âge des en-
fants). , 

14. Distance (et temps) pour se rendre 
du domicile à l'entreprise. 

15. Type de logement (maison indivi-
duelle. collectif...). 

16. Y a-l-il une chambre insonorisée 
ou. lout au moins, calme? 

17. Problèmes de santé. 

1.2. Personnes concernées par le 
travail posté 

1JZ.1. Caractéristiques du personnel 

La délini l ion d 'un emploi du temps el 
l ' insertion des équipes dans cet orga-
nigramme concernent des individus 
précis et r ion des - travailleurs ». 
terme vague recouvrant une réalité 
hétérogène. Le poids du travail, et 
notamment du travail poslé. ne sera 
pas ressenti de manière identique 
d 'un travailleur à l'autre et les consé-
quences en seront différentes. L'âge, 
la pratique des 3 x 8 depuis de nom-
breuses années, en particulier, jouent 
un rôle important dans la tolérance au 
travail posté. 

De m ê m e , la c o m p o s i t i o n des 
équipes dépend pour partie dë l'expé-
rience professionnelle de chacun de 
ses membres. Enfin, pour prendre un 
dernier exemple, la qualification atten-
due peut conduire à prévoir dans 
l 'emploi du temps des possibil i tés de 
formation (continue ou complémen-
taire). 

Les quelques cas évoqués ci-dessus 
conduisent donc à décrire, aussi pré-
cisément que possible, les caractéris-
t iques du personnel travaillant dans 
un contexte temporel déterminé (ta-
bleau II). 

Remarque 

Dans notre étude, les données 
recueill ies montrent une hétérogé-
néité des caractéristiques de l'âge 
dans un même service et dans 
l'entreprise. Ainsi, dans un service 
donné, les travailleurs postés les 
plus jeunes avaient 26 ans et les 
plus âgés 56 ans. 

Ï-2L2. Opinions du personnel sur 
l'organisation du travail posté 

Il ne saurait être question de repro-
duire id . ni même d'aborder, tous les 
thèmes évoqués par les travailleurs 
postés, mais aussi l 'encadrement ou 
les chefs de service. A litre d'exemple 
nous reprendrons c i -dessous quel-
ques thèmes rencontrés. 

Si l 'on se réfère aux déclarations les 
plus fréquentes des opérateurs de 
l'entreprise étudiée, on retrouve avan-
tages el inconvénients. 

• Les avantages déclarés apportés 
par certaines tournantes portent sur : 

- les heures d'embauche qui se rap-
prochent le plus des horaires fami-
tiaux. 
- les possibi l i tés de conserver les 
heures habituelles de repas. 
- des périodes de repos assez lon-
gues. 
- le fait d'avoir choisi les horaires. 
- les facilités de circulation. 

Sur un plan plus générai, les avan-
tages de ce type d'horaires sont : 
- une certaine liberté, 
- des avantages financiers. 

• Les inconvénients signalés le plus 
souvent sont : 

- te nombre insuffisant de week-
ends, 
- te nombre de nuits consécutives. 
- l'alternance qui est pour certains 
plus perturbante que la régularité des 
postes. 
- le recyclage lors de la réadaptation 
aux horaires postés après vacances, 
week-ends, travail en horaire adminis-
tratif. 
- la sensation d'un temps « haché ». 
- les difficultés pour la vie familiale, 
pour avoir des loisirs réguliers. 
- les problèmes de formation. 

- la marginalisation : « on est un peu 
à part ». 
- la difficulté de faire le travail compte 
tenu des effectifs. 

Certains craignent que l'âge affai-
blisse leurs facultés de récupération. 
Pour d'autres, l 'âge ne semble pas 
poser de problème particulier. Ils sont 
conscients d'une sélection de fait : 
« c'est ceux qui supportent qui res-
tent ». 

Enfin, pour la plupart, le travail se lon 
ce type d'horaires doit pouvoir n'être 
qu'une étape dans la vie profession-
nelle. à la fois pour des raisons de 
santé et de vie personnelle. 

Par delà l'inventaire de points parti-
culiers. l'accent a été mis sur des 
aspects primordiaux pour les opéra-
leurs. Ainsi, a été clairement exprimée 
la nécessité : 

• d'associer le personnel à l'élabora-
tion des choix : 

- « le tour le meilleur sera toujours 
celui qu 'on aura élaboré »; 
- « si le changement est impératif, 
que ce soit nous qui l 'amenions »; 
- il faut « réfléchir ensemble aux mo-
difications ». 

• de tenir compte de chacune des 
situations de travail : 

« Le système (horaire) doit être adapté 
à la condi t ion opérationnelle du ser-
vice ». Cette remarque esl de toute 
première importance car elle indique 
aussi, en raison d 'un travail différent 



d'un service à l'autre, qu'il serait dan-
gereux de vouloir imposer le même 
type d'organisation des horaires. 

• de pouvoir évaluer les solutions 
retenues : 

- « le tour le meilleur sera toujours, 
celui qu'on peul modilier 
- le système de rotation convient à 
ceux qui y sont soumis parce que ce 
tour « a été élaboré par les postés.... 
les anciens l'ont rodé ». 

Apparaît donc l'idée que, quelle que 
soit la solution, il laudra l'expérimenter 
pour l'évaluer : cela signilie qu'il faut 
avoir ta possibilité de faire évoluer les 
choix puisqu'au cours des années les 
évaluations peuvent changer. 

1.3. L e travail à réaliser en horaires 

p o s t é s : activités et conditions 

d'exercice 

Les descriptions précédentes, rela-
tives à l'organisation du cadre tempo-
rel et à l'insertion du personnel dans 
ce cadre, doivent être complétées par 
un examen des caractéristiques du 
travail à réaliser. En effet, les effets du 
travail, pour des opérateurs donnés, 
sont étroitement dépendants des exi-
gences du travail et de la nature des 
activités mises en œuvre. Ces acti-
vités résultent des conditions exter-
nes de réalisation du travail (nature 
des tâches, moyens matériels...), des 
conditions d'exécution (cadre tempo-
rel, espace de travail, ambiances. 
physiques, contraintes de temps 
et/ou de précision, quantité et qualité 
de ta production...) et enfin des condi-
tions internes, propres aux opéra-
teurs. que celles-ci soient d'ordre 
biologique (âge, état de santé...), 
psychologique ou socioprofession-
nel. 

On peut définir des options au plan de 
l'emploi du temps : choix du mode de 
travail (discontinu, semi-continu, 
continu), du nombre de tactions, des 
modalités d'occupation de ces fac-
tions (fixes, alternantes), de leur du-
rée. de leur localisation ou de leur 
succession. Mais, comment analyser 
chacune de ces options sans connaî-
tre le travail qui se déroule dans ce 
contexte, sans avoir étudié l'activité 
réelle de ceux qui travaillent dans ce 
contexte? 

L'objet ici .est donc d'inviter ceux qui 
ont à structurer l'enveloppe tempo-
relle du travail, à réfléchir, avant toute 
décision, sur la manière dont le travail 
est réalisé concrètement et sur les 
conditions réelles d'une activité impli-
quant. d'être actif de nuit. 

Cette étape vise à apporter, non des 
réponses précises, mais au moins 
des éléments de réflexion pour que 
ceux qui auront à élaborer, négocier, 
mettre-en œuvre ces choix, le fassent 
à partir de cette réllexion préalable. 

Celle-ci s'articule autour de trois ni-
veaux indissolublement liés. 

a) Il s'agit, tout d'abord, du Iravail 
demandé (qui diffère d'un service à 
l'autre), des tâches el des moyens 
techniques utilisés ainsi que de l'orga-
nisation du travail et de son environ-
nement physique. 

b) Le travail à faire est en général 
défini par les responsables en termes 
d'objectifs à atteindre, de tâches à 
remplir, éventuellement de procé-
dures. d'algorithmes à suivre. Mais, 
pour l'opérateur, la question est de 
savoir comment il va pouvoir remplir 
ces objectifs : quelles sont les infor-
mations dont il a besoin? Quelle 
décision doil-il prendre? Quels 
modes opératoires va-t-il employer? 
Quel contrôle du résultat de son 
activité va-t-il rechercher? 

Il s'agit donc de connaître les activités 
réellement effectuées pour exécuter 
le travail par les opérateurs et non 
celles qui sont prescrites par les 
consignes et plans de travail. De 
nombreux travaux ont montré, en effet, 
des différences notables entre ces 
deux facettes et qu'en général, il 
existait une grande méconnaissance, 
entre autres, des difficultés réelles de 
la tâche pour l'opérateur. L'évaluation 
de ce qu'il est convenu d'appeler la 
« charge de travail » (c'esl-à-dire le 
coût pour l'opérateur de la mise en 
œuvre des fonctions nécessaires à 
l'exécution de la tâche) ne peut se 
faire valablement à partir de la défini-
lion théorique des tâches, mais seule-
ment à partir de la façon dont eltes 
sont réalisées : procédures opéra-
toires utilisées, processus mentaux 
sous-jacents dont on sait qu'ils varient 
d'un opérateur à l'autre mais aussi 
chez un même opérateur. 

Mettre l'accent sur cette connaissance 
est important surtout dans une phase 
d'évotution telle que la connaissent à 
l'heure actuelle bon nombre d'établis-
sements. Les transformations à la fois 
techniques (nouvelles lonctions -
nouveaux matériels) el organisation-
nelles entraînent des modilicalions 
des tâches habituelles. Celles-ci ne 
sont pas faciles à percevoir et néces-
sitent la mise en œuvre d'outils d'ana-
lyse qui restent à élaborer et à mettre 
à la disposition des intéressés eux-
mêmes. 

Ces caractéristiques des tâches dé-
terminent les activités physiques, per-
ceptives, mentales par lesquelles les 
opérateurs réalisent le travail, en (onc-
tion de leur propre étal. 

Ces trois classes d'activité ne sont 
pas indépendantes les unes des au-
tres, elles fonctionnent en interaction 
(l'activité physique retentit sur l'activité 
mentale), mais elles lonctionnent éga-
lement en dépendance (l'activité men-
tale organise el commande l'activité 
physique et perceptive). Aussi, il im-
porte de ne pas perdre de vue. dans 
toute analyse, les liens entre ces 
différentes composantes. Or, pour 
l'observateur extérieur, seul le geste 
est visible (mouvement, parole, etc.). 
c'est-à-dire le résultat de l'activité 
mentale préalable qui a été néces-
saire pour aboutir à l'action mais qui, 
elle, est non perceptible, donc mé-
connue la plupart du temps. Ceci 
conduit à des préjugés tenaces dans 
l'appréciation de la charge de travail : 
par exemple il est courant d'entendre 
dire que dans les tâches de contrôle 
et de surveillance où (sauf en cas 
d'incident - on reviendra sur celte 
notion) il ne se passe rien, tant que 
l'opérateur n'a rien à faire, « il ne fait 
rien ». 

Cette conviction est d'autant plus forte 
qu'avec les progrès de l'informatisa-
tion. la plupart des procédures sont 
automatisées et le travail de l'opéra-
teur semble négligeable sinon inutile. 

Une telle méconnaissance amène 
parfois à confier des travaux annexes 
à l'opérateur qui eflectue le contrôle 
de qualité des produits dans l'indus-
trie. par exemple. Celui-ci se trouve 
alors en conflit permanent de priorité 
entre les différentes tâches. Celte 
situation comporte des risques à la _ 
fois pour le travail (erreurs, oublis) et 
pour l'état mental de l'opérateur (situa-
tion anxiogène). 

Enfin, le travail demandé s'effectue 
dans des conditions particulières de 
réalisation. Ces conditions influent sur 
les exigences du travail et sur l'état 
des opérateurs : mode d'organisation 
particulier et conditions matérielles 
spécifiques. 

Les liens entre activité des opérateurs 
et horaires de travail révèlent donc 
des relations complexes que le 
contexte de travail semble moduler. 

c) Il s'agit, enfin, des effets de cette 
activité sur tes opérateurs, effets dont 
la variabilité dépend à la fois des 
caractéristiques de chacun et des 
tâches à réaliser. 



1.4. L'état d e s lieux : un préalable 
enrichissant 

Au cours de la première partie ont été 
explorés divers domaines concernant, 
d'une part, l'organisation temporelle 
du Iravail et des équipes, d'autre part 
les aspecis relatifs aux travailleurs 
posiés (caractéristiques du personnel 
concerné, opinions et altitudes vis-à-
vis des modalités organïsationnelles 
existantes), enfin les caractéristiques 
des lâches el des activités de travail. 

Cette première étape visait à caracté-
riser « l'état des lieux - tant d'un point 
de vue technique et organisa lionne/ 
que d'un point de vue humain. Un tel 
repérage conduit : a) à répertorier les 
critères pertinents du point de vue de 
la description de la situation de travail: 
b) à identifier les liens qui unissent 
ces critères et qui tissent la trame du 
contexte temporel du travail des 
postés; c) enfin, à dégager les grands 
thèmes de réflexion sur lesquels il 
conviendra maintenant d'insister. 

Cette première approche se révèle 
très fructueuse car elle permet : a) de 
constituer un ensemble de connais-
sances communes servant de base 
de référence lors de l'élaboration des 
recommandations; b) de mieux saisir 
la réalité et l'étendue des problèmes 
ayant conduit à la formulation d'une 
demande d'intervention; c) de déga-
ger les pistes prioritaires pour l'ana-
lyse ultérieure; d) de dessiner déjà les 
grandes orientations pour la mise en 
œuvre des transformations souhai-
tées. Dans bien des cas, cette - mise 
à plat » de la situation conduira, d'une 
part, à préciser la demande et, d'autre 
part, à clarifier les objectifs et les 
moyens à développer pour les attein-
dre. Par là. ce premier repérage 
oriente la méthodologie des étapes, 
suivantes. Dans l'étude de cas sous-
jacente ici. il apparaît une diversité 
des situations de iravail tant sous 
l'angle de l'organisation du travail que 
sous celui des lâches ou encore des 
caractéristiques du personnel. Cette 
diversité, au-delà de son caractère 
anecdotique. révèle que l'organisation 
du travail posté n'est ni rigide ni 
totalement contrainte. Des choix exis-
tent qu'il conviendra d'examiner plus 
attentivement. Mais, cette diversité té-
moigne aussi du fait qu'il n'existe pas 
une seule solution et qu'aucune des 
solutions n'est * totalement satisfai-
sante : il s'agit toujours de compromis 
reposant sur la recherche, souvent 
implicite, d'un équilibre, plus ou moins 
atteint, enlre aspects positifs et as-
pects négatifs. 

Il y a (au moins) 5 domaines (lig. 1) 
concernés par les horaires; ils ont 
chacun des exigences qui peuvent se 

Fig. 1. Domaines concernés par les 
horaires. 

2.1. Objectif 

La dernière phase de la démarche a 
pour objet d'éclairer les choix en 
proposant, pour chacun des para-
mètres pouvant laire l'objet d'aména-
gements. des options. L'idée d'option 
traduit le fait qu'il n'y a pas de solution 
unique mais bien des alternatives. Le 
choix de lelle ou telle option appar-
tient aux acteurs concernés. 

Les options présentées devraient 
permettre à chacun de se situer 
par rapporl aux connaissances et 
aux pratiques existantes et par là 
d'envisager les transformations en 
connaissance de cause. 

L'ensemble de ces indications consti-
tue ce que nous appellerons repères. 

Z Z Principes sous-jacents à l'éla-
boration des repères 

Les, repères reposent sur un ajuste-
ment au contexte scientifique et tech-
nique mais aussi au contexte social. 
Ils sont élaborés compte tenu de l'état 
des connaissances à un moment 
donné el de l'évolution des techni-
ques. L'èvoiution probable de chacun 
de ces champs impose de considérer 
ces repères comme relatifs et suscep-
tibles de transformations. De même, la 
nature du contexte social peut agir sur 
les stratégies d'acceptation ou de 
contestation du travail en équipes 
successives. Des modifications dans 
ces stratégies risquent, si ce n'est de 
rendre obsolètes ces repères, tout au 
moins d'en accentuer certains as-
pects et d'en diminuer d'autres. Les 
repères présentés portent donc les 
limites des connaissances acquises 
et de l'usage social qui les rend 
possibles, voire nécessaires. Ils ont 
été élaborés sur la base de quelques 
principes relatifs à l'organisation tem-
porelle du travail (OTT) présentés 
ci-dessous. 

U n'y a pas de déterminisme absolu 
de la technologie sur l'OTT 

De manière générale, on peut dire que 
l'extension du travail en équipes suc-
cessives relève d'une augmentation 
des durées d'utilisation des matériels. 
A même technologie correspondent 
des modes d'OTT différents. La tech-
nologie dans son état actuel peut 
influencer le mode d'OTT non les 
modalités pratiques. 

Ces choix concernent essentiellement 
3 domaines : 

révéler contradictoires entre elles; il 
laul donc choisir un compromis « en 
connaissance de cause » à partir de 
deux catégories de données (terrain, 
scientifiques), dans les différents do-
maines concernés; il faut enfin ras-
sembler toutes les connaissances 
pertinentes en les structurant. 

2. LA R E C H E R C H E 

DES A M E N A G E M E N T S 

// n'existe pas de solution unique 
d'OTT acceptable par ceux qui y 
sont soumis 

S'agissant d'OTT impliquant d'être ac-
tif la nuit, ce principe est de toute 
première importance : il indique qu'il 
n'y a pas de bonne solution pour 
organiser le travail posté. Dans le 
meilleur des cas, le caractère anormal 
du travail de nuit se traduira par une 
« transformation »» des personnes 
considérées comme bien « adap-
tées ». 

L'OTT tait l'objet de choix 



- l'organisation de l'enveloppe tem-
porelle (durée el horaires), donc l'em-
ploi du lemps; 
- les modalités d'allectation des opé-
rateurs humains dans cet emploi du 
temps; 
- la conception du fonctionnement 
des installations el du travail à faire. 

H n'y a pas de domaine séparé mais 
interaction entre domaines 

Il est impossible de définir une option 
dans un domaine particulier sans en 
envisager les conséquences sur les 
divers paramètres des autres do-
maines. 

L'OTTpeut renfermer des contradic-
tions 

Toute mesure est susceptible de se 
révéler positive d'un certain point de 
vue mais négative par ailleurs. Il 
conviendra-donc d'évaluer conjointe-
ment les avantages et les inconvé-
nients. 

L'OTT se traduit par des compromis 
à négocier et évaluer 

Ces compromis doivent être élaborés, 
négociés, mis en œuvre, évalués avec 
ceux qui auront à vivre dans le 
contexte de travail ainsi défini. Les 
repères présentés n'ont d'autre objec-
tif que d'aider les acteurs concernés 
à élaborer ces compromis : ils sont 
donc préparatoires à la mise en œu-
vre des compromis. Ifs doivent aussi 
permettre, ultérieurement, d'évaluer 
les conséquences des choix effec-
tués. 

L'ensemble des compromis consti-
tue des indications provisoires 

.Ils devront faire l'objet d'une évalua-
tion de leurs résultats ou de leurs 
difficultés d'utilisation. Leur révision 
s'ajustera aussi en fonction de l'évolu-
tion des connaissances et des prati-
ques sociales concernant l'organisa-
tion temporelle du Iravail. 

2.3. Domaines des solutions 

Trois principaux domaines ont donc 
été explorés -: 

- les aménagements se rapportant à 
l'organisation temporelle du travail et 
des équipes; 
- les aménagements se rapportant 
aux personnes; 

- les aménagements se rapportant au 
travail et à ses conditions d'exécution. 

Ces repères sonl présentés sous 
forme de fiches pour en faciliter 
l'usage. Celles-ci sont ' c o n ç u e s 
comme un outil de travail permettant 
aux acteurs concernés d'élaborer des 
choix. ' 

Les repères sont abordés à la fois du 
point de vue de leur objet, des alterna-
tives qui peuvent être associées, et du 
point de vue de leurs implications 
pour les opérateurs humains. Ces 
implications sont envisagées sous 
l'angle des avantages et inconvé-
nients qu'elles suscitent. Enfin, cha-
que repère est associé aux principaux 
autres repères susceptibles de l'in-
fluencer. 

Un let usage des fiches suppose 
néanmoins qu'un ensemble de condi-
tions soient remplies pour que la 
recherche des aménagements soit 
suivie d'actions concrètes transfor-
mant positivement les conditions de 
vie et de travail du personnel posté. 

2.4. Mode d'utilisation des repères : 
la démarche 

Il va de soi que la notion même de 
repère implique de ne pas utiliser de 
solutions préétablies : il appartient 
aux acteurs sociaux de préciser leurs 
priorités en fonction de leurs propres 
stratégies et d'y associer les moyens 
nécessaires. Il ne s'agit donc pas de 
recettes toutes faites qu'il suffirait 
d'appliquer. 

Il ne s'agit pas non plus d'un simple 
catalogue de critères dont la seule 
juxtaposition permettrait de les rendre 
cohérents. Les repères énoncés nous 
semblent devoir être insérés dans une 
démarche d'ensemble qui fait donc 
aussi l'objet de quelques repères 
sans lesquels l'utilisation des informa-
tions présentées risquerait de contre-
dire les objectifs définis ci-dessus (cf. 
conclusion § A). 

Il n'est pas possible de présenter 
l'ensemble des fiches dans le cadre 
de cet article. Aussi nous en donnons 
la liste (2.5.) (5) qui elle-même peut 

(*) Nous conservons ici la numérotation 
de l'ouvrage de référence, pour lacililer la 
recherche d'informations de ceux qui vou-
draient s'y rapporter, bien qu'elle ne cor-
responde pas tout à fait à la présentation 
exposée ici. 

être enrichie él deux exemples illus-
trants se rapportant le premier (2.6.A) 
à l'organisation temporelle des ho-
raires. el en particulier « les heures de 
début <etrde fin de posie ». le second 
(2.6.B) à l'organisation lemporelle des 
équipes et en particulier « les effectifs 
par équipe ». 

2JS. Liste des thèmes abordés 

A. Aménagements se rapportant 
aux horaires de travail 

A1 : mode de travail. 
A2 : postes ou (actions (nombre et 
durée). 
A3 : recouvrement de postes. 
A4 : pauses. 
A5 : repas. 
A6 ; heures de début et de fin de 
poste. 

B. Aménagements se rapportant 
aux équipes et aux personnes 

En ce qui concerne les équipes : 

B1 : le mode d'occupation des (ac-
tions : fixe ou alternant. 

8 2 : le système de rotation : très ra-
pide, rapide ou lent. 
B3 : l'intervalle entre deux factions 
occupées par une équipe. 
B4 : enfin, la localisation des équipes 
sur les factions. 

Alors devront être envisagées les 
caractéristiques de l'équipe : 
B5 : nombre d'équipes : faul-il se li-
miter à 5 équipes? 
B6 : effectifs par équipe : combien de 
personnes par équipe? 

En ce qui concerne les personnes : 

B7 : tes repos consécutifs à plusieurs 
(actions et ceux de fin de cycle. 
B8 : les modalités de remplacement 
pour (aire face à une absence. 
B9 : la polycompétence et la mobilité 
au sein de l'équipe. 
B10 : la formation : peut-on suivre 
une formation quand on est poslé? 
811 : le reclassement : comment ré-
insérer ceux qui ne peuvent plus 
travailler en horaire continu? 
612 : la prolongation des (actions : 
comment assouplir les contraintes de 
présence? 
B13 : les trajets : peut-on limiler les 
risques liés aux trajets? 
B14 : les congés : peut-on prendre 
ses congés lorsqu'on le souhaile, 
quand on est posté? 



8 1 5 : pa r j i c i pa l i on à ta v ie d e l 'entre-
p r i se : les p o s t é s ne sont- i ls pas 
marg ina l i sés , vo i re exc lus d e la vie 
soc ia le et cu l ture l le de l 'ent repr ise? 

8 1 6 : la retraite : peu t -on prévoir d e s 
m o d a l i t é s d e d im inu t ion p rogress ive 
d e l 'acl iv i té à partir d ' un âge à définir, 
q u a n d o n a é té travail leur pos té? 

2.6. E x e m p l e s d e f i ches « r e p è r e s » 

* C. Aménagements se rapportant au 
travail et è ses conditions d'exé-
cution 

C l : les hora i res ne p e u v e n t ' être 
aménagés qu 'en référence au travail 
réel qu i se dérou le d a n s ce contexte 
temporel . 

C2 : le travail doi t être c o n ç u et orga-
nisé en fonct ion de son caractère 
cont inu. 

C3 : le travail et s e s hora i res do i ven t 
être a m é n a g é s e n tenant c o m p t e d e s 
cond i t i ons par t icu l iè res d 'env i ronne-
ment la nuit (brui t , tox iques , t empéra -
ture. etc.). 

C4 : le travail et s e s hora i res do iven t 
être a m é n a g é s e n fonc t ion des- per -
sonnes qu i auront à d é v e l o p p e r leurs 
act ivi tés. 

A. AMENAGEMENT DES HORAIRES 

Thème A6 - Heures de début et fin de poste 

1. OBJET 

Elles délimitent : 

- d'une pan l'heure à laquelle tes équipes se succèdent. 
- d'autre part le début et la lin du travail el le début el la fin 
de la vie hors de l'entreprise. 

Remarques 

Le choix du début et de la lin d'un poste a des incidences : 

- sur le sommeil. 
- sur le moment et le lieu de la prise des repas. 
- sur le transport (moment du trajet pour se rendre au travail 
ou en sortir). 
- mais aussi sur la fiabilité humaine. 

2. OPTIONS 

- 3 types de situations se présentent pour la lin de poste 
et le début du posie suivant,dans l'entreprise étudiée : 

Exempte 1-
3 h - 11 h • 19 h 

Exemple 2 
4 h • 12 h • 20 h 

Exemple 3 
6 h • 14 h - 22 h 

- Prise des repas à.domicile el conservation de durées de 
sommeil quasi normales sonl des exigences difficilement 
conciliables pour des durées égales de chaque poste. 

- Même en travail posté, l'aménagement d 'horaire variable 
pour tout ou partie de l'équipe est possible.. 

3. ANALYSE DES OPTIONS 

Exemple t : 3 h - 11 h - 19 h 

a) Inconvénients 

• Perturbation du sommeil au posie de 
nuit (19 h - 3 h) el au poste du matin 
(3 h - 11 h). 
• Repas pris sur le lieu de travail au 
poste d'AM et parfois au poste de N. 
• Matinée de repos précédant le poste 
d 'AM raccourcie. 
• Temps de transport peut être plus 
long après le poste d'AM. 
• Transport collectif public peu proba-
ble la nuit 

i 

b) Avantages 
m Soirée après poste d'AM intacte. 

Exemple 2 : 4 h - 12 h - 20 h 

• Perturbation du sommeil au poste de 
nuit (20 h - 4 h ) el au poste du matin 
(4 h - 12 h) 

• Moindre décalage des heures de re-
pas à domicile avant ou après les postes 
de M et d'AM. 
« Soirée presque normale après poste 
d'AM. 

Exemple 3 :.6 h - 14 h - 22 h 

• Forte perturbation du sommeil au 
poste de nuit: moindre perturbation au 
poste du matin. 
• Repas pris sur le lieu de travail pour 
les postes du M et d'AM. 
• Soirée supprimée après le poste 
d'AM. 

• Longue matinée libre avant poste 
d'AM 

• Transport public envisageable. 

La durée inégale des postes peul permettre d'obtenir dans les 3 exemples une plus grande souplesse pour la prise des repas 
à domicile el pour minimiser les perturbations (au poste du malin) du sommeil. 

4. AUTRES.'THÈMES A CONSULTER 

- Mode de 'travail. 
- Nombre et durée des factions. 
- Pauses. 
- Mode d'occupation des factions. 
- Système de rotation (normal-inversé). 

- Localisation des équipes: 
- Effectifs par équipe. 
- Polycompéience. 
- Prolongation des factions. 



B. AMÉNAGEMENTS SE RAPPORTANT AUX ÉQUIPES 

Thème 86 - Les effectif s p a r équipe 

1. OBJET 2. OPTIONS 

Il s'agit, en lait de deux problèmes : Trois types de situation mériteraient un examen approfondi : 

- du nombre de posies de travail au sein de l'équipe. 
- et du nombre de personnes atleclèes à ces posies de 
travail. 

En théorie, pour 2 posies par équipe, il laut 2 personnes, soil 
| 10 au total dans le cas de 5 équipes. 

Remarques 

Il n'est pas possible de fixer a priori le nombre de posies de 
iravail que doil comporter chacune des équipes, toulelois : 

a) le calcul des effectifs doit se faire en connaissant très 
précisément /a nature du travail réel: celui-ci n'est pas la 
moyenne de situations stables et de situations perturbées 
(avec incidents). L'irrégularité des exigences du iravail impose 
d'analyser ce que cela implique pour l'activité des opérateurs; 

a) cas où le nombre de personnes el de postes de Iravail 
sonl identiques d'une équipe à l'autre; | 

b) cas où les effectifs sonl réduils au cours de certaines 
tactions, notamment la nuit; 

c) cas où une mobilité de la répartition des effectifs par 
équipe est introduite. 

Exemple 1 
Une équipe est renforcée de façon occasionnelle lors d'un 
démarrage ou d'une étape complexe, ou bien pour lormer 
des collègues; 

Exemple 2 
Une faction est renforcée, celle de nuil. alors que la faction 
d'après-midi esl réduite. 

fr) la fiabilité du système dépend des conditions permettant 
aux opérateurs de développer une réponse appropriée; 

c) les effectifs doivent tenir compte du fait que tout salarié 
dispose de congés, de possibilités de lormation ou d'activité 
syndicale, qu'il peut être absent pour maladie ou autre 
(convenance personnelle, etc.). 

-

3. ANALYSE DES OPTIONS 

Avantages Inconvénients 

a) Effectifs constants 
- Stabilité des équipes. 

a) Effectifs constants 
- Rigidité lace à des perturbations. 
- Difficultés de distribution mobile du travail. 

b) Effectifs rédoits la nuil 
- Moins de personnes faisant les posies. 

b) Effectifs réduits la nuit 
- Dans ce cas, réduction de la capacité d'intervention de 
l'équipe, alors que des perturbations peuvent tout autant 
apparaître au cours des 3 tactions et que, la nuit, les 
opérateurs ont une capacité fonctionnelle rèduile. 
- Problèmes de la solitude de nuit! 

c) Répartition mobile des effectifs (exemple 2) 
- Possibilité de s'adapter aux aléas. 
- Possibilité de diminuer le coût du travail posté pour ceux 
qui le subissent (transfert-report du travail au sein de 
l'équipe). 

c) Répartition mobile des effectifs 
- Plus de personnes sollicitées pour un travail de nuit. 

4. AUTRES THÈMES A CONSULTER 

- Pauses. 
- Heures de début et de lin des factions. 
- Localisation des équipes sur tes tactions. 

- Polycompétence. 
- Formation. 
- Reclassement des travailleurs postés. 



3. L ' INDISPENSABLE APPORT 

D E S CONNA ISSANCES POUR 

EFFECTUER LES CHOIX 

Nous venons de voir que l 'aménage-
ment du travail poslé implique de 
retenir des opt ions, parfois contradic-
toires. et de rechercher le meilleur 
compromis possible dans une situa-
tion concrète (atelier, service, entre-
prise). Ces choix reposent sur un 
ensemble de données dont certaines 
proviennent des nombreuses recher-
ches eflectuées dans ce domaine. H 
convient donc ici de les expliciter 
succinctement. 

3.1. Un prob lème de fond : l a ry thmi -
c i t é c i r c a d i e n n e des c a p a c i t é s 
humaines 

Il n'est pas pensable de parler du 
« travail posté » sans en aborder les 
conséquences pour le travailleur el sa 
famille. Il convient cependant de ne 
pas négliger les problèmes inhérents 
à l 'exécution du travail lui-même. Dire 
que « le travail de nuit c'est pénible » 
ne suffit pas à comprendre pourquoi. 
On réduit par ailleurs les difficultés 
dues à de la fatique supplémentaire et 
on sous-est ime le coût réel du travail 
nocturne ou les risques encourus par 
les hommes et les installations. C'est 
sur cette sous-estimation qu'est bâti 
le travail posté. En effet, l 'organisation 
du travail en équipes successives se 
relayant tout au long des 24 heures 
repose, sans le dire, sur l'idée que 
des équipes différentes assureront à 
des heures différentes le même travail, 
de la même façon. En d'aulres termes, 
on suppose que l 'homme est stable, 
aussi performant el aussi efficace, 
quel le que soit l 'heure du jour ou de 
la nuit. Sans nier l 'existence de la 
fatigue ou le caractère pénible de 
l'activité nocturne, ces modèles consi-
dèrent que les opérateurs peuvent 
« prendre sur eux » et réaliser correc-
tement les lâches qui leur sont 
confiées : ne sommes-nous pas ca-
pables de conduire notre voiture à 
4 heures du matin? Oui. mais à quel 
coût et avec quels risques? 

Dans cette perspective, la réponse du 
monde du Iravail consiste, dans la 
majorité des cas. à monnayer les 
inconvénients du Iravail de nuit, mais 
aussi de week-end ou de jour férié 
c o m m e si une heure de travail l'après-
midi du 14 juillet équivalait aux 2/3 
d 'une heure de travail la nuit. De plus 
en plus, ces inconvénients sont négo-
ciés non en avantages financiers, 
mais plutôt en réduction d'horaire de 

travail. Si cette dernière solution, 
quand elle est bien conduite (réduc-
tion du nombre et/ou de la durée des 
vacations, abaissement de la durée 
hebdomadaire du travail et non aug-
mentation systématique des congés 
annuels par exemple) représente une 
réponse positive aux difficultés ren-
contrées. elle ne doit cependant pas 
masquer les problèmes de tond. 

L'homme, comme tout être vivant, est 
soumis à des rythmes biologiques 
(voir encadré « Chronobiologie ») qui 
affectent le fonctionnement de son 
organisme. Ces rythmes confèreni 

3.2. Horaires de travail et organisa-
tion de l'activité 

Nous avons vu précédemment que le 
travail réellement ellectué n'était pas 
identique au Iravail théoriquement 
prévu, que ce dernier n'étail pas tou-
jours le même de jour ou de nuit, enfin 
que les capacités humaines variaient 
au cours des 24 heures. On ne saurait 
cependant en rester à une conception 

aux êtres vivants une véritable struc-
ture temporelle dont les perturbations 
ne sont pas sans danger. 

La rythmicilé du fonctionnement hu-
main se répercute bien évidemment 
sur les activités de travail. De ce fait, 
elle contredit le travail pos lé dans ses 
fondements et notamment dans ses 
postulats de stabilité et de fiabilité 
permanentes de l 'homme. Nous abor-
derons donc les conséquences du 
Iravail en continu el nous il lustrerons 
brièvement l'impact des rythmes cir-
cadiens sur les activités de travail et 
leurs résultats. 

simpliste de la diminut ion nocturne 
des capacités humaines. En effet, si. 
dans diverses situations, o n constate 
une réduction de l'activité nocturne 
(surveillance moindre, lecture abré-
gée. conversations moins nombreu-
ses. changements de posture limi-
tés...). en réalité, celte modif icat ion 
quantitative se double de modif ica-
tions qualitatives. En d'autres termes, 
le travailleur de nuit n'est pas simple-

La Chr 

La chronobiologie est l'élude des 
rythmes biologiques. 

L'observation d'un animal pendant un 
temps assez long permet de constater 
l'alternance de moments de forte acti-
vité contrastant avec des moments de 
faible activité. Ces variations ne se 
distribuent pas au hasard. Elles se 
reproduisent à intervalles réguliers. 
Nous dirons que l'animal présente des 
cycles d'activilé. Il s'agit là d'une pre-
mière manifestation des rythmes biolo-
giques. Ceux-ci sont présents chez 
tous les êtres vivants, l'homme y 
compris. 

Les rythmes biologiques possèdent 
trois caractéristiques principales : 
1) ils affectent toutes les cellules, tou-
tes les fonctions d'un organisme et par 
là modulent ses capacités fonction-
nelles à tout moment: 2) ils sonl assi-
milables. en première approximation, à 
une fonction sinusoïdale dont il est 
alors possible de caractériser les para-
mètres el notamment la période. Celle-
ci évalue l'intervalle de temps entre 
deux passages à un étal identique : 
quelques minutes, un jour, un mois, 
une année ...: 3) ils peuvent affecter 
une même (onction selon des périodes 
différentes. Ainsi, la température du 

corps varie, chez l'homme, au cours 
des 24 heures (on parle alors de rythme 
circadien), mais aussi au cours de 
l'année (rythme annuel). 

L'existence de telles rythmicités a deux 
conséquences essentielles : 1) toutes 
les fonctions biologiques (régulation de 
la température du corps ou des para-
mètres sanguins, sécrétions hormo-
nales. capacités cardiaque et respira-
toire...) et les fonctions psychophysio-
logiques (sensibilité à la douleur, vi-
tesse el précision des gestes, force, 
mémoire, détection de signaux...) en 
étant affectées, nos capacités à effec-
tuer une certaine activité (y compris un 
travail donné) sont essentiellement va-
riables. Ainsi, à certaines heures, nos 
réponses seront peut-être rapides 
mais pas forcément exactes; alors qu'à 
d'aulres heures nous réagirons moins 
vile mais avec une plus grande exacti-
tude; 2) toute perturbation dans le 
déroulement normal des rythmes s'ac-
compagnera d'une désorganisation de 
notre lonclionnement el d'un coût sup-
plémentaire pour maintenir une activité 
même apparemment modérée. Ces dif-
ficultés sont à l'origine d'une patho-
logie reconnue (voir dernière partie) 
en cas de décalage horaire comme 
c'est notamment te cas dans le Iravail 
posté. 



ment un individu qui Iravaille moins, 
c'est surtout un individu qui travaille 
autrement. Dans ces condit ions, il 
convient de s' interroger sur la fiabilité 
de l 'opérateur humain dans un sys-
tème complexe el sur les aménage-
ments indispensables pour faire lace 
aux l luctuatiôns de l'état des opéra-
teurs el pour « empêcher » les consé-
quences négatives ... (voir encadré 
« Chronobio log ie et ergonomie »). 

32.1. Structuration de l'activité 

Assimiler l'être humain à un « mo-
teur » ou à une « machine » conduit à 
au moins deux simplif ications dange-
reuses. La première consiste à faire 
comme si la « machine humaine >» 
pouvait être mise en route à tout 
moment. La seconde suppose que les 
capacités de la machine sont fixées 
une fois pour toutes (usure ou « trans-
formations » mises à part). En fait, les 
d o n n é e s accumulées depuis une 
vingtaine d 'années sur le fonctionne-
ment rythmique des êtres vivants 
conduisent ' à l ' idée d'une véritable 
« structure temporel le ». 

Les différentes aptitudes humaines ne 
sont pas toutes maximaies à une 
heure donnée et minimales à une 
autre heure. Autrement dit. il peut y 
avoir plus de différence chez un même 
sujet entre la nuit, le matin ou l'après-
midi qu'entre des sujets différents. 

Cette recombinaison permanente des 
capaci tés peut alors conduire les opé-
rateurs à util iser préfèrentiellement 
telle ou telle manière de travailler 
selon les heures. On peut constater 
que les opérateurs mettent en œuvre 
de nombreux mécanismes de régula-
tion. Celle-ci peut concerner l'activité 
d 'un opérateur pris isolément ou en-
core affecter une équipe de travail. 

Heures 

Fig Z Variations de l'activité de surveil-
lance (évaluée par la tréquence des 
changements de direction du regard) 
chez des contrôleurs de processus 
continu (secteur de la chimie). Les 
changements d'équipe ont lieu à 4 
heures, 12 heures et 20 heures (d'après 
De Terssac et cotl^ 1983). 

Dans une industrie chimique, l'étude 
détaillée de 38 incidents a révélé que 
l'apparition d'un incident se traduit, au 
poste de nuit (20 h - 4 h), par une 
élévation brutale et durable des prises 
d'information visuelle (leur fréquence 
triple durant les 5 minutes qui suivent 
la signal isat ion de l ' incident). Au 
contraire, au poste d'après-midi (12 h 
- 20 h), la survenue d'un incident ne 
provoque qu'une faible réponse pas-
sagère (moins d'une minute). Enfin, 
sans entrer dans le détail des résul-
tats concernant la distribution des 
regards vers les différentes sources 
informationnelles, on peut néanmoins 
préciser que l'apparition d'un incident 
s 'accompagne, la nuil. d'une profonde 
réorganisation de leur localisation, 
mais que ceci n'est pas aussi vrai 
l 'après-midi (fig. 3). 

Ces exemples posent par ailleurs un 
certain nombre de questions concer-
nant la pertinence deé indicateurs de 

performance. En effet, celle-ci n'est 
pas toujours un bon critère. De nom-
breux travaux ont montré que, pour 
maintenir une « bonne performance », 
les opérateurs modifient leur activité 
el mettent en jeu des mécanismes de 
régu la t i on c o û t e u x . En d'autres 
termes, le coût humain du travail n'est 
pas toujours visible au travers de la 
performance. Dans bien des cas, les 
travailleurs atteignent un niveau de 
charge de travail élevé sans pour 
autant qu' i l y ail variation de la perfor-
mance. Ceci est déjà vrai de jour. La 
nuit, en raison de la réduction des 
aptitudes humaines et de la moindre 
résistance aux contraintes de la situa-
tion, les opérateurs pour fournir un 
même travail doivent faire un effort 
supplémentaire. Les conséquences 
sont alors à rechercher 5ù niveau de 
l 'homme et non au niveau du seul 
rendement. Ce coût supplémentaire 
du travail est aggravé d'une part par 
la moindre qualité d 'un sommei l de 

En l 'absence de perturbations graves, 
les activités des opérateurs sont dic-
tées moins par les exigences de la 
tâche que par la recherche de straté-
g ies compat ib les avec leur capacité 
fonctionnelle du moment. Ainsi, l'ana-
lyse de l'activité de surveillance chez 
des opérateurs assurant, en salle de 
contrôle, la régulation de processus 
de fabrication en continu, révèle une 
importante réduction de l'activité en 
pér iode nocturne et une activité maxi-
male l 'après-midi. Celte variation n'est 
l iée ni aux l luctuatiôns de la produc-
t ion ni aux modif icat ions du contexte 
organ isat ionne l (absence ou pré-
sence de la hiérarchie, des services 
d'entretien...) (lig. 2). 

+ 25.98% M • 52,07% A 

N : faction de nuit (20h-4h) 
M : faction de matinée (4h-12h) 
A M : faction d'après-midi (12h-20h) 

Fig. 3. Variations de l'activité de surveil-
lance de contrôleurs de processus, 
cinq minutes avant (h : situation habi-
tuelle) et cinq minutes après (I: Inci-
dent) l'apparition d'un Incident (d'après 
Queinnec et De Terssac, 1994). 



jour et d'autre pari du tait de la 
conjonct ion de plusieurs lacteurs dont 
les effets peuvent se renforcer mutuel-
lement. Ainsi, la nuit, la privation de 
sommei l mais aussi les perturbations 
du lonct ionnemenl de la mémoire, 
l 'al longement des temps de réponse 
ou la plus grande difficulté à fixer son 
attention accroissent la pénibilité du 
trai tement d ' in format ions, d'autant 
que, bien souvent, ce type de travail 
impl ique d'être assis et de lire des 
l istings, un écran... (« et les yeux 
piquent »). Cette immobilité facilite la 
somnolence d 'où la nécessité - pour 
tenir le coup, la nuit, de bosser physi-
quement » et donc d'accroître les 
contraintes de la situation. Dans ces 
condit ions, il convient de permettre 
aux opérateurs de « décrocher » à la 
faveur de véritables pauses; ce qui 
nécessi te, outre la réalisation de 
salles de repos confortables et fonc-
tionnelles, un nombre suffisant de 
personnes par équipe pour autoriser, 
surtout la nuit, une « gestion mobile » 
des activités. Cette tendance au ren-
forcement des équipes de nuit .appa-
raît actuellement, pour des raisons de 
sécur i té , dans les centrâtes nu-
cléaires. Nous avons nous-mêmes 
constaté, dans la .chimie, le bénéfice 
apporté par la présence d'un équipier 
supplémentaire à une équipe de deux 
contrôleurs de processus hautement 
automatisé. 

Un opérateur humain ne peut donc 
traiter de l' information et/ou réagir 
aussi rapidement et aussi efficace-
ment à toute heure du jour ou de la 
nuit. 

Le dramatique incident de la centrale 
nuc léa i re d e Three Mi le Is land 
conl irme, s'il en était besoin, que le 
fonctionnement différent de l 'homme 
le jour ou la nuit ne permet pas 
toujours de prévoir les modalités 
exactes que mettront en œuvre des 
opérateurs mal préparés à agir et dont 
les capacités se trouvent modifiées du 
fait de la durée et /ou des horaires de 
travail. Attribuer un incident à une 
« défail lance humaine ». justifier une 
catastrophe par le « facteur humain » 
... n'explique rien et ne permet guère 
de se préparer à éviter la catastrophe 
suivante. Ni fatalisme, ni culpabilisa-
l ion des contrôleurs, des pilotes, des 
conducteurs ne sont à mettre en 
avant: il s'agit d'insister plutôt sur la 
recherche de condit ions techniques et 
organisationneltes perméttant l'exé-
cut ion correcte de la tâche confiée. Ce 
n'est sûrement pas en rajoutant un 
« cadran » de pfus ou des consignes 
p lus strictes que l'on réglera tous les 
problèmes de la liabilité humaine. 

J-2L2. Les réactions aux conditions 
de l'environnement 

Un opérateur ne supporte pas non 
plus de Ha même façon les diverses 
condit ions de son environnement de 
Iravail. Ainsi, une climatisation appré-
ciée dans la journée devient gênante 
la nuil. De même, le bruit d'un avertis-
seur sonore peu gênant de jour est 
vécu comme agressif la nuit. etc. On 
connaît encore très mal les effets 
interactifs des conditions générales 
du travail. L'exemple de la variation de 
la sensibilité de l'organisme à l'apport 
de produits chimiques permet d'illus-
trer ce dernier point. Des premières 
expériences réalisées sur des ani-
maux ont montré que l'injection d'un 
produit toxique pouvait se traduire par 
le décès de 80 % ou de 20 % de la 
population selon l'heure d'administra-
tion du produit. Chez l 'homme, ta 
sensibilité d'un organe à la prise de 
médicaments varie selon l'heure. 

L'effet global d'un produit présente 
donc une nette rythmicité circadienne. 
Par exemple, la prise d'alcool le matin 
peut, si la quantité est suffisante, se 
traduire par un alcootest positif mais 
ne pas entraîner d'ébriété alors que 
l'inverse sera vrai le soir. Ces quel-
ques données issues du développe-
ment de la chronopharmacologie po-
sent avec force le problème de l'im-
pact des conditions externes du tra-
vail sur l'opérateur à horaires inhabi-
tuels. En effet, les normes d'accepta-
tion d'une nuisance (physique, chimi-
que...) restent fixées à partir et pour 
des travaux effectués de jour. En 
l 'absence de données précises en ce 
qui concerne les heures de nuit, il 
convient d'être particulièrement atten-
tif aux conditions du travail de nuit. 

3.3. Travail posté, état de santé et 
vie personnelle 

Les études consacrées au travail 
posté sonl particulièrement nom-
breuses el diversiliées tant sur le plan 
des objectils (économique, psycho-
sociologique, médical...) qu'au niveau 
de la méthodologie retenue (enquêtes 
de plus ou moins grande envergure; 
bilans de santé, analyses quantita-
tives et qualitatives du travail; recueils 
de divers indices physiologiques soit 
indirectement - analyse d'urine ou de 
sang - , soil directement - télémélrie 
ou autorythmomètrie notamment; re-
constitutions en laboratoire de postés 
en horaires alternants...). .11 ne saurait 
donc être question ici de présenter de 
façon exhaustive l'ensemble des don-
nées accumulées dans ce domaine 

depuis une irentaine d 'années mais 
plutôt de rappeler les pr incipales 
conc lus ions t i rées d e s c o n n a i s -
sances actuelles sur les relations en-
ire le mode de fonctionnement d e 
l ' o r g a n i s m e d ' u n e , p a r i , et l e s 
contraintes qui lui sonl imposées par 
ce type d'horaires de travail d'autre 
part. 

Le bilan provisoire que nous pouvons 
établir concerne les répercussions 
plus ou moins nocives que le système 
de travail en équipes alternantes a sur 
les travailleurs. 

Ce système de travail en équipes 
illustre la contradict ion entre deux 
logiques hétérogènes : la log ique 
économique qui pousse à l 'exténsion 
de ce type d'horaires et la logique 
sociale qui est bien autre chose que 
l 'expression monétaire des nuisances 
sociales : les coûts socialement re-
connus sont en effet bien inférieurs 
aux charges réellement supportées 
par ceux qui subissent cette organisa-
tion du travail sans l'avoir voulue. 

La charge supplémentaire résultant 
du travail en équipes se traduit pour 
les travailleurs par une majoration de 
l'astreinte puisqu'i ls doivent effectuer 
des tâches en pér iode de dèsactiva-
tion et par une moindre récupération 
dans le sommeil puisqu' i ls doivent 
dormir en période d'activation. D'où 
l'existence d'une surfatigue chez le 
travailleur posté : cette surfatigue est 
illustrée notamment par les relations 
entre travail posté et variation de 
certains indices professionnels : ren-
dement, sécurité... 

En ce qui concerne la santé, le bi lan 
actuel, bien que partiel, consti tue à lui 
seul un réquisitoire suffisamment élo-
quent contre le travail en équipes 
alternantes. 

Les symptômes révèlent une intolé-
rance au travail posté, intolérance qui 
trouve son explication à deux ni-
veaux : 

- au niveau psychophysio logique, la 
perturbation de la structure rythmique 
des diverses fonctions de l 'organisme 
el la quasi- impossibi l i té de s'ajuster 
parfaitement à la rotation des quarts 
rendent compte des nombreux trou-
bles observés chez les postés. 

Les conséquences de ces altérations 
sont d'autant plus graves que les 
sujets sont âgés ou qu' i ls pratiquent 
les 3 x 8 depuis de nombreuses 
années (lig. 4). 



Chronobiologie et ergonomie 

L'image simpliste du travailleur, jouet 
de ses rythmes biopsychologiques, 
actil le jour et sans grande efficience la 
nuit, ne correspond qu'à une partie des 
apports considérables de la chrono-
biologie. il ne s'agii pas de sous-
estimer la dimension chronobiologique 
humaine, mais, bien au contraire, d'en 
saisir toute'la complexité pour mieux 
cerner les inconvénients et exploiter au 
maximum les avantages. O n entend 
Irop souvent un discours ambigu qui 
consiste à supposer que. cenes. l'hom-
m e n'est pas lait pour travailler la nuit 
mais qu'en cas de besoin urgent, un 
travailleur de nuit pourra « vaincre ses 
rythmes » et passer oulre. Ainsi, on 
confie à des automatismes estimés 
plus fiables des tâches de plus en plus 
complexes en reléguant - théorique-
ment - l'opérateur au rang de « pom-
pier de service ». Cependant, dans le 
m ê m e temps, et ceci justifie déjà sa 
présence, les fonctions qui lui sonl 
dévolues en (ont un « calculateur de 
secours » devant rapidement et effica-
cement intervenir en cas de défaillance 
des automatismes c o m m e si l'opéra-
teur humain n'avait pas besoin de se 
préparer en permanence à l'éventualité 
de ses interventions, c o m m e s'il était 
« programmé » pour faire face, à tout 
moment, à toutes les situations. 

Les quelques données présentées ici 
constituent une étape dans la descrip-
tion des modalités réelles du fonction-
nement des opérateurs dans une situa-
tion concrète de travail, étape qui a 
pour résultat non seulement de montrer 
l'existence d'une surlatigue lors d'un 

travail en période de dêsactivation el la 
variabilité des comportements des 
opérateurs, mais aussi d'attirer l'atten-
tion sur le problème de fiabilité posé 
par la réduction de l'activité la nuit. 

Cette surfatigue résulte du lait que 
l'opérateur se trouve placé en situation 
de surcharge de travail, la nuit, par son 
étal de vigilance bas alors que. pour 
effectuer le m ê m e Iravail. il pourra être 
en sous-charge de travail lors du poste 
de l'après-midi, compte tenu de son 
haut niveau de vigilance. Ces deux 
situations, toutes deux défavorables, 
contribuent à accroître fortement l'as-
treinte de l'opérateur en 3 x 8 soumis 
è des contraintes théoriquement sta-
bles. En effet, en deçà et au-delà d'un 
niveau optimum de vigilance, le coût 
pour l'opérateur de la réalisation de 
son activité augmentera rapidement. 

Diverses données montrent que la nuit 
n'est pas seulement une période de 
moindre activité, mais que le ralentisse-
ment de l'activité consécutif à la réduc-
tion de la capacité fonctionnelle des 
opérateurs s'accompagne d'une réor-
ganisation de l'activité : cela suppose 
que la conception des systèmes de 
Iravail permette cette flexibilité et 
qu'elle intègre un modèle de l'opéra-
teur humain qui ne soil pas celui d'un 
h o m m e stable et invariant au cours du 
nyclhémère, mais un modèle d'opéra-
leur réel, c'est-à-dire instable et organi-
sant son activité en fonction des fluc-
tuations de ses capacités fonction-
nelles. 

La normalisation des procédures opé-
ratoires. la définition rigoureuse du 
chemin, parfois unique, qu'il laut suivre 
pour résoudre un incident, entraînent 
une rigidification dans la façon de 
travailler des opérateurs dont l'analyse 
révèle qu'ils réajustent en permanence 
leur laçon de procéder au vu des 
données nouvelles de la situation. La 
conception des systèmes doit laisser à 
l'opérateur la possibilité de changer de 
procédure de Iravail. de modifier le 
m o d e opératoire qu'il utilise. Enfin, si ta 
démarche de conception des systèmes 
complexes doit êire repensée de façon 
à intégrer les connaissances sur le 
fonctionnement de ceux qui en assure-
ront la conduite et la surveillance, la 
mise en oeuvre de ces systèmes ne 
doit pas s'appuyer sur des interpréta-
tions hâtives concernant le fonctionne-
ment des opérateurs humains : dans 
les aménagements des systèmes 
complexes se dégage actuellement 
une tendance à la réduction des effec-
tifs. notamment la nuit, et à l'allégement 
des tâches des postés soit par transfert 
de tâches de la nuit vers le jour, soit par 
automatisation des lâches en fonction 
de critères souvent liés aux possibilités 
technico-économiques. Outre que la 
validité de telles mesures n'est pas 
bien vérifiée, il y a lieu de s'interroger 
sur cette tendance à la réduction des 
effectifs et du volume d'activité, la nuit, 
qui va dans le sens d'un renforcement 
des difficultés auxquelles sont soumis 
les postés notamment la nuit. 

La contradiction entre la rythmicitê du 
fonctionnement humain et l'organisa-
tion du travail posté se traduit par une 
altération de la santé. En dépit de 
l'insuffisance des connaissances (petit 
nombre d'enquêtes de grande enver-
gure. manque d'approche synthétique, 
problèmes méthodologiques), tous les 
spécialistes de la question, quels que 
soient leur pays et leur voie d'appro-
che. sont d'accord pour reconnaître 
que : 

î) les effels ne sonl pas toujours la-
ciles à mettre en évidence en raison de 
la sélection de fait qui frappe les 
postés : les sujets tes plus malades 
quittent le régime du travail poslé el 
échappent ainsi aux enquêtes: 

2) les effets rte sont pas tous immé-
diats mais peuvent se révéler à long 
terme, m ê m e après l'abandon du travail 
posté (surmortalité précoce après la 
retraite par exemple); 

Travail posté et santé 

3) les effets résultent de la multiplica-
tion de contraintes : horaires, type de 
Iravail el conditions d'exécution, 
ancienneté... ; 

4) les écarts entre travailleurs de jour 
et travailleurs postés se creusent au 
cours de la vie (fig. 4). 

Ces quelques remarques préalables 
font craindre une sous-estimation sys-
tématique des conséquences patho-
gènes du travail en équipes. Néan-
moins, il esl possible de dresser un 
premier tableau du - syndrome du tra-
vailleur posté ». Outre le vieillissement 
prématuré ou la mortalité précoce, les 
symptômes les plus clairement démon-
trés concernent : a) les perturbations 
des fonctions biologiques avec réduc-
tion des défenses immunitaires: b) les 
troubles gaslro-inlestinaux et notam-
ment les ulcères; c) les maladies car-
dio-vasculaires; djles troubles du 
sommeil (réduction de sa durée et 

altération de sa composition); enlin. e) 
un ensemble de troubles nerveux en-
core mal répertoriés. 

Index santé 

20 30 40 50 

Années 
Flg. 4. Détérioration de la santé avec 
l'âge des travailleurs postés et des 
travailleurs de four (d'après Haider et 
coO., 1980). 



En outre, divers symptômes de l'at-
teinte subie par les travailleurs peu-
vent être soit reportés à l'extérieur du 
travail (contamination de la vie hors 
travail)."Soit dillérés (réduction de l'es-
pérance de vie). Ce dernier point a été 
bien illustré par les recherches 
conduites dans la presse (6) puisque 
les auteurs rapportent un écart quant 
à l'espérance de vie des rotalivisles 
(travailleurs de nuit) vis-à-vis de leurs 
collègues correcteurs ou typogra-
phes-monteurs (travailleurs d'après-
midi et de soirée), il est encore trop tôt 
pour lairè la part de ce qui ressort du 
Iravail de nuil el de ce qui résuite des 
autres conditions de travail. Il est 
cependant certain que ces dilférents 
paramètres de la situation se renfor-
cent mutuellement; 

- au niveau psychosocial, le iravail 
posté est un mode d'organisation du 
lemps qui met en contradiction les 
rythmes du travail et ceux de la vie 
sociale, assurant du même coup une 
opposition de plus en plus mal res-
sentie entre la vie de iravail et la vie 
sociale. De ce lait, le travail posté 
rencontre l'hostilité d'un nombre 
croissant de travailleurs, même si 
certains de ses avantages sont re-
connus {cf. § 1.2.2. sur les opinions). 

Au total, ce mode de travail est médi-
calement nocif et comporte d'impor-
tantes perturbations de la vie sociale. 

C'est pourquoi aucun aménagement 
organisationnel ne paraît susceptible, 
à lui seul, de supprimer la nocivité du 
travail posté. Comme on l'a déjà 
souligné, il ne peut s'agir que d'un 
compromis entre diverses exigences . 
contradictoires. 

C O N C L U S I O N 

Globalement on peut dire qu'aména-
ger les horaires de travail, c'est élabo-
rer des solutions, les mettre en œuvre, 
les évaluer de façon à faire évoluer les 
choix. 

L'élaboration des solutions d'aména-
gement doit prendre en compte le fail 
que les actions d'aménagement sont 
interdépendantes. Cela signifie non 
seulement qu'aucune mesure ne peut 
être prise isolément mais aussi 
qu'une action développée dans un 
secteur peut avoir des ellets négatifs 
dans d'autres.' D'où l'idée qu'à un 
objectif donné correspondent des al-

(6) TEIGER C. et coll. - Les rotalivisles 
- Changer les conditions de iravail - Paris. 
AN ACT. 1982. 344 p. 

lernatives : le choix résulte nécessai-
rement d'un compromis. 

La mise eh œuvre de ces actions doil 
être pragmatique el s'appuyer sur une 
expérimentation tenant compte des 
souhaits et avis des personnes 
concernées : concertation et discus-
sion sont indispensables pour une 
telle mise en œuvre. 

L'évaluation des choix retenus est une 
étape capitale dans la mesure où. 
d'une part, elle permet de vérifier la 
validité des solutions el où. d'autre 
part, elle permet aussi de laire évoluer 
ces choix. Toute solution n'est que 
partielle et provisoire. Selon les ob-
jectifs du moment, on accordera plus 
d'importance à tel événement. Tout 
compromis à un instant t pourra ne 
plus être accepté à l'instant t + t. A 
l'inverse, une solution inacceptable 
maintenant pourra devenir acceptable 
dans quelques années. 

Pour que de tels aménagements puis-
sent avoir lieu, nous suggérons trois 
propositions qui doivent.être rendues 
opérationnelles sous quatre condi-
tions. 

A) Propositions concernant 
la démarche 

• Mise en place d'un dispositif de 
suivi des effets du travail sur les 
opérateurs humains 

Ce dispositif aurait pour objet d'étu-
dier les difficultés rencontrées par les 
opérateurs dans la réalisation de leur 
travail, d'en comprendre les causes, 
d'en déterminer les effets sur la santé. 

L'idée sous-jacente est que toute mo-
dification nécessite d'être évaluée par 
ses effets et ceci de laçon perma-
nente. Des effets cachés peuvent 
n'apparaître qu'à moyen et long terme 
et non à court terme. La nature el 
l'ampleur des conséquences du tra-
vail posté évoluent au cours du 
temps; de plus, les conditions de la 
production se modifient, notamment 
du point de vue technique. 

Toute solution n'est que provisoire : 
son évolution dépend de la connais-
sance de ses effets sur la santé des 
opérateurs. Un tel dispositif pourrait 
être animé en étroite relation avec les 
structures paritaires ayant compé-
tences et attributions pour analyser 
ces problèmes, comme le CHSCT. Il 
appartient donc aux partenaires so-
ciaux d'en définir les objectifs et les 
modalités de fonctionnement; le re-
cours à des personnes ou orga-
nismes extérieurs à l'entreprise ne 

pourrait qu'être partiel. N'appartient-il 
pas à l'entreprise de développer ses 
propres compétences, par exemple 
en se dotant d'un service ergonomi-
que disposant de moyens à ta hauteur 
de sa tâche? 

• Formation des acteurs à l'analyse 
des situations de travail 

Ouelle que soit la structure que se 
donnerait l'entreprise pour assurer un 
tel « suivi ». il est important que les ac-
teurs y soient associés, qu'il s'agisse 
des membres des structures repré-
senialives (CE. CHSCT). des opéra-
teurs eux-mêmes ou des responsa-
bles de service. Pour que cette asso-
ciation des acteurs au suivi soit effi-
cace el pertinente, il est indispensable 
d'organiser un programme de forma-
tion à l'analyse des situations de 
iravail. 

Un suivi permanent ne s'improvise 
pas par quelques entretiens avec tes 
opérateurs, quelques observations ou 
quelques mesures : il est indispensa-
ble que cette collecte d'informations 
et son analyse soient réalisées par les 
acteurs eux-mêmes. Encore faut-il 
leur en fournir les moyens. 

Il appartient aux partenaires sociaux 
de définir la ou les structured) de 
travail pertinente(s); quelle qu'en soit 
la structure, il est indispensable que 
des personnes (membres du CHSCT. 
opérateurs, encadrement) aient les 
connaissances, les méthodes néces-
saires, pour assurer un tel suivi. Rap-
pelons qu'il en va aussi de la fiabilité 
du système tout entier. 

Cette formation serait un moyen de 
mettre en œuvre un disposit i f perma-
nent de suivi et de contrôle puisque 
l'on aurait alors un ensembte de per-
sonnes compétentes. 

• Développement des études per-
mettant de mieux comprendre la na-
ture du travail et ses exigences, les 
effets de l'activité dans le travail mais 
aussi en dehors. Il s'agit en fait de se 
donner des moyens pour que les 
mesures prises soient basées sur une 
connaissance précise du travail réel. 

Plusieurs thèmes de réflexion onl élé 
développés au cours de la seconde 
partie. Ils pourraient servir de base 
pour élaborer des propositions afin da 
mieux cerner : 

- les problèmes de fiabilité humaine 
et révolution de l'activité au cours des 
24 h ; 

- les modalités exactes de résolution 
d'incidenls; 



- les processus mentaux mis en œu-
vre pour surveiller les installations; 
- les effets de l'interaction vieillisse-
ment. activité; 
- les effets de l'interaction entre la vie 
extra-professionnelle (sommeil, santé, 
activités sociales et lamiliales, etc.) et 
la vie professionnelle, elc.; 

B) Quatre conditions 

• Une politique traire d'amélioration 
de la vie des travailleurs postés 

Pour procéder aux aménagements 
évoqués, il faut qu'une décision soit 
prise par la direction pour définir les 
objectifs de cet aménagement et les 
moyens à y associer. Si l'objectif 
même d'améliorer la vie des travail-
leurs postés n'est pas affirmé et si les 
moyens ne sont'pas mis en cçuvre 
pour réaliser un tel objectif, alors il 
devient illusoire de croire que des 
aménagements seront probables. 

• Une démarche négociée 

Toute recherche- de solution passe 
par la voie de la discussion et de la 
négociation. Tout d'abord le person-
nel concerné par le travail en équipes 
successives doit être associé à l'éla-
boration. à la mise en œuvre et au 
suivi des solutions retenues. Ensuite, 
il appartient aux partenaires sociaux, 
à leurs instances représentatives tjui 
ont compétence et attribution pour 
cela de négocier les aménagements 
tels qu'ils auront été définis avec le 
personnel concerné, de suivre leur 
mise en œuvre, de. les évaluer. Préci-
sons ici qu'il appartient maintenant 
aux partenaires sociaux de définir les 
zones d'aménagement : personne ne 
peut se substituer à eux pour faire 
l'inventaire de ce qui peut faire l'objet 
d'un aménagement ou pour établir 
des priorités. 

• H n'y a pas un mode d'organisa-
tion unique mais des solutions adap-
tées aux situations concrètes 

Les mesures d'aménagement doivent 
être adaptées aux caractéristiques de 
la situation de travail dont la première 
est la diversité. Cela signifie que toute 
mesure visant à imposer un mode 
d'organisation unique est a priori inac-
ceptable. Én effet, la diversité des 
tâches, des moyens et méthodes de 
travail rend caduque toute solution 
unique d'aménagement. On voit mal 
comment des horaires pourraient être 
identiques alors que le travail réel 
varie d'un service à l'autre. 

Cette condition d'adaptation des 
choix aux situations concrètes n'ex-
clut pas, tout au contraire, que des 
principes communs soient affichés. 
Néanmoins les modalités de mise en 
œuvre resteraient à élaborer, service 
par service, avec les opérateurs 
concernés. 

• Enfin, toute recherche de solution 
doit comporter un coefficient de 
flexibilité 

Il est indispensable de ne pas ridigi-
lier l'aménagement de la vie des 
postés par des mesures dont on 

connaît peu le bien-fondé ou bien 
dont on n'a pu vérifier la pertinence à 
long terme. Toute mesure doit être 
accompagnée d'une certaine flexibilité 
permettant son évolution. 

En résumé, ces quatre conditions 
accompagnant les trois propositions 
sont elles-mêmes interdépendantes 
et doivent être remplies simultané-
ment; loin d'être exhaustives, elles 
constituent des éléments de la démar-
che à laquelle des moyens devraient 
être associés. Les différentes étapes 
de cette démarche sont schématisées 
sur la figure 5. 
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Shift Work 

Joseph Rutenfranz, M.D., Ph.D. 

Prof. Dr. Peter Knauth 

According to ll ic 1977 Bureau uf Labor Slalislics. approximately 
18% of (lie U.S. labor foret: had Io work in shift systems. * i .e . . 
at "unsocial" or hysiologic" working limes. TI.e main reasons 

for the introduction of shift work are: 

1. Technologic reasons.—Some technologic processes, e.g., 
in steel and chemical industries, need more time than a normal 

-day worker has to work or may even require continuous production. 

2. Economic reasons.—High costs of capital equipment and 
high demands of the market tend to increase shift work. 

3. Social reasons.—Medical health care workers, safely per-
sonnel (e.g-, police, fire protection), suppliers of energy and water, 
those in the travel, communication, and information industries 
(e.g., telephone, T V , newspapers), as well as the purveyors of cul-
tural events and entertainment maintain our "quali ty of l i fe ." 

Although many shift workers have problems (as wi l l be dis-
cussed later), some shift workers seem lo have no essential prob-
lems caused by shift work. Only a few. around 10%, l ike^shift 
work, 2 0 % - 3 0 % do nol l ike it, and the majority tolerates i i . 

The facl that different shif i workers vary widely in their tol-
erance of their unnatural way of life is laken inio consideration in 
ihe model of sircss and strain of shift workers. Colquhoun and 
Rulcnfranz" describe this model as follows: The objective sircss 
resulting from ihe disruption of physiologic rhythms by shift work, 
and from ihe slow rate of rc-entraiumenl of these rhylhms lo the 
changed wake/sleep cycle, induces a slate of subjective strain in 
Ihe shift worker lhal can (Hilcntially affeci his working efficiency, 
his physical and psychologic health and well-being, and his family 
and social l ife. 'Hie magnitude of the effects observed in any in-
dividual wi l l IK: influenced hy a number of "intervening variables" 
acting separately, or in combination. Important intervening vari-
ables are particular characteristics of ihe shift worker,, such as his 
age, his |personality, his rhythmic " type," his physiologic adapt-
ability and social circumstances such as marital slalus, numl>er 
and age of chi ldren, or domestic situalion such as housing condi-
tions. 

STRESS OK SHIFT WORKERS 

One kind of stress in connection with shift work—in particu-
lar, night work—results from the discrepancy between ihe t ime 
structure of Iwhavior (work, sleep) and ihe daily variations ol phys-
iologic functions. Biologic rhythms with a periodicity of approxi-
mate 24 hours arc called "circadian rhythms" (from the LaUn 
"circa d iem," i .e. , "about a day"). For more than 100 human 
physiologic functions and organs ihe existence of a circadian 
rl iylhm has been shown. 

According lo AschofT,8 ihe circadian rhylhm is based on an 
endogenous component, which can be detected i f a l l "Zeitgebers" 
are excluded. Zeitgebers.7 or synchronizers1* are periodic factors 
in ihe environment which are able lo synchronize endogenous 
rhythms. The period of the spontaneous rhylhm which occurs un-
der free-running conditions (without Zeitgeber) may deviate from 
24 hours. -Wever" has shown lhal ihe average period of rectal 
température of 147 subjects in free-running experiments was 25 ± 
0.5 hours. 

In human beings, ihe endogenous rhythms are synchronized 
lo a period of 24 hours, in particular by cognitive APd social Zeit-
gebers, i .e., ihe knowledge of the time of day as well as ihe daily 
experience lhat ihe family and the society has -another rhythm of 
wakefulness and sleep than the shift worker. In contrast to irans-
meridian flights, ihcsc Zeitgebers are nol phase shifted for normal 
shift workers. It cannot be expected lhal the circadian rhythms 
of a shift worker adapt completely to night work, when impor-
tant synchronizers arc conflicting. In laboratory and field studies 
with data covering ihe 24 hours, only a partial adjustment of 
the circadian rhylhm of body, temperature lo nighl work was 
F J 17. 3a. 44. 71. HO. «I 
lound. 

Although the partial adjustment to night work is more ad-
vanced in connection with more consecutive night shifts lhan in 
shorter (>eriods of nighl shifts, the rc-enlrainment always remains 
incomplete. Furthermore, different physiologic functions adjust 
with different velocity lo night work which causes a dissociation 
between lliese physiologic functions. This dissociation is smallest 
al the day of (he firsl night shift . In summary, when only a few 
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I OJUl I'sychositcial GtmsuLr.raliotis 

c o n s e c u t i v e n i g h l s h i f t s u r e w o r k e d ( i . e . , « inly o n e o r t w o ) , l e s s 

d i s l u r b a n c c o f c i r c a d i a n p h y s i o l o g i c f u n c t i o n is o b s e r v e d a n d f e w e r 

d a y s o f r e c o v e r y a r c n e e d e d . 

F r o m s t u d i e s c o n c e r n i n g t o l e r a n c e t o s h i f t w o r k , U c i n t i c r g e l 

J II . 7 * 1 ' 7 4 c o n c h u i e t h a t t h e s u b l e t t o l e r a n t to s h i f t w o r k for m a n y 

y e a r s is l i k e l y t o h a v e u l a r g e a m p l i t u d e o f t h e c i r c a d i a n r h y t l u n 

a n d is l i k e l y t o a d j u s t s l o w l y to t h e " n e w " s c h e d u l e d u r i n g t h e 

n i g h t s h i f t . T h e s e s t u d i o s o f r o t a t i n g s h i f t - w o r k s y s t e m s s u g g e s t 

t h a t f e a t u r e s o f t h e c i r c a d i a n r h y t h m o f t c m j H i r a l u r c a s s o c i a t e d w i t h 

m i n i m a l r c - c n l r a i n i n c n l a r e a l s o l i n k e d t o a g r e a t e r t o l e r a n c e o f 

s h i f t w o r k . 

I n a d d i t i o n l o t h e s t r e s s c a u s e d l>y t h e p h a s e - s h i f t o f w o r k i n g 

a n d s l e e p i n g t i m e s , s h i f t w o r k e r s s e e m l o s u f f e r m o r e o f l c n f r o m 

u n f a v o r a b l e e n v i r o n m e n t a l c o n d i t i o n s t h a n d a y w o r k e r s . H o w e v e r , 

o u r k n o w l e d g e a b o u t t h e c o m b i n e d e f f c c t s o f s h i f t w o r k a n d u n f a -

v o r a b l e e n v i r o n m e n t a l c o n d i t i o n s is r a t h e r j > o o r . 3 7 ' 6 7 " 7 V ' 9 6 

STRAIN OF SHIFT WORKERS 

S i n c e t h e c i r c a d i a n r h y t h m s d o n o t a d j u s l c o m p l e t e l y t o n i g h t 

w o r k , e f f c c t s o n p e r f o r m a n c e a n d o n w e l l - b e i n g h a v e l o b e e x -

p e c t e d , e . g . , f a t i g u e , s l e e p d i f f i c u l t i e s , a n d d i s t u r b a n c e s o f a p p e -

t i t e . 

Performance 

The daily variations of performances, which have been known 
for a long time,1 ' are based on physiologic functions as well 
às on psychic processes.27,33 

Some field studies have shown that performance was lowest 
during night time (midnight to 6 a.m.) and/or during the "post 
lunch d ip , " i .e. , 1 p.m. to 3 p . m . 6 6 These performances were 
related to simple immediate processing tasks, e.g., vigilance tasks 
and sensorimotor tasks. 

However, different types of memory processes may show dif-
ferent trends over the day. The precise timing of the peak de-
pends on the level of the memory load involved as Folkard et ak24 

have shown in laboratory experiments. In a field study, process 
controllers with a high short-term memory-loaded task performed 
belter at night than at day.58 

Fatigue and Sleep Loss 

Sleep difficulties are a major problem for shift workers, in 
particular for shift workers who have to work in night shifts. Stud-
ies concerning sleep disturbances of day and shifi workers were 
reviewed and classified according to the type of shift by Rutenfranz 
et al.76 and Knauth37 of 18,352 persons, 10%-40% with day work, 
5%—30% with rotating moming and afternoon shifts, l 0 % - 9 5 % 
with rotating shift systems including nighl work, and 35%-55% 
with permanent night shift who complained about sleep distur-
bances. However, the two studies mentioned above differed con-
siderably concerning the population (age, shift experience, marital 
status, age of children), workers1 housing conditions, and the reg-
ularity of the shift system. Complaints about sleeping difficulties 
refer both to the duration of sleep and to the quality of sleep. To 

a n a l y z e I h e d u r a l i t s l e e p d c { H : n d e u t o n I h o t y | » e o f s h i f t , 

1 , 2 3 0 w o r k e r s w e r e a s k e d t o fill o u t d i a r i e s d u r i n g o n e w e e k . 4 " 

( l i e i n c a n d u r a t i o n o f «lay s l e e p I t e i w e e u t w o n i g h t s h i f t s w a s a l w u i t 
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i l w j i s n u l o n l y t h e n i g h l s h i f t t h a t c r e a t e d p r o b l e m s o f s l e e p d u -

r a t i o n . " H i e s h i n i e s t n i g h l s l e e p w a s f o u n d b e f o r e m o r n i n g s h i f t s 

( a l u n i t s e v e n h o u r s ) . T h i s s l e e p is r c d u c c d p a r t i c u l a r l y w h e n t h e 

m o r n i n g s h i f t s l a r l s e a r l y a n d w h e n t h e l i m e n e e d e d l o t r a v e l t o 

w o r k is l o n g . 

C o t i i | i a r i s o n s o f s t u d i e s w i t h c o n t r a d i c t o r y r e s u l t s o f p e r m a -

n e n t a n d r o t a t i n g o r s l o w l y a n d q u i c k l y r o t a t i n g s h i f t s y s t e m s d o 

n o t a l l o w t h e d r a w i n g o f firm c o n c l u s i o n s . 3 * - ^ a 0 , 8 I " 8 5 

There are two reasons why the day sleep after night shifts is 
shortened. First, many shift workers complain that the day sleep 
is more dtslurl>cd by noise, in particular the noise of children and 
traffic noise, than the normal night sleep. Secondly, the night 
worker has to sleep during an unphysiologic time of day. 

The day sleep is not only a phase-shifted night sleep, but it 
also lias a different sleep structure. Most electroencephalograph^ 
studies comparing night and day sleep have shown a shorter REM-
latcncy, and a shorter amount of REM and stage-2 sleep, as well 
as a different distribution of REM-pcriods over the sleep in day 
s l eep . , s - 2 6 s 4 - 8 7 v 0 - ' 5 

If a shift workcr has to work several night shifts in succession, 
an accumulation of sleep deficits may be expected. Kiesswetter et 
al.36 studied police officers with a weekly rotating shift system. 
TTiey compared the quality of night sleep^with the quality of the 
first and last day sleep in the week with night shifts. Mean sleep 
duration was longest in the night, shorter after the first night shift, 
and shortest after the last night. REM-sleep percentages were re-
duced in the first and last day sleep of the night shift week. Only 
the slow-wave sleep percentages (not the absolute amount) in-
creased from the night sleep up to the last day sleep. Regarding 
the subjective ratings of sleep quality, the restorative effect of 
sleep was rated lowest after the last day sleep. Neglecting the in-
crease of slow-wave sleep percentages, all other findings supported 
the hypothesis that there is an accumulation of sleep deficits within 
a week of night shifts. 

In two studies of shift workers who had changed from a slowly 
rotating to a rapidly rotating shift system with maximal two or three 
night shifts, the shift workers experienced reduced fatigue in the 
new system.94,99 

Disturbances of Appetite 

Besides problems with sleep, some shift workers complain 
about disturbances of appetite. In particular, night shifts may 
cause a change of the sequence and frequency of meals. Reviewing 
studies37, 76 which referred to altogether 11,258 persons, the fol-
lowing frequencies of complaints about disturbances of appetite 
were found: 5%-30% with day work, 5 % - 2 0 % of persons with 
morning and afternoon shifts, 20%-75% of persons with rotating 
shift systems including night shifts,' and 40% of persons with per-
manent night shift. 

Vinit et al.,*7 Debry et al.,21 and Reinberg et al.,72 however, 
showed that the disturbances of appetite d id not lead to a reduction 
of total caloric intake. The disturbances of appetite may be influ-
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enccd l»y the d is l ike of having lo cal al unusual times outside ihe 
preferred social envi ronmcnl and hy ihe facl ihnt dur ing nightt ime 
cold food is often consumed. 

G a s t r o i n t e s t i n a l C o m p l a i n t s 

Gastrointestinal complaints may be long-term effects of irreg-
ular food in lakc. However, the causes for this complex of symp-

, loins arc manifold. Therefore, i l is nol surprising that in a review 
of studies referr ing lo 22 ,693 persons, ihe groups of day workers 
and shift workers with and without niglu work did not differ clearly 
with respect lo ihe frequency of gaslroinleslinal complaints. 

Comparing the i l lness reports of 12-hour shif i workers and 
day workers, those shift workers who changed from shift work to 
day work had a higher incidence rate of gaslroinleslinal diseases 
lhan ihe other shift workers and the day workers. 

DANGEK TO HEALTH 

The studies c i ted above show lhal not al l types of shift work 
are simi lar ly problemat ic, but ralher dial mainly shift systems thai 
include night work are a risk factor lo health. If the unavoidable 
disturbance of biologic rhythms caused by night work is combined 
with very unfavorable personal or situational factors, it might be 
expected thai in such cases the human organism may nol be able 
to adapt and lhat an increased frequency of diseases or even an ' 
excessive mortal i ty rate should show up. 

Studies of Mortality 

A careful epidemiologic mortal i ty study of shi f i workers and 
day workers has been carr ied out by Taylor and Pocock.®3 They 
analyzed the 1,578 deaths occurr ing in a 13-year period in 8 ,603 
male manual workers. The results d id not show a significant overall 
excess mortal i ty among sh i f i workers. The standard mortality rate 
of ex-shift workers was 118.9, compared with 101.5 for current 
shift workers. 

Hannunkar i el a! .3 0 compared 4,347 engineers, i .e . , drivers 
of locomotives and ihe i r assistants, wi lh iwo reference groups of 
1,575 trainmen and 1,224 rai lroad clerks in a retrospective follow-
up survey on inva l id i ty and mortal i ty over 18 years. The observed 
number of deaths per person years was 5.3 in ihe groups of engi-
neers, 4 . 6 in ihe group of rai lroad clerks, and 4 .1 in the group of 
trainmen. In an addi t ional questionnaire study, ihe locomotive en-
gineers complained about irregular working hours ( inc luding night 
shi f i ) , noise, v ibrat ion, draf t , and poor seats. However, ihere is no 
information about the work ing condit ions and working hours of ihe 
two reference groups. 

The combinat ion of shift work and adverse environmental ef-
fects also seems lo play a role in the sludy of Teiger, who ana-
lysed data from a professional retirement fund of four occupational 
groups in dai ly newspaper companies: 972 rotary printers (perma-
nent night workers), 248 plate makers (|>ennunenl evening work-
ers), 1,481 compositors (afternoon and evening workers), and 208 
correctors (afternoon and evening workers). 

The working condit ions of the first Iwo groups arc character-

ized by physical IIKMI, l ime pressure, noise, loxic exposure, and 
heal. Compositors and cs|»ecially correctors have better environ-
mental conditions. Analyzing ihe decrease in percent of l i v ing pop-
ulation Itclwccn ages 55 and 70, Teiger found a signif icant d i f fer -
ence at age 70 tatween ihe rolary pr in lcrs ( 6 3 . 5 % survivors) 
compared with ihe oi l ier groups combined (plale makers: 6 6 . 9 % , 
coiii|>osilore: 70.5%, and correctors:' 74.3%). Furthermore, iherc 
was four limes as much early retirement for rotary printers (43 .0%) 
than for correctors (10.8%); the reason for mosl of the early rel i re-
mcnls was medically attested work ing incapacity. 

Cas t ro in les t i i i a l Diseases 

Reviewing investigations of various authors concerning ulcer 
incidence in a tolal of 34,047 persons wi lh day or shift work , 
we76 found ulcers occurr ing in 0 . 3 % - 7 % of persons wi lh day 
work, 5 % of persons with morning and afternoon shif ts, 2 . 5 - 1 5 % 
of persons with rotating shift syslems inc lud ing nighl work, and 
1 0 % - 3 0 % of persons who had given up s h i f t w o r k , probably for 
health reasons. 

The incidences of ulcer in day and shift workers are overlap-
ping. Shift work is only one of many potential factors which may 
contribute lo ulcers. Wol f et a l . 1 0 0 reported on 17 factors thai in-
crease the probabil i ty of duodenal ulcer. Careful epidemiologic 
studies by Aanonsen1 and Angersbach el a l . 6 showed a much 
higher incidence of ulcers in former sh i f t^ rorkers compared w i lh 
other shift workers and day workers. 

In ihe retrospective cohort study of Angersbach et a l . , cov-
er ing a sludy period of 11 years, the process of self-selection i n 
the shift workers cohort seemed to be s t i l l incomplete, because the 
relative risk of suffer ing from a gaslroinlesl inal disease for the first 
t ime was higher in ihe last years of the investigation. 

Card iovascu la r Diseases 

Only a few careful epidemiologic studies have been carr ied 
out on the possible effects of shift work on cardiovascular diseases. 
Aanonsen1 observed len l imes more absence attr ibutable to cardio-
vascular disease in day workers compared w i lh shift workers. No 
significant difference between day workers and. night workers con-
cerning cardiovascular mortality was found by Taylor and Po-
cock.8 3 In the sludy by Angersbach el a l . , 6 those shift workers who 
had changed from shift work to day work (moslly because of med-
ical reasons) had a higher incidence rale of cardiovascular diseases 
compared wilh other shift workers and day workers. Kol ler et al . 
compared day workers and "drop-ou ls" f rom a shif t worker cohort , 
(he drop-outs having a signif icantly higher rate of cardiovascular 
complaints which had occurred dur ing the l ime when ihey had 
worked on shift. A Swedish cohort study of 3 9 4 subjects, the risk 
ral io of cardiovascular diseases was shown lo increase with the 
years exposed lo shift work.** Af ler 20 years, ihe risk ral io 
drop|»ed, probably Itceause of sclf-selecl ion. 

Summing up, there is nol enough cvulct ice lo conclude lhat 
cardiovascular disease is more prevalent in shift workers. More 
long-term studies, in part icular, investigating cx-shif t workers, are 
needed. 
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O i l i e r D i s e a s e s 

I n a r e v i e w o f s l t x l i c s c o n c e r n i n g n e u r o t i c r e a c t i o n s a n d p s y -

c h o s o m a t i c d i s o r d e r s , R o l l e r e l a l . * " s l a t e , " n o c l e a r c o n c l u s i o n s 

u l i o u t d i f f e r e n t f r e q u e n c i e s t»f p s y c h i a l r i c d i s o r d e r s i n s h i f t a n d d a y 

w o r k e r s c a n l i e d r a w n . " 

E F F E C T S ON SOCIAL LIFE 

The working limes and leisure limes of shifl workers are oui 
of sync with the "normal" social environment. This discrepancy 
may create problems within the family and concerning other social 
activities. 

Il is difficult for the shift worker, when working in afternoon 
shifts, lo keep contact with the children who go to school. How-
ever, rapid rotation of shift systems enables the workers lo have 
more contact will» their children than slowly rotating shift sys-
ictus. ~ 

In regard lo the organization of household work, greater prob-
lems may occur when the spouse of llie shift worker is also working 
outside the home, when female shift workers have to take care of 
small children, and when iwo members of the family have different 
shifl systems.78 

It is difficult for a shifl worker to have regular contact with 
day working friends or lo participate in regular social activities and 
in continuing education courses, which are often fixed lo evening 
hours and to the weekend. Therefore, permanent evening shifts 
and continuous shift systems are particularly unfavorable for social 

. . 9. 10, «0 contacts. 

SPECIAL HEALTH MEASURES FOR 

NIGHT W O R K E R S 

Based on the recommendations by Rutenfranz,75 special 
health provisions for night workers should include: 

1. Pre-employment selection of workers 

2. Regular health checks 

3. Preventive health care 

4. Additional tree days 

5. Provision of proper ineals al nighl 

6. Sleeping allowances during nighl shifts 

7. Construction of shift schedules based on objective physi-
ologic, psychologic, and social criteria 

8. Reduction of unnecessary nighl work 

Although all shift workers working in the same shift system at 
the same working place arc exposed lo the same stress, the indi-
viduals react in very different ways lo shift work. 

S e l e c t i o n o f W o r k e r s 

l l would lie desirable lo have (tosilivc selection crileriu at 
hand allowing one to predict which (tcrsoiis wil l have fewer health 
problems when working in particular shifl systems. However, our 
actual knowledge only allows us lo make a l isl ing of negative cri-
teria for the selection of nighl workers. According to Coll ier" ' and 
Uuteiifnin/.,7'' I he following persons should lie excluded from shift 
work if (Kissible: 

1. People with a history of digestive tract disorders. Shif l 
work produces s|>ccial psychophysiologic problems and also in-
volves unusual meal limes, both of which may affect gastric func-

2. If.. 22. a?, w. lions. 

2. Dialectics ami those wilh thyrotoxicosis. Regular food in-
take and correct therapeutic t iming can l»e diff icult lo maintain 
under shifl work conditions.2"' S2 

3. Epileptics. Reduction of sleep increases ihc incidence of 
fils.*'** 

4. People with severe mental dérangements involving the 
whole personality. Depression is particularly important here, be-
cause litis disease often starts with sleep disturbances, which in-
dicate disruption of the slcep-wakefulness cycle and other circa-
dian rhythms.88 

5. Al l persons suffering from chronic sleep disturbances (al-
legedly caused by e.g., traffic noise).52 

6. Patients with heart diseases who exhibit a significant re-
duction of physical performance capacity. 

7. Active and extensive tuberculosis patients. 

8. Alcoholics and other drug addicts. 

9. Persons with marked hemeralopia, or visual impairment 
that is too severe for effective compensation to be possible, l l lu -

v minalion of many parts of factories is normally reduced al night; 
therefore these persons may have a particularly high risk of acci-
dents. 

Concerning positive criteria for the selection of night workers, 
it is not yet possible to put forward recommendations. However, 
there are many factors which have already been taken into consid-
eration or which should be studied in more detail: 

1. Rigidity25' 101 

2. Ex I ravcrsion/i nl reversion'3 

3. Ncurolicism18 

4. Circadian phase position, moniingncss/evening-
M. 39. 62. tt ness 

5. Amplitude of circadian rhythms3, 4* 73' 74 

6. Sleep cycle properties 

7. Liability to internal desynchronizution70 
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Furthermore, si tuational factors M^III IO lie of iiii|K>r1aucc for 
(lie a<la|>la1>i1i(y It» shift work. In studies of cltci i i ical workers, train 
<1 r ivers, and air traff ic control lers, 5 5 % - L T O % complained HIMIIII 
their sleep being d is lur l tcd hy noise on the day afler ihe nighl 
s h i f t . 1 " ' 7 7 Shi f i workers rc|Mtried lhal traffic noise ami noise of 
ch i ld ren d is iur i tc i l the i r day sleep most frequently. These kinds <tf 
noise may deteriorate l i te quali ty of sleep, as Ims liecn shown hy 
Knauth and Kulenfran/. ,4 ' W i l l i a m s , w and Cricfalm el a l . 2 " Shift 
workers whose day sleep was often or always disturl»cd hy noise 
complained more frequently a!tout neurovegetative and gastrointes-
t inal symptoms lhan shi f i workers wi lh undisiurlted or rarely dis-
turbed day sleep.37 ' 

Another si tuat ional factor, which has nol yel I teen studied in 
deta i l , is ihe att i tude of the family of the shift worker toward shift 
work in general or toward particular negative as|»ects of a sl i i f l 
syslcm. I f , for example, ihe nighl work of a shift worker is not 
accepted hy his or l ier sj>ouse, it may be expccled lhat l i t is shift 
worker wi l l have more problems coping with nighl work lhan a 
colteague who is supported by a more |>osilive al l i ludc from his or 
her sjtouse. 

Kegular Health Checks 

The standard médical examinalions before starting work have 
only l imi ted predict ive v a l u e for sickness-absence.82 Therefore, it. 
has been proposed thai a second health examination be carr ied out 
nol later than one year after starting shift w o r k . " Between ihe two 
examinal ions the shift worker has found out what his or her most 
important problems concerning shift work are, and how shift work 
affects ihe worker's sleep, fami ly, and social l i fe. 

A committee o f German occupational health practit ioners and 

scient i f ic experts has proposed the fol lowing procedure:75 

1. A l l persons work ing at least six hours on a regular shift 
system or at least five hours on an irregular shift system dur ing the 
hours from 10 p .m. lo 6 a.m. should have regular health checks. 

2. The preplacement medical examination should exclude a l l 

persons from night work who meet the above-mentioned negative 

health cr i ter ia. 

3. There should be a second health check 12 months, at ihe 
latest, afler start ing n igh l work, and regular health checks, de-
pending on the age of the worker, al ihe fol lowing intervals: aged 
under 25 years, 2 4 months; 2 5 - 5 0 years, 60 months; 5 0 - 6 0 years, 
24—36 monlhs; and over 60 , 12-24 monll is. 

Preventive Health Care 

Since most problems of the shift worker are caused by the 
discrepancy or mismatch between ihe t ime structure of the social 
sphere and the work sphere, it seems to be desirable, occasion-
a l ly , lo give the shift workers the chance to l ive under normal 
condit ions w i lh respect to circudian rhythms. Some large German 
planls and communi t ies have therefore l»egun to offer regular treat-
ment for shift workers older lhan 50 years old in specialized hos-
pitals for two lo three weeks at two- or three-year intervals. By 
fo l lowing a regular sleep-wake routine with proper mealt imes. 

t h e s e w o r k e r s m a y n o r m a l i z e t h e i r c i r c a d i a n r h y l h m s . F u r t h e r -

m o r e . a g e n e r a l l i c a l l h c h c c k a n d | > h y s i o l h c r a | t e u l i c m e a s u r e s a r e 

o f f e r e d . H o w e v e r , i h c r c a r e n o h m g - l c m i e x p e r i e n c e s w i l h s u c h 

I r c a l m c u l s . A u o l l i e r w a y o f r c d u c i u ^ l i t e p r o b l e m s o f s h i f t w o r k e r s 

is r c a l i / . c d h y a F r e n c h p l a n t w i t h a s j t e c i a l o r g a n i z a t i o n <»f w o r k i n g 

t i m e : t h r e e w e e k s o f s l i i f l w o r k a r e f o l l o w e d h y f o u r w e e k s o f n o n -

s h i f t w o r k , i . e . , n o r m a l d a y w o r k o r a c o n t i n u i n g e d u c a t i o n o r 

h o l i d a y s . 

A d d i t i o n a l Free Days 

'Hie medical reason for recommending addit ional free days for 
those who work in continuous shift systems is ihe same as men-
tioned Itefore, namely, lo give the shi f i workers ihe chance lo have 
more "normal " days lo allow (lie c i rcadian system lo renew. How-
ever, since there are up to now no epidemiologic longi tudinal stud-
ies, nothing is known alntut ihe eff iciency of these extra resl days 
for health. 

P r o v i d i n g P rope r Meals a l N i g h l 

Complaints altoul disturbances of appc l i lc arc relal ively fre-
quent, particularly in connection with night work. Therefore, in 
France, a law obliges the induslry lo provide the night workers 
with facil i t ies to warm up meals dur ing nightt ime. (Weinberg et 
a l . ,7 2 who studied the eal ing habits of sh i f i workers of an o i l refin-
ery in 1974, observed five years later that the consumption of car-
bohydrates was reduced.69 Th is change may be caused by the in -
troduction of a cafeteria which offered warm, l ight meals, whereas 
in 1974 much bread had been consumed dur ing n igh l shifts. The 
meals should nol be eaten loo late in the night shift (e.g. , not later 
than 1 a.m.). Beverages lhat conta in caffeine should be drunk only 
many hours before bedtime. 

Sleeping Allowances During Night Shifts 

Since.sleep is a major concern of n ighl workers, any measure 
lhat w i l l improve their sleep is important. Occupational health 
practitioners and scientists who have studied the problems of 
nightworkers know lhat in some work places i l legal naps are taken 
dur ing nighttime. Kog i 6 , 4 7 reports lha l 4 3 % of day-night (two-shif t) 
workers and nearly hal f of regular (three-team or four-team) three-
shift workers look naps in the form of short anchor-sleep-l ike sleep 
dur ing midnight or car ly -moming hours. Many plants in Japan 
seem to have such more or less legalized sleeping allowances dur -
ing nighl work and many of the nappcrs even had the chance lo 
use a l>ed in the factory. 

H i e main reasons for naps arc prevention of fatigue and im-
provement of efficiency and safely.s" 47 Problems may arise i f the 
night worker has di f f icul t ies in fa l l ing asleep or i f he has to r e a d 
correctly immediately after being woken up, e .g . , by an alarm bel l . 
The nighttime nap seems lo inf luence the fo l lowing dayt ime sleep. 
Torsvall el al.*" found lhal napjters had a shorter main sleep com-
pared with nun-nappcrs. Matsumolo el. al. observed lhat the 
slage-4 sleep in (he subsequent day-sleep was decreased in pro-
I tori ion lo I tow late the preceding nap was taken. 
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Constructing Shift Schedules Based on Objective Criteria 

I {used on the criteria concerning physiologic adjustment, per-
formance and accidents, well-being, health, and personal and so-
cial problems, Knauth and Rutenfranz43 have put forward nine rec-
ommendations for the construction of shift systems: 

1. A shifl system should have few nighl shifts in succession. 

2. The morning shifl should not begin loo early. 

3. 'Hie shift change limes should allow individuals some flex-
ibi l i ty. 

4. The length of the shift should depend on the physical and 
mental load of the task, and the night shift should l>c shorter than 
the morning and afternoon shifls. 

5. Short intervals of lime between two shifls should be 
avoided. 

6. Continuous shift systems should include some free week-
ends, with at least Iwo successive full days olT. 

7. In continuous shifl systems, a forward rotation should be 
preferred. 

8. The duration of the shift cycle should not be too long. 

9. Shift rotas should be regular. 

In summary, the reasons for the first and most important rec-. 
ommendation are that re-entrainment of physiologic functions to 
night work seems to remain incomplete even after many night shifts 
in succession, and least disturbance of circadian physiologic func-
tions is observed in connection with few consecutive night shifts.37 

An accumulation of sleep deficits and fatigue has been ob-
served in the course of longer periods of consecutive night shifls. 
Furthermore there are hints in the literature that the probability of 
accidents may increase after the second night shift. 

In studies of groups which had changed from slowly to rapidly 
rotating shift systems, the majority of shifl workers reported an 
overall preference for the new shifl system45,661 93 or had a higher 
level of job satisfaction.99 

Reduction of Unnecessary Night Work 

Since nighl work may be regarded as a risk faclor for health 
and often resulls-in negative effects on the well-being and social 
contacts of shift workers, ideally, the l>esl measure would be to 
eliminate nighl work in general. However, this is an unrealistic 
approach. Therefore, the second-best measure would be to reduce 
unnecessary night work. When asking the management of a plant 
i f some activities could be removed from the nighl shift and placed 
in morning or afternoon shifls, in general ihe first answer will be 
"that is not possible." However, if the activities ure studied in 
more detail, in some cases it will be (tossible to reduce thé amount 
of work done during the nighttime. 

As an example, we gradually reduced (in cooperation with the 
management and the occupational health practitioner) ihe number 
of persons needed during nighttime (2-6 a.in.) for loading and un-

loading aircraft s from 104 to 66 in a first step, and in a second 
slcp lo 38 persons.39 

To sum up, occupaiional health measures for nighl workers 
and shift workers are necessary to prevent lowering of well-being 
and occurrence of job-related diseases. These measures should 
also include activities of the occupational health practitioner out-
side the workplace, such as advising workers on coping strategies 
e.g., for organizing ihe social life, for sleeping and eating behav-
ior, or supporting the amelioration of housing conditions. 
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4 - PROBLÈMES MUSCULO-SQUELETTIQUES 

L'industrie alimentaire est particulièrement à risque pour les lésions musculo-

squelettiques. Les tâches impliquant des soulèvements et des gestes répétitifs sont 

très nombreuses. Les abattoirs de bétails et de poulets, les boucheries, les 

poissonneries et les entreprises de conserves de fruits et de légumes comptent parmi 

les plus à risque. En plus de la transformation primaire des produits il faut ajouter 

l'empaquetage et l'empilage avant l'expédition. 

Les soulèvements de charge varient beaucoup en fréquence et en poids soulevés. 

On peut rencontrer des soulèvements non fréquents de sacs de grains ou de farine 

dont le poids dépasse 40 kg, des soulèvements de palettes, des transferts de quartier 

de viande de 100 à 300 livres etc. Beaucoup de clients d'abattoirs ou de charcuterie 

ne sont pas équipés pour recevoir des quartiers de boeuf de sorte que les accidents 

lors du transfert du camion à l'entrepôt du client sont fréquents. 

Surveillance médicale et prévention 

L'approche générale pour les lésions musculo-squelettiques repose sur une bonne 

documentation des accidents de travail et des maladies musculaires et tendineuses. 

Ces lésions sont le plus souvent associées aux gestes répétitifs et au soulèvement. 

A partir de ces données on peut déterminer les sites anatomiques les plus souvent 

touchés et préciser quels sont les gestes, postures et tâches en cause. Par la suite, 

on peut procéder à des évaluations ergonomiques et suggérer des solutions. La 

rotation des tâches quand elle est applicable peut s'avérer utile, mais les 

modifications du poste sont préférables. Le traitement précoce des travailleurs 

symptomatiques peut prévenir des lésions plus sévères. Le repos ou l'arrêt de 

travail est difficilement accepté par le milieu de travail, quoique ce soit le 

traitement initial le plus souvent utile. 

Nous avons brossé un tableau général des problèmes musculo-squelettiques dans 

l'industrie alimentaire mais il n'est pas possible de couvrir entièrement le sujet dans 

ce document. Nous avons inclus une liste des références utiles selon les industries 

ou métiers pour lesquels les risques sont bien décrits. 
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Work-Related Injuries in the 
Meatpacking Industry 

C a r o l C o n r o y 

National Institute for Occupational Safety and Health (NIOSH) surveil-
lance efforts are directed towards identifying and studying high-risk indus-
tries. This research describes injuries and worker characteristics and suggests 
how these injuries may be prevented in one industry —the meatpacking in-
dustry. This industry has maintained the third highest injury rate among all 
U.S. manufacturing industries from 1976 through 1985. According to 
NIOSH data, 25 workers died from work-related injuries during 1980-1985. 
Injury data from the Bureau of Labor Statistics Supplementary Data System 
show that 76% of injured workers suffered strains, sprains, lacerations, con-
tusions, or abrasions. The two major types of injury are: Struck by or against 
objects (25%) and overexertion including lifting, pulling, and throwing 
(31%). Handtools are involved in almost one half of all injuries. The occupa-
tions of over half of all injured workers are meat cutter (49%), butcher (2%), 
and packer and wrapper (4%). These findings suggest aiming preventive 
efforts towards workers in these jobs. However; more comprehensive and 
detailed surveillance systems are needed to further study workers at risk and 
evaluate preventive efforts. 

T h e National Institute for Occupational 
Safety and Health ( N I O S H ) surveillance ef-
forts are directed towards describing indus-
tries in which there is a high risk of injury. 
Although national information on work-re-
lated injuries is l imited, what is available 
can be used to identify injury trends and 
target areas for further study. This paper 
provides i n f o r m a t i o n on w o r k - r e l a t e d 
deaths in one industry (meatpacking) by us-
ing a new source of national fatality data. I t 
also updates information from an earlier 
N I O S H report (Pezaro, Leffingwell, & Ma-

Carol Conroy, PhD, is an epidemiologist io the Divi-
sion of Safety Research. National Institute for Occupa-
tional Safety and Health, Centers for Disease Control. 

haffey, 1985) which identified meatpacking 
as a high-risk industry. 

DATA SOURCES 

Three data sources were used to investi-
gate fatal and nonfatal injuries in the. meat-
packing industry. The Nat ional Traumatic 
Occupational Fatality data base ( N T O F ) 
(Division of Safety Research, N I O S H , 1988) 
provides data on work-related deaths. T h e 
Bureau of Labor Statistics (BLS) Annual 
Survey of occupational injuries and illness in 
the U.S. (1982, 1983, 1984, 1985) and Sup-
plementary Data System (1982, 1983, 1984) 
both provide information on injuries in spe-
cific industries. These data sources can be 
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used to describe potential risk factors for 
i n j u r y to workers in the m e a t p a c k i n g 
industry. . ° 

T h e N T O F provides new national infor-
mat ion on work-related traumatic deaths in 
the United States. Death certificates are 
used as a source for this data base. Death 
certificates are included in the system if they 
meet the fo l lowing cr i ter ia: " I n j u r y at 
work" item on death certificate is checked 
yes, underlying or contributory cause of 
death ( Internat ional Classification of Dis-
eases, 9 th Revision) is external, and age at 
death is 16 years or older. Occupation is 
coded by the 1980 Census Index of Indus-
tries and Occupations, industry is classified 
by the 1972 Standard Industrial Classifica-
t ion (S IC ) ( O f f i c e of Management and 
Budget, 1972), and external cause of death 
is categorized by injury description. 

T h e BLS annual survey provides inci-
dence rates based on a national stratified 
random sample of approximately 280,000 
private-sector establishments in the United 
States. Workers in companies that have less 
than eleven employees, public-sector em-
ployees, and self-employed workers are ex-
c luded from this sample. Al l injuries record-
e d on each company 's O S H A 200 log 
(required by the Occupational Safety and 
Hea l th Administrat ion) are supposedly re-
ported; by def ini t ion, these include injuries 
resulting in medical treatment beyond first 
a id, loss of consciousness, lost work t ime, or 
restricted job activities. T h e BLS defines oc-
cupat ional injuries as injuries "which result 
f rom a work accident or from exposure in-
volving a single incident in the work envi-
ronment." In ju ry rates are calculated based 
on employees work ing 40-hour weeks and 50 
weeks per year, but are reported as rates per 
100 employed persons. Rates are reported bv 
industry and are not specific for occupation 
or other worker characteristics. 

T h e SDS provides information on nature 
of injury, external cause, occupation, and 
body part injured. T h e SDS uses the Census 
codes for occupation of worker, the S IC 
codes for industry, and the American Na-
t ional Standards Institute Z 1 6 . 2 standard 
( A N S I , 1962) for injury characteristics. 

SDS data are obtained from states that 
voluntari ly supply workers' compensation 
c la im informat ion to the BLS. I n most states 

all public-sector employees and self-em-
ployed persons who are injured are exclud-
ed. Definitions of in jury and reporting crite-
ria vary from state to state as shown in Table 

RESULTS 

A descriptive analysis of these data sourc-
es yielded the fol lowing profile of occupa-
tional traumatic injuries in the meatpacking 
industry. 6 

Incidence 

The meatpacking industry (SIC 2011) has 
the third highest injury rate among all U.S. 
manufacturing industries; this rank has per-
sisted from 1976 through 1985. T h e annual 
BLS survey shows an average incidence rate 
of 27.6 injuries per 100 workers per year 
during 1982-1985. This rate is slighdy lower 
than the rate (31.4 per 100 workers per 
year) reported for 1976-1981 (Pezaro et a l . , 
1985). The average annual incidence rate 
for lost-work-day injuries is also lower (13.5 
per 100 workers) than during 1976-1981 
(15.0 per 100 workers). Dur ing 1982-1985 
an average of 145,000 people were em-
ployed in the meatpacking industry each 
year. 

Morta l i ty 

Information for fatal ly injured workers is 
l imited to death certificate data included in 
the N T O F . Twenty-f ive such deaths were 
identified for the meatpacking industry dur-
ing 1980-1985. T h e average annual rate is 
almost 3 deaths per 100,000 workers. T h e 
distribution of death varies by occupation: 
meat cutters account for 13%; meat pack-
ers, 13%; maintenance workers, 28%; truck 
drivers, 13%; and truck loaders, 4%. T h e 
causes of death include one electrocution, 
three falls, two unintent ional stabbings,* 
three intentional f i rearm wounds, and eight 
motor-vehicle-related deaths. Other deaths 
are primari ly caused by blunt force t rauma 
resulting in crushing injuries. There is no 
pattern by age distribution, and only one 
woman died. 

Morbidi ty 
T h e findings on nonfatal injuries are 

based on the workers' compensation infor-
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TABLE 1 

CRITERIA F O R R E C O R D A B L E W O R K E R S ' C O M P E N S A T I O N C L A I M S IN STATES PARTICIPATING IN 
S U P P L E M E N T A R Y D A T A S Y S T E M . 1982-1984 

State Criteria 

Alaska 

Arizona 

Arkansas 

Cal i forn ia 

Colorado 

Delaware 

Hawaii 

Indiana 

Iowa 

Kentucky 

Haine 

Karyland 

Hi chi gan 

Minnesota 

Mississippi 

Mi s souri 

Montana 

Nebraska 

New Mexi eo 

New York 

North Carolina 

Oregon 

Tennessee 

Utah 

Vermont 

Vi rg in ia 

Washington 

VI sconsin 

Vyaalng 

Death or In jury 

A l l In jur ies 

Death or in ju ry 

Oeath or "serious in ju r ies" or I day los t t ine or «ore than f i r s t aid required 

Oeath or In jury with 3 or «ore lost- t ime days 

Death or In jury 

Oeath or at least I los t work day 

01«abi l i ty of I day or aore 

D isab i l i t y of aore than 3 days 

D isab i l i t y of 1 day or more 

Al l In jur ies (did not par t ic ipate In 1984) 

D isab i l i t y of aore than 3 .days 

Oeath or d i s a b i l i t y of at l e a s t . I week, "spec i f ic losses' 

Oeath or serious in ju ry or d i s a b i l i t y of at least 3 days 

01sabl l l ty of 1 day or work s h i f t 

Death or In jury with 3 or sore l os t - t i ne work days In 1982-1983; changed to death 
or in ju ry In 1984 

Al l in jur ies 

Oeath or in jury 

Al l In jur ies 

Al l In jur ies 

01«abi l i ty of I day or nore 

"Serious" In jur ies 

D isab i l i t y of at least 1 teek 

A l l In jur ies 

D isab i l i t y of at least 1 day and requir ing oedlcal care 

Al l In jur ies 

A l l In jur ies requir ing oedlcal attent ion 

Disab i l i t y of aor* than 3 days 

Al l In jur ies 
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mation reported by states and included in 

the SDS. Dur ing 1982-1984, the 29 states 

listed in Table 1 participated in the SDS 

The data show that 86% of the injured 

workers are men. The two primary types of 

injuries (struck by/against objects and over-

exertion) vary according to gender. About 

&>% of women are injured by an object 

compared to 45% of men. However, almost 

44% of injured women have overexertion in-

juries compared to only 29% of men. This 

difference may reflect different work-relat-

ed tasks. 

The distribution of injuries by age reveals 

that 55% of the injured workers are between 

20 and 34 years of age. Almost 23% are 20 to 

24 years old, and only 5.3% of injured work-

ers are over 54 years old. Age is unknown for 

9% of all injured workers. There is no signif-

icant difference between men and women in 

the age distributions of injured workers. 

The occupation of injured workers is im-

portant to consider when studying work-re-

lated injuries. Over half of all injuries re-

ported during 1982 to 1984 occurred to 

butchers (2%), meat cutters (49%), and 

meat packers and wrappers (4%). Material 

handlers (7%), laborers (9%), and opera-

tives (7%) account for almost one quarter of 

injuries. Because certain occupations ac-

count for proportionately more injuries 

meat cutters, butchers, packers, and wrap-

pers are evaluated in more detail. Thirty-

one percent of the injuries to these workers 

are lacerations. Butchers receive lacerations 

for almost 55% of their injuries; cutters 

40%; wrappers, 21%; and packers, 9%! 

Strains and sprains account for 34% of all 

injuries to this occupational group. Strains 

and sprains accounted for 21% and 26% of 

all injuries to butchers and cutters com-

pared to 45% for meat wrappers and 

packers. 

In jury characteristics are important to 

evaluate in terms of treatment and second-

ary prevention. Table 2 shows the distribu-

tion of nature of injury. Strains, sprains, lac-

erations, contusions, and abrasions are the 

most frequent injuries (76%). In f lamed 

joints account for almost 9% of reported in-

juries, and only about 5% of injuries are 

fractures or dislocations. The nature of inju-

ry patterns are similar to those reported for 
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TABLE 2 
P E R C E N T A G E DISTRIBUTION O F N A T U R E O F 

INJURY R E P O R T E D BY W O R K E R S IN T H E 

M E A T P A C K I N G I N D U S T R Y . S U P P L E M E N T A R Y 

DATA S Y S T E M . 1982-1984 

Kata r * of Ia jar? t 

Strain/sprain « . 7 

Laceration 
30.9 30.9 

Contusion/abrasion 13.0 

Inf lated j o i n t s 
8.6 

01 st oca t l on/fracture 
4.8 

8urn (chenfcat/seatd/fcclder f lash) 
Z.S 

Mult ip le In jur ies 1.4 

Hernia rupture 
1.3 

Amputation 
0.6 

Concussion 
0.2 

Elect r ic shock/cold fn jury/h«at stroke 
0 .1 

Mot c lass i f ied/other 
3.9 

Total 
100.0 

1976-1981, except for " in f lamed joints" 

which previously accounted for only 5% of 

all injuries (Pezaro et al. , 1985). 

The distribution of injury by bodv part is 

^ inJ?.ble 3
"

 T h e body P*"* Evolved 
in 50% of all injuries are the arm, hand (in-
cluding fingers), and back. Over 22% of all 
injuries involve fingers. The back is involved 
in 15%. 

Because of their serious and permanent 

nature, amputations are evaluated in detail 

1 he reports show that over 93% of amputa-

tions involve fingers (although three hands 

one arm, two toes, and two feet were also 

lost) Meat cutters and butchers account for 

over 30% of all amputations in meat pack-

ing workers; machinists account for over 

1U%; operatives for over 8%; and heavy 

equipment mechanics for over 7%. 
Lacerations and strains/sprains are also 
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32.7 

30 

13.0 

I 

1.3 

0.2 

3.9 

Vtu-

I 

T A B L E 3 
PERCENTAGE D I S T R I B U T I O N OF BODY PART 

I N J U R E D REPORTED BY WORKERS I N T H E 
M E A T P A C K I N G INDUSTRY. S U P P L E M E N T A R Y 

DATA SYSTEM. 1982-1984 

Body P i r t t 

Finger 22. S 

Back 1S.S 

Ana 11.7 

Leg/hip (excluding knee) 9.4 

Hand 8.6 

Wrist 7.2 

Shoulder 5.2 

Hul t i p l e 4.6 

Abdaoen/trunk 3.6 

Knee 2.8 

Eye 2.6 

Head/brain (excluding eye) 2.3 

Chest -2 .2 

Neck 1.1 

Not c lass i f ied /o ther 0.7 

Total 100.0 

evaluated in more detail because they con-
stitute a major proportion of all injuries. 
Lacerations involve arms, wrists, hands, 
and fingers about 83% of the time. I n al-
most 55% of all lacerations, fingers are in-
volved. For strains and sprains, 42% involve 
the back and 10% involve the shoulder; in 
fact, 87% of all reported back injuries are 
sprains or strains. 

Table 4 shows the distribution by type of 
accident (external cause). O f all injured 
workers, 44% are struck by or against an 
object and 33% are injured by lifting, pall-
ing, throwing, or overexertion. The "source 
of injury" also varies. Hand tools are asso-

ciated with 47% of injuries wi th known 
sources; knives (a type of handtool) alone 
account for about 19% of all injuries. Over 
6% of injuries are associated wi th the "floor 
or ground". "Animals and their products" 
are involved in over 6% of all injuries. 

DISCUSSION ^ 

The occupations associated wi th the most 
injuries in the meatpacking industry are 
butcher, meat cutter, meat wrapper, and 
packer. One reason may be the large propor-
tion of these workers employed in this indus-
try. T h e major i ty of their injuries are 
strains, sprains, lacerations, and contusions; 
the body parts commonly injured are the 
wrist, hand, and finger. These clinical find-
ings are consistent wi th their job tasks —us-
ing hand tools, especially knives, and mani-
pulat ing large a n i m a l carcasses. Th is 
informat ion suggests preventive efforts 
should be targeted at decreasing injury oc-
currence among these workers. 

I n the meatpacking industry, contact 

T A B L E 4 
PERCENTAGE D I S T R I B U T I O N OF A C C I D E N T 

TYPE REPORTED BY WORKERS I N T H E 
MEATPACKING INDUSTRY. S U P P L E M E N T A R Y 

DATA SYSTEM. 1982-1984 

Accident Type 

Struck by/against object 

0verexert1on/11f t ing /pu l l ing/throwing 

Working surface 

Caught in/under collapsing material 

Fal ls 

Toiperature (hot or cold) 

Hotor-vehicle-related 

Elect r i c l ty 

Hot classif ied/other 

Total 0 
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with handtools — especially knives — appears 
responsible for causing a large proportion of 
all injuries (Myers & Trent, 1988). However, 
the ANSI system of injury coding does not 
identify the external cause of injury. As a 
proxy, "accident type" is used to identify the 
event resulting in injury or how the object 
(source of injury) contacts the person. An-
other l imitation is that the ANSI "nature of 
injury" categories include energy agents and 
injury outcomes (such as loss of function) in 
addition to injury descriptions. These at-
tributes of the ANSI coding system inhibit 
descriptions of external cause or nature of 
injuries based on work-related injuries re-
ported in the SDS. 

I n the meatpacking industry, the external 
cause associated wi th fatal injury differs 
from nonfatal injury; motor vehicle-related 
injury is more often.a cause of death than a 
cause of nonfatal injury. This may occur be-
cause there is a greater magnitude of energy 
concentration wi th motor vehicle-related 
injuries, resulting in more severe injuries not 
compatible wi th life. Motor vehicle-related 
deaths may even be underreported in the 
N T O F because of the criteria for death cer-
tificate inclusion (Broberg, 1984). A preven-
tion program designed to reduce injuries in 
the meatpacking industry may not decrease 
the deaths because the external causes vary 
for nonfatal and fatal injuries. This should 
be considered when developing injury pre-
vention programs in meatpacking plants. 

Although the BLS surveillance systems 
can be used to evaluate time trends, they 
have some limitations in this area as well. 
T h e data show an apparent decrease in inju-
ry rate incidence during 1982 to 1985 com-
pared to 1976 to 1981. However, the annual 
survey is sensitive to reporting variation and 
the decrease may reflect changes in report-
ing. One incentive for underreporting is the 
change in O S H A policy that prevents in-
spections if an employer has an injury rate 
below average for its three-digit SIC. Other 
limitations of using data collected for O S H A 
are addressed by a report supported by the 
Department of Labor (Pollack & Keimig, 
1987). 

Similarly, the states in the SDS partici-
pate voluntarily and may change their re-

porting criteria, compensation criteria, and 
information collected over time. I t is unlike-
ly that all injuries are reported voluntarily. 
Worker's compensation claims are collected 
not for injury research, but in response to 
economic concerns of employers, legal re-
sponsibility to provide a safe work environ-
ment, and worker recognition of risk (Bale, 
1988). Another researcher (Robinson, 1988) 
has noted that economic factors such as 
hiring rate, productivity, and labor and 
management relations affect injury rates in 
manufacturing industries. SDS data are re-
stricted to participating states. I f injury in-
cidence varies by geographic location of 
plant, then these data may not be represen-
tative of all meatpacking plants. 

It is not possible, using these surveillance 
systems, to evaluate the impact of nonfatal 
injuries upon a worker s quality of life or 
work production. For example, a worker 
suffering finger amputation would have a 
moderate injury based on the Abbreviated 
Injury Scale (American Association for Au-
tomotive Medicine, 1985). Although some 
states participating in the SDS include ex-
tent of disability information as a proxy for 
injury severity, there are limitations to these 
data. First, it is only reported by states sub-
mitting "closed cases" to the BLS. I n the 
meatpacking industry, during 1982-1984, 
only 25% of injury claims had this informa-
tion. Second, extent of disability is not an 
accurate measure of injury severity; it is in-
fluenced by the worker's job requirements, 
company policy, and other variables besides 
the anatomical or functional severity of the 
injury. 

In conclusion, this study confirms earlier 
research (Broberg, 1984; Carlsson, 1984; Pe-
zaro et al. , 1985) suggesting that injury pre-
vention efforts in the meatpacking industry 
should be directed towards butchers, meat 
cutters, meat packers, and wrappers. These 
workers either use knives or handle heavy 
pieces of meat during work. This research 
provides clues as to which injuries occur 
most often. Because the meatpacking indus-
try has remained a high risk industry over 
the past 10 years, it deserves to be a high 
priority industry to initiate preventive pro-
grams. However, on-site surveillance sys-
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terns (Klauche, Buehier, Thacker et al., 

1988) are needed to further study workers at 

risk and evaluate preventive efforts. 
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Prevent occupational 
overuse injuries 
Today's workplaces are pushing employees to the limits of their physical 
endurance, resulting in a dramatic increase in overuse injuries such as 
repetitive strain. But these can be prevented. By Don Couch 

ave you ever felt worn out after a 

hard day's work, l ike you've worn 

yourself io the bone? I f you're like 

most people, you' l l answer yes. But 

chances are lhat you've never really been worn 

out, never really worked yourself to the bone 

— unless you've suffered from occupational 

overuse. 

Occupational overuse conditions — also 

k n o w n as repeti t ive strain injuries ( R S I ) , 

c u m u l a t i v e t rauma disorders ( C T D ) , and 

cervico-brachial disorders — is a generic term 

used to describe a whole family o f soft tissue 

disorders. Although the collective terms leave 

the impression that there is a single disease 

wi th a single cause and cure, nothing could be 

further from the truth. Ranging from tennis 

e lbow to carpal tunnel syndrome, these painful 

and often debilitating ailments manifest them-

selves in many parts o f the body, most com-

monly in the neck, shoulder, hand, wrist and 

forearm, as wel l as in the back and legs. 

Overuse conditions should not be confused 

with overexertion injuries. Overexertion oc-

curs when the body or body part is not ade-

quately conditioned to perform or sustain a 

lask. Overexert ion can occur bccause of changes 

in method or rate of work , or simply bccause an 

employee returns to the same job after an 

extended absence. 

Overuse, on the other hand, is usually a 

chronic condition causcd by the wearing down 

or deterioration of tissues thai aid in the body's 
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movement. T h i s wear and deteriorat ion is 

brought about by the prolonged holding o f an 

unnatural position or by repetitive and stress-

ful motions over long periods o f t ime. Improp-

erly designed tools, inadequate work ing space, 

anatomically unsuitable work practices and 

poor workstation design are k n o w n causes o f 

occupational overuse. Other conditions, such 

as cold and vibration, w i l l promote the devel -

opment of overuse symptoms, as w i l l less 

concrete factors l ike psychological and emo-

tional stresses. 

Becauseoftheseintangiblestresses,overuse 

symptoms may appear in one worker wh i l e 

another, performing the same tasks, exper i -

ences none. Th is has led to complaints symp-

tomatic o f these disorders being treated as 

hypochondria, neurosis, and even mal inger-

ing. Of ten misdiagnosed as arthritis or muscle 

strain, occupational overuse went practically 

unnoticcd for decades. 

But in the last 10 years, reported incidences 

of Ihe condition have risen sharply. Indeed, 

occupational overuse appears to be 4fashion-

able.' There arc some good reasons for the 

increase. There is a greater awareness that 

many of these painful conditions can be attrib-

uted to work; conditions lhal were previously 

diagnosed as sprains or arthritis arc now being 

more accurately assessed; a poor economic 

climate and changing technology arc putting 

increased demands on people and productiv-

ity; and limited j o b opportunities arc dissuad-



ing occupational overuse sufferers from seek-
ing alternative employment; 

T h e increase in reported incidences o f occu-

pational overuse lias brought with it an increase 

in research. Light is now beginning lo be shed 

on the proper treatment and prevention of this 

very real and very serious workplace disorder. 

Count less w o r k e r s vu lne rab le 

Proper preventive measures for occupational 

overuse must bcuin with a basic understanding 

o f the disorder from a clinical point of v iew. 

Overuse conditions usually arise from the in-

f lammat ion and swel l ing o f tendons, tendon 

sheaths, l igaments, epicondyles or bursae (see 

figure on page 32). Symptoms include chronic 

pain, numbness, tingling, weakness and prob-

lems holding and grasping objects. 

Put s imply , tendons connect muscles to 

bones, and ligaments are the bands of connec-

tive tissue that unite the joints. Some tendons 

run through smooth lubricating casings called 

synovial sheaths. Overuse o f tendons can cause 

ihe in f lammat ion of the tendons and/or syn-

ovia l sheath, resulting in tendinitis or tenosyn-

ovit is. Epicondyles are two boney bumps found 

at the lower comers o f the humerus bone at the 

e lbow. Overuse o f these tissues is called epi-

condyl i t is, more popularly known as tennis 

e lbow. Bursitis, another condition caused by 

occupational overuse, is the swell ing or dete-

rioration o f the bursae — protective cushions 

or smooth lubricating sacs found at the shoul-

der jo int and other locations where tendons rub 

against bones, ligaments or other tendons. 

At the wrist — a frequent site of occupa-

tional overuse — nerves, blood vessels and 

tendons arc bound together with a large band o f 

tissue. Th is bundle of fibres runs from the wrist 

lo ihe hand through a route bordered by several 

small bones. These arc cal led ihe carpal bones 

and the route is called the carpal tunnel. Carpal 

tunnel syndrome is a c o m m o n overuse disorder 

(h 

al develops when repetitive motions cause 

excessive and prolonged compression of I lie 

median nerve that runs through the carpal tun-

nel. Other c o m m o n overuse conditions include 

gangl ions ( f l u i d - f i l l e d lumps over tendon 

sheaths or jo ints) aiul non-specific conditions 

such as 'process workers ami." 

Workers from a wide array of occupations 

fall victim to these disorders. Particularly sus-

ceptible arc those who perform repetitive tasks 

or tasks involving close or delicate work. V ic -

tims of occupational overuse arc frequently 

clcrical workers, data process operators, and 

clothi ng, textile and electrical workers. 

four factors determine occurrence 

There arc a number o f factors that can contrib-

ute to the development and severity of overuse 

conditions. These factors are ergonomie, envi-

ronmental, administrative and personal. 

Ergonomie factors. These refer to those 
elements of the workstation, tools, equipment, 

machines or the task itself that can influence 

the occurrence o f overuse conditions. Some o f 

the more important workstation factors include 

the height, area, angle and adjustability of work 

surfaces, and the shape and contour o f supports 

such as chairs and footrests. 

Problems also arise from static (holding) 

work caused by work surfaces that are too high 

or workstations that arc poorly designed wi th 

respect to the body dimensions of the worker. 

Long periods with one or both shoulders raised, 

the neck or wrists bent, or the elbows held up or 

out are very stressful and can exhaust muscles. 

Work should be arranged so that it can be 

performed sitting or standing comfortably. 

Ideally, the worker should be able to adopt 

several different forward-facing postures wi th 

head and trunk upright or with the head in-

clined slightly forward. The weight o f the body 

should be wel l distributed and work should not 

be performed above heart level without sup-

port. 

Although some manufacturers have made 

great strides in the area o f ergonomics, many 

still make tools, equipment and machines that 

require workers to adopt poor postures, or 

force their hands and arms into extreme angles. 

"Fit the task to the man" and "Bend the tool, not 

the hand" arc classic adages that often fail to 

get the point across. Conventional hand tools 

such as screwdrivers and pliers are fundamen-

tally unsuited for ihe function of Ihe forearm 

liccausc they force the worker to operate wi th 

elbow up and out. and with the wrist bent at an 

unnatural angle. 
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Work should b e 

arranged so tha t 

it can be 

per formed sitt ing 

or standing 

comfortably. 

Ideally, the 

worker should be 

able to adopt 

several d i f ferent 

forward- facing 

postures wi th 

head and t runk 

upright or w i th 

the head incl ined 

slightly forward. 



Poor placement 

of switches and 

controls, and 

illegible, 

inaccessible or 

poorly lit 

instrument 

displays force 

console workers 

to maintain 

jostures that can 

lead to overuse 

conditions, 

particularly in the 

neck and 

shoulder. 

Poor placement of switches and controls, 

and illegible, inaccessible or poorly lit instru-

ment displays force console workers to main-

tain postures that can lead to overuse condi-

tions. particularly in the neck and shoulder. 

The classic typewriting and word processing 

positions force the hands into extremes ol 

movement with no support for wrists and lore-

arm. Consequently, in addition to neck and 

shoulder problems. V D T operators experience 

tenosynovitis and elbow problems. 

W o r k tasks are largely governed by the 

design of the workstation and equipment. 

Nevertheless, when designing a task, consid-

eration must be given io avoiding (wherever 

feasible) actions thai induce overuse condi-

tions. O f particular importance are ihe fre-

quency and total number of repetitive move-

ments and the force, speed, and dinvnon ol 

movements. The work does not necessarily 

have to be heavy to cause an overuse .vr.Jmon. 

There is enough strain in the sialic jvsision ol 

an unsupported hand, even withoui ihe stress 

added by typewriting or oilier r e p e i i i t a s k s . 

Tasks should be designed io lavoir :^ in ie -

nancc of good posture and limb p o t i o r , and 10 

avoid, or al least minimize, répé t i t i f "v i ion . 
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Joints should operate within mid-range angles. 

Bending, deviation, full extension and ful l 

flexion of the wrist, with constant supination or 

pronation, should be avoided (see figure on 

next page). 
Dynamic (moving) work is preferable to 

static work. Continued pressure on soft tissues 

by tools or handles should be minimized, par-

ticularly i f there are repeated impacts or vibra-

tion. Avoid the need for excessive force when 

using squeeze grips, as is the case wi th a 

caulking gun. Replace pinch grips (fingers 

only) with power grips (hand). Where muscu-

lar force must be exened, it should be done by 

the largest appropriate muscle groups. I f a 

force has io be exened repeatedly, either o f the 

arms or legs should perform the action. 

The use of muscular effort should be rc-

duccd if needed to overcome momentum. 

Momentum, however, should be used to assist 

the worker when possible in concert with con-

tinuous ballistic or curved motions. These are 

preferable to motions thai fo l low straight lines 

and result in sudden and sharp changes in 

direction. 

In assembly work, or other types of very 

repetitive work, ihe hands should start simulia-



iieously at an appropriate hcighi and pi iform 
work in opposite anil symmetrical directions. 
The hands should finish eac h assembly task or 
sub-task together at Ihe same lime. Try ><> limit 
motions loihe lowest order lor assembly work. 
That is. try lo design the work so ifi:ii only the 
lingers, with good support, need to repeal the 
movements over and over. Only involve the 
higher orders when absolutely necessary — i.e. 
first the wrist, then the forearm, then upper arm 
and then body. 

/environmentalfactors. Overuse conditions 
occur earlier and become more severe in the 
presence of cold and vibration, particularly 
when coupled with the use of hand tools. Hand 
tools that vibrate in the I (KM Ml hertz (Hz) 
range can easily influence the onset and sever-
ity of overuse conditions. These vibration 
problems are also associated with while finger 
disease or Raynaud's phenomenon. 

Administrative factors. Production rates in 
industry have increased markedly because of 
improvements in technology. These improve-

ments . however , h a v e not a l w a y s I v o n c o n s i d -

era te of ihe h u m a n e l e m e n t . M a c h i n e s e o u l d 

on ly g o m» fast pr ior to ihe in t roduct ion ol the 

mieroel i ip and assoc ia ted e lec t ronics . Today, 

s p e e d s of p roduc t ion a re g rea te r than e v e r and 

wo rk e r s are ca l led upon to d o more rc |Vl i t ivc 

work and at fas te r rates. The aceeni on per-

f o r m a n c e and p roduc t iv i ty can only g o s o la r 

he lo rc | v o p l e begin to break. 

I:\cessivc work rates, whether imposed by 
supervisors or ihe magnet ism of financial bonus 
and incentive systems, may force workers 10 
jv i form beyond their physical tolerance. Long 
work periods without breaks lead to overuse 
conditions and lend lo rclicet poor workplace 
management. 

Individuals also come under psychological 
and emotional stresses that exacerbate tension 
and muscle loading. These stressors can stem 
from poor workplace relations or social unrest 
within organizations. 

Because these factors are difficult to pin-
point, all employees should be trained to iden-

By avoiding extremes of movement, like the ones shown above, the risk of overuse can be 

reduced or even eliminated. 

Excessive work 

rates, whether 

imposed by 

supervisors or 

the magnet ism of 

financial bonus 

and incentive 

systems, may 

force workers to 

perform beyond 

their physical 

tolerance. Long 

periods without 

breaks lead to 

overuse and tend 

to reflect poor 

workplace 

management . 
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Early reporting of 

overuse is 

ibsolutely critical 

if recovery is to 

be successful. 

More detai led 

health 

surveil lance 

information may 

be obtained from 

properly t ra ined 

health 

professionals 

who can 

recognize the 

dif ferent overuse 

conditions. 

SI 
• s ' .- '» / ' i-is* b V . i ^ 

l i ly signs and symptoms of overuse disorders. 
The Department of Industrial Relations in New 
South Wales. Australia, has defined five grades 
ofdiscomfort lhat rcllcct the severity of overuse 
symptoms and the probability of the sufferer 
reluming lo work (sec table beftnv). 

Personal factors, factors such as age and 
sex seem relatively unimportant when com-
pared with the ergonomie and administrative 
factors. These factors do, nonetheless, merit 
discussion. Overuse conditions arc more preva-
lent among female proccss workers, particu-
larly if they arc migratory and unskilled. 
However, this is thought to occur largely be-
cause women hold proportionately more 
overuse-producing jobs. O f greater importance 
is the stress associated wilh these jobs, and the 
tcndcncy of workers to ignore early warning 
signs for fear thai bringing attention to symp-
toms could lose them their jobs. 

There has also been some suggestion thai 
the occurrence of overuse is greater in middle-
aged women and in those individuals with poor 

nutritional status, but the evidence is l imited. 
Personal rccrcalion or leisure activities rang-
ing from racquet sports to gardening may also 
aggravate occupational overuse conditions if 
they involve repetitive movements lhat arc 
similar to those performed on the job. 

Ident i fy ing p rob lem (lie first step 
The first step toward elimination of overuse in 
any workplace is accurately determining the 
extent lo which il is present. This can be 
achieved by discussions with workers, super-
visors, health professionals, health and safety 
committee members and personnel managers. 
Other clues as to the extent o f occupational 
overuse in a workplace can be found on injury 
claims records and in absenteeism statistics. 

Once it has been determined thai overuse is 
present, the next step is to identify the types of 
overuse that are occurring. I f a worker is suf-
fering from overuse, the-severity o f the condi-
tion should be noted immediately, using a 
method such as the grading scale below. 

, Sufferers wilîï injuries of.Grades l or 2 can usually be maintained at'work'.wiih appropriate^. ; 

, modification of^duties. But workplarc assessments should.be done .by ah ergonomist and any- - -, 

recommended modifications to equipment or tasks carried but by the worker should be impie- ' 

mentedpromptly. . . : -•..--«• " 

• Grade 3 severity requires absence from employment except in most favourable circumstances. 

The length of absence will depend on recovery and the extent of job modification. Usually many 

weeks away from work are necessary. 

• Workers with Grade 4 injuries can seldom return to the job without many months of recovery. 

• Sufferers of Grade 5 injuries rarely return to the workforce at all. 

• Source: Department of Industrial Relations, New South Wales, Australia 
Jy 



Early reporting o f overuse is absolutely criti-

cal i f recovery is to be successful. More de-

tailed health surveil lance information may be 

obtained f rom properly trained health profes-

sionals who can recognize the different overuse 

conditions. A n early reporting system should 

be established, health and safety assessments 

and inspections should be conducted regularly, 

and rehabil i tation services, physiotherapy and 

occupational therapy should be provided. 

Before any action can be taken to eliminate 

the overuse conditions, the exact causes of 

these conditions must be'identified. This often 

involves a detailed job analysis or modif ied 

methods-t ime-measurement ( M T M ) analysis 

o f tasks and sub-tasks by a trained observer. 

U l t i m a t e l y , admin is t ra t ive reforms and/or 

engineering controls should be introduced. 

Administrat ive ly , it may be prudent to re-

duce the pace o f the work , increase rest pauses, 

improve training or introduce j o b rotation to 

shift the load o f an overuse-inducing task. I f 

implemented properly, these changes can have 

a positive influence on j o b satisfaction and 

worker morale without any significant decrease 

in production-levels. 

S imple procedural changes can also have 

profound effects and wi th little capital outlay. 

Changes in the methods o f material handling, 

for example , can e l iminate some o f the unde-

sirable actions that induce overuse problems. 

D a i l y exercise programs have also proven 

highly successful as a means o f cutting the 

number o f people suffer ing f rom overuse. 

Exercises have been developed for the head, 

neck, shoulders, hands, wrists, feet, ankles, and 

even eyes ( for V D T operators). 

Engineering controls such as partial or full 

automation, redesign o f workstations, and the 

use o f powered lifts may be complex and 

expensive, but they can be very beneficial. 

But what about the injured worker — the 

individual w i t h greater than Grade I injury? 

First and foremost, he or she must stop per-

forming the actions that are causing (he overuse 

condition. 

Successful treatment of occupational overuse 

has traditionally taken the form of various 

types o f splints and braces used in combination 

with other physical treatments and therapy. 

However , muscle wasting due. to prolonged 

immobil izat ion caused by splints can be a 

problem. A l l splints should bcspccifically suited 

to the type o f injury and applied by a medical 

practitioner who is a specialist in treating 

overuse. (The use of homemade braces and 

splints by workers — a common sight in some 

workplaces — is a tell-tale sign of serious 

overuse problems.) 

The need for cortisone injections or other 

analgesic drugs is often suggestive of advanced 

problems from which recovery is difficult. So 

too is the need for surgery. Whi le many surgi-

cal procedures have met with success, some, 

such as the release o f pressure on the median 

nerve for carpal tunnel syndrome, result in only 

l imited recovery. 

Education is vital 
Education is a vital part o f any program de-

signed to prevent occupational overuse. Edu-

cation should be directed at outlining the re-

sponsibilities o f labour and management for 

the control and eventual elimination ofoveruse. 

Programs can beconducted in-house by knowl-

edgeable instructors or advantage can be taken 

o f courses offered by health and safety centres 

or associations. 

Occupational overuse is too serious and too 

insidious an injury to be ignored or dismissed 

by employers any longer. A healthy workforce 

means more productivity, lower absenteeism 

and lower compensation costs. It also means 

less wear and tear on yourcompany'smost im-

portant and irreplaceable resource — people. 

While many 

surgical 

procedures have 

met with 

success, some, 

such as the 

release of 

pressure on the 

median nerve for 

carpal tunnel 

syndrome, result 

in only l imited 

recovery. 
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The Effects of Repeated Mechanical Trauma in the 
Meat Industry 
M a d e l o n Lubin Finkel . PhD 

Meat handlers ' ^ ^ ^ ( ^ ^ " w i t l T t h i r * ^ 

^ T s ^ - n ^ i t i o n affecting thousands o f 

workere engaged in repetitive hand motion tasks. The literature reveals a h.gh prevalence 
o f C T S a m o n g meat handlers. Additional epidemiolog.cal research .s needed_ Further. 
U is important to educate workers about the signs, symptoms, and causes o f , C T S . . -

Key words: carpal tunnel syndrome, occupationally related disorders, meat handlers 

INTRODUCTION 
Meat and poultry handlers are at high risk of developing traumatichand lesions 

and wound infections, more so than most other occupational groups [SACCH, 19/8]. 

hemato log i c lesions', cuts, abrasions, and various mechanical injunes are frequen , 

unwanted by-products of the tools of their trade-knives, cleavers shears, scissors 

I d like. Also, sharp bits of broken chicken and an,mal bones easrty 

puncture the skin, inciting inflammation. Warts a t . rather common among meat 

handlers as well as rashes of varying kinds [Litt, 1969; Cohen 1974, I j y l o r ; J 9 8 9 , 

Mergler et al 1982). The object of this paper is to discuss another condition that has 

^n u n l a l l y high prevalence in this occupational group, the "carpal tunnel syn-

drome" (CTS). 

WHAT IS CARPAL TUNNEL SYNDROME? 
Carpal Tunnel Syndrome encompasses all anatomic alterations that produce 

compression of the median nerve within the carpal tunnel. Any process that reduces 

the^cross-sectional area of the carpal canal or swells its contents w.ll compress he 

median nerve. The signs and symptoms consist of sensory ana motor chang s .n the 

median distribution of the hand including the lateral half of the palm, lateral half of 

The ring finger, volar aspect of the entire middle finger, index finger, and thumb 

[Phalen 1968. 1970. 1972], Sir James Paget [18541 first described the syndrome m a 

Department of Public Health. Cornell University Medical College. New York 
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Cornell University Medical College. 1300 York Avenue. New York. NY 10021. . 
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patient with a fracture of the wrist. The condition did not become known as carpal 

tunnel syndrome until 1947 [Brian et al, 1947]. 

CLINICAL MANIFESTATIONS 

The major signs of CTS are (I) tingling and numbness in the long finger or in 

part of the median nerve distribution, (2) pain, often radiating to the elbow and 

shoulder, (3) decreased sensibility, and (4) sometimes a burning sensation. Compres-

sion may be episodic with corresponding fluctuations in symptomatology. The symp-

toms are usually most severe in the early morning and are often relieved by hanging, 

shaking, massaging, or exercising the hand. 

The diagnostic criteria are (1) hypoesthesia restricted to the median distribution, 

(2) a positive Tinel sign with light tapping over the median nerve at the wrist, (3) a 

positive wrist-flexion test, and (4) an increase in the nerve conduction time in motor 

and in sensory pathways [Phalen, 1981]. Atrophy of the median-innervated muscles 

of the thenar eminence is confirmatory [Sandzen, 1981]. ^ . ̂  

Ancillary laboratory studies include routine X-ray examinations of the carpus, 

studies of nerve conduction time, and electromyography. Expert neurologic exami-

nation will differentiate carpal tunnel syndrome from other conditions [Sandzen, 

1981]. • 
The diagnosis can usually be made on clinical grounds alone. In fact, carpal 

tunnel syndrome may be present without electromyolographic abnormalities. Mea-

surement of motor and sensory condition is not useful in patients with only subjective 

findings and with referred pain, from the wrist to the elbow and shoulder [Phalen, 

1970]. 

TREATMENT OF CARPAL TUNNEL SYNDROME 

Symptoms may resolve with a change in sleeping habits, avoidance of unusual 

strain on the hand or with antirheumatic medication. In mild cases^ conservative 

treatment is strongly recommended, ie, wrist splinting, nonsteroidal ariti-ïnflâmrnar.. 

tory drugs, steroids, and steroid injections into the flexion tenosynovium of the wrist. 

Sometimes it is necessary to change to a less strenuous occupation. In severe cases, 

surgery is the best option. 

Surgical intervention is simple and the results are excellent. Still, sectioning of 

the transverse carpal ligament is not minor surgery [Phalen, 1981], and mild cases 

should be treated conservatively. 

POPULATIONS AT RISK 

Certain groups have higher susceptibility: women at or near menopause; young 

women who art pregnant, breast feeding or taking oral contraceptives; individuals 

with systemic disorders (for example acromegaly and diabetes); endocrine abnormal-

ities; renal dialysis, and individuals performing repetitive manual tasks [Sandzen, 

1981]. It has been suggested that carpal stenosis is genetically determined rather than 

acquired [Dekel et al, 1980]. . 

Carpal tunnel syndrome appears to be especially prevalent among females in 

low-skilled, low-paid assembly jobs, particularly jobs that emphasize piecework. 
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Repeated wrist bending and the rapid pace on the assembly line are strongly predis-

posing. Perhaps gender is less important than work pattern and hand stress. 

Armstrong and Chaffin [1979] found that forceful exertions and pinch hand 

positions were associated with CTS. Phalen [1966] found that occupations requiring 

active finger flexion with the wrist flexed are predisposed to the syndrome. Smith et 

al [1977] suggested that forceful exertions of the second and third digits (particularly 

with flexed wrist) were important factors. Birkbeck and Beer [1975] found that 79% 

of patients with CTS were employed in jobs requiring light, highly repetitive move-

ments of the wrist and fingers. Reinstein [1981] found that CTS occurred significantly 

more frequently in the dominant hand of both right- and left-handed persons. Lublin 

[1983] compared 30 patients with carpal tunnel syndrome with 90 matched controls 

and found that vibratory hand tools were strongly associated with the disorder. 

According to the Wall Street Journal, eight unions representing employees in 

the auto, garment, meat processing, furniture, food retailing, and other industries are 

trying to seek workmen's compensation benefits for carpal tunnel syndrome sufferers 

[Lublin, 1983]. 

While unions are pressing management to change the workplace or provide 

more efficient tools, management is generally reluctant to focus on job redesign. 

However, given the mounting costs of surgical care, absenteeism, and employee 

turnover as a result of CTS, manufacturers for the electronics, food processing, meat 

packing, and automotive industries are starting to test tools that keep workers1 wrists 

"straighter." 

PREVALENCE OF CTS AMONG MEAT HANDLERS 

Reliable prevalence data are not available. Most union locals do not know how 

many of their members suffer from CTS or how much has been paid for surgery. 

The United Food and Commercial Workers International Union has analyzed 

Bureau of Labor Statistics injury and illness records from all of the United Food and 

Commercial Workers (UFCW) meat packing companies. This search showed that-

tendonitis and related injuries were the third leading injury among meat packers. The 

U F C W has reported that CTS is more prevalent among those who bone, gut, trim, 

and wrap meat and poultry; among those who shuck oysters and filet fish; among 

those on sewing and trimming operations in boot and shoe plants and in fur plants; 

among cash register operators; and among machine operators and packers [Quattruc-

chi, 1982]. 

The prevalence of carpal tunnel syndrome among the members of a food 

workers union was determined by reviewing all surgical claims from 1979 through 

1982. The study indicated that seven members were treated surgically for carpal 

tunnel syndrome. The prevalence rate for this time period was 2.4 per 1,000. All 

those with CTS were female, and four of the seven were in their mid-to-late fifties 

(postmenopause) [Quattrucchi, 1982]. These individuals had their condition treated 

surgically. The "walking wounded" who might be candidates for surgery are thought 

to be considerable in number. 

Armstrong [1984] reviewed accident and personnel records of a turkey process-

ing plant to determine the number and the type of repetitive trauma complaints. Thigh 

skinning and boning operations were found to have the highest rates of-CTS. Arm-
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strong estimated that the average worker at this plant would develop a cumulative 

trauma disorder after only 38 weeks on the job. 1 

WHAT CAN BE DONE TO REDUCE THE INCIDENCE OF 
CARPEL TUNNEL SYNDROME 

In most cases, simple changes in tool and workplace redesign could do much to 

prevent CTS. Speed and efficiency on the production line often are management's 

overriding concerns. In the meat and poultry industry, knife redesign has evidently 

reduced the incidence of cumulative trauma disorders. Pilot studies need to be 

conducted to test this hypothesis, since management is reluctant to spend money for 

new equipment without evidence of cost benefit. 

The UFCW has produced a slide/tape show for its local unions as an educational 

tool [UFCW, 1982]. The material discusses a number of hand and wrist diseases that 

have increased in prevalence over the past decade. The Food and Beverage Trades 

Department, AFL-CIO, has issued guidelines to prevent CTS. They recommend (1) 

maintaining sharp knives and scissors; (2) lowering or raising the height of work 

tables and providing platforms for workers to stand on; (3) rotating jobs; (4) redesign-

ing tools to eliminate bent hand and wrist positions; (5) increasing the training period 

in order to strengthen the wrist and to insure that workers are using the correct grip 

on knives and tools; and (6) using a grasp or closed fist movement instead of a 

pinching movement. 

A better reporting system is needed. 
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Ergonomie des abattoirs de volaille 
le défi ultime? 

Glenn Harrington 
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Le problème est évident : 

• Dans une émission de la série américaine 
"20/20" télévisée à l'automne 1989, on a 
présenté le désossement des cuisses de 
poulet comme étant « l e travail le plus 
dangereux en Amérique». 

• Le bureau des statistiques du département 
du travail des États-Unis a déclaré que 
l'industrie de l'emballage des viandes avait 
la plus haute incidence de blessures au 
pays. Selon leurs statistiques, cette incidence 
est trois fois plus élevée pour l'emballage 
des viandes (y compris la volaille) que pour 
les autres industries manufacturières. 

• Le conseil national de la sécurité des 
Etats-Unis estime que les usines de 
transformation et d'emballage des viandes 
dépensent près de 140 millions de dollars 
par année pour des accidents du travail 
entraînant une période d'invalidité. 

• Ce printemps, l'OSHA {Occupational Health 
and Safety Administration) a présenté à 
l'industrie de la transformation des viandes 
un programme intégral visant les risques 
ergonomiques du milieu de travail. L'OSHA 
a pour but d'établir un programme efficace 
d'identification, de prévention et de réduction 
des risques qui entraînent une incidence 
élevée de blessures et de maladies 
professionnelles. 

Lésions attribuables au travail 
répétitif (LATR) dans 

les abattoirs de volaille 

Chaîne de désossement sur cône 

Généralités 
Le désossement est une tâche où de 

nombreux travailleurs effectuent des 
mouvements très coordonnés (le nombre 
exact varie selon la vitesse de la chaîne de 
montage et le procédé de désossement). 
Dans une chaîne de désossement, les volailles 
arrivent devant les travailleurs pendues dans 
des entraves ou placées sur un cône de 
hauteur fixe. À mesure qu'elles passent 
mécaniquement d'un travailleur à l'autre, 
ceux-ci effectuent une série de coupes et de 
parures pour enlever systématiquement la 
viande. On obtient ainsi des poitrines et des 
cuisses ainsi que des filets, en plus des ailes, 
des pattes et de la peau qui restent. 

L'un des rôles essentiels de l'ergonomiste 
est d'identifier les facteurs de risque que 
comporte une tâche. Les facteurs de risque 
sont des conditions ou des éléments d'une 
tâche, d'un milieu de travail ou d'un équipement 
susceptibles de causer des lésions "ou de 
l'inconfort pour le travailleur. Bien que les 
facteurs de lésions attribuables au travail 
répétitif soient nombreux, les plus courants 
dans les abattoirs de volaille sont la répétition, 
la force, la posture, les gants etla température. 

Facteurs de risque 

Répétition 
À cause de la petite taille des volailles et 

de la courte durée de chaque coupe, la 
vitesse des chaînes de montage est 
ordinairement élevée partout dans l'industrie. 
Pour produire des grandes quantités de viande 
désossée, on passe souvent de 19 à 21 
volailles à la minute. Les coupes effectuées 
par un seul travailleur prennent environ 
trois secondes. Lorsque les coupes sont 
plus difficiles ou prennent plus de temps, 
deux ou trois travailleurs sont affectés à la 
tâche, ce qui augmente le temps nécessaire 
pour effectuer la coupe. Quelle que soit la 
division du travail, un coupeur doit dans la 
plupart des cas effectuer entre 8 000 et 
20 000 mouvements répétitifs par quart de 
travail. 
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Force 
On se préoccupe aussi de la nécessité 

d'exercer une force excessive. Il est 
essentiel que les couteaux et les ciseaux 
qui servent au désossement soient 
toujours très tranchants pour éviter la 
nécessité d'exercer trop de force. Il 
faudrait aiguiser les couteaux et ciseaux 
tout au long de la journée de travail. 
L'importance d'un programme d'entretien 
de s couteaux et ciseaux bien organisé 
est critique; il devrait comprendre une 
formation théorique et pratique sur l'emploi 
approprié des aciers. 

Deux autres facteurs influant sur la 
quantité de force nécessaire sont les 
poignées de couteaux.glissantes_etje 
port de gants. Le désossement est ainsi 
conçu que le travailleur doit 
continuellement toucher les volailles de 
la main qui porte le couteau et de l'autre 
main. La friction entre le gant et le 
manche du couteau d'une main et entre 
le gant et la volaille de l'autre est réduite 
du fait que ta viande, la peau et le gras 
sont extrêmement glissants. Cette 
réduction de la friction fait qu'une plus 
grande force est nécessaire pour bien 
maintenir l'objet. 

Posture 
La posture du travailleur est elle aussi 

cause de préoccupation, surtout dans le 
cas des mains et des membres supérieurs. 
La conception du couteau et du poste de 
travail sont des facteurs importants à 

! considérerlorsqu'ilestquestiondeposture. 
i 
| Plusieurs coupes exigent souvent que 

le travailleuradopte une posture anormale 
ou inconfortable des membres supérieurs. 
Les poignets sont particulièrement 
vulnérablesà une déviation de leur posture 
neutre. Dans certains postes de travail, 
il serait plus approprié d'avoir des couteaux 
présentant divers angles entre le manche 
et la lame; de là le concept d'un couteau 
particulier pour chaque tâche. Ceconcept 
risque de provoquer une certaine 
résistance de la part des gérants et des 
acheteurs. Malheureusement, ce genre 
de couteau n'est pas très répandu et on 
ne fait pas assez de recherche et de 
vérification des prototypes. II y a donc 
lieu de procéder à une analyse plus 
approfondie. 

Un autre aspect insatisfaisant de la 
conception des couteaux et ciseaux est 
l'absence d'un éventail suffisant de formats 

des poignées. Bien qu'on ait souvent 
reconnu la nécessité d'avoir des outils 
munis de poignées de tailles variées, ce 
n'est que récemment que les fabricants 
ont commencé à offrir des couteaux 
dotés de cette caractéristique. 
Malheureusement, les ciseaux inadaptés 
aux mains sont encore très répandus 
dans l'industrie. 

En matière de posture au travail, 
mentionnons aussi l'emploi des 
marchepieds. Comme c'est le cas dans 
plusieurs industries, toutes les tâches 
s'effectuent debout. Il existe une 
documentation abondante sur les effets 
nuisibles de la station prolongée (par ex. 
travail musculaire statique entraînant des 
douleurs aux jambes et au bas du dos 
ainsi qu'une circulation inadéquate), mais 
le cas des abattoirs de volaille est aggravé 
par la basse température (huit à 10 degrés 
Celsius) et les planchers mouillés. L'emploi 
de marchepieds avec grillage antidérapant 
s'est avéré très utile pour plusieurs raisons. 
Premièrement, on peut ainsi réduire 
l'incommodité des postes de travail de 
hauteur fixe pour les travailleurs plus 
courts et améliorer la posture de travail 
de leurs membres supérieurs. 
Deuxièmement, on crée ainsi un espace 
entre le plancher en béton mouillé et 
glissant et les pieds du travailleur qui se 
tient sur une surface non glissante et 
quelque peu élastique. 

Gants 
Des normes d'hygiène rigoureusement 

appliquées par Agriculture Canada exigent 
que la température des volailles soit 
maintenue à environ quatre degrés 
Celsius. Pour se tenir au chaud malgré le 
contact avec ces volailles froides, les 
travailleurs doivent porter plusieurs 
épaisseurs de gants. La main non 
dominante (celle qui ne porte pas le 
couteau) doit pour sa part être recouverte 
d'un gant en toile métallique pour éviter 
les coupures. 

Il arrive souvent que les travailleurs 
portent des gants mal ajustés. Tout en 
admettant que le porl de gants entraîne 
généralement une réduction de force, il 
faut retenir que les gants doivent être 
bien ajustés lorsqu'il est nécessaire d'en 
porter. Les gants mal ajustés, qu'ils 
soient trop lâches ou trop serrés, 
contribuent à l'incidence de LATR. Les 
gants trop lâches se ramassent dans la 
paume et entravent la sensibilité tactile, 
ce qui pousse le travailleur à empoigner 

le couteau plus fermement. Un gant trop 
serré limite le mouvement des muscles 
et entrave la circulation sanguine ainsi 
que la conduction nerveuse. En l'absence 
de gants, le refroidissement des mains 
entraînera une réduction dejacirçulation 
sanguine. 

Il est évident que les abattoirs de 
volaille présentent un défi pour 
l'ergonomiste. Par sa nature, cette 
industrie exige l'exécution de mouvements 
très répétitifs en contact avec un produit 
froid et glissant, dans un environnement 
froid et à l'aide d'outils qui ne sont pas ! 
conçus pour chaque tâche particulière. i 
Jusqu'à présent, les stratégies ! 
d'intervention ergonomique visant les I 
facteurs de risque reliés aux LATR ont j 
connu divers degrés de succès. Le travail ! 
se poursuit en ce qui a trait à l'élaboration j 
de prototypes de couteaux et de gants j 
pouvant favoriser une meilleure posture, 
réduire la quantité de force nécessaire et ! 
conserver la chaleur. On continue les j 
essais d'outils mécaniques destinés à { 
remplacer les couteaux manuels et à j 
réduire la répétition tout en maintenant I 
une rentabilité acceptable. Il est vrai que j 
les changements ne se sont pas produits ! 
assez rapidement, mais les j 
caractéristiques qui font des abattoirs de { 
volaille une industrie unique en son genre ! 
sont précisément celles qui rendent î 
les changements ergonomiques j 
conventionnels difficiles à effectuer. Ces \ 
problèmes ne sontpas près d'être résolus, i 
mais avec le travail qui se poursuit et 
l'adoption de diverses solutions 
ergonomiques à court et à long terme, 
l'industrie des abattoirs de volaille s'engage 
certainement dans la bonne direction.® 

i 
i 

Au Centre, août 1990 
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Butchers have a high frequency of occupational disorders or pain localised to their hands, 
shoulders, low back and neck, compared wi th other occupational groups. It is likely that 
the disorders are caused by high loadings of these parts of the body during work. The 
high loadings have beén found to be caused by high resistance when cutting, inappropriate 
working postures and by manual handling of material. 

To improve the butchers'working conditions by providing means for appropriate 
working postures, cutting tables with adjustable height and surface angle were constructed 
and tested. Evaluations were made during work in the laboratory and in the industry. The 
aim of these tests was to find the optimal height of the table for each butcher and to f ind 
out if a t i l ted surface would improve the working postures and be accepted by the 
butchers. The evaluations were made by biomechanical calculations from photos, ergonomie 
analysis of videotapes taken during the tests and by using ranking scales. 

The results show that (1) one optimal height of the table was not to be found, meaning 
a height resulting in a posture that causes no load on both back and shoulders at the same 
t ime; (2) a table height of 17 to 22 cm below elbow height resulted in low loadings on 
both the low back and the shoulders and was ranked as the most comfortable height; 
(3) t i l t ing of the surface 5° to 10° was accepted by the butchers and ergonomically 
favourable; (4) the possibility of altering the table height during the workday was perceived 
as unloading since the load could be shifted between different parts of the body. 

Keywords: Working postures, butchers, musculoskeletal system 

Introduct ion 

Butchers' working conditions have been of great interest 

lately in Scandinavia. Butchering is hard and strenuous work 

performed in cold rooms; it is risky and demands great skill. 

The workload is illustrated by the fact that many butchers 

develop disorders or pain in their muscles and joints at an 

early age, that all butchers are men, and that few remain 

butchers after 40 to 50 years of age. 

Butchers who are cutting meat have a high frequency of 

occupational disorders compared with other occupational 

groups (Ronquist and Hansson, 1979; Jonsson and 

OuchterlonyJonsson. 1980; Viikari-Juntura, 1983). The 

disorders are mainly localised to their low back, shoulders 

and neck. These body parts are also subjected to high 

loadings during work which are mainly caused by factors 

such as inappropriate working postures, heavy materials 

handling and high knife forces due to the cutting resistance 

of the meat (Magnusson et al, 1981, 1987). 

Cutting meat is done either with the meat hanging on 

hooks or lying on a table. A great deal of the cutting and 

trimming is actually done at tables, particularly when 

cutting pork. 

At many places several butchers of various heights are 

working at a large common table, meaning that the table is 

either too high or too low for each one working there. The 

shorter butchers often adjust the table height by standing 

on a platform. However, the use of it obviously increases 

the risk of stumbling and slipping accidents. Even at work-

places where the butchers have a table of their own, it is 

often difficult to adjust the table to a proper height because 

the adjustment is tedious and usually requires help and tools 

from the maintenance department. Thus, the height of the 

tables will be a compromise to suit some of the butchers 

but will be too high or too low for others. 

Working at a table that is too low requires a forward bent 

posture, meaning increased load on the back; when the arms 
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Fig. 1 A table was constructed that could be adjusted in 
height between 75 cm and 100 cm above the f loor. 
The angle of the table surface could be varied f rom 
—10 to +10 . The adjustments are made by two 
handles which act on hydraulic pistons attached 
to the legs of the table 

are kept in front of the body the load increases even more 
(Nachemson, 1966; Andersson etal, 1977; Schultz era/, 
1982). When the work is performed at a table that is loo 
high, a compensatory raising of the shoulders and an 
abduction of the arms are demanded. Such arm positions very 
quickly lead to fatigue in the shoulder muscles even when 
the load is only the weight of the arm (Hagberg, 1981 ). The 
reason why fatigue develops rapidly when the arms are 
abducted over 30° is that larger torque is required and that 
the shortening of the active muscles decreases their capacity 
to develop force (Chaffin, 1973). Butchers often work with 
their neck bent forward. This may cause large load on the 
neck (Hagberg, 1981). To reduce the forward bending of the 
neck we have suggested that the surface of the tables should 
be tilted (Magnusson et al, 1981). The use of tilted tables 

has been adapted in butchering before, but never thoroughly 
evaluated (Snijders. 1977; Ramel, 1981). By the shorter 
sight distance the head could be kept in a more upright and 
comfortable position. A tilted surface also allows variation 
of the working height by movement of the workpiece closer 
to, or further away from, the body. The ergonomie efTect 
of a tilted surface has been studied by Grandjean (1979). 
He found that for certain types of office work, an angle of 
the surface of 60° to 70° reduced the load on the neck and 
the back. Such a large tilt is only possible for a few working 
tasks in which the table must not also function as storage 
area. 

The aim.of this study was ( I ) to investigate the relation 
between body load and table heights in order to find an 
optimal height for each butcher, and (2) to investigate the 
usefulness of a tilted table surface and if possible give 
recommendation about the angle. 

Material and method 
A cutting table was constructed which permitted testing 

both in the laboratory and at workplaces. The table height 
and the surface angle could be adjusted easily by means of 
handles (Fig. I). Five experienced butchers participated in 
the laboratory tests, which were performed at four different 
table heights. For the first test each butcher was asked to 
choose a height that he considered to be the most 
comfortable. The choice was made separately while he was 
cutting up one half of a pig. For the second and the third 
test, the table was raised and lowered 5 cm respectively. The 
last test was performed at the best height in the previous 
tests, but with the surface tilted 8°. Each table height was 
measured as well as some body measures of the butchers. 
Here the table height is expressed as the distance between 
the table surface (at the close edge) and the elbow of the 
butchers. The elbow height was defined as the distance 
between the floor and the olecranon when the elbow was 
flexed 90°. 

1 2 3 4 5 6 7 8 9 1 0 11 

3 1 2 1 7 3 i 2 3 4 S i 7 3 4 S i 2 3 1 7 3 4 S 6 y e i 2 t i 7 3 1 3 3 4 S 6 7 8|9 

BACK 

s t r a i g h t 

BACK 
flex. < 20° 1 

BACK 
flex. > 20* 1 

BACK 

r o t . | 

NECK 
straight 

NECK (lex. NECK 
ro t . 

S H O U L D E R S 
raised right 1 S H O U L D E R S 

left 

R I G H T ARM 
close 

R I G H T ARM flex/abd R I G H T ARM 

•f 

L E F T ARM 
d o s e 1 I | I I I 1 1 1 1 | | 

L E F T ARM flex/abd ! ! 
! 1 
| 1 1 i 

1 ! L E F T ARM 
+ j ! I ! j I : 1 i i 1 i i ! M i i 

Fig. 2 The scheme used for the videotape analyses. The numbers 1 to 11 represent the different tasks when cutt ing up a 
half-pig. The figures beiow these denote work moments selected for evaluation. The number differs for the di f ferent 
tasks as they vary in time duration and complexity. A t each stop of the tape, observations were made of the positions 
of the back, the neck, the shoulders and the arms according to the classes given 
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At each height the butchers cut Tour halves of a pig which 
took about 25 min. The work was photographed and video-
filmed. When the work in each test was finished, the butcher 
was asked about his experience of the work load. Two 
subjective ranking scales described by Corlett and Bishop 
(1976) were used for this evaluation. The first one was a 
seven-point scale for ranking the overall comfort-discomfort 
experienced during the work; the other was a body map 
with ten demarcated areas, which were ranked in order from 
the most to the least loaded during the work just performed. 

The videotapes were analysed using a special classification 
procedure worked out for these tests. The tape was stopped 
at each of 45 events which had been selected to be 
representative of the work performed considering both 
toad and time. At each event the positions of the back, the 
neck, the shoulders and the arms were noticed, classified 
and marked in a table (Fig. 2). By summing the number 
of markings for each class and dividing by the total number 
of events, a time distribution of load on the body parts 
during work could be calculated. (By multiplying each 
marking by a scale factor roughly indicating the magnitude 
of the load and summing, a simple biomechanical evaluation 
of the work load on different body parts is obtained. This 
procedure was not used in the present study.) 

The laboratory tests took a relatively short time to 
perform and we could see that the butchers judged the self 
chosen height as the most comfortable one, probably 
because it was the height that they were used to. Therefore 
another series of three tests was performed, in different 
plants and at ordinary production speed, testing each height 
during a whole workday. Different table heights related to 
the elbow height were tested with the table surface 
horizontal and tilted. In addition, the butchers varied the 
height regularly during one workday. Five experienced 
butchers participated at each workplace. The evaluations 
were made by using the two subjective methods described 
before and by interviews. 

Table 7: Results of load evaluation using the seven point 
comfort-discomfort scale for each test person (Tp). 
X denotes the self-chosen height, and D denotes 
distance between elbow and table. For the 
t i l ted table, the previous most comfortable height 
was chosen individually for each test-person. 

Tp D X + 5 cm — 5 cm 8° 

1 22 2 5 6 1 
2 27 3 2 5 6 
3 18 1 5 7 7 
4 22 1 3 7 2 

5 27 1 3 5 3 

Rank 2 3 4 1 
2 1 3 4 
1 2 3-5 3-5 
1 3 4 2 
1 2-5 4 2-5 

£ 7 11-5 18-5 13 

1 2 4 3 
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Results 

On the com fort-disccrfffbrt sqale, three of the five 
butchers judged the self-chosen height as the most 
comfortable. This height varied between 18 and 11 cm 
below elbow height. One butcher judged the tilted table at 
22 cm below elbow height as the most comfortable and one 
butcher found that the higher table, meaning 22 cm below 
elbow height, was the best. The lowest table was considered 
to be the most uncomfortable by four of the five butchers 
(Table 1). 

On the body map the test persons mentioned a different 
number of loaded body parts for the different table heights 
(Table 2). The number mentioned indicated the toad a table 
height was causing for each butcher. The total number over 

Table 2: Number of loaded body parts on the body map for . 
each test person (Tp). X denotes the self-chosen 
height, and D denotes distance between elbow 
and table. For the ti l ted table, the previous most 
comfortable height was chosen individually for 
each test person (see Table 1) 

Tp D X + 5 cm — 5 cm 8° 

1 22 3 2 1 2 

2 27 5 4 6 4 

3 18 3 6 4 6 
4 22 2 3 3 2 

5 27 6 6 5 2 

Rank 4 2-5 1 2-5 
3 • 1*5 4 1-5 
1 3-5 2 3-5 
1-5 3-5 3-5 1-5 
3-5 3-5 2 1 

Z 13 14-5 12 ;5 10 

3 4 2 1 

Table 3: Order of selection of body areas for the fourth test 
person. X denotes the self-chosen table height which 
was 22 cm below elbow height. The results show 
that the load moves from the shoulders to the back 
when the table height is lowered 

Body area X + 5 — 5 8 

Neck 3 

Shoulder dx 1 

Shoulder sin 2 

Elbow dx 

Elbow sin 

Hand dx 1 3 2 1 

Hand sin 

Thor back 2 

Lumb back 1 2 

Legs 

2 3 3 2 : T p 4 



Table 4: Inverse rank numbers of load level in different body parts experienced by each butcher during work at the four table 
settings. Inverse rank means that 0 denafcs no load. 1 denotes lowest load. 2 denotes second lowest load, etc 

T a b ' e Domin Non domin Thoracic Lumbar Oomin Non domin Domin Non domin 
setting Tp Neck shoulder shoulder spine spine elbow elbow hand hand Leg Sum 

X 

1 0 0 0 0 3 0 0 2 0 1 6 2 1 5 0 0 4 2 0 0 3 0 15 3 0 3 0 0 0 0 0 2 0 1 6 4 0 0 0 1 0 0 0 2 0 0 3 5 0 5 0 0 6 4 0 3 2 1 21 
Sum 1 13 0 1 13 6 0 9 5 3 51 

+ 5 cm 
1 0 0 1 0 2 0 0 0 0 0 3 2 1 4 0 0 0 3 0 2 0 0 10 3 0 6 5 0 0 4 2 3 1 0 21 4 0 3 2 0 0 0 0 1 0 0 6 5 5 0 0 3 6 0 4 0 2 1 21 

Sum 6 13 8 3 8 7 6 6 3 1 61 

— 5 cm 
1 0 0 0 0 1 0 0 0 0 0 1 
2 3 6 0 2 4 5 0 1 0 0 21 3 0 3 0 4 0 0 0 2 0 1 10 4 1 0 0 0 3 0 0 2 0 0 6 5 3 0 2 4 5 0 1 0 0 0 15 

Sum 7 9 2 10 13 5 1 5 0 1 53 

8° tilt 
1 0 2 0 0 1 0 0 0 0 0 3 
2 1 4 0 0 0 3 0 2 0 0 10 
3 0 4-5 4-5 0 6 2 0 3 0 1 21 
4 0 0 0 0 1 0 0 2 0 0 3 
5 1 0 0 0 2 0 0 0 0 0 3 

Sum 2 10-5 4-5 0 10 5 0 7 0 1 40. 

all butchers was lowest for each buicher. The total number 
over all butchers was lowest for the tilted table. By studying 
in which order the loaded areas were mentioned, it became 
obvious that the load moved from one body part to another 
when the table height was changed (Table 3). By ranking 
the loaded body parts according to the order in which they 
were mentioned, but inversely, a scale was obtained where 
a high figure indicates a high load and zero indicates no load. 
The sum of the inverse ranks calculated over all butchers 
was used to indicate the overall load. The smallest sum -
meaning the lowest load - was obtained for Ihe tilted table 
and thereafter followed the self-chosen height. The largest 
sum was obtained for work at the highest table (Table 4). 

From the videotapes, two analyses at each table height 
were made for each of the two butchers in order to get 
greater confidence in identifying the events to observe, and 
classifying the body posture. There was a good agreement 
between the two analyses and the mean values were used in 
calculations of load distribution. The results are given in 
Table 5. It is seen that both butchers bent the back most 
when working at the lowest table height and least when 
working at the highest table and at the tilted one. Their 
backs were twisted least when working at the tilted table. 

Their necks were bent most of the time independently of 
the table setting. The shoulders were least loaded when 
working at the lowest table for both the butchers. None of 
the table adjustments yielded mimimal load on both 
shoulders and back at the same time. The highest table gave 
lowest load on the back for one butcher and the tilted one 
did so for the other. The lowest table height gave the least 
load on the shoulders for both butchers. Relatively low load 
on both shoulders and back was obtained when the table 
height was in the range 18 io 22 cm below elbow height. 

The results from the first of the in-plant tests showed that 
a table height of 17 cm below elbow height was the best 
height, that a tilt of 5° was felt to be comfortable, and that 
varying the height about 4 cm was considered to be a good 
way to unload different body areas temporarily (Tables 6 
and 7). . 

At the second workplace, four of the five butchers 
estimated that a table height between 17 and 20 cm below 
elbow height was the most comfortable. Only one butcher 
liked to have a tilted surface but only 2 - 3 ° . In the last 
series, four of the five butchers estimated the best height 
to be between 18 and 24 cm below elbow height (Table 8). 
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7able 5- Distribution of body postures in percent of the working time as evaluated from video recordings of two test-persons 
^ engaged inculting u(Tone half of a pig each. The percentage va.ues are averages of two success,ve e v a l u a t e s 

Self-chosen height + 5 cm — S cm 8 ° 

Back T p l Tp 2 Tp 1 Tp 2 T p l Tp 2 T p l Tp 2 

straight 
tittle bent 
much bent 
rotated 

27-5 
36-5 
36 
28-5 

22-5 
49 
28-5 
11-5 

24 
49-5 
2 8 5 
18-5 

30-6 
49 
20-4 
12-5 

15 
33-5 
51-5 
19-8 

7 
51-6 
41-4 
11-5 

33-3 
51-7 
15 
10-3 

20-5 
56*8 
22-7 

7 

Neck 

straight 
bent 
rotated 

0 
100 

14 

4-5 
95-5 
21-5 

2 
98 
11 

7 
9 3 

9 

0 
100 

14 

2 
9 8 
18 

2 
98 
17 

0 
100 

13-5 

Shoulder 

raised right 
raised left 

32 
22 

24 
22-5 

28 
16 

24 
17 

21 
16 

14-5 
19-5 

35 
17-4 

22-5 
17 

Table 6: Results of load evaluation during one day of 
production work using the comfort-discomfort 
scale (first test series) 

22 cm 17cm 
22 cm 17 cm below below 

below below elbow elbow 

Table elbow elbow height height Varied 

height height height + ^ t i l t + ^ titt heights 

T p l 6 1 - 2 5 3 1 - 2 

Tp 2 6 4 6 4 3 

Tp 3 3 4 2 - 3 3 3 

Tp 4 6 0 7 1 5 

Tp 5 5 3 7 5 4 

Sum 26 13 28 16 17 

To sum up, for four of the five butchers in the laboratory 
tests the best height was between 18 and 22 cm below elbow 
height and for 12 of the 15 test persons in the production 
tests the best height was between 17 and 20 cm below elbow 
height. 

The results show that there is no height giving minimal 
load on both the back and the shoulders at the same time. 
On the other hand, there is an interval of 5 cm - between 
17 and 22 cm below elbow height - in which the loads on 
both shoulders and back are low. 

Discussion 

A good working posture causes minimal load on the body 
and at the same time allows good accessibility, good sight 
and exertion of enough force for the work being performed. 
Conditions for the least load on the body due to posture are 
that the working height permits the trunk to be kept straight, 
the shoulders and arms in positions where they are not 
statically loaded, and the neck as little bent as possible. The 
working height should also be felt to be comfortable, which 

Table 7: Number of loaded parts on the body map during 
production work (first test series) 

22 cm 1 7 c m 
22 cm 17 cm below below 
below below elbow elbow 

Table elbow elbow height height Varied 

height height height + 5° tilt ,+ 5° tilt heights 

Tp l 

T p 2 

T p 3 

T p ' 4 

T p 5 

Sum 21 1 9 11 12 

Table 8: The best table height during production work 
according to comfort-discomfort scale ranking for 
ten butchers in the second and third test series. 
The table height is given as the distance D between 
elbow height and table height. The average is 
18-3 cm and the range is 16—24 cm 

Tp D (cm) Tp D (cm) 

1 17 6 2 0 - 2 4 

2 24 7 20 

3 1 7 - 2 0 8 18-5 

4 20 9 24 

5 20 10 16 

is not necessarily synonymous with these conditions because 

of the influence of habit. 

The working height for standing working postures must 

be adjustable both to the individual and to the working task. 

The main condition to achieve this is to have separate tables 
for each individual. Recommendations about the table 
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heights for standing work have been given by Grandjean 
(1979). He used the elbow height as reference level and 
recommended three different height ranges depending on 
whether the working task is demanding precision or if it is 
Might* or 'heavy'. For 'light' work, the working height 
should be 10—15 cm below elbow height, and for 'heavy* 
work the height should be 15-40 cm below elbow height. 
The butchers* working tasks at the table are both light and 
heavy and the materials they handle vaiy in form and size. 

One would think that the worker would know best which 
working height is the best for his work. In our tests we let 
the butchers choose one table height. Subjective ratings show 
that three of the five butchers considered the self-chosen 
height as the most comfortable one compared with 5 cm 
lower and 5 cm higher table height. This height varied for 
these three butchers within 18 and 27 cm below elbow 
height. A probable reason for this large variation could be 
that the self-chosen height turned out to be the height that 
the butcher was used to, and therefore was felt most 
comfortable. The other evaluation methods used showed, 
however, that the best height for four of the five butchers 
was between 18 and 22 cm below elbow height. The results 
from the test series at the workplaces show that 12 of 15 
butchers found their best working height between 17 and 
20 cm below elbow height. 

Several butchers were sceptical of the tilted surface, 
which became obvious on the comfort-discomfort scale; 
only six of 20 thought that the tilted surface was the best. 
The body map evaluation, on the other hand, showed that 
the number of loaded body areas «ras least with the tilted 
surface, when summed overall the five butchers in the 
laboratory tests. 

The analysis of the videotapes showed clearly that one 
fixed optimal working height in butchering was not to be 
found because different heights load different parts of the 
body. Thus, the height at which the back is most unloaded 
gives more load on the shoulders, and vice versa. Because 
there is no general agreement on how to value loads on 
different body parts against each other, the working height 
must be decided upon depending on whether the concern is 
to unload the back or the shoulders. However, in the range 
17—22 cm below elbow height, the loads on the back and 
the shoulders were quite low; so this can be recommended 
as a good compromise (see Fig. 4). 

Thus, for cutting meat an individual table height is chosen 
within the range 17—22 cm below elbow height, the lower 
limit when the concern is to minimise the load on the 
shoulders, the upper limit when it is to minimise the load 
on the back. A good practice would be to alter the height 
within this interval during the workday to alternately unload 
the shoulders and the back. The full effect of this is probably 
obtained only if the variation is done automatically and not 
by the butcher himself. 

As habit has an influence on the feeling of comfort, the 
working height that the butcher is used to is felt to be more 
comfortable than one that he is not used to. It is therefore 
important that the time for testing out the right table height 
is long enough to minimise the influence of habit. It is also 
important to make clear how a too high and too low table 
height affect the body load so that the user of the table 
pays attention to this while testing out his optimal table 
height. 

Fig. 3(a) When the table was too high the butcher had to 
raise his shoulders and abduct his arms. This 
posture leads to increased strain and fatigue in the 
shoulder muscles 

(b) When the table is too low the posture w i l l be bent 
forward which increases the load on the low back 
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Fig. 4(a) A proper table height - in this case 22 cm below 
elbow height — gives low load on both the back 
and the shoulders 
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Butchers considered that the back and the upper extremities were subjected to high loads 
from their work. Of the 92% with reported physical disorders, 80% had pains or complaints 
from more than one body area. Most frequent were disorders of the back and shoulders. 
50% of the butchers had been on sick leave due to their disorders. By ergonomie analysis 
of the work, several work tasks which caused high loads on those body parts in which 
disorders had occurred were identified. 

The high loads were found to have the following main causes, which occurred together 
in many work situations: 
(1) Exertion of high forces when cutting the meat. 
(2) Frequent and heavy manual materials handling. 
(3) Inappropriate working postures. 
It appeared from the study that the workload on the butchers was unnecessarily high and 
that it could be the main reason for the high frequency of disorders amongst them. The 
strain on them was to a large extent caused by bad working postures, which could be 
improved by introducing improved equipment. The equipment should be such that the 
working-height may be adjusted both to the individual and for the task performed. 

Keywords: Butchers. workload, working postures 

Introduction 
Previous studies have indicated that butchers suffer from 

pain in the neck-shoulder area, arms, hands and the low back 
(Romquistand Hansson, 1979; Jonsson and Ouchteriony-
Jonsson, 1980; Viikari-Juntura, 1983). These problems 
seem to have increased in Sweden since the introduction of 
a new law about temperature of the meat and in the room 
where the meat is being cut . Butchers consider their work to 
be heavier af ter these changes, and they and their union 
representatives have increasingly emphasised the need for 
improved working conditions. The aim of this study was to 
survey working conditions and overload problems amongst 
professional butchers in some companies in western Sweden 
in order to identify work tasks which were in particular 
need of ergonomie improvements. 

Materials and methods 
To survey the frequency of physical troubles, a 

questionnaire was designed and sent to all butchers in four 
small companies in Gothenburg and two larger companies 
elsewhere in western Sweden. The questions in the medical 
part of the questionnaire were focused on localisation of 
the disorders. These questions were taken from an early 
version of a questionnaire prepared by the Nordic Council 
of Ministers (Jonsson, 1984). Only disorders prevalent 
during the last three months were asked for, as were the 
consequences of the disorders such as consultation with a 
doctor, sick leave, decreased capacity for work and 
experiences of fatigue during or af ter work. In addition, the 
butchers were asked for those parts of the body in which 
they experienced the highest loads and which types of work 
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tliey considered to cause these loads. The butchers were 
instructed to judge the toads irrespective of whether they 
experienced any pain or not. To give a general picture of the 
butchers* working conditions, the questionnaire also 
included questions about psychological strains, injury risks 
and physical loads due to other factors such as noise, lighting, 
temperature, etc. 

The butchers* workplaces were visited on several occasions 
in order to investigate the working tasks and to make an 
ergonomie review of these tasks. In judging the load on the 
body during work, biomechanical factors were taken into 
consideration; the weight of the handled material, the 
distance between the body and the burden, and a rough 
estimate of the resistance and force required when cutting 
meat. Also the degree of flexibility of the working posture 
and the degree of monotony in repetitive movements were 
considered. The butchers* work was described and 
documented in a protocol and by photography. 

A possible connection between workload and bodily 

disorders was investigated. The distributions of disorders 

and discomfort were compared with the subjectively 

experienced loading on different parts of the body, and with 

the type of work — i e, dynamic or static work, repetitive 

movements and transportation of material — both as 

specified by the butchers and according to the observations 

made during the workplace studies. In this way it was 

possible to arrange the work tasks according to the workload 

and frequency of disorders. High workload on a body part 

that had a high frequency of disorder was considered 

sufficient evidence to call for ergonomie improvements of 

the work situations in which high loads occurred. 

Results of the questionnaire 
The questionnaire was distributed to all butchers at the 

companies, and 73 butchers (88%) answered the questions. 
The results showed that the number of young butchers was 
high and very few were near the age of retirement; there was 
only one hutcher over 60 years old and 50% were less than 
30 years old (Fig. 1). The frequency of disorders was high 
among both older and younger butchers. 

Pain from any part of the body was experienced by 92% 
(Fig. 2). Most common was pain from the hands and wrists 
(about 60%) and from the shoulders and low back (55%). 
Pain from the elbows occurred in 40%. Almost 80% had pain 
from more than one area of the body, and the most frequent 
combination was pain from the neck and one or more joints 
of the arm. About 50% of those with disorders had consulted 
a doctor, and about the same number had been on sick leave 
at least once. Fourteen percent had been forced to decrease 
their rate of work due to their problems. More than half of 
the butchers claimed that they felt fatigue during or after 
work (Fig. 3). 

According to the butchers* opinions, the shoulders, hands, 

elbows and low back were the areas of the body which had 

the largest load. Almost 80% considered the shoulders and 

hands to be heavQy loaded and more than 60% thought that 

the low back was heavily loaded during work (Fig. 4). 

The room where the work was being done was usually 

very noisy. Noise and the low temperature were judged as 

factors of high work stress. The possibility of.slipping or 

stumbling and, of course, also the risk of injuring oneself 

Fig. 1 Age distribution of 73 butchers in western Sweden 
1981 

Fig. 2 Distribution of bodily disorders among 7 3 butchers 
in western Sweden 1981 

with the knife were factors which were experienced as 

troublesome (Fig. 5). Also the high rate of work and the 

monotony were factors particularly mentioned. 

Working routines in cutting beef and pork 
The carcass of an ox is normally divided into four parts 

while that of a pig is divided into two parts before it arrives 
at the butcher to be cut into pieces. The procedure of cutting 
these parts into smaller details involves different tasks and the 
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V 

70 -

Sick Sick Doctor 's Decrees. Fatigue 
leave leave consult, rate work 

several 
t imes 

Fig. 3 Distribution of the consequences of disorders 
among 7 3 butchers 

100 

manner diflers between beef and pork cutting. Beef parts are , 
usually being cut hanging on a hook which implies that the 
meat is divided into relatively big pieces weighing 10-30 kg 
(Fig. 6). The meat is then further cut up at a table. The 
cutting of pork is done entirely at a table. 

In several companies the butcher's tasks also include 
sawing, transporting, sorting, packeting and weighing. Since 
the meat is cold and hard after having been kept in cold-store, 
the cutting resistance is large. 

The large pieces being cut contribute to high resistance by 

the increase of factional force as the knife cuts deep in the 

meat. The resistance therefore causes large forces in the 

shoulder and arm muscles and in the joints. When cutting 

hanging meat, the cutting heights range from above the 

shoulders to the level of and even below the knees (Fig. 7). 

When the arm is kept above shoulder level some shoulder 

muscles must work statically to keep the arm in this 

position at the same time as they (together with other 

muscles) work dynamically in the cutting movements. The 

cuts imply large abduction and extension movements, 

sometimes in positions where the muscles have less capacity 

to produce force. The muscles of the arm and hands are 

loaded by repetitive work and with a high static component, 

as complete relaxation of the muscles only occurs between 

the arrival of different carcass parts. 

* 50 -

Neek Elbow Low back K n e e * fint,i« 
Shoulders Wrists Hips Ankles 

Noise Cold Slipping/ Cutting 
stumbling lesion* 

Fig. 4 Distribution of the body load as experienced by 
73 butchers 

Fig. 5 Distribution of physical and technical load and 
strains experienced by 7 3 butchers 
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(a) (a) 

(b) Fig. 7 The cutting heights vary from above the shoulders 

to the level of the knees* leading to high loading 

Fig. 6 Big pieces are being cut hanging from a hook of the shoulder muscles and of the low back 
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Unhooking large pieces off the conveyor is strenuous 
because of the high level of the hook (Fig. 8). To carry out 
this task the arm must be stretched to its maximum, the 
neck bent backwards and the butcher has to stretch on 
his toes to reach the hook. From this unstable and strenuous 
posture the meat is lifted off the hook and caught and 
carried to a table. These pieces weigh as much as 70 kg. 

Cutting at a table consists of highly repetitive movements 
of the arm (Fig. 9). Powerful abductions and flexions of 
the arm from the shoulder-joint are often performed with 
the arm lifted 70-90°. The elbow is kept in a flexed 
position and is statically loaded as the movements are very 
small. The hand is mainly loaded by static muscle work, 
holding the knife and working with a stiff wrist. The pieces 
handled on the table are smaller, especially when cutting 
pork, but are more numerous; the work speed is high and 
the movements are therefore repeated at a high frequency. 

When sorting the meat, one hand and forearm is loaded 
by frequently repeated movements since the task is often 
accomplished by throwing the different pieces into several 
boxes placed in front of and beside the butcher (Fig. 10). 
Normally the throwing is done with the same hand. 

The tables at which butchers work can usually be adjusted 
in height, but this adjustment is seldom utilised since the 
adjustment is tedious and often requires help and tools from 
the maintenance department. Sometimes several butchers of 
various heights are working at a large, common table, so that 
the table is either too high or too low for each one working 

there. The shorter butchers often adjust the table height by 
standing on a platform. The height of the platform is fixed 
at about 10 cm. The use of it obvioiwly increases the risk 
for stumbling or slipping accidents. 

Sawing at a bandsaw is a task which implies unnecessarily 
high loads on the tow back. The construction of the saw 
inhibits the butcher from getting closer to the work area 

Fig. 8 Unhooking of a large piece implies stretching of 
the arm, extension of the neck and a heavy burden 
to carry 

Cutting at a table. The cutting is associated with 
high dynamic loading of the shoulder musdes and 
repetitive and static loading of the muscles of the 
arm and hand 
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Fig. 10 Repetitive work when throwing the pieces into 
boxes. This task is probably one cause of the 
occurrence of epichondylites among butchers 

(Fig. 11 ). Thus, when sawing he starts from a position of 
slight forward flexion and bends further forward, once for 
each cut. Also the risk of injuring himself on the saw leads 
to high psychological strain on the butcher. 

Moving belts and conveyors are used for transportation. 
Only in large companies are they driven by motors and used 
for all transportation. Therefore most handling of materials 
is manual, causing high loads on shoulders and backs. Boxes 
weighing about 40 kg and meat parts weighing 20-30 kg, 
even as much as 70 kg, are lifted and carried frequently 
(Fig. 12). Containers on wheels are used for bulk 
transportation of meal. The containers weigh up to and 
above 100 kg when filled and require high forces to 
manoeuvre, especially on narrow bends.' Another strenuous 
task is to push carcasses which are hanging on hooks on 
conveyors, especially as the floor is often very slippery. 

Discussion 
Butchers have, without doubt, a hard job. Both the 

frequency of disorders and the butchers' experience of high 

loads signify this. Also the fact that only men are butchers 

and that they seldom remain butchers until their pensionable 

age supports this statement. Disorders appear in all parts of 

the body, but the frequency of discomfort and pain was 

highest in the arms, shoulders and the low back. The 

troubles had led lo sick leave for more than half of the 

butchers and many of them had been forced to reduce their 

rate of work during some period of time. There were no 

Fig. 11 Sawing at a bandsaw requires frequent forward 
bending, starting from slight forward flexion of 
the trunk 

signs that the few older butchers had more troubles than the 
younger ones; this may be a reflection of the 'healthy worker 
effect', however. 

The body-areas in which the butchers experienced a high 
load during work corresponded with the areas of pain, 
although the frequency of experience of load was larger. 
This can indicate a risk that more butchers will develop 
disorders from the parts that are loaded during work, since 
those who do not experience pain might not have worked 
long enough. 

By analysis of the working tasks we could identify 
several that caused high loads on the body parts in which 
pain or trouble had developed. High stresses were found to 
have the following main causes which occurred together in 
most work situations: 

(1) Exertion of high forces when cutting the meat. 

(2) Frequent — and often heavy — manual materials 
handling 

(3) Bad working postures. 

The resistance when cutting is due to the toughness of 
the meat which is influenced by several factors related to 
storage conditions - eg, temperature, age, dryness - and 
to the history of the animals - eg, care, feed stuff and 
exercise. The large size of the pieces that are being cut also 
leads to high knife forces which are particularly strenuous 
when the cutting is done in positions in which exertion of 
maximum force is reduced. The arm is often lifted out from 
the body for extended periods of time, which leads to a 
static load on the muscles. 

At the same time these muscles are working dynamically 

together with others in the cutting movements. The 

dynamic work is, however, often so frequent that it is 

comparable with static work because the pauses between 

the contractions are too short for the muscles to relax and 

recover. The consequence is that the muscles may not relax 
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Fig. 12 Lifting and carrying meat and boxes is frequent. 
Manual lifting of 75 kg occurs and one man may 
lift and carry 4000 -6000 kg a day 

at all for long periods of time. When the arm is lifted above 
heart level, the circulatory conditions are negatively 
influenced, which also decreases the time before fatigue 
occurs. Thus, the position of the arm and the resistance of 
the meat are two factors that cause the high loading on the 
shoulder. Also, the numerous throwing of pieces when 
sorting is highly repetitive work causing high loads on one 
arm. The throwing is carried out by a rapid, powerful 
extension of the hand and might contribute to the high 
frequency (40%) of disorders of the elbow. 

The transportation of meat in the working room is to a 
great extent a manual task. Lifting and carrying boxes and 
cases weighing up to 40 kg and above are common tasks. At 
several workplaces each man lifted and carried more than 
4000 kg every day. When cutting beef and pork at a table, 
throwing is a common way of distribution of meat and 
cleaned bones into boxes and containers. When cutting beef 
from a hanging carcass, the meat is carried to a table for 
further division. The carrying is particularly stressful due to 
the large weight of the pieces. 

In many companies which we visited the use of buffers 
and the flow of material between workstations were not 
very well planned, leading to time losses and unnecessary 
work. There is no doubt that an increased use of mechanised 
equipment to transport the meat both to and from the 
butchers* workplace should reduce the work load to a large 
extent and increase the efficiency. 

The high loads on the low back are caused mainly by the 
working postures. Sixty five percent of the butchers 
considered the low back as highly loaded and 55% had low-
back pain. When cutting hanging meat the cutting and the 
catching of the meat being cut off often took place at a low 
working height. This resulted in a more or less forwardly 
bent posture of the back and caused high loads on the spine. 
Lifting in a posture of combined forward flexion and 
rotation was common. 

Unfavourable working postures occurred during work at 
a table when the height was not properly adjusted. Only at 
one workplace did the butchers have a table of their own ' 
which could also be easily and rapidly adjusted in height. 
At all other workplaces, several butchers of various heights 
worked at tables that were shared or at a table otherwise fixed 
in height. Those for whom the table was too low had to 
work in a forwardly bent position which increased the load 
on the back, and those for whom the table was too high 
had to work with elevated shoulders and arms which caused 
sustained static loading, especially on the shoulder muscles. 

It appears from our study that the workload on the 

butchers is unnecessarily high and that it can be the main 

reason for the Urge frequency of disorders among them. By 

reducing the workload, the incidence of overload troubles 

would decrease and the possibility for the butchers to carry 

out their work until their pensionable age would probably 

increase. 

A desirable way of reducing the workload in a work* 
intensive job like meat cutting is to introduce a machine to 
do the heavy part of the job. Although cutting robots have 
been designed and tested in production, they are not yet 
able to handle meat of varying size and shape; thus other 
means must be attempted. 

An increase in temperature has been suggested. It has 
been found that a small increase in temperature is not 
sufficient, however. In hot boning — i e, cutting the meat 
immediately after the slaughtering and before it has been 
refrigerated — the resistance of the meat is favourably reduced 
(Romquist and Hansson, 1979), but the method demands? 
particularly high hygienic standard and that the slaughtering 
and the cutting are organised together. Most meat cutting 
companies in Sweden have no slaughtering and many of 
them are quite small and not likely to accept measures that 
lead to heavy investments. 

Fortunately, the strain on the butchers is, to a large extent, 

caused by bad working postures which can be improved in 

fairly simple ways, including introducing improved 

equipment at the workplaces. The equipment should be 

designed so that the butchers could work standing upright 

with their hands reaching from waist level to breast level. 

Conclusions 
By adjusting the working height to the individual and to 

the task performed, the loads on both the back and the 

arms could be kept at much lower levels. Tables should be 
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one for each butcher, easily adjustable in height and also 

tillable. By tilting the table surface the neck can be kept in 

a more upright position, meaning decrease of load. When 

cutting hanging meat, the cutting level should be adjustable 

so that the work could be performed with an upright trunk 

and with the arms not lifted too much. An increased use of 

mechanised transportation of meat to and from the butcher's 

workplace should further reduce the work load and increase 

the productivity. In a future paper we plan to report on how 

this can be accomplished and on the reduced workload on 

the butchers. 
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MUSCULOSKELETAL DISORDERS AT W O R K 
1̂ -15 April, 1987 

AN INTERNATIONAL CONFERENCE 

organised by 

The Ergonomics Research Unit, Robens Institute, University of Surrey 

in association with The Ergonomics Society 
at 

The University of Surrey, Guildford, Surrey GU2 5XH 

The themes of the conference will be Repetitive Strain Injuries and Back Pain, looking in 
particular at the size and management of the problem, case studies, research studies and 
approaches to prevention. Workshops and discussion sessions on specific problems are also 
arranged. 

For a copy of the full programme and booking details, please contact: 

Mrs. C. Barlow, 
Ergonomics Research Unit, 
Robens Institute, 
University of Surrey, 
Guildford, Surrey GU25XH Tel: (0483) 509213 
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Titre 

Localisation 

Cote 
Auteur 

Mémento de 1 artisan boucher et charcutier: qualité-sécnritA 
Malakoff, France: Éditions Jacques Lanore, 1989. 64 d 
MTL 
MO-013425 
Caisse nationale de l'assurance maladie des travailleurs salariés. 

Résumé 

Conseils de sécurité à l'intention des personnes travaillant dans les secteurs de 
la boucherie et de la charcuterie. Ils concernent notamment: les couteaux, 
les machines, la manutention, l'entretien, l'organisation du travail et de la 
prévention. 



COMPARAISON DES RISQUES 
ACTIVITES 

INDUSTRIELLES 
INDICE DE FREQUENCE 

DES ACCIDENTS 
AVEC ARRÊT (î) 

_ . 271 Abattoirs 

EXEMPLES DE COMMER-
CES ET SERVICES 
ALIMENTAIRES 

Bâtiment menuiserie 184 
métallerie bâtiment 

Bâtiment et gros oeuvre 166 
Chaudronnerie lourde et construction navale 164 

Travaux publics, génie civil 159 

Bâtiment second oeuvre 125 
Transport et manutention de marchandises 120 

Fonderie de métaux, bâtiment platerie 117 

185 Commerce de gros des viandes 

146 Entrepôts frigorifiques 

130 Transports frigorifiques 
127 Charcuterie - conserverie 

Découpage, Emboutissage, Estampage, Forge 108 4 -

Pierres & terres à feu (verres, briques, tuiles ...) 101 
Industrie du bois 98 

Mécanique moyenne 93 

Transport de personnes et marchandises 87 

Ateliers mécanique moyenne 78 

Caoutchouc • papier - carton 74 

Automobile 61 

115 Conserverie de poissons 

102 Volailles, Gibiers 
(abattage & commerce de gros) 

•s v'.!:ii:i* 

91 Cantines - Traiteurs 

86 Plats cuisinés 
79 Epicerie 

77 Hyper et supermarchés 

73 industrie lait, fromages 
67 Boyauderie - salaisonnerie 
65 Restaurants 

Fabrications mécaniques diverses 55 
Textile 54 

Sidérurgie 48 
industries chimie - Pétrochimie 46 

Transports terre - air • mer 40 
Aéronautique, cuirs, peaux 38 

Livre 36 

Vêtement 29 

42 Commerce de gros 

31 Santé - Hôtellerie 

8 Bureaux • Activités administratives 

0 . 0 

) 

(1) L Indice de fréquence des accidents avec arrêt correspond au nombre annuel d'accidents avec arrêt pour 1000 salariés. 
Exempte : 98 salariés sur 1000 ou 9,8 % de salariés ont été victimes d'un accident avec arrêt dans le secteur Commerce de détail 
des viandes au cours de rannée 1984. 



POURQUOI CE MEMENTO ? 

C o m m e vous pouvez le constater sur l'échelle ci-contre, le m ^ i ^ n - . i . - . « . j 
:rv ' j i iS dans votre profession est ->!-:•• i:, comparativement à certaines 
activités industrielles. Il est à noter que la fréquence des accidents est de deux à trois 
fois plus élevée dans la tranche des 16-24 ans. 

La C N A M T S a donc conçu ce mémento pour aider la boucherie de détail à résoudre 
elle-même les problèmes d'hygiène et de sécurité qui se posent actuellement. De très 
bons niveaux de qualité et de service lui seront indispensables pour être présente sur le 
marché communautaire, en 1992. H faut, dès maintenant, prendre conscience de l'impor-
tance des accidents du travail et de leurs conséquences sur le plan humain et sur la qua-
lité sanitaire des viandes. De plus, un suivi strict des règles d'hygiène est nécessaire pour 
assurer cette qualité. 

La C N A M T S pense que rendre un bon service à une profession, ce n'est pas se substi-
tuer à l'un ou l'autre de ses rouages, c'est lui apporter les outils et méthodes nécessaires 
pour qu'elle assure elle-même la sécurité du travail, sans avoir besoin de l'aide directe 
de spécialistes extérieurs. 

La présente démarche sera en outre complétée par des conseils aux concepteurs, cons-
tructeurs et installateurs de magasins, ainsi qu'aux responsables de la formation profes-
sionnelle, pour permettre toutes les améliorations souhaitables, en accord avec la profes-
sion de la b o u c h e r i e et de la boui - r ier i fcr -chvci i i f r i t 

Les c o n s e i l s indiqués dans ce mémento vont vous aider, dès maintenant, à 
le nombre des a c c i d e n t s du travail et les c O t s qui en résultent. 

DES ACCIDENTS TROP NOMBREUX 

En 1984, on dénombrait, en effet, dans le commerce de détail de la viande, ; % .i 
r.-r»:.- du îrnv,j;l :>rvj7 1 PiV) jyri«-«, dont 6 avec incapacité partielle permanente (IPP). 

Actuellement, le niveau de risque diminue progressivement pour toutes les professions 
mais beaucoup moins vite dans la boucherie que dans les activités industrielles notamment. 

Dans les boucheries de détail, le niveau de risque actuel est sensiblement le même que 
dans les années 1970, après avoir atteint un maximum de 103 accidents pour 1000 sala-
riés en 1981. 

O n observe notamment que, depuis 1985, l'indice de fréquence des accidents dans la 
boucherie est supérieur à celui des industries du bois, de l'automobile et de la sidérurgie, 
par exemple. 



J LES ACCIDENTS DU TRAVAIL 

! 

lesions^ 

•Svtmichee lorsde ràccîdcnt)
T? 

• Bras L -% 
• Garnira ft 

. P i e d s ' % 

• A u t r e s ï h f ï f y ^ n r ? - r ^ V r * . 6 % 

; à l'origine des accidents 

v ( M ^ ^ ^ ^ ^ ^ c h e d i r e c t e m en t liés à l'accident) ^ ^ ï 

-y • - ou d'objets divers -.^y-
^g (y ? compns. iejr^ut^d'bbjets)'lï?. .v. -t . . r:;?.-] •••'" ' • : 21 % 

:Les chutes de ,plain-pied,et notamment les glissades sur le s o l . 1 1 % 

•Mach ines coupantes;-dont'notamment: tranche-jambon-'scies -
/4:(arculaires;et a ruban);-'dériëroëuses, hachoi rs . . . . . . . . . . r : . : . 9 % 

Chutes avec,dénivellation, len particulier les escaliers/ '- ' •'•^Y ... „ 
^ p u i s Ies escabeaux et les supports de f o r t u n e . : . . : . . . / ^ ; ^ ' r • " 4 % 

Eau chaude, bruleurs à'gaz; produits chauds 2 % 

•i:*. Jpstall^tîonsJoû:"appareils,de manutention: RolJ-conteneurs, , .. 
'•^chariots; ra ik ; crochets, dents de loup . . rV . . : . . 1 % 
^ x s s ^ - i ^ : ; ~

 : :
7 % 

• v'SL-'-•• '/./en*-

Nature des lésions .;>., 

• Plaiès7coupures V63 % 

• Contusions : . , . . . . : . . . . . . , . . . 7 % 

• Piqûres : " 6 % 

• Entorses .5 % 

• Lumbagos 4 % 

• Fractures, fêlures ... 113 % 

• Brûlures ! ."12 % 

• Autres 10 % 



/ESPRIT QUALITE - SECURITE 

"sst par des actions élémentaires et quotidiennes que vous développerez I* - de 
et de M:'.:ur;';: dans votre commerce. " . i i 

wâ 

^n définissant des procédures simples, vous conserverez la qualité de vos viandes. 
~ !S procédures intégreront naturellement les exigences d'hygiène, de sécurité et amélio-

*ont les conditions de travail. 
C'est en donnan t vous-même i\- - du respect scrupuleux de ces procédures que 

•us obtiendrez les meilleurs résultats. Ainsi votre employé ne portera son tablier que 
vous portez le vôtre. 

M qualité des produits ainsi que les services rendus à la clientèle renforceront votre image 
Ï marque. Faites savoir à votre clientèle que vous, et vos employés, respectez les règles 
hygiène et de sécurité qui assurent la qualité. Le port du tablier en permanence et même 

î l'étal en est une preuve, 
jur atteindre ces objectifs, il n'est pas nécessaire d'effectuer des modifications impor-
ntes de vos installations. 

ES ORIGINES DES ACCIDENTS DU TRAVAIL 

I es origines matérielles des accidents les plus courants dans votre profession sont réper-
toriées dans le tableau'd-contre. 

On observe l'importance des u-. :• notamment à la main. 
1 es accidents liés à l'utilisation du : : : représentent 4 5 % de la totalité des accidents 

u travail. 
i_es machines coupantes interviennent dans 9 % des cas. 
Sur ces 9 % , citons le r ^ ^ h o - ; -<.-• v - - q u i représente les deux tiers des causes d'acci-

ents, puis le hachoir, les scies, la dénerveuse et le cutter de table pour le tiers restant. 

Mais il existe d'autres causes de coupures (cerclage d'emballages, tôle mal ébavurée, débris 
coupants, etc.). La totalité des blessures par coupure atteint 63 % . 

le constat est important au regard de l'hygiène des matériels et des viandes car il pose 
ie problème de la contamination et de la transmission de maladies par le sang. 
Les porteurs sains, c'est-à-dire les personnes non-malades mais qui peuvent transmettre 

ertaines maladies, ignorent les risques qu'ils font prendre aux autres. Chacun doit donc 
oigner immédiatement les coupures comme il est indiqué page 49 , ou mieux, 

. pour les éviter. 



LES COUTEAUX 

Le choix 
Le . i. est l'instrument privilégié qui vous permet d* •.. ..»rr.- Il faut donc 
le choisir avec soin en fonction de la tâche précise à effectuer. 

Lors de l'achat, assurez-vous que la qualité de la lame correspond aux normes françaises 
N F A 3 5 - 5 9 5 ou A 35 -596 . 

D e nombreux accidents sont liés à la forme des manches. En effet, ceux-ci sont glissants, 
provoquent des cals et des compressions du réseau veineux de la main entraînant une 
fatigue précoce. 

D e plus, la plupart des manches ne sont pas conformes aux impératifs de la réglementa-
tion européenne concernant l'hygiène. Les couteaux doivent être fabriqués avec des maté-
riaux autorisés au contact alimentaire et doivent être faciles à nettoyer et à désinfecter. 
De ce fait, les apparents sont .»•'• >< • 

Il est rappelé que l'usage des manches en c-o\i> est inter cm? par les réglementations com-
munautaire et française. 

Deux fabricants ont eu l'initiative de faire évoluer les couteaux de façon à améliorer les 
conditions de travail et la rapidité des tâches. Les no.ive-iux modèles ont été conçus 
en collaboration avec des spécialistes de la prévention des accidents du travail, et I n d -

ies principes de .-^ca : ainsi que les exigences internationales d'! i v-ji 

Ces deux fournisseurs sont: 
* Pour les couteaux de découpe notamment: 
Charles Ménière S.A. - 67. rue Joseph Claussat • B.P.86 • 63307 Thiers Cedex - Tél. (16) 73 80 41 98 

• Pour les couteaux de désossage et de dénervage: 
Pemot & Cie - Lanques-sur-Rognon - 52800 Nogent - Tél. (16) 25 31 93 02 





CARRELAGES POUVANT ETRE RETENUS (GRES 
• • - - Seloo 1 es disponibilités actuelles du marché enroptor 

v-Sui/'é Marque 'L /v«rr. 

Hôganas (Suède) 
Partek H&ganas Céramiques France 
99, rue Henri Gauthier 
93000 Bobigny 
Tél: (1) 48 46 67 67 • ' 

Dectze (France) j ' •
:
 • ' 

128, avenue Emile Zola .v .T.* 
75015 Pahs '. Tél: (1) .45 77 32 31 

Ostara (RFA) >v: ; "ï f" 
Agent Général France : Ets. Delattre<- > 
38, m e des Etats Généraux'^ 
78000 Versailles'-v^Tr^r-»' 
Tél: (1) 39 53 63 

. ' « . r ' i c f t / 4 - . - ' . " » - - - r f ' . 

Agiob (RFA).* -
Agrob France S A R . L ^ ' £ 
Z. 1. Gena-Reyoîsson > 
rue dés Frèrès Lumière .' 
69740 Genas~*.i i- : :4 . 
Tél: (16) 78 90 6744Sly--'r'-" 

VU 

Vllleroy et Bocfa (RFA) | : . 
.77320 La Ferté Gaucher J ' 
Tél. : (1) 64 20 20'00><?--- • 

1 -
s 

* r 

• Type 

caractéristiques
: 

Type: 500 G K (1) 
Dim: 150 X150.. 

ép; 20 m m 
Couleur beige 

Type: 560 FK (1) 
Dim: 150 X I S Q Ï S ? 

ép. 16 mm-'. ^"-i,. 
Couleur: beige " 

Type: Carborandum (2) - ••Ŝ "'. 
Dim: 100 X 100 -

• ép. 12 m m 
Couleur: blanc

 ;
 iC .̂ .'.'î̂ O 

Type: SIC rugueux (2) 
Dim: 150 X 150 

' V i . ' / é p n 2 mm 
Couleurs: porphyré, gris 23 . 
ou blanc 01v 's-bX^t •• • V 
Dim: 100 X 2 0 0 / ' ^ - J . ' . 

ép. 14 m m / 
Couleur: blanc 01 ' * 

Type: Mocaibo >èche~(2) 
Dim:. 150 X 150 • 
. y ép. 12 à 13 m m . ; '

1
' ^ 

Couleurs: gris porphyré 45 . "
v 

série 1 ou blanc'série 2 
(Réf.- 53 11 30 et 53 11 40) ' 

Type: Granlfloor-Corindon 
Dim: 150 x^lSO^,. . 

.Couleurs: blajic,-gris'clairS^f 

RESINES POUVANT ETRE RETENUES 
- Selon les disponibilités actuelles'du marché européen 

Monile France S J U t U ' V ^ - ^ 
67/69, route de Paris ̂  • '*••>< . 
95310 St-Ouen r Aumône O-
Tél. (1)'30 37 00 24/,,% V . 

n !•: * ,'• 

Goldschmldt (RFA) ^ ' v 
Goldschmidt France SA.}.' 
3, avenue des Chaumes 
78180 Montigny-le-Bretbnneux 
Tél. (1) 30 43 44 44-;.#V,

 1 

Type: Monoquartz 
Résine aoytique et granulat 
de quartz f i - \\ 
ép. 10 à 12 m m . 
Couleurs : Chamois, brun % -V 
rouge, gris platinium, vért y.y 
amande

 4
 "

 v 

Type: Prodoral E W 99 
Résine èpoxydique et granu- _ 
lat de quartz' * " ./. 
ép. 3 à 4 m m .-•' 
Couleurs:' gris,' bnin rouge/, .v 
vert, jaune sable 

Locaux : utilisations types, à titre indicatif. 
A : abattoirs, hall de saignée, chaînes d'habillage, locaux à forte sollicitation mécanique. ; 
D : ateliers de découpe et similaires, charcuteries, salaisonneries. boyauderies, iriperics. , chenrt). 
C : cuisines (locaux de préparation, cuisson, lavage) et laboratoires similaires (traiteurs, pâlis*.™.**• ^ s 
F : chambres de resuage, chambres froides. 
R : réserves, locaux d'entreposage. 
(1) Crains de carbure noyés dans la masse. 

(2) Grains de carbure sur 3 à 4 mm d'épaisseur. - • ? 
(3) Sauf roulage intense chariots à roues métalliques. k&tfvdft** ** ^ 

(4) Le sot est d'autant moins glissant que le coefficient d'adhérence "INRS" est élevé. Les résultats vxi^rinwnutvk K 

le terrain en milieu de travail) montrent que 0,30 esl un minimum exigible. 



LES GLISSADES ET LES CHUTES 
DE PLAIN-PIED 

Les : • - et les chutes de plain-pied représentent 1 1 % des accidents du travail de 

la profession. 
L e s - l e s p l u s f r é q u e n t e s t i e n n e n t à l a n a t u r e , a u e t à r ' - i i i r . - î H - i i d e s 

ainsi qu'au port de « • • • inadaptées. 

Le sol-support 
Il est généralement constitué d'une dalle qui doit avoir les qualités de résistance, d'indé-
formabilité et d'isolement aux remontées d'humidité. 

La chappe de ciment qui recouvre cette dalle aura les pentes nécessaires pour l'écoule-

ment facile de l'eau de lavage (1 à 2 % ) . 
Le plan d'exécution doit préciser les points d'écoulement et les canalisations d'évacuation. 
D'une façon générale, il faut éviter les percements du sol pour le passage des canalisa-
tions d'alimentation. Si cela n'est pas possible, des founreaux en matériau inoxydable seront 
nécessaires et déborderont du sol d'au moins 15 cm. 

Le revêtement de sol 
Il est indispensable de faire respecter par le poseur les conditions précisées dans le D T U 

5 2 - 1 d'octobre 1985 . 
Les joints en mortier époxydique constituent un élément essentiel de l'étanchéité. 
Les grilles et les rigoles d'écoulement doivent être disposées au même niveau que le 
carrelage. 

Il existe des siphons adaptés et compatibles avec les dimensions de carrelage qui evitent 

les découpes. 
L'ensemble de ces travaux sera réalisé par des professionnels avertis. 

Le revêtement de sol^doit être: antidérapant, facile à nettoyer et à désinfecter, résistant 
aux chocs, imperméable et imputrescible, exempt de porosité, non inflammable. 
Choisissez, de préférence, le grès cérame antiglissant ou les résines à charges de quartz 
présentés dans le tableau ci-contre. Ces revêtements ont été examinés et testés au CNER-
P A C (1) pour l'hygiène et à l ' INRS (2) pour l'adhérence. 

D'une manière générale, les résines époxydiques ont une moins bonne résistance aux 
chocs thermiques et au roulement intensif de chariots que les carrelages en grès cérame 
d'épaisseur suffisante. En l'absence de telles contraintes, les résines époxydiques sont plus 
économiques. 

L'épaisseur minimale exigée pour les carrelages est de 12 mm. Les faïences et grès émailles 

sont à proscrire. 
Les raccordements plinthe-sol sont à gorge arrondie et étanches. 

Prévoir une interdiction de circulation pendant les huit jours qui succèdent à la pose. 

(1) CNERPAC - Service du ministère de l'Agriculture chargé de recherches en matière d'hygiène alimentaire 
- Voir adresse page 60. 
(2) INRS - Organisme dépendant de la Sécurité sociale chargé de recherches en matière de sécurité du travail 
• Voir adresse page 60. 
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LES M E T H O D E S SPECIFIQUES D E NETTOYAfiF ^ 

\ Matériels et v4*.- ^ ^ ^ " r f r ^ P a s : , - - - . 

•- installations 

Billots en bois'deboot 
en - attenté y es 'remplace:, 
ment fpar&une ̂matière 

Tab l ^ ^ e 5écoope^3Jf 
botf$couehé££ en 

âttente de remplacement 
par uné'màtière autorisée 
. telle que le bois dènsifié 

^Wp^éià-SSÎè 
••̂en matière. plasàqueVffi 
V,Vic-X YJ-̂ kJJ^ ̂ .Jf-y. 

Les aro^etsj]esses^el 
allongés^" * 

REMARQUE : * <"éV°* » t™' * produils de nenoyage el de 
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LE W 

U n bo n 
riels et de 
Avant 
éclabo si 
Le bai*. ' . 
iaKMiiir . 
L'épai c 
à con( .n 
ment des 
• Argil c 
• Rocf 
Le sel de c 
ments,, 
Les coi 
fection." 
Il faut n"iis 
au nett a 
Et iqueta. < 
autocollant* 
(2). 

•• • i 

ni de "r1 

Dose 

u t : i 

I 

Faible 

Normale . S 

T r è s 
fortej;- U 

(J) CNERPAC 
(2) Fédérai. 

(3) Chami i 
Tél. (I 5 

W Chl - degré 



LE NETTOYAGE DES SOLS 

U n bon nettoyage permet de limiter les risques de glissade, de contamination des maté-
riels et de la viande. 
Avant toute opération de nettoyage, veillez à ce que la viande soit à l'abri de toute 
éclaboussure. 
Le '•• •"« et lepandage de tout ( • • et minéraux) sont 

par la réglementation. 
L'épandage de certains produits "absorbants - antidérapants" est cependant encore toléré 
à condition que ceux-ci aient reçu un agrément du C N E R P A C (1). Ce sont essentielle-
ment des produits de nature minérale, à constituant unique, et sous forme cristalline: 
• Argiles du type sépiolite, attapulgite... 
• Roches volcaniques expansées. 
Le sel de cuisine en cristaux est déconseillé car il provoque une détérioration des équipe-
ments, des machines et également des chaussures. 

Les composés chlorés (essentiellement l'eau de Javel) sont les plus utilisés pour la désin-
fection. L'"- • i est sensible à la lumière, la chaleur, au contact avec les métaux. 
11 faut utiliser et : . n ' . . ces produits ; .un ion . Le personnel qui procède 
au nettoyage doit être formé à cet effet et être muni de gants adaptés. 
Etiquetter correctement les bouteilles contenant des produits dangereux. Des étiquettes 
autocollantes peuvent être obtenues à la Fédération nationale des entreprises de nettoyage 
(2). 

.. de iM»«j;»-»i:j.-< .. us.-.',.- )i,• »«>Miai>pour stocker ces produits, 
ni de «vii".-; à t>niï<» pour leur dosage. 

D o s e ' 
•./.-.f-vi^ 

^ E x e r a p l e s d e s u r f a c ^ S B 

•••r. .'• •). r «f .1 » • • , . • . • «4;. l'k » r. 

mmm^km^ 

^ D o s e d 'eau^dè- *Jave l 3 , 6 % d e ^ D o s e ' 
•./.-.f-vi^ 

^ E x e r a p l e s d e s u r f a c ^ S B 

•••r. .'• •). r «f .1 » • • , . • . • «4;. l'k » r. 

mmm^km^ VsM l i tre «Teau^-ài «eau d'eau 

Fa ib le* * Utiliser un doseury-*. 

w r & t f t M A 
UtiliseTiUln^oseiS^^-

2 

Normale 

% • '•' 

SURFACES LISSES • 
sols,~ carrelages; revêtements,' mobilier;; maté-J 
riel,?5(appareiIsJvélectromécaniques7ide 
préparation) 

Utiliser v^nî^doswr:-

.1,25 d ^ p M 
Utiser^un . récipient 
gradué: mesurer 10 d-
(équivalent d'un verre) 

Fo r t e ô* SURFACES RUGUEUSES OU 
TRES POLLUEES : 
local dés réserves, rayonnages, murs', surface 
de travail en bo£ poubelles, vide^ordurés; hot-: 

tes d'^iratiph^matériel, machines hachoirs", 

Utiliser ûnT récipient 
gradué:: 10.cl*>ç-# & 

VWs!.-•sZj&r" 

. Utiliser vun ;; rédpient 
résèrvé à cet effet-

r Z 
_ .̂--iiyiH, 
Très 
forte -'l^v 

. .-.Vifa-

INSTALLATIONS SAN ITÀÎRES l^SaS^S" 
•(W.C3; ç M a b a t l o h s ) « ^ 

r a fir y 1 • • 
Utiliser' Jun? récipient; 
gradué^ 20 jel tftfM/gtbfai 

'. Ut i l i^^i i .h^r&piènt 
'réservé/à';cet 'effet: 

(1) CNERPAC. Service du ministère de l'Agriculture - 5, rue Mazet - 75006 Paris • Tél. (1) 43 25 97 46 
(2) Fédération nationale des entreprises de nettoyage -3 et 5, rue de Metz - 75010 Paris • Tél. (1) 4246 8212 
(3) Chambre Syndicale de l'eau de Javel et des produits connexes - 10, avenue de Messine 75008 Paris 

Tel. (1) 45 62 29 60 
(4) Chl » degré chlorométrique 



LES INSTALLATIONS D'HYGIENE 
ET LE MATERIEL SANITAIRE 
Les installations générales d'hygiène comprennent divers postes d'eau permettant le 

et la n. .* • - :- r ; utilisé par le personnel: 
• Des lavabos stérilisateurs pour le nettoyage, la désinfection des couteaux et du maté-

riel de travail. 
Ces : construits en acier inoxydable, sont à <•.:•.'.;<;..n...* . et sonl 
équipés d'un mélangeur eau chaude/eau froide ainsi que d'un distributeur de savon. 
S'il existe un bac stérilisateur pour couteaux, il est alimenté en eau dont la température 
est égale ou supérieure à 8 2 ° C . 
De manière générale, il faut aménager au moins un lavabo par local (1). 
• Une plonge pour le lavage manuel du petit matériel se trouve dans une zone à l'écart 

des denrées alimentaires. 
Elle est équipée d'une douchette ou d'un pistolet laveur monté sur flexible avec eau chaude 
et eau froide. 

LES LOCAUX SANITAIRES 
DESTINES AU PERSONNEL 

Les sanitaires 

Les s a n i t a i r e homme et femme sont distincts et r.«i c o m m u n i o u ' t n ; j . t m d i r e c t e -
ment avec les locau>. rrav;sii ou de stockage. 
Il est rappelé, pour les cabinets d'aisances avec chasse d'eau, que: 
• Les cabinets "à la turque" sont interdits (transport de microbes par les semelles des 

chaussures). 
• Les portes s'ouvrent vers l'extérieur et sont à décondamnation extérieure (secours d'une 

personne en difficulté). 
• U n ou plusieurs lavabos sont placés immédiatement à la sortie de ces cabinets (1). 
Ces lavabos sont à commande non manuelle. U existe différents types de commande: 
par détection magnétique ou optique, commande au pied (au moins à 15 cm du sol) 
ou au genou. 
U n distributeur de savon à action antiseptique, une brosse à ongles souple et un essuie-
mains à usage unique sont prévus. 
Si des essuie-mains en papier jetable sont installés, prévoir une poubelle à proximité. 
Veiller à l'approvisionnement et au bon fonctionnement de ces équipements. 

Les vestiaires 
Les >•(;:•;; k i ii lk» c o ; i ; j j i >.» n i ̂  s j «».nt >Ki:. directement avec les c." f . - t w - i ! . 
Chaque personne dispose d'une :irmoi;.« :îi?nx ^ompan.irpy.nf:.'. l'un pour les vête-
ments personnels, l'autre pour les vêtements de travail. 
Les vestiaires homme et femme sont séparés et situés, de préférence, près de l'entrée 
du personnel. 

Les douches 
Elles ne sont pas obligatoires mais conseillées pour un effectif supérieur à huit personnes, 
les cabines individuelles seront distinctes pour hommes et femmes et aménagées dans 
des locaux chauffés et ventilés. 
(1) Exempte d'un matériel agréé CNERPAC: PROCI • ZI. - 89110 Aillant-sur-Tholon - Tél. 86 91 51 29 





L'HYGIENE DU PERSONNEL 

Le personnel est tenu à la plus . . Il porte des • 
c l u n e • Cette coiffe enveloppe la totalité de la chevelure et 

son port est obligatoire. 

Les vêtements et les chaussures de travail sont lavés et désinfectés quotidiennement. Ils 
ne comportent pas de revers (manches et bas de pantalon). En effet, les revers sont des 
nids à poussière et à microbes. Préférez les manches courtes. 

Ne pas oublier de à la prise et à la fin du travail. En effet, les 
chaussures de ville sont porteuses des microbes de la voie publique. 

L e • et sa manipulation sont î ; . à toute personne portant un 
. sauf s'il s'agit d'un pansement étanche et si la blessure n'est 

pas purulente. II faut donc prévoir des doigtiers étanches en cas de blessure aux doigts. 
La désinfection et la protection systématiques des plaies et égratignures sont effectuées 
immédiatement. 

Les mains sont lavées et désinfectées à chaque reprise ou changement de travail. 

Les ' sont courts et • 

Il est formellement \ sur le lieu du travail. 
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SHORTER COMMUNICATIONS 

Scand J M o r * Environ Health 10 <19M) 2 0 3 - 2 0 5 

Prevalence of epicondylitis and tenosynovitis among meatcutters 

b y P e k k a R o t o , M D . Pe r t t i K i v i . M D 1 

R O T O P K I V I P P r e v a l e n c e o f e p i c o n d y l i t i s a n d l e n o s y n o v i t i s a m o n g m e a t c u u e r s . Scand J Work 

Environ Heal,h 1 0 ( 1 9 8 4 ) 2 0 3 - 2 0 5 . T h e p r e v a l e n c e o f e p i c o n d y l i t i s a n d . . n o s y n o v . n s w a s a s s e s s e d 

a m o n c 9 0 m e a t o m c r s a n d 7 7 r e f e r e n t s ( c o n d u c t i o n f o r e m e n ) . A l l i h c 

a d m i n W r e d q u e s t i o n n a i r e a b o u t s u b j e c t i v e s y m p t o m s o f i h e u p p e r c x . r e m . i i e i , T h e q u e s t i o n n a i r e 

p a n o f . h e N o r d i c s t a n d a r d i z e d q u e s t i o n n a i r e f o r r h e u m a t i c s y m p t o m s . T h e s u b j e c t s 
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hey terms: s l a u g h t e r h o u s e w o r k e r s , m e a t - p r o c e s s i n g w o r k e r s 

The character o f meatcutt ing has not changed a i 
much as t ha i o f o iher types o f work as the result o f 
au toma t i za t i on . The ma jo r such mod i f i ca t ion to 
occur in th is occupat ion has been the shi f t ing o f the 
phys ica l l oad f r o m general physical strain to local 
mi isc lc w o r k . The l i f t ing and mov ing o f slaughtered 
an ima ls have been mechanized, but the cut t ing and 
separat ion procedures have remained physical work 
that loads the upper extremit ies and shoulders. 

In F i n l a n d the dai ly amount o f meat handled by 
one cu t le r has doubled dur ing the last 10 years be-
cause o f the demand for e f f i c i e n t and because o f the 
pav ro l l system used by the meat industry in th is 
c o u n t r y . The increasing local physical w o r k ' l o a d on 
the upper extremit ies o f meatcutters, together w i t h 
our observa t ion thai meatcutters o f ten compla in o f 
uppei -ex t remi ty and shoulder symptoms, was the im-
petus f o r the present study. In add i t ion there were no 
other studies avai lable concerning the prevalence o f 
ep icondy l i t i s and tenosynovit is among meatcutters. 
Even the occurrence o f those diseases in a normal 
p o p u l a t i o n is poorl> known (6). The relatively short 
d u r a t i o n o f symptoms and the lack o f epidemiologic 
d iagnost ic cr i ter ia haxe l imi ted the possibil it ies for 
research on these diseases (12). 

The purpose.o f i h i present stud> ua*- to determine 
the prevalence o f epicondyl i t is and tenosynovit is 
among mcatcuuers and to evaluate a possible asso-
c ia t ion between meaicu innc and epicondyl i t is and 
tenosynovit is. . 

T a m p e - c k i c u o a l \ w . u - ; c : O . v u p ^ n a ! H e a l t h . 

S F ? ? H U T a m p e r e . 

R e p r i n i u - q - j o t * i c : D : P l a x r w K i - c i o n a ! I n M i i u i t 

o f O c c u p a t i o n a l H r a l i h . PC» B o \ S F - ? ? l 0 i T a m p e r . 

F i n l a n d . 

Subjects and methods 

The study popu la t i on o f 90 meatcut ters, a l l men, was 
selected f r o m 250 workers examined in a project 
a imed at revealing the prevalence o f ep icondy l i t is and 
tenosynovit is among workers o f meat-processing 
enterprises in and a r o u n d the c i ty o f Tampere . T w o 
o f the companies had more than 200 workers , t w o 
about 100 workers , and ' the rest employed less than 
50. There were t w o slaughterhouses, and the rest 
were f i rms produc ing d i f fe ren t types o f processed 
meats, eg, f r ank fu r t e r s , bo logna , and other types o f 
sausages. A l l the meatcutters emp loyed by the com-
panies took par i in the stud>. They had al l w o r k e d 
more than one year in the f o o d indus t ry , and none o f 
them current ly had tasks o ther than meatcu t t ing in 
their dail> w o r k . 

The reference g roup was f o r m e d o f 77 fo remen 
f r o m the const ruc t ion indus t ry . The fo remen were 
selected as the referents because they had not been ex-
posed to repeti t ive movements o f the upper extremi-
tie-- in their w o r k . 

We chose the f o l l ow ing c o m m o n l y used signs f o r 
the determinat ion o f ep icondy l i t is (12): loca l tender-
ness, pain dur ing resisted ex tens ion / f l ex ion o f the 
wrist and f ingers, and decreased hand g r i p power in 
compar ison to that o f the opposi te hand. The diag-
nosis o f tenosynovi t is requi red the fo l l ow ing symp-
toms: local pain du r ing movement , swel l ing, and 
weakness o f f inger movements . 

A l l the part ic ipants f i l led o u i a sel f -administered 
quest ionnaire about subject ive symptoms o f the 
upper e\wemi i ie> and located the pa in fu l areas on a 
p ic ture representing the uppe: par i o f the bod>. The 
questionnaire was a pan o f îhe Nord i c standardized 
quest ionnaire for rheumat ic symptoms <M. The sub-
iects came to the physical e l i m i n a t i o n w i t h the ques-
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l i onna i re a l ready f i l led ou i . They were then checked 
by one o f us. nei ther o f w h o m had any pr ior know l -
edge o f the subjects ' occupai ion because, ai the t ime 
o f the examina t i on , the subjects were part o f the 
larger g r o u p o f 250 meai-processing workers. Every 
other wo rke r was assigned to one o f the authors in 
t u rn . A l l o f the workers in w h o m objective symptoms 
were f o u n d were referred for serologic laboratory 
tests fo r rheumat ic ar thr i t is (the latex lest and sedi-
men ta t i on rate). The physical examinat ion was per-
f o r m e d about 1 — 2 h after the beginning o r the work -
day. 

Seventy- two o f the 77 referents part icipated in the 
physical examina t ion . The health records o f the f ive 
nonpar t i c i pa t i nc referents were checked. They d id 
not par t i c ipa te in the examinat ion because they were 
t rave l ing o n business. There was no indicat ion that 
they w o u l d have had either epicondyl i t is or tenosyno-
v i t is . 

The Man ie l -Haensze l chi square (7) for several 
2-x-2 f requency tables, strat i f ied by confounder ( in 
th is s tudy: aee), and the associated risk ratio estimate 
(7) were calculated. Test-based confidence l imits for 
the risk ra t io were obta ined th rough the appl icat ion 
o f the me thod in t roduced by Miet t inen (8). 

Results 
Objective symptoms. Eight meatcutters (8.9 met 
the cr i ter ia f o r ep icondy l i t i s , and four (4.5 ^o) were 
d iagnosed as hav ing tenosynovit is (table 1). There 
was one case o f epicondyl i t is and no cases o f teno-
synovi t is among the referents. The cases o f epicon-
dy l i t i s occur red in the older age groups, whereas the 
few cases o f tenosynovi t is occurred in younger wo rk -
ers. The one referent w i t h epicondyl i t is was 58 years 
o l d . Three o f the meatcutters were referred d i rect ly 
f r o m the examina t ion to therapy and sick leave. 

The r isk est imate for epicondyl i t is amonc the 
meatcut ters was 6.4 = 3.81. p ^ 0.05; 95 «fo 
con f idence in terva l 0.99—40.9). 

Table 1. O c c u r r e n c e o< ep iconayh t i s among 90 Finnish 
m e a t c u t t e r s a n a 77 r e f e r e n t s 

Age g r o u p 
(years) 

Number 
o4 s u b j e c t s 

Occurrence ol 
epicondylit is 

Meotcuticrs (mean age 39. H; SD I).4/ 

2t 

ip 
i£ 

30 
3 1 - 4 0 
41-50 
5 1 — 6 5 

Total 

Referents (mean apt- 38.4; SI) V . . ? , 

< 30 
31-40 
<1—50 ie. 
51 -55 £. 
'Ota! 72 

6 
u 
25 

In add i t ion to the diagnosed cases, seven meat 
cutlers (7.8 <*b) showed some object ive signs in the 
upper extremit ies, eg. local tenderness in the region 
o f the epicondyl i , in the physical examinat ion. 

A l l the meatcutters w i th epicondyl i t is had worked 
more than 15.years in their current occupat ion. The 
average length o f the meaicut lers ' work l i r c was 10 

years. 

Subjective symptoms. Dur ing the week before the 
subjects completed the quest ionnaire, 29 °."o o f the 
meatcutters and 7 o f the referents had felt pain in 
the region o f the epicondyl i . whereas 43 and 16 «7o o f 
the meatcutters and referents, respectively, had felt 
pain in the same locat ion dur ing the last 12 mon;hs 
before the study. Th i r t y percent o f the meatcutters 
and 10 % o f the referents had felt d iscomfor t or pain 
in their wrists or hands dur ing the week before the 
study. Du r ing the year preceding the study 54 °7© 0 f 
the meatcutters and 17 «To o f the referents had felt 
pain in their wrists or hands. 

A l l the reported symptoms were associated wi th 
increasing aee, as well as w i th the dominant hand of 
the meatcut ier . The results o f the latex tests were 
negative. The sedimentat ion rates were w i th in the 
no rma l range ( < 10 m m ' h i . 

Discussion 

There is st i l l controversy about the et io logy and diag-
nostic cr i ter ia o f epicondyl i t is and tenosynovi t is (5, 9. 
10). M a n y authors agree that the external cause o f 
epicondyl i t is is overexert ion o f the f inger and wrist 
extensors (6). C r i p and playing technique have been 
suspected to play some role as causative agents in the 
occurrence o f tennis elbow (9. 10). It is possible that 
the et io logy o f the meaicut iers ' epicondyl i t is is asso-
ciated w i th local muscle-tendon load. A meatcut ier 
must , eg. overstrain the extensors and f lexors o f the 
wrist and fingers o f hi> work hand, especially when 
he is cut t ing fiwen meat. The ind iv idua l work meth-
ods o f meatcutters have to be taken in to account also 
as a possible ind iv idual risk factor o f epicondyl i t is . 

Epicondyl i t is does not seem to be connected w i t h 
repeti t ive or monotonous work movements so clearly 
as tenosynovi t is, but the risk o f epicondyl i t is is more 
associated w i th ageinc than the risk o f tenosynovit is 
(4. 5). Meatcutter> do not use the smal l muscles o f the 
hand and forearm in a repeii t ixe monotonous way ; 
instead they use the whole power fu l musculature of 
the upper arm and shoulders in their w o r k . 

We chose rc lat iveh siric? diaenosttc cr i ter ia for out 
s iud\ in order to avoid false posit ive cases. Both 
authors delected almost the same number o f case? 
(three and five). Therefore we believe thai there w 
no signif icant o K e n a i i o n s ! hia-. 

In the normal male popu la t ion o\ Finnish induMr> 
between the ape? of 40 and M years the prevalence o f 
pain and d iscomlor i >ympiom> m the upper extremi-

ties is about 9 
wr is ts the corre: 
same age g roup o 
ga t ion the corre 
bo th cases. A l t 
par ing quest ior 
magn i tude c 
clearly higher 
ers w h o are n< 
the upper e x u 

The use o f s-
cause some o 
Howevet the 
symptoms in i 
o f the meatcut ; 
ep icondy l i t i s 
cutters ac iua l l 
upper ex t reme 

I n a recent r 
p la in ts o f me 
show that to 
level o f créai i 
local overloa'. 
Thei r observ 
l i b i l i t y facto1 

lels our obse: 
l n a n o t h e r 

orders and < 
houses. Wi i ' 
condyl i t i> am 
(1?). The me 
l> l o ^e r tha 

W c are 
pret inc cros:-
that meat ci 
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tics is about 9 °-o. and for the rep ion o f the hands and 
wrists the corresponding figure is I I ( I I ) . For the 
same age group o f ihe referents of the present investi-
gat ion the corresponding prevalence was 10 % in 
both eases. A l though one must be cautious in com-
paring questionnaire data f rom different studies, the 
macni tudc o f discomfort symptoms seems to be 
clcarly higher among mcaicutlers than among work-
ers who arc not exposed to repetitive movements o f 
the upper extremities. 

The use o f self-administered questionnaires ma\ 
cause some overrcport ing of subjective symptoms. 
Howe^c i the fact that there were separate clinical 
symptoms in the clinical examination for almost 8 °/o 
o f the mcatcuiters who did not meet the criteria for 
epicondyl i t is favors the hypothesis that the meat-
cutlers actually had more subjective symptoms o f the 
uppei extremities than the reference group. 

In a recent report about the musculoskeletal com-
plaints of meatcutters Hagberg et al (2) were able to 
show that local muscle sirain increases the serum 
level o f creatine kinase, a f inding which indicates 
local over loading o f muscles among meatcutters. 
Their observat ion about the localization and suscep-
t ibi l i ty factors o f musculoskeletal complaints paral-
lel*. our observations. 

In another recent sludy about musculoskeletal dis-
orders and complaints among workers in slaughter-
houses. Wi ikar i -Jun iura was not able to show epi-
condyl i t is among butchers and meat industry workers 
( 1 ?). The mean age o f her study populat ion waVclear-
ly lower than ours. 

We are fu l ly aware o f the dif f icult ies o f inter-
preting cross-sectional data in favor o f the hypothesis 
that meatcutt ing increases the risk o f epicondylit is. 
However our observation that meatcutters wi th epi-
condyl i t is had been exposed, on the average, five 
years longer than the other meatcutters leads us to the 
conclusion that epicondylitis is probably associated 
wi th mcaicut t ing. The overreponing o f local mus-
culoskeletal symptoms among meatcutters also sup-
ports ihe view tha; meatcutting causes local muscle-
tendon load, which may cause epicondylit is in older 
n ieau'uucr* . 

There seem* to be a strong tendency towards earl> 
pensioning o i change of work after the age about 50 
>ear^ anion? slaughterhouse workers (?). I f the same 
type o f early retirement also occurs among meatcut-
ters. our figures arc probably underestimation*. Dur-
ing the l2s; sr*en years the Finnish unemployment 
rate ha^ hcer. V—10 Therefore the opportunit ies 

for changing jobs have diminished dramatical ly since 
ihe early 70s. We think that this phenomenon has 
stabilized the study popu la t ion , and selection due lo 
discomfort symptoms is not a factor to be consid-
ered. More precise inferences on the association 
between meatcutting and epicondyl i t is wou ld be pos-
sible in the context o f an incidence type o f study. 

Our figures for tenosynovit is were low. Therefore 
it is not possible to make inferences about any asso : 

da t ion between meatcutt ing and tenosynovit is. The 
cases were more prevalent among the younger work-
ers. and it is already generally known that tenosyno-
vitis occurs more of ten in younger people (12). 
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Neck and upper limb disorders among 
slaughterhouse workers 
An epidemiologic and clinical study 

by Ei ra Vi ikar i -Juntura. M D ' 

L k a n d upper extremities and were imervw c diagnosis w a s m a d e , m e 
add it inn to a p res tru clured screening ^ g n o s i s a r n i c a * and pen-
nrev4Tence of tension neck syndrome w a s 6 . 2 % a n d ™ w e r e not always m e 

T h e F inn ish Occupational Disease Regis-

ter has reported h igh incidences of oc-

cupat iona l musculoskeletal d-sorders 

S d i n g tenosynovitis and 

0 f the wrist and forearm r e g . o n and h u 

mera l epicondylitis) among slaughter-

house workers (17). However no ep.dcmio-

w i c studies with clinical examinat ions 

have been done for the d e t e c u o n o f n ^ 
and upper l imb disorders in slaughter 

h o u s e workers. The sub jec t i ve musculo-

skeletal s y m p t o m s of these w o r k e r s have 

been screened in q u e s t i o n n a i r e studies 

^ S u g g e s t e d causative factors of the 

disorders include repetitive « ^ 

cut t ing fast work paces, and h igh resist 

a r ce especially of beef (9). I n some slaugh-

terhouses the temperature o f the mea l to 

be "ut î s low. and l o « temperatures in-

crease both the resistance o f the meal and 

the stress o f the work. 

1 01620 Vanlaa 62. F in land. 

The diagnosis o f musculoskeleta l 

disorders is often difT.cuU and confus ing 

both at cl inics and in ep .dem.o log .c sel 

t ings General ly accepted and used diag-

n o s t i c criteria exist for a few disorders 

onlv. whereas the criteria for such com-

m o n disorders,as tension neck syndrome 

cervical syndrome, humera l ep.condyl . t is_ 

and tenosynovit is and pen t end . n . is o f 

the wrist and forearm vary widely (18). 

Diagnost ic criteria for these disorders 

wou ld be of value in the compar ison o f 

research results. 

Sub jec ts a n d m e t h o d s 

The slaughterhouse under study in i he 

present investigat ion emp loyed a total o . 

U 9 butchers, meatcutters. and meat by-

product workers. Two were on s.e e 

because or illnesses not related to the 

stud - O f the 117 workers examined , 

four were exc luded from closer analysis 

three because o f a recent in jury and one 

be w i s e o f recent surgery for a habitua^ 

humera l dis locat ion. N o o n e reported 

active rheumato id arthritis. Eighty-two o f 
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the remain ing 113 workers wore men and 

31 women ; there were 52 cutters. 38 butch-

ers and 23 meat by-product workers 

Twelve cutters and eleven butchers were 

trainees who did the same work as their 

more experienced workmates 

The temperature ot the meat to be cut 

varied between 0 and 7SC. and the tem-

perature o f the workplace was I0=C 

The slaughterhouse had been operating 

only seven years. A l the beginning many 

young trainees were hired, and therefore 

the workers were very young . Their mean 

age was 31.8 ( S D 9.3) years. 30.1 vears for 

the men and 36.1 years for the women 

I he mean leng th 'o f emp loyment was 5 5 

( S D o.4) years. The work pace was reported 

to have been reduced by approximately 

* r o r t h * two weeks preceding the 

examinat ions because o f salarv disputes-

the reduced work pace was us<* through-

out the study. 6 

The screening method used in this 

study (18) was also used in two earlier epi-

demio log ic screenings (6. 8). According 

to the method a physiotherapist gives each 

subject a preplanned physical examina-

tion and interviews the subject, and the 

screening diagnosis is made bv a predeter-

m ined set o f criteria. The disorders and 

the criteria for the disorders, as well as the 

tests used and the symp toms recorded are 

presented in table I. 

In the present study the subjects were 

asked, at the end of the interview, to make 

a drawing o f the pain experienced dur i ng 

the last 24 h. The screening diagnosis Wa.x 
approved if it d id not conflict wi th the 
pain drawing. 

Al l the workers were examined by the 

author. A neurological examinat ion o f 

the upper arms was added to the standard 

set o f tests. The neurological examina-

tion tested for brachioradial and triceps 

deep tendon reflexes: shoulder eleva 

tion; and deltoid, biceps, triceps, lumbr ica 

and interosseus functions (strength, with 

special reference to the difference be-

tween the sides». Sensitivity to l ight touch 

and pain in the upper arms was tested 

as was sensitivity to vibration at the u lnar 

styloid processes and the lateral malleol i 

Roos elevated arm stress test for thoracic 

outlet syndrome (14) was also inc luded in 

the standard set o f tests. The subject ive 

component of performing and judg ing 

each test was reduced by the procedure OÏ 
first examining the subjects and then 

interviewing them. 

The examinat ion procedure was con-

tinued so that a clinical diagnosis could 

be obtained if the diagnosis based on the 

screening method conflicted wi th the pain 

drawing, i f there was marked pain and no 

screening diagnosis was made, and i f there 

was localized paresthesia, numbness or a 

disturbed sensitivity to light touch or pain 

A t this stage other forms o f the men-

tioned pain syndromes and differential 

d iagnostics were also taken into considéra-

tion as were some other c ommon painfu l 

condit ions and the most c ommon distal 

Table 1. Criteria for screening diagnoses of neck 

Disorde r 

and upper limb disorders (18). 

Tension neck syndrome 

C e r v i c a l s y n d r o m e 

T h o r a c i c o u t l e t s y n d r o m e 

S u p r a s p i n o u s t e n d i n i t i s 

Bicipital t endin i t i s 
F r o z e n s h o u l d e r s y n d r o m e 

A c r o m i o c l a v i c u l a r s y n d r o m e 

E p i c o n d y l i t i s s y n d r o m e 

Tenosynovitis and peri-
tendinitis of the wrist and 
' o r e a r m 

C r i t e r i a 

o , h e a d a c h e rad ia t ing , r o m 
u p o n n e c k m o v e m e n t Pa lpab l e h a r d e n , n g s : m u s c l e pain or l i g h t n e s s 

o Z o t ^ Z . Z ^ ' P O S i , i « — p o s i t i v e Adsons test. 
, O C a l , e n d £ r n e S S - » * * c . i o n . o , p a i n , u , 

Pa in in t h e s h o u l d e r r eg ion , local t e n d e r n e s s 

K S T ^ ^ o T ^ ^ r d U ' i n 9 , h e — » - — , ac t ive 

^ o i n t " * S h O U " * ! r r e 9 i ° n - , O C a l , e n < t e ™ » " " " " 9 pa lpa t ion or p e r c u s i o n o . 

SHOUU>£R PAIN 
- resisted isomer it 

and outward re > 
humerus 

- resisted supination 
forearm with the 
llexed 9<T (Yerç <r 

- pain at the er >' 
lion 

- pain in adducti 

CUNtCAL DIAC 

ELBOW PAIN 
- free and pJ 

/ 
of movement c r< 
palpation of th e 
bursa 
palpaiinn of ttn 
nerve at ihe edg< 
superficial sup o 
(the arcade ot » 
strength of mi< 
linger encns i c a 

CLINICAL OlAT-

•ns* 
gan 

ne* 
su t 
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g 
» n 

ag ri os is was 
et w i t h the 

«amined by the 
»> n inat ion o f 
t< he standard 

»gical e x a m i n a -
i t ' and tr iceps 
:h Ider eleva-
ic s. l u m b r i c a l 
(strength, w i t h 
c^Terence be-

y l ight touch 
m . was tested, 
ion at the u lnar 
la *al mal leol i . 
;e: Tor thoracic 
tls^ inc luded in 
T h e subject ive 
I i d j u d g i n g 
i< rocedure o f 
ecus and then 

d t » w a s con-
l i i n o s i s could 
is based on the 
d w i t h the pa in 
e >ain and no 
id and i f there 
numbness, or a 
I *^uch or pain, 
s T the men-
n d i f fe rent ia l 
into considera-
>r ion pa in fu l 
r( m o n distal 

jâ K*. radiating Irom 
»C >ain or tightness 

et ..eck movement. 

•o-
:,:
-/e Adson's test, 

t» lion, or painful 

I ' months, active 

O* >r percusion ot 

S T A N O A R O S E T 

O F T E S T S 

S T A N D A R D S E T 

O F Q U E S T I O N S 

(1 week) 

S C R E E N I N G D I A G N O S I S . P O S S I B L Y A L S O 

C L I N I C A L D I A G N O S I S I F A D D I T I O N A L 

T E S T S O R Q U E S T I O N S N O T N E E D E D 

controversy will» 
pain d i awing 
no diagnosis and 
marked pa in 
locaUxed paresthesia, 
numbness, or d is tu rbed 
sensit ivity t o l ight 
t ouch o> pain 

A D D I T I O N A L T E S T S A N O Q U E S T I O N S 

SHOULDER PAIN 
- res is ted isometr ic abduc t ion 

a n d o u t w a r d ro ta t ion of the 
h u m e r u s 

- res is ted sup ina t ion ot the 
f o r e a r m w i th the e lbow 
t ie Med 90 ' (Yergason * s ign) 

_ pa in at the end o l abduc-
l i o n _ pa in i n adduc t ion 

CLINICAL OIAGNOSIS 

E L B O W PAIN 
_ | r e 4 and painless «ange 

o l movement contro l led 
- pa lpa t i on o l the o lecranon 

bursa , 
_ pa lpa t i on o l the radial 

nerve at the edge ot the 
super f ic ia l supinator muscle 
( the arcade ot Ftohse) 

- s t reng th ot midd le 
l inger extension tested 

CLINICAL OIAGNOSIS 

WRIST PAIN 

S f o S M S - on P -

Med ian area 
- s t reng th o t the shor t abduc-

tor o l the t h u m b tested 
- Phaien's wr»st i i e« ion test 
- T i n e l s s ign at the carpa l 

tunne l and the p ronator area 
tested _ patpat ion o l the pronalo» 

- resisted o r o n a t i o n o l 
the forearm and l i ex i on o t 
the wrist 

- resisted «e««on o l the 
l o n g tinge» at t he p rox ima l 
inter phalangeal jo in t 

_ ies is led fo rea rm supina-
t i o n and e l bow l lea ïon 

Ulnar area 
_ p a l p a t i o n o t t h e c u b i i a i 

a n d Guyon ' s t unne i 
_ T ine l s s i gn at t he cub i t a l a n d 

G u y o n ' s tunne l tested 

C L I N I C A L O I A G N O S I S 

carpal • «nspeciion 
gançH'a 

- tree and painless move-
ment ot tne l»rst carpo-
metacarpal i » n t con t ro l led 

- palpat ion o l the radial 
nerve at the edge o t « * 
superf ic ia l supinator musc le 

PAIN IN FINGER JOINTS 
_ inspect ion o l Heoeroen s 

nodes 

1 
CLINICAL DIAGNOSIS 

CLINICAL OIAGNOSIS 3 

I (he lateral/medial 
• ngets 
i Ihe tendon or 

F l g S c h e m a t i c , e p , e s e n , a . i o n o . t h e s c r e e n i n g a n d c . i n i c a . d i a g n o s e s . 
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nerve en t rapments o f i he U D D C T irm Th 

procedure followed in m a k i n g iho d a / l h a ' a , p P a , a b i l i l > ' " f the lests „ f 

nosis IS s hown in fig I. and the criteWi" ' h e s c r c e m n e » ' ^ h o d could be checked. 33 
for clinical d iagnoses are p r e . U e d in t Z ^ r ™ " " * b y a ^ ^ 

table 2. H x l l c a , n trained physiotherapist. 

Table 2. Criteria (or clinical diagnoses of 
neck and upper limb disorders. 

Diso rde r Criteria 

A Disorders contained in the 

T e n s i o n n e c k s y n d r o m e 

Cerv ica l s y n d r o m e 

T h o r a c i c ou t le t s y n d r o m e 

S u p r a s p i n o u s t end in i t i s (18) 

Bicipital t endin i t i s (18) 

F r o z e n s h o u l d e r s y n d r o m e 

Acromioc lav icu la r s y n d r o m e 
(18) 

Epicondyl i t i s s y n d r o m e 
Tenosynov i t i s a n d pe r i -
t end in i t i s or t h e wr i s t a n d 
f o r e a r m 

8. Other disorders 

I n f r a s p i n o u s t end in i t i s (3) 

O l e c r a n o n bu r s i t i s 
C a r p a l g a n g l i o n 
P a i n f u l first c a r p o m e t a -
c a r p a l joint 

O s t e o a r t h r i t i s of f i n g e r j o i n t s 
C a r p a l t u n n e l s y n d r o m e 
(10. 12) 

screening method presented in table 1 

P r o n a t o r s y n d r o m e 
(1. II. 16) 

P o s t e r i o u s i n t e r o s s e u s 
n e r v e e n t r a p m e n t ( F r o h s e ' s 
s y n d r o m e ) (4. i s . tg ) 

Ulnar n e r v e e n t r a p m e n t 
at t h e e l b o w ( i ) 

Ulnar n e r v e e n t r a p m e n t 
at G u y o n ' s t u n n e l (1) 

S a m e a s the cri teria for t h e s c r e e n i n g d i a o n o s i s f t ah i» i t « . 
u p o n n e c k m o v e m e n t n o t n e c e s s a r / t a S T ^ , ^ ® K * 1 5 3 , 0 o r « 9 ™ < * s s 
d i a g n o s i s of cervical s y n d r o m e c l a S i S S t c ^ i ^ ^ ? ™ ^ ^ ^ 

(pe r iphe ra l e n t r a p m e n t n e u r o p a t h y o M t ^ u ^ e r ^ e S ^ " " 9 m o v e m € n t 

e n Z ^ e ^ r e X t r e m i t y " » " « * t e s t (d i s ,a . ne rve 

ac l ive a b d u c -

^ s S pa in in , h e s h o u l d e r at 
e x c l u d e d ) o o w M e x e < 3 f r ozen s h o u l d e r s y n d r o m e 
S a m e a s the s c r e e n i n g d i a g n o s i s ( table I) 

S T e S « * » « " « pa .n 

S a m e a s , h e s c r e e n i n g d i a g n o s i s " a 

P a i " i n ^ « o u t w a r d 
P a l p a b l e pa infu l o l e c r a n o n b u r s a 
Dorsa l o r volar g a n g l i o n d e t e c t e d 
Pa in fu l joint a t pa lpa t ion , p a i n in t h e joint w h e n m o v e d 

H e b e r d e n ' s n o d e s n o t i c e d 

' ' - a r ^ Hand, posit ive W , s i g n at 
t o u c h or p a i n in th ree a n d a T a l î î n g e r s o n t ^ S T J f ^ . ^ T ' ' " ' 5 ^ s e ™ t i v i 1 y to 
s t r e n g t h of the sho r t a b d u c to o U h e h a ° d M 

a t t h e p r o n a t o r level a n d ce iv ica l s y n d r o m e e ^ l u ^ ^ Î T * ' ™ e n t r a P m e n ' 
e x a m i n a t i o n normal) » r " « r o m e e x c l u d e d , a n d Ihe res t of the n e u r o l o g i c a l 

o r P a r e s t h e s i a o r n u m b n e s s o n 
s i de of t h e h a n d poss iWe T ^ S T n t ^ ^ 6 ! ^ - 3 h a " o n , h e « d i a l 
f o r e a r m a n d f l e x i à T o f ^ s ? f S e â î S I ^ : . ^ ^ ! ^ l o P r o n a t i o n ol t h e 
of t h e midd le finger at t he o w i n n i ï ï ï l S S c t t > o w tte*'°n o r f lexion 
t h r e e a n d a h a l f l n g e r s o n ffSSRTSSZS^fS^ ^ Î B 

w e a k n e s s of the sho r t a b d u c t o r o t i h . ^ K , h e n a r e m i n e n c e , a n d 
cerv ica l syndrome , a n d U e i T x e n o S S o S i ï « S Ï Ï S Z Ï Ï V 1 ^ 
f o r e a r m e x c l u d e d ) ««"osynovms a n d per i tendini t i s of Ihe wris t a n d 

a U h e ' e d g e ol^the w ^ r f i d a f p o ' i i i o ^ u p w a r d a n d t e n d e r n e s s 
the e x t e n s i o n force o f t h e midd le i o n ï l J ^ f ï f ï W - ^ u s c l e ( l h e a r c a d e of F rohse ) ; 
t enosynov i t i s a n d p e r i t e n S * ^ Z ^ l T t ' ^ ^ ^ 
of t h e neuro log ica l e x a m i n a t i o n n o r m a l ) exc luded , a n d t h e res t 

S ^ i r s r s j E T K M Î Z TiSr-tend— <° «»"»-
d i m i n i s h e d s ensa t i on in i h e l Z h 3 n r i n , ( ^ , u n n e l P ^ s i b l y p r e s e n t ; 
a n d t h e third a n d fou r th I T * W C a k n e s s o l l h e » " « « ' « s e i 
t u n n e l , cerv ica , s y ^ o m e ^ ^ = e n t at t h e G u y o n ' s 

patpation'at'tlfeGuyon"*î̂ tiKme^pœ ̂ b l ^n^ i ^s ig naUhe G ^ — <° 
d i m i n i s h e d s e n s a t i o n in the fou r th a n d * ^ 5 t V n n e ' POMiWe: 
m g e r (u lnar ne rve e n t r a p m e n t a t i h e w b B ^ L . ^ J ? * * * ™ <* «he fifth 

t h o r a c i c out le t s y n d r o m e e x c l u d e d ) ' c e n r t c a I s y n d r o m e , a n d 
I I 
i 

Results 
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workers (five mi 
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i . _K movement 

lp«* {distal nerve 
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the shou lder af 
ulder syndrome 
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Results 

Screening a nd clinical diagnoses 

The results are presented as screening 

diagnoses and clinical diagnoses in table 3. 

According to the set of criteria seven 

workers (five men and two women) had 

tension neck syndrome. The syndrome 

was evenly distributed among the different 

occupations and occurred in subjects of 

different ages. 
Six men were clinically diagnosed as 

having cervical syndrome. They repre-

sented different occupations. Four were 

over 40 years of age. 

Five cases of peritendinitis were found 

in the forearm region of four workers 

(table 4). These cases did not meet the 

criteria of the screening method. Four 

were on the extensor side, one was on the 

flexor side, and one worker had pen-

tendinitis on both the flexor and the ex-

tensor side of her forearm. Three of the 

workers were men. 

In addition to the disorders contained in 

the screening method used, five cases of 

painful carpal ganglia were found. Four 

were on the volar, side and one on the 

dorsal side of the wrist. All volar ganglions 

were found in cutlers, and they were m the 

dominant hand. Three of these cutters 

were men. and one was a woman. Three 

cases were residual after earlier surgery. 

Two workers with a volar ganglion had 

nocturnal paresthesiae of the median area 

of the same hand, and one of them also had 

a positive Tinel's sign and Phalen's wrist 

flexion lest that suggested carpal tunnel 

syndrome. Other disorders occurred only 

seldom. 

As the tests of the screening method 

revealed few positive signs, no statistical 

analysis was necessary for the findings o f 

the two examiners. There was a trend for 

the palpation tests of the neck and shoul-

der region administered by the physio-

therapist lo reveal more positive results 

than the palpation tests administered by 

the author. 

Table 3. Distribution of the screening diagnoses 
and clinical diagnoses among 113 slaughter-
house workers. 

Screening 
diagnosis 

Cl inical 
d iagnosis 

Tension neck syndrome 
Cervical syndrome 
Thoracic outlet syryJrome 
Supraspinous tendini t is 
Bic ipi ta l tendini t is 
Frozen shoulder syndrome 
Acromioclavicular syndrome 
Epicondyl i t is syndrome 
Tenosynovit is and peri-
tendinit is of the wrist and 
forearm 
Infraspinous tendini t is 
O l e c r a n o n b u r s i t i s 
Carpal gangl ion 
Painlul first carpometacarpal 
joint 
Osteoarthrit is of f inger 
•oints 
Carpal tunnel syndrome 
Pronator syndrome 
Posterior interosseus 
nerve entrapment 
Ulnar nerve entrapment 
at the e lbow 
Ulnar nerve entrapment 
at Guyon's tunnel 

Table 4. Cases ol forearm and wrist tenosynovitis and peritendinitis. 

Diagnosis Sex (years) Occupat ion 

Durat ion ot Other lactors 
employment 

(years) 

Other disorders 
(screening or 
c l in ical d iagnosis) 

Peri tendinit is 
of the long 
abductor ot 
the t h u m b 
Peritendinit is 
of the wrist 
extensors 

Peri tendini t is 
o l the wrist 
extensors 
Peri tendini t is 
of the wrist 
extensors and 
l lexors 

Male 

Male 

Male 

Female 

22 

21 

18 

32 

Cutler 
(trainee) 

Butcher 
(trainee) 

Butcher 
(trainee) 

Meat by -p foduc i 
worker 

3.5 

0.1 

4.5 

Returned I rom 
sick leave 
t d before 
ihe examinat ion 
Returned f rom 
mil i tary 
service six weeks 
before the 
examinat ion 

Returned f rom 
maternity leave 
two weeks before 
the examinat ion 

None 

Bicipi ta l 
tendinit is 

None 

None 
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Symptoms reported by the subject 
I n addi t ion to their present symptoms the 

workers were also asked about pain or 

t rouble in the neck a nd shoulders, the 

back , and the arms and hands dur ing the 

past 12 months . Table 5 shows that neck 

a nd shoulder trouble was more c o m m o n 

a m o n g w o m e n than men and . in both 

sexes, more c o m m o n than back trouble. 

There were no appreciable differences 

between the sexes concern ing arm and 

hand trouble. Neck and shoulder trouble 

back trouble, and arm and hand trouble 

were found about as often in all the age 

groups. 

The workers were also asked if a doctor 

had diagnosed tenosynovit is or periten-

din i t i s o f the wrist or forearm or humeral 

epicondyl i t is dur ing the past 12 months 

There were 15 (13.3 %) subjects who had 

had 18 (15.9 r/r) cases o f tenosynovitis or 

peri tendinit is and four (3.5 9r) who had 

had epicondyl i t is . One worker had had 

both lateral epicondyl i t is and flexor 

tenosynovit is at the same t ime. Three 

workers had had tenosynovit is twice 

dur ing the past year. Two workers who 

had experienced peritendinitis earlier 

also had peritendinit is al the l ime o f the 

examinat ion. All 15 workers who had 

previously had tenosynovitis or peri-

tendinitis were men . cutters or butchers by 

occupation, and 12 o f them were under 30 

years o f age. The workers with epicon-

dylit is were 30 years or older. 

Discussion 

Results 

As shown in table 6. the prevalences o f 

both tension neck syndrome and teno-

synovitis and peritendinitis of the wrist 

and forearm were very low when com-

pared with the corresponding values o f 

three groups o f * predominant ly female 

subjects examined by the same method . 

However, the five cases (4.4 %) o f current 

peritendinitis agreed with the reported 

18 clinical cases (15.9 7c) o f tenosynovitis 

or peritendinitis that had occurred dur i ng 

the past 12 months . 

L l ' f h ^ r ^ and shoulders. ;he back. 

8ody region where pain 
or trouble was experienced 

Slaughterhouse workers 
of present study Swedish slaughterhouse 

workers in report of 
Jonsson et al (5)* 

(N = 53) 

8ody region where pain 
or trouble was experienced 

M e n W o m e n 
(N = 82) (N = 31) 

Total 
( N = 113) 

Swedish slaughterhouse 
workers in report of 
Jonsson et al (5)* 

(N = 53) 

Neck and the shoulders 
Back 
A r m s and hands 

45.7 58.1 
39.5 45.2 
59.3 61.3 

49.1 
41.7 
59.8 

45 
42 
36 

a
 All the subjects were men. 

Table 6. Occurrence (%) of neck and upper limb disorders 
worker groups. in slaughterhouse workers and three other 

Disorder of neck 
or upper limb 

- Occupational groups
9 

Disorder of neck 
or upper limb 

Slaughterhouse 
workers 
(N = 113) 

Scissor 
makers 
(N = 93) 

Shop 
assistants 
(N = 143) 

Factory 
workers 
(N = 152) 

Tension neck syndrome 
Tenosynovitis and peritendinitis 
of the wrist and forearm 
Other disorders 

6.2 

4.4 
1.8

b 

61.3 

18.3 
4.3 

27.8 

13.5 
0.6 

37.5 

55.9 
19.0 

T workers irom me present study, scissor makers from the investioation of K , „ 
Kosk.nen (6 and shop assistants and factory workers from the study ot t Z o ^ T e " a U b T 
One cervical syndrome and one bicipital tendinitis. Luopajarv. et al (8). 
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The fact lhat cases of tenosynovitis or 

peri tendinit is were encountered dur ing 

the past 12 mon ths only among cutters and 

butchers and predominant ly among young 

workers supported the concept that 

overexertion and lack o f experience are 

its important causative factors 17). Fur-

thermore. a recently terminated absence 

was the triggering factor in most current 

cases o f peritendinitis. 

The low prevalence o f tension neck 

svnd rome and peritendinitis of the fore-

arm can most likely be attributed to two 

factors, (i) h igh selection and (11) reduced 

work pace. The seven years that the 

slaughterhouse had been operating pro-

vided a suitable l ime for selection. Young , 

unf i t workers had left the workplace, and 

the remain ing workers became skillful in 

their work. The reduced work pace evi-

dent ly had a direct effect on such signs 

as tenderness and swelling o f the muscles 

and tendons, wh i ch were the objective 

criteria for tenosynovitis and peritendinitis. 

The higher prevalence o f neck and 

shou lder trouble in women (table 5) has 

been noticed also in other studies o f 

work ing populat ions (5). The trend was 

the same in the "norma l population ac-

cord ing to the prel iminary reports o f a 

recent F innish study called -Mini-

F in l and . " However the relatively h igh 

prevalence o f neck and shoulder trouble 

also in men. wh ich was higher than the 

prevalence o f back trouble, is noteworthy. 

The situation was the reverse in -the 

• n o r m a l Mini-Finland" populat ion, for 

wh i ch back trouble was far more c o m m o n 

in men than neck and shoulder trouble. 

Compar ison o f the frequencies of neck and 

shoulder trouble, back trouble, and arm 

and hand trouble among the men o f this 

studv with those among a g r o u p of Swed-

ish slaughterhouse workers in similar 

occupat ions (table 5) showed that the 

frequencies for neck and shoulder trouble 

and for back trouble were approximately 

Ihe same, whereas trouble in the arms 

and hands was more c ommon among the 

F inn ish slaughterhouse workers. 

The occurrences of painful carpal 

gangl ia , most o f which were on the volar 

side o f the wrist, should be noted. The 

carpal ganglion in itself does not often 

cause problems. All five ganglia found 

were painful , probably because or the 

work demands on the wrist. 

The method 

The va l i d i ty o f the screening me t hod used 

for this studv is u n k n o w n , nor can it be 

directlv tested by th is s tudy, as the c l in ical 

and screening d iagnoses were based partly 

on the same tests. 

However the thorough physical examina-

tions d id not reveal many cases o f disor-

ders not conta ined in the ep idemio log i c 

screening me t hod . The cases o f carpal 

gangl ia were an except ion . M u c h has 

been written lately about en t r apmen t 

neuropathies and their relation to work (2). 

Two workers in this study g roup had 

symp toms that suggested carpal t unne l 

syndrome, and one worker had s y m p t o m s 

o f a more p rox ima l med i a n nerve entrap-

ment. No other s y m p t o m s or signs indi-

cating en t rapment neuropathy were 

encountered. 

There were five cases o f cervical syn-

drome. one case o f thoracic outlet syn-

drome. three cases o f suprasp inous ten-

dinit is. and five cases o f per i tendin i t is o f 

the wrist that cou ld be d iagnosed cl in ical ly 

(table 3). Bu t these cases d id no t meet t he 

set o f criteria in the correspond ing screen-

ing diagnoses o f the me t hod . Thus the 

criteria are sof t " for some disorders (eg. 

tension neck synd rome and bicipi tal 

tendinit is) and " h a r d " for mos t o ther 

disorders (eg. cervical syndrome , supra-

spinous tendini t is , tenosynovit is , and 

peritendinit is o f t he wrist and forearm). 

Cases d iagnosed accord ing to the " h a r d " 

criteria are very l ikely to be remarkab ly 

painful cond i t ions not often encountered 

at workplaces. For ep idemio log ic purposes 

it wou ld be more appropr ia te l o use 

"softer* criteria so that disorders are 

detected in their early stages. 

Testing the repeatabi l i ty o f the tests o l 

the physical examina t i on by hav ing two 

person's exam ine the same ind iv idua l 

contains many sources o f error. As most o f 

the test results rely on i he subject s an-

nouncement o f pa in , paresthesiae. dis-

turbed sensitivity, etc. it is probable tha t 

the subject learns the results o f the lest, 

the objectivity o f the examina t i on thereby 

being reduced. 

Op in i ons d i l ter about the value of 
piti/sicaJ exam ina t i ons i » epidemiologic 
studies. Compar i sons between different 

groups o f workers can be m a d e on the 

level o f subject ive symp toms , ob ject ive 

289 



signs, or complexes o r symptoms and 

signs. The "d iagnoses" o f the screening 

method used in the present study are an 

examp le o f the last-mentioned type. 

S o m e evidence has been found wh ich 

indicates the predictive va lue o f certain 

symp toms and signs. R i i h imak i el al (13) 

found that current neck pa in better pre-

dicted the experiencing o f neck pain after 

five years had passed than d id f indings o f 

degeneration in cervical radiographs. 

Tenderness upon palpat ion o r t h e brachial 

p lexus was predictive o r neck pain five 

years later at a statistically significant 

level. Noth ing is known about the pre-

dict ive value o f the symptom complexes o f 

the screening method used in ihe present 

study, as no follow-up studies using this 

method have been pub l ished . 

The screening method used in this study 

is t ime-consuming and hard for both the 

subject and the examiner , especially when 

examinat ions are performed individual ly 

for. each worker. Both this study and 

another unpub l i shed s tudy by the author 

rarely found object ive s igns wi thout 

subjective symptoms . Consequent ly it 

cou ld be thought that on ly persons wi th 

subjective symptoms shou ld be chosen for 

physical examinat ion . 

I n middle-age and older study groups 

degenerative changes cause symp toms 

and signs that cannot be singled out in a 

physical examinat ion . Thus the method 

wou ld probably be more valuable when 

relatively young popu la t ions are screened. 
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ABSTRACT . 

The purpose of this research was to assess workplace factors 

identified as* contributing to cumulative trauma disorders among workers 

in the meat processing Industry. This large Industry has undergone 

technological change, but manual operations, including knife use, are 

still prevalent, and task specialization and productivity have increased 

while the incidence of back and upper limb cumulative trauma injury has 

increased. 

The research Involved 400 meat processing workers In retail 

stores and beef and pork wholesale operations. Various occupational 

health problems experienced by the various occupational groups were 

examined and the Impact on upper limb disorders of a number of 

workplace factors, including knife design, environmental conditions and 

work procedures, was assessed. The causes of occupational health 

problems appear to differ among sectors of the industry, although the 

problems are simi lar . Thus, solutions such as work breaks, equipment 

modification, worker training, and limiting weight of materials handled 

manually must be applied according to the requirements of each industry 

sector. The range of possible causes and solutions indicates that much 

further research is needed. 

INTRODUCTION 

The production of meat and its many 

byproducts represents one of the world's 

leading economic activities. In Canada, the 

meat processing industry ranks third largest 

of all industries and employs a total work 

force of nearly 31,000 people. 

The meat processing Industry has 

experienced a wide range of technological 

changes in the past fifty years, from sausage 

making machines to assembly-line cutting and 

packaging meat. Oespite these innovations, 

manual operations are still prevalent In the 

industry. One tool which has not undergone -

much change, yet is frequently in use, is the 

meatcutter*s knife. 

The range of technological developments in 

the meatcutting sector has affected the 

overall emoloyment picture of meat cutters, 

and has also resulted in increased task 

specialization and increased productivity. 

However, at the same time. Increasing 

numbers of cumulative trauma type Injuries 

related to the back and uooer limbs have been 

observed In the Industry. 

Occupational diseases such as tendonitis 

have been reported in a number of 

occupations which use hand knives 

(Armstrong et al , I98ZS Hall , 1984; 

ïCarlqvist, 1984). Recent studies from Sweden 

and Finland (tlagnussoh et a l , 1985; Flack and 

Aarlno, 1983) reported that butchers are 

expereriencing a high frequency of 

occupational disorders. Factors identified as 

contributing to these disorders include job 

activités, workstation layout, the 

psycho-social climate of the workplace, and 

worker characteristics. 

METHODOLOGY 

A number of diverse research tools were 

used to answer the many questions posed by 

the project. To obtain an overall 

understanding of industry problems, 

questionnaire surveys of retai l and wholesale 

workers were carried out. To determine 

whether cold environmental temperatures 

were a contributing factor in the incidence of 

upper limb disorders in wholesale meat 

cutters, hand skin surface temperatures 

were monitored. 
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368 industry specific questionnaires 

were completed . Responses were divided 

into successive groups based on 

industry, occupational group within industry, 

and reported pain or lack of pain in a specific 

body part (hand/wrist / f inger , elbow, 

shoulder, back, l eg ) . Subjects reporting 

f ractures , ar thr i t i s , or rheumatism were 

removed from the analysis . 

Finger and wrist temperatures of the knife 

holding hand were measured for an entire 

work day of 15 beef cutters (eight healthy, 

seven with sore wr is ts ) and 10 pork cutters 

(five healthy, five with sore wr is ts) . The 

same workers whose hand temperatures were 

monitored were also measured for wrist and 

hand dimensions and grip strength. 

Throe subjects were filmed cutting a beef 

joint with a standard knife. 

RESULTS 

Retail 

Jobs in the retai l sector are meatcutters, 

who divide larger pieces of meat Into smal l 

pieces for sale: meat wrappers, who wrap and 

price the pieces: deli workers, who sl ice, cut 

and wrap meat and cheese and prepare salad 

portions: and fish workers , who clean and 

prepare fish for sale and maintain the fish 

display counters. 

Meatcutters reported back pain (46X), 

shoulder pain (29X) and hand problems 

(22X) . Meat wrappers experienced back pain 

(701 ) , hand disorders (5ZX), and shoulder 

discomfort (-38%) - the highest incidence of 

these problems of a l l retail workers-

Back pain was also reported by deli 

workers (581) and fish workers (50X). 

Beef 

Jobs in the beef sector are skinners, who 

remove hides from carcasses and make initial 

cuts: sawyers, who cut further on the Initial 

cuts and place pieces on conveyor belts: 

boners , who debone pieces: cutters, who cut 

deboned pieces into smal ler cuts and remove 

fat: and packers , who cover pieces with fibre 

wax reinforced mater ia l . Floaters fil l In 

wherever extra workers are needed. 

Skinners reported pain only In hands (50X) 

and shoulders (33X) . Sawyers reported back 

pain (50X) , and packers experienced 

problems mostly In shoulders (36X) . The 

most hand and shoulder disorders were 

experienced by boners (7ZX and 45X) and 

cutters also had a high incidence of hand 

problems (67%). Floaters all reported elbow, 

shoulder , and hand problems, and had the 

highest incidence of beck problems (57X). 

Temperature analyses showed that beef 

workers, especially those with hand 

disorders, had colder finger temperatures 

and greater temperature fluctuations 

throughout the day than the control group. 

Pork 

The Jobs In this sector are sawyers, who 

divide the carcasses: skinners ( t r i m m e r s ) , 

boners, and cutters, who t r im , debone and 

remove fat from pieces: and packers, who 

package the pieces. Wizard knife users use 

rotating power-driven knife blades to t r im fat 

and salvage any remaining meat on the bones. 

Toaks in the pork industry are general ly leas 

well defined than in other sectors. 

As in the beef sector, sawyers reported 

hand (67X) and back (67X) problems. Pork 

boners, t r immers , and packers experienced 

problems in the same body parts . The highest 

Incidence of problems was experienced by 

wizard knife users , who suffered hand ( 7 I X ) , 

shoulder (711) and back (70X) problems. 

In the pork plant, unlike the beef p lant , 

there were no significant finger temperature 

differences between subjects and contro ls . 

Analysis of hand dimensions and strength 

for beef and pork workers and control groups 

of office workers showed no significant 

difference in hand dimensions. However, 

subjects had less strength than controls in 

their knife-using hands.Some test knives used 

in the EMG analysis appeared to require more 

strength for successful use than others . 

Hand motion analysis Indicated that 

approximately 70X of the t ime the knife 

cutting hand was flexed at the wrist and that 

the hand deviated to the radial aspect 49% of 

the observed t ime. 

OISCUSSION 

Occupational health problems of workers in 

the meat processing industry are diverse and 

occupation specific. Problems may ar ise from 

work procedures performed, equipment and 

tool design, workstation character ist ics , and 

the environment. Since each of these factors 

differs within the industry sectors discussed, 

each sector will be addressed Individually. 

Retail 

In retail stores excessive worksurface 

dimensions (size of display cases) , cold 

drafts, and work procedures, including lifting 

of heavy boxes and meat t rays , were the 

primary factors associated with back and 

upper l imb disorders in retail workers . 
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A large number of retail workers (28X) 

were excluded from the study because of 

eelf-reported erthritie or rheumatism. 

Further study of this problem may be 

warranted. 

p ^ f and Pork 

In the beef industry, hand/wrist disorders 

were most prevalent amongst Deef boners and 

cutters. Workplace factors associated with 

these disorders included cold hands, wearing 

a mix of cotton and rubber gloves on the 

knife-holding hand, and interaction between 

the knife and the cut which frequently placed 

the hand in a deviated position. 

Of all three groups examined In this 

project, the pork industry reported the 

highest incidence of hand/wrist disorders. A 

pork plant differs from a beef plant in that the 

meat is greasier, hence making the entire 

workplace greasier, and also that the 

environment is considerably warmer. In the 

pork industry the majority of workers do not 

wear gloves. Major workplace factors which 

need to be addressed are knife handles 

designed to reduce slippage, possibly 

introducing gloves for the knife holding hand, 

and examining the effect of handtool 

vibration. 

CONCLUSION 

0«spite the similarity in the occupational 

health problems In the different meat 

processing sectors. It is evident that the 

différente workplaces must apply different 

solutions in order to properly solve their 

problems. This approach will reduce 

industry costs in addressing the problems 

and will ensure prompter worker relief. 

Both beef and pork workers frequently 
assumed static work postures for 
prolonged periods of time, repeatedly 
stressing the same joints; 
mim-stretch/massage pauses end job 
rotation are therefore recommended. 
Other suggestions Include reconsidering the 
knife design, which requires adapting the 
knife to the job and the worker, reviewing 
the use of gloves, modifying equipment, 
training workers in which hand positions to 
avoid, rotating workers amongst different 
jobs so that the joints most used are 
stressed in different ways, and limiting the 
weight of boxes handled manually. 

This study is the first in North America 

to examine the musculoskeletal problems 

of meat processing workers from an 

ergonomie perspective. In addition, it is 

obvious that many problems are site 

specific. Hence, much more in-depth 

investigation is needed. 
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5 - ZOONOSES 

Les zoonoses sont des maladies causées par des agents infectieux communs aux 

animaux et à l'homme. Ce sont surtout les travailleurs agricoles, les vétérinaires, 

les éleveurs et les vendeurs de bêtes qui sont les plus exposés à des infections 

provenant des animaux. En alimentation, l'hygiène publique s'occupe de ce que 

l'animai soit sain bien avant qu'il n'atteigne la chaîne alimentaire. Cependant dans 

une liste1 assez élaborée publiée en 1985, certains genres de travail dans 

l'alimentation dont les abattoirs de bétails, de volailles, les boucheries, les 

poissonneries et les laiteries pourraient contracter des infections venant des 

animaux. Nous avons inclus un article publié dans la revue International Journal 

of Zoonoses pour fins de consultation et de documentation de base. On doit porter 

une attention spéciale à la salmonellose, aux staphylocoques, aux streptocoques, 

aux colibacilles, à la listériose, à la grippe, à la psittacose et aux dermatophytoses. 

Ce sont les zoonoses les plus susceptibles de se retrouver dans le travail 

alimentaire. Plusieurs de ces agents infectieux sont des causes communes 

d'infections des plaies chez l'humain. 

r' 

's 

Surveillance médicale et prévention 

La Surveillance médicale se basera sur une documentation des cas d'infection avec 

culture à l'appui et en procédant à des cultures sériées dans le milieu de travail. 

Parfois, le support des vétérinaires et des microbiologistes pourra s'avérer 

essentiel. 

La présence d'une infirmière est très importante pour assurer un contrôle quotidien 

adéquat des travailleurs présentant des signes d'infection. Présentement dans les 

petites entreprises, ce rôle est rempli par le secouriste, mais la qualité du suivi 

n'est pas garantie vu l'absence de formation adéquate. Les mesures d'hygiène 

doivent être connues et appliquées avec constance par les travailleurs. L'employeur 

doit s'assurer que tous ses employés aient un traitement précoce et adéquat des 

plaies et des dermatoses aux mains et aux bras. Idéalement, les médecins traitants 

des travailleurs devraient être impliqués dans le processus afin d'assurer la guérison 

avant le retrour au travail. 

'Voir Donham, KJ . "Zoonotic Diseases of Occupational Significance in Agriculture : 
A Review" International Journal of Zoonoses, 12, 1985, 163 - 191 
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ABSTRACT 

This manuscript presents an overview of occupational zoonotic diseases of agricultural 

workers (agricultural zoonoses). The primary intended use of this manuscript is to provide an 

educational frame work for public health officials in countries where there is a concern to 

establish or modify agricultural zoonoses control programs. The material is presented in two 

parts: 1) genera! concepts, (including definitions, classifications and ecological concepts), 

and 2) a description of selected agricultural zoonotic diseases. 

The general concepts and definitions, presented here in narrative form, are common 

to all agricultural zoonoses, regardless of geographical location. The specific facts for the 

individual diseases are presented in a tabular format. The tables present the essential features 

of 40 o f the most important agricultural zoonoses, from a worldwide perspective. An extensive 

reference list is included so the reader may supplement this manuscript with additional read-

ings. 

ZOONOTIC DISEASES: A PROBLEM IN AGRICULTURE 

The number of zoonotic diseases is relatively large. Over 150 zoonoses are distinguished 

worldwide,1 with at least 40 having significance as occupational diseases in agriculture.3 The 

tables of 40 diseases covered in this chapter were generated from a review of all significant 

publications (as listed in the references) that have considered this topic in recent years.2'23 

Jn addition to direct human health problems, agricultural zoonoses are a major economic 

drain on the animal protein industry. As examples, brucellosis and leptospirosis cost livestock 

producers millions of dollars annually.16 This loss occurs despite brucellosis eradication pro* 

grams which have dramatically reduced incidence of these diseases in many countries in the 

past 30 years. 

These control programs are expensive. For example, the brucellosis eradication program 

cost the United States Department of Agriculture nearly 54 million dollars in 1978." In 
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many countries millions of dollars are spent on programs to prevent potentially hazardous 

red meat, poultry, and dairy products from reaching the public. Additional major expenses 

include clinical costs associated with treatment and prevention o f zoonoses in humans. For 

example, 15 million dollars are spent annually in the United States for administering rabies 

post-exposure prophylaxis to approximately 30.000 people.16 In countreis where rabies and 

other zoonoses are greater problems, these costs would be significantly higher. 

WORLDWIDE PERSPECTIVE OF AGRICULTURAL ZOONOSES 

In most developed countries infectious diseases in general have become less significant 

compared to chronic diseases.16 However, in developing countries, infectious diseases in general 

are more important than chronic diseases, and zoonoses remain a major cause o f acute human 

illness. In addition to acute health problems, zoonoses can also cause chronic health problems. 

For example, schistosomiasis and hydatid disease are associated with long term physical de-

bility, and probably long term psychological stress as well.16 

Although zoonoses are generally recognized as significant world-wide health problems, 

the actual prevalence and incidence of zoonotic infections is difficult to determine! Many 

of these diseases remain uncounted.16 This occurs in part because zoonoses are often not 

diagnosed or misdiagnosed. Although clinical manifestations may be severe, symptoms are 

often protean or nonpathognomonic and may mimic severe influenza. Lack o f physician 

awareness and of appropriate diagnostic support further increases the rate o f misdiagnosis. 

Also, in rural areas of many countries where agriculture predominates, medical services are 

scarce and ill persons may have little chance to see a physician, so no diagnosis is made.'3 

Incorrect counts of zoonotic infections also result from lack o f comprehensive reporting 

systems. Although countries vary in their requirements and in their systems for reporting 

infectious diseases, most include only those diseases specified by the national health authorities. 

This may include only a few of the important occupational zoonoses in each respective coun-

try. In addition, few countries have reporting systems for occupational diseases. 

For the reasons discussed above, only a small percentage o f human zoonotic infections 

are properly diagnosed, treated, and reported. Thus, it is thought that data on the number of 

zoonotic infections occurring in human beings, worldwide, is a gross underestimate. 

Although exact numbers of zoonotic diseases occuning annually is not known, genera! 

changes in incidence or trends can be traced.16 As a country moves from developing to de-

veloped status, the trend in disease pattern usually changes from an endemic nature or wide-

spread epidemics to geographically localized and sporadic cases. Also, as countries move 

towards developed status, the relative importance of zoonoses and other infectious diseases 

decreases relative to chronic disease. Several factors are responsible for this trend, including 

improved nutrition, improved public health measures, and better environmental sanitation. 

Future trends include a probable continued decrease in the number o f human cases o f 

certain zoonoses, such as brucellosis and bovine tuberculosis, in those countries having active 

control or eradication programs. Vast epidemics are not likely as more countries move toward 

developed status. However, natural or human-induced events that disturb ecological balances 
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can have significant effects on disease patterns. For example, the Aswan Dam, built in the early 

1930%. allowed year-round irrigation in several provinces of Egypt. The resulting changes in 

ecology and agriculture caused a 60 percent increase in the incidence o f schistosomiasis.7*16 

Another future trend may be the recognition o f even more zoonoses as having occupational 

significance in agriculture. For example, influenza, campylobacteriosis, and leukemia may 

emerge as important occupational problems in agriculture as more is learned about the animal-

human relationships involved.16 " 

DEFINITIONS AND CLASSIFICATIONS 

Zoonotic diseases may be classified in three ways:16 

- according to the major reservoir o f the infectious agent, 

- according to the mode of transmission o f the infectious agent among natural host species, 

- according to the major human population at risk. 

An understanding of these classification systems can increase comprehension of the 

natural history o f these diseases and aid in their diagnosis and control. 

Classification based on the major reservoir of the infectious agent categorizes zoonoses 

by the following definitions: 

A zooanthroponoàs is a zoonotic disease for which humans are the natural hosts of 

the infectious agent. Other vertebrate animals may acquire the infection by contact with 

humans. For example, dairy farmers infected with Mycobacterium tuberculosis can transmit 

this infection to their dairy cattle. 

An anthropozoonosis. in contrast, is a disease for which a vertebrate animal species 

other than a human is the natural host. Humans are infected by contact with diseased animals. 

Most zoonoses that are a potentially significant human health hazard belong to this group 

For example, brucellosis is primarily a disease o f domestic cattle, sheep, goats, and swine. 

If a person contracts brucellosis, it is almost certain that infection was contracted from one 

of these animals rather than from contact with another human. 

Amphixenosis refers to a disease for which humans and other vertebrate species serve 

equally well as natural hosts. Infections may be transmitted freely between humans and 

animals. It is often difficult to determine if human infections are acquired from animals or 

from other humans. Examples of amphixenoses include strains of Staphylococcus, Strepto-

coccus, E. coli and Salmonella that are not host-specific. 

Classifications of zoonotic diseases according to the primary mode of transmission 

are as follows: 

Direct-zoonoses require only one vertebrate host to maintain the infectious agent. For 

example, the rabies virus can be maintained in the wild skunk population by direct transmission 

from an infected skunk to a susceptible skunk. 

Cyclo-zoonoses require two or more vertebrate hosts for maintenance o f the infectious 

agent. For example, the tapeworm Echinococcus granulosis is maintained in a cyclical tran-

smission pattern when sheep ingest tapeworm eggs passed in feces o f dogs. The eggs encyst 

in the sheep's viscera. The life cycle is completed when the dog ingests infected tissues of the 
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sheep and adult tapeworms develop in the dog's intestines. 

Meta-zoonoses require both a vertebrate and an invertebrate host for maintenance of the 

infectious agent. For example, in equine encephalitis, the mosquito is required to transmit 

the virus from an infected vertebrate to a susceptible vertebrate. 

Sapro-zoonoses are diseases caused by an infectious agent that is maintained in a fomite -

that is. soil, water or another type of inamimate object. Histoplasmosis, for example, is con 

tracted when persons inhale spores from soil with high concentrations of avian or bat feces, 

where the fungus grows. 

• Zoonoses can also be less formally grouped according to the major human populations 

at risk. Zoonoses typically are most common where contact with animals or their environment 

is maximized - that is, whenever human activities encroach on disease cycles as they occur 

in the natural setting. Agricultural work is a specific type of activity that increases the risk for 

acquiring a zoonotic tf/j^aje.2,9,10,12,16,22 

Risk for specific diseases vary with the particular type of animal production and geo-

graphic location. For example, people who work with cattle are at risk for a number of infec-

tions, but risk for specific diseases vary with certain work factors, and ecological factors. 

For example, people working with dairy cows are primarily at risk for milker's nodules 

brucellosis, Q Fever, and ringworm. On the other hand, people working with beef cattle may 

be more at risk for rabies and leptospirosis. Furthermore, those working with beef cattle 

in certain areas of Africa are at risk for Rift Valley fever. 

Zoonoses are occupational hazards not only for people who raise and care for animals 

but also for people in agriculturally-related occupations who work with animals or animal 

products. Those at risk include veterinarians, packing plant workers, poultry processing plant 

workers, and hair and hide industry workers. These workers may contract diseases such as 

brucellosis, ornithosis, anthrax, and contagious ecthyma. 

ECOLOGICAL FACTORS 

An understanding of why zoonotic outbreaks occur is helpful to health officials. This 

understanding can best be developed by examining the infectious agent as a part o f the total 

environment - that is, by understanding the disease as part o f an ecological system, or eco-

system. An ecosystem is the group of all plants and animals, their interactions, and the abiotic 

environment surrounding the organisms, in any given place at any specified time. With specific 

reference to zoonotic diseases, we could define an ecosystem in this more limited way: a set 

of all vertebrate hosts, the invertebrate organisms including infectious agents that affect these 

hosts, the disease vectors, the abiotic environment that sunounds them all and the interactions 

among the organisms and with the environment.16 

In natural, undistrubed ecosystems - those in which all inhabitants have evolved balanced 

interrelationships with each other and their environment over thousands o f years - infectious 

agents typically maintain a steady, low rate of infection in the host population. Infection and 

sporadic disease are a natural part of the ecosystem. In this way, infectious agents derive 

what they need for survival without decimating the host population. For any particular in-

nu "
 1
 — i • l'it, 
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fectious agent, the natural ecosystem is called the agent's nidus, and the agent's natural environ 

ment is called its nidality. 
Disease outbreaks are a result of a change of the natural balances of ecosystems. Eco-

systems naturally change through time as a result of internal processes, such as geological 
erosion. Today, direct and indirect human intervention produce most large-scale ecosystem 

.changes. Ecosystems also continue to change as a result of exterior pressures, such as variations 
in climate or geological events. An ecosystems change and the interactions among organisms 
change, a frequent result is alteration of the number and types of organisms present. When 
such organisms are infectious agents, their vectors, or hosts, may either decrease or increase. 
If there is a significant increase, a disease may reach an epidemic level. This alteration is the 

basic source of zoonotic outbreaks. 
Following are three common examples of ecosystem changes and the resulting potential 

changes in human disease rates. 

Introduction of new livestock species into a natural ecosystem can lead to disease out-
breaks when these species transmit infectious agents from native vertebrates to humans. For 
example, agricultural practices involved with raising cattle in South America have led to the 
potential transmission of rabies from bats to cattle to people. Vampire bats are natural hosts 
for rabies in certain areas of South America. Introduction of cattle provides a feeding source 
for these bats and they transmit rabies to cattle when they take a blood meal. The cattle, in 
turn, are sources of exposure to rabies for people who tend them. 

Alteration of the abiotic components of an ecosystem can result in changes in the eco-

system's population structure, and thus in disease outbreaks. For example, as land in Egypt 

has been irrigated with water made available by the Aswan Dam. the habitat for snails has 

improved. Snails have increased, providing an intermediary host for the blood fluke Schisto-

soma.1 The incidence of schistosomiasis in humans has increased dramatically in this area. 

Similar problems are anticipated in Ghana, Ivory Coast Mali, Nigeria, Sudan, Brazil Philip-

pines, and Thailand. 

Changes in the host's body (also an ecosystem) can be considered a change in the in-
fectious agent's environment. Changes in the host's nutrition, climate, physiological state and 
the like can lead to an increase of infectious agents and subsequent transmission of the agents 
to other hosts. For example. Salmonella commonly is carried in the gut of many animal species 
Under stress, gut flora and immunoglocial mechanisms may change, and increased numbers 
of Salmonella may be shed. These can then infect other domestic animals or humans. 

SUMMARY OF GENERAL CHARACTERISTICS 

The following list summarizes the general characteristics of zoonotic diseases. This list 

capsulizes the importance of zoonoses as occupational health problems in agriculture. • 

Zoonoses often cause severe economic burdens because of loss of diseased animals, and 
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because of the cost o f preventing and treating infections in animals and humans 

Many zoonotic infections in humans are never diagnosed. Reasons are numerous such 

as the protean and nonpathognomonic symptoms, the lack o f physician awareness and the 

lack o f adequate diagnostic support. Thus, accurate figures on the rate of zoonotic disease are 
not available. 

Human infections generally occur sporadically rather than in epidemics. This is because 

humans are accidental, deadend hosts for infectious agents and do no, transmit infections 

to other people. 

The majority of zoonoses are anthropozoonoses. being maintained primarily by verte-

brate species other than humans. 

There are specific groups of people that have an increased risk of acquiring infection 

These risk groups include persons with greater than average contact with animals: agricultural 

workers, abattoir workers, meat processing plant workers, veterinarians, pet owners, and people 

living in rural areas or engaging in outdoor activities. 

Most zoonoses have, only one or a few major host species. However, infectious agents 

do typically have a broad potential host range. For example, the bacterium Francisella tularen-

m which causes tularemia, has been isolated in over 100 mammalian species and numerous 

other vertebrates. However, many of these species are infected only by accident and are no. 

significant in perpetuation o f the disease cycle. 

Animals may be inapparent carriers of infection. They may pose a health hazard for 

humans and other livestock without offering demonstrable signs. 

Human infections typically result in morbidity but rarely in mortality. For example 

leptospirosis, brucellosis, histoplasmosis and Q Fever all can cause moderate to severe illness' 

However, when properly treated, they rarely lead to death unless complications develop 

Health officials can increase their ability to deal with zoonotic diseases by consulting 

lqcaJ practicing veterinarians and veterinarians working for public health or agricultural sections 

of the government. Health officials must also develop an awareness of specific environments 

and agricultural activities typically responsible for contraction of these diseases within their 

geographic locations. Such an awareness is essential to be able to recognize, evaluate, and 

control zoonotic diseases in agriculture. 

SPECIFIC ZOONOTIC DISEASE TABLES 

The following Specific Zoonotic Disease Tables outline the primary aspects of 40 

zoonotic diseases that can result in occupational infections of agricultural workers. These 

charts are meant to be used in combination with the information presented here, with supple-

mentation from the references listed, 1-23. and with consultation with regional experts Using 

this combined approach, health officials should be able to help establish control programs 

for occupational zoonoses in their individual localities. 



Tab le t . Bacterial Infections 

Dbease 
(Common 
names) 

Etto logic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

Animal Hosts 
(A) 1. Zooanthroponosis 

. 2. Anthropozoonosis 
3. Amphlxcnosis 

(B) Specific Animals 
Infcctcd 

Mechanisms of 
Transmission 

(A) Reservoir 
(D) 1. Dircct-zoonosis 

2. Meta-zoonosis 
3. Sapro-zoonosis , 
4. Cyclo-zoonosis 

(C) Specific mechanisms 

-Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

Anthrax 
(Malignant 
pustule, 
wool 
sorter's 
disease) 

Bacillus (A) Human -Localized 
anthracis skin lesions usually on 

hands or arms 
-Pulmonary form less 
common but much more 
severe with fairly high 
case fatality rate 
-gastro-intestinal 
form is least common 
(B) /In/mdZ-uiually 
overwhelming 
bacteremia and 
septicemia with rapid . 
death in cattle, sheep 
and goats 
-less acute in horse, 
pigs and dogs 

(A) 1. 
(B) Cattle-sheep-goals-
horse-pig^dog 

(A) -So i l 
-Water (stagnant ponds 
near incubator areas) 
(B) 1,3, 
(C)-Dlrcct contact with 
infected animals or their 
carcasses or body parts 
or unimal.fertilizers or 
feeds 
-Inhalat ion of spores 
from hair or hide of 
infected animals 
-Consumption of 
improperly cookcd meat 
of infcctcd animals 

(A)-Sheep and goat 
producers 
-Cattle producers 
-Veterinarians and 
other animal health 
workers 
-Hair and hide 
processors 
-Abattoir workers 
(B) Worlwide in 
endemic foci 
-May be transported 
to distant locations 
with hair and hide 
from infcctcd animals 

-Vaccination of 
animals in endemic 
areas 
-Personal 
protection when 
handling potentially 
infected animals or 
tissues 
-Deep burial and ^ 
covering with lime « 
of infected animal << 
carcasses 
-Vaccination of o 
humans at high risk. g 

Brucellosis 
(undulent 
fever, 
Malta 
fever. 
Bangs 
disease) 

Brucella 
abortus 
B. mis 
B. melatcnsts 
B. canls 

(A) //umai-generalized 
prolonged influenza-
like Ulneo, spiking 
fevers, myalgia, malaise 
•occasional chronic 
forms Include lesions 
of heart valves, 
abcesses of bone, 
Liver, or other body 
parts 
(B) /4mmo/-Abortions 
-possible chronic 
infections of R.E., 
urogenital. Bone and 
other tissues 

(A) 1. 
(B)-Cattle-jwine 
-Sheet-goats 
-Less common are dogs, 
camels, deer, buffalo, 
and others 

(A)-Cat t lc , swine, 
goats, dogs mainly 
-Other susceptible 
animals less important 
(B) 1. 
(C)-Dircct contact with 
infected animals or their 
tissues especially 
placenta and abortion 
products 
-Ingestion of milk 
products from infcctcd 
animals 
-Possible air borne 

transmission 

(A)-Sheep, goats, 
cattle and swine 
producers primarily 
-Abatto i r workers 
(B) Worldwide, 
especially in dairying 

-Eradication of 
disease in the 
primary livestock 
species (several 
countries have 
established such 
programs) 
-Personal 
protection when 
handling infected 
animals, especially 
following abortion 
—sanitation of the 
animal environment 
-pasteurization of 
milk products 



Table 1. Bacterial Infections (Continued) 

Disease 
(Common 
names) 

Et >o logic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

Animal Hosts 
(A) 1. Zooanthroponosls 

2. Ànthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mcchanismsof 
Transmission 

(A) Reservoir 
(B) 1. Dircct-zoonosis 

2. Meta>zoonosis 
3. Sapro-zoonosis 
4. Cyclo-zoonosis 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Géographie 

Distribution 

Prevention or 
Control 

Leptospirosis Leptospira 
(Well's interrogans 
disease. -many 
twine herd's different 
disease, scrovars 
swamp involved 
fever, mud 
fever) . 

(A)-Generalized 
febrile, Influenaz-Hke 
iltness of variable 
severity 
-m i ld cases malaise, 
myalgia, symptoms of 
meningitis, vomiting 
-severe cases, 
hepatorenal involvement 
Jaundlccd, case-fatality 
ratio 20%-40% 
(B)-Abort lon 
-Hepto-renal 
Involvement with 
jaundice, possible 
kindey failure 

(A) 1. 
(B)-Cattle, swine, arc the 
the main livestock 
spccies infected. 
-Sheep and goats, less 
common 
-Dogs-Rats 
-Wildl i fe Including 
squirrels, racoons, 
mice, shrew, bandicoot 
fox, Jackals, hedgehog 
and others 

(A)-Cat l le, swine, rats 
mainly, but most other 
susceptible animals also 
-water, muddy soil 
(B) 1 and 3 
(C)-Dircct and indirect 
contact with urine from 
infected animals 
-Contact with abortion 
products of infected 
animals 
-Contact with water 
contaminated with urine 
from infected animals 

(A)-Persons working 
with cattle or swine 
-Persons working In 
rice paddles 
contaminated from 
urine of infected 
animals 
-Abatto i r workers 
-Persons swimming In 
contaminated water 
-Hunters and trappers 
(B)-Worldwide, 
specific scrovars 
vary with locality 

-Control infection • 
in livestock with 
good environmental 
sanitation, 
immunization and 
proper veterinary 
care 
-Prevent infected 
animals from 
urinating in water 
where humans have 
contact 
-Personal 
protection of 
workers when 
handling Infected 
animals or tissues 
-Rat control 

Tetanus Clostridium 
(Lockjaw) teteni 

(A)-Tonic Clonic 
Convulsions 
-Spastic contraction of 
skeletal muscles 
-Respiratory failure 
-death 
(B)-Hyperlrritabil lty of 
central nervous system 
-Tonic clonic 
convulsions 
-Spastic paralysis 
rDcath 

(A) I. 
(B)-Sheep and horses 
mainly 
-other animals more 
resistant 

(A) -So i l 
-Large Intestine of 
herbivores and to a 
lesser extent carnivores 
(B) 3. 
(C)-Wound contamina» 
tion with soil or feces 
containing spores, 
anaerobic conditions in 
wound required for 
organism to germinate 
and produce toxin 

(A)-Most agricultural 
workers who are subject 
to pu net u res or cuts, 
especially in areas 
where herbivore 
animals are raised 
(B) Worldwide 

- I n humans*proper 
treatcment of open 
wounds to prevent 
infection 
-Immunization 
with tetanus toxoid 
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Disease 
(Common 
names) 

Etlo logic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

Animal Hosts 
(A) 1. Zooanthroponosis 

2. Anthropozoonosis 
3. Amphlxenosis 

(B) Specific Animals 
Infected 

Mechanisms of 
Transmission 

(A) Reservoir 
(B) I. Direct-zoonosis 

2. Mcta zoonosis 
3. Sapro-zoonosis 
4. Cyclo-zoonosis 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Contio! 

Tuberculosis Mycobacter- (A)-Af. tuberculosis and 
lum tuber• Af. AoWs-franulomatous 
eulosis lesions of lungs, 
M. bovis Intestine, or other 
Af. avium tissue-Long standing 

debilitating lesions, 
unless treated 
-Af. avium'uncommon 
wound infections and 
lymphadenitis mainly, 
pulmonary infections rare 
(B) Granulomatous 
lesions of lungs, 
intestines, bones and 
other tissues 

(A) M. TUberculosis-2 
M. bovis• I 
M. avium' I 

(B) Af. bovis cattlc 
mainly, especially dairy, 
cattle 
-Af. tuberculosis-^mans 
-Af. aWum-chickens 

(A)-Af. bovis-cattlc 
-Af. tubercuhsis'vmsn 
cattle 
-Af. «v/t/m-chick ens, soil 
(B) I . possibly 3 
(C)-Inhalation of 
infected droplets 
-Direct contact with 
Inl'ccted animals 
-Consumption of 
unpasteurized milk 
-Direct contact with 
tissues of infected 
animals 

(A)-Af. bom-Dairy 
farmers cattlc 
producers, meal 
cutters, abattoir 
workers 
-Af. avium'general 
farm workers 
especially if chickens 
have been on the pluce 
(B) Worldwide but 
Af. bovis nearly 
erudicutcd in several 
western countries 

-Eradication 
programs based on 
testing herds & 
removal of infcctcd 
animals have 
rcduccd the disease 
In many areas 
-Good sanitation in 
the animal environ * 
ment, including £ 
ventilation ** 
-Personal protec* -
tion when handling Jp 
infected animals or j®, 
tissues g 
-Proper cleansing 3 

and treatment of 
wounds 
-Pasteurization of 
milk 
-BCG immuniza-
tion of persons in 
high incidence 
countries 

Tularemia Fracisella (A) I'our forms: 
tularensis -Ulccroglandular-most 

most common form, 
localized wound infec-
tion with generalized 
symptoms, cellulitis with 
regional lymphadenitis 
-Oculoglanaular, serve 
conjunctivitis with 
regional lymphadenitis 

(A) 1. 
(B)-Infections found in 
125 species of 
vertebrates, 101 
species of 
invertebrates ticks, 
mosquitors, deer flics 
horse flics, fleas 
-Most important for 
agricultural exposure 

(A)-Shecp 
- Infcctcd mammals 
-Ticks and other blood 
-sucking arthropods 
-conlaminod water 
(B) 1 2.und 3 
(C)-Hanlding Infected 
sheep 
-Bites from blond 
sucking arthropods 

(A)-Sheep ranchers, 
sheep shearers and 
sheep handlers 
-Outdoor occupation 
or recreation where 
exposure to btood 
sucking arthropods 
is common 
(B ) -Nodh America 
-Mexico 

-Personal protec-
tion (gloves and 
dust mask) when 
handling potentially 
infected sheep or 
wile mammals 
-Avo id drinking 
untreated ajrfaa* 
water from ponds 
and sircams 
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Disease Et»logic Health Effects 
(Common Agents (A) Human 
n a m " ) (B) Animal 

Glanders 
(Farcy, 
Malleus) 

Pieudomonas 
mallei 

-Pulmonary-pneumonia 
with severe generalized 
symptoms 
-Typhoidai-gastro-
enteritis, fever, toxemia, 
ulcers in mouth, 
pharynx and esophagus 
(B)-Varies according to 
species, some rodents 
and lagomorphs are most 
susceptible, prolonged 
generalized Ulness fatal 
septicemia. Sheep, 
other rodents and birds 
have intermediate 
susceptibility with non 
fatal generalized illness. 
Carnivores, have low 
susceptibility, usually 
with subclinical infection 

(A)-Variable-acute, 
chronic and subclinical 
infections 
-Pneumonia, pulmonary 
abcesses, plural effusions 
-Fever 
-Mucopumlant nasaj 
discharge 
-Oral, mucosal ulcers 
-Skin lesions 
(B)-Horses-Chronic, 
three forms>pulmonary 
upper respiratary tract, 
skin 

l 
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Animal Hosts 
(A) 1. Zooanthroponosls 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mechanisms of 
Transmission 

(A) Reservoir 
(B) 1. Direct-zoonosis 

2. Meta-zoonosis 
3. Sapro-zoonosls 
4. Cyclo-zoonosis 

(C) Specific mechanisms 

Ep idem to logy 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

are sheep and arthorpods 
-Other important 
exposures are Lagomorphs 
rodents, water In 
an endemic area 

-Handling Infected 
rodents. Lagomorphs 
(hunters and trappers) 
-Consumption or water 
from a stream or pond 
-Possibly inhalation 
-cat bites 

-European Continent 
-Turkey 
- I ran 
-China 
-Japan 

-Thoroughly cook 
meat from small 
wild mammals 
consumption 
-Wear gloves when 
handling or cleaning 
small wild mammals 

( A ) - i . 
(B)-Horse-Mules 
•Donkeys 

(A) Horse 
(B) I. 
(C) Direct or indirect 
contact skin, mucous 
membranes of nose and 
eye, from lesion dis-
charge of infected 
animals 

(A)-Persons handling 
horses, mules, or 
donkeys 
(B)-BrazU East Africa 
Asia Eradicated from 
• Europe and North 
America 

-Most Important 
conuol is eradica-
tion of the Infection 
in the equine 
populatior 
-Environmental 
hygiene of horse 
stables 
-Detection and 
proper treatment 
of human cases 



Diseise Ettotogic Health Effect» 
XCommon Agcnli (A) Humw 
names) <B> A n l m " 

-Mules, donkeys-acute 
severe systemic Illness, 
pneumonia, diarrhea, 
death 1-3 weeks 

Melioidosis 
(Whitmores 
disease, 
pseudo-
glanders) 

Pseudomonas 
pseudomaUet 

(A)-Pneumonb and 
gastroenteritis with fever, 
visceral a b cesse s 
-Chronic case s-necro tic 
and granulomatous 
lesions of bone and 
soft tissues 
(B)-Shccp-Multiple 
abeess of viscera, joints 
and lymph nodes, may 
be respiratory involve-
ment, case fatality 
ratio around 50% 
-Swine-severe 
respiratory illness with 
generalized symptoms, 
and arthritis 

Erysipeloid Erytipelo- (A)-Skin lesions 
(pork thrlx mainly with swelling 
finger fish rhusiopoth. -Possible local spread 
finger, swine iae of lesions from 

e r y s i p e U s ) Œ.f'Acoc.rdi.i, 
(D)-Acute>seplicemia 
with high fever, skin 
lesions and moderate 
death loss 
-Chronic-polyarthritis, 
myocarditis 

Table 1. Bacterial Infections (Continued) 

Animal Hosts 
(A) I . Zooanthroponosls 

2. A <thropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infectcd 

Mechanisms or 
Transmission. 

(A) Reservoir 
(B) I.Direct-zoonosis 

2. Meta-zoonosis 
3. Sapro-zoonosls 
4. Cyclo-zoonosis 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

(A) I . 
(B)-Epizootics occur 
in sheep swine and goats 
-Less susceptible 
animals Include horse, 
cow, dogs, cats 
non-human primate, 
rats, rabbits 

(A)-Most susceptible 
mammals swine, sweep 
goats 
-Surface water and soil 
especially rice paddles 
and oil palm plantations 
(B) 3, possibly 1 and 2 
(C)-Direct contact with 
contaminated water and 
soil 
-Skin abrasions assist 
infection 

(A)-Workers in rice 
fields and oil palm 

tluntation of South 
ast Asia 

(B)-Tropica! and 
subtopical areas, 
mainly in Americas, 
and Southeast Asia 

-Use of boots 
for rice fie Id 
and plantation 
workers 
-Drainage of 
low-lying areas 

7t 

(A) I . 
(B)-Swine mainly 
-Also chickens, 
turkeys, and sheep 
-Also found in slime 
layer on fish 

(A)-Animals-Swinc, 
sheep, chickcns, 
turkeys 
-Environment-soil, 
slime layer on fish 
(B) 1.3 
(C)-Direct contact-
contamination of J cut 
or break in skin with 
soil or infections 
materials from animal 
or tissues 

(A)-People raising 
or handling swine, 
sheep, or poultry 
-Abattoir workers 
and meat cuttcrs 
-Fish processing 
workers 
(B) Worldwide 

(A)-Control In 
swine vaccination, 
adding only 
erysipelas free-
animals to the herd 
-Humans-proper 
treatment of cuts 
and wounds 
-Environmental 
sanitation 
-Abattoir workers, 
protective glows. 



ilEsfoiâW 

Disease 
(Common 
names) 

Etiologic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

Table 1. Bacterial Infections (Continued) 

Anfanal Hosts 
(A) 1. Zooanthroponosis 

2. Anthropozoonosis 
3. Amphixenosls 

m Specific Animals 
Infcctcd 

Mechanisms of 
Transmission 

(A) Reservoir 
(B) 1. Direct-zoonosis 

2. Meta-zoonosls 
3. Sapro-zoonosis 
4. Cyclo-zoonosls 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

Pasteurel- Pasteurella (A)-/*, multocido 
losis multocido primarily animal bite 

P. hemaly- wound 8nd other wound 
tlcù Infect sion, occasionally 
P. phenmo* respiratory Infections 
tropica -P. hcmolytlca, 
P. wrà -P. pneu mo tropica à 

P. urea rarely causes 
disease in man 
(D ) -£ multocida-
primaily secondary 
invader in respiratory 
disease eg. "shipping 
fever" In cattle and 
snuffles In rabbits-
causes severe 
generalized illness 
with high death loss in 
chicken "fowl chlorea" 

hemolytica-causes 
hemorrhagic septicemia 
in ruminants 

(A) I . 
(B)-Prlmarlly cattle, 
chickens, rabbits and 
rodents 
-Most domestic and 
wild animals can be 
infected however 

(A)-/», mulioclda Is part 
of normal flora of most 
livestock and poultry 
species 8nd domestic 
dogs and cats 
"P. hemoiytico-ptV 
marlly ruminants 
-p . pneumotroplca• 
rodents 
-P. urea'man 
(B) 1. 
(C)-For P. muttoclda 
bite wound Infections 
most common 
-Contamination of other 
wounds also important 
-Inhalation of infectious 
droplets from animals 
-Direct contact with 
infected animals 

(A)-People working 
with cattle 
chickens, and other 
livestock species 
-People at risk of 
being bitten by dogs 
or cats 
(B) Worldwide 

Plague Yersinia (A)-Sproadlc form 
(bubonic pestis usually localized wound 
Pj^iJC. . infection, generolized 
black death, symptoms, regional 
pneumonic lymph nodes swell and 
plague) became inflamed 

(bubos), whith severe 
generalized symptoms 

(A) I . 
(B)-Over 200 species of 
of wild rodents, rats 
primarily but small 
ground rodents such as. 
chipmunks and ground 
squirrels 
-Dogs and cats also. 

(A) Wild rodents and 
their fleas 
(B) l and 2 
(C) Bites of fleas from 
an infcctcd animal 
-Direct contact and 
wound infection from 
handling or being 

proper treatment of 
cuts, environmental 
sanitation 

-Proper cleansing 
and treatment of 
bite wounds 
-Good sanitation 
in the animal 
environment 
-Avoidance of 
infection source 
for persons who 
have Immune 

deficiency 

(A) Persons working 
in endemic areas 
where'they may 
contact infected 
animals of their fleas 
(B)-Natural foci of 
plague in wild animals 
on all continents 

-Rodent control in 
combination with 
pesticides to kill 
lleas 
-Education-avoid 
handling dead 
rodents in endemic 
areas without pro 
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Table 1. Bacterial Infections (Continued) 

Disease 
(Common 
names) 

Etiologic 
Agents 

Health Effects 
(A) Human 
(B) AnimaJ 

Animal Hosts 
(A) 1. Zooanthroponosls 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mechanisms of 
Transmission 

(A) Reservoir 
(B) I. Dircct-zoonosis 

2. Mcta-zoonosis 
3. Sapro-zoonosis 
4. Cyclo-zoonosis 

(C) Specific mcchanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

-pneumonia may occur 
which i i usually very 
severe snd Involved 
in epidemic form 
(B)-Chronic generalized 
illness, usually results 
in death 

but less common bitten by an infected 
animal 

cxccpt Australia and 
New Zeland 

tectivc equipment 

Salmonellosis Salmonella 
cHoleraruis 
£ ryphi 
£ enteriditis 
(2000 sero-
types of 
enteriditis) 

(A)-Gastroenteritis 
of variable severe it y 
depending on dose and 
virulence of specific 
organism 
-May produce 
bacteremia and 
septicemia. 
(B)-Gastroenteritis 
-Bacteremia and 
septicemia pssiblc 
in severe cases 

(A) 1,2,or 3 depending 
on the specific organism 
(B) -A I I livestock and 
poultry species 
-Most domestic and 
wild mammals 

(A) -5 . 07>M*man 
T£ cholerasuls and 
S. en -primarily 
animal hosts-important 
in livestock and poultry, 
but there ore many 
domestic and feral 
anmiul hosts 
(B) I and 3 
(C)-Most infections arc 
food borne or milk 
borne 
-Direct or indirect 
contact (via ingestion) 
with animals and their 
environment 

(A)-Livcstock and 
poultry workers who 
nuvu direct or indirect 
contact with animals 
and their environments 
-Consumption of 
animal food products 
that is improperly 
prepared or stored 
(B) Worldwide 

-Practicc sound * 
hygiene in the s 
animal environment ' ^ 
-Practice sound 
personal hygiene ® 
-Avo id overuse of 
antibiotics in 
animals to prevent 
development 
resistant strains 
-Hygienic practices 
in the abattoir 
-Education on 
proper preparation 
and storage of 
animal food 
products 
-Sterilization of 
animal products 
that go into animal 
feeds 

Staphyloc- Staphylo (A)-Gastroenteritls-skin (A) I , 2 and 3 (depending (A)-Dairy animals, in (A)-Livestock -Practicc sound 
occal coccus Infection on the strain) milk or normal flora of woikers-particularly animal hygiene and 
infections (many) (B)-Gastroenteritis (B)-Dairy animals are respiratory tract and skin dairy management 

different -mastitis-skin infections particularly important -Respiratory tract, dcin, -Those who drink -Detection and 
strains) in agriculture G.I. tract of most unpasteurized milk or eradication of 



names) Agents (A) Human 
(D) Animai 

Infections (Various 
tpecies and 
strains) 

^-Gastroenter i t is 
•Pharyngitis 
(B)-Gastroenteritis 
-Skin infections 
-Mastitis 
-Subclinical 

Table 1. Bacterial Infections (Continued) 

AnimoJ Hosts 
(A) I-Zooanthroponosis 

i . Anthropozoonosis 

(B) Specific Animals 
Injected 

-AU livestock and 
mamalian species may 
be infected 

2 o r 3 depending on the strain) * 
cattle mainly, 

but most livestock 
and other domestic 
and feral species 

Mechanisms of 
Transmission 

(A) Reservoir 
(») I. pirect-zoonosis 

Mcla-zoonusij 
3. Sapro-zoonosis 

tr\ c,Cj!£,0"zoonosi» 
_ ( i ) Specific mechan«m. 

livestock species 
^ " • ^ a t o r y tract 
«kin, or G.I. tract 
(B) 1 or 3 
(C)-DIreci or indirect 
contact with infected 
animal.or their environ-
ment 
-Consumption of 
unpasteurized milk 
-Animal food products 

(A)-Dairy cattle, 
especially miJk from 
cow with streptococcal 
mastitis 
-Most other species, 
from skin infections or 
fecal shedders 
CBJ 1 or 3 . 
(C)-Direct or indirect 
contact with Infected 
animals and their 
environment 
-Consumption ofunpa*-
teurtzed milk or impro-
Perly prepared or stored 
animal food products 

Epidemiology 
(A) Populations 
, at Risk 

(B) Geographic 
Distribution 

consume improperly 
Prepared or stored 
animal food products 
(B) Worldwide-
ubiquitous 

(A)-Dairy workers 
-Other livestock 
workers 
-Those consuming 
unpasteurized miJk or 
improperly prepared 
or stored animal 
food products 
CB) Worldwide-
ubiquitous 

Prevention or 
Control 

mastitis in dairy 
herds 
-Proper detection 
and treatment of 
« i n lesions of 
animal handlers 

of milk 
-Sanitary prépara-
tion and storage of 
animal food 
products 
-Prudent use of 
antibiotics to pre-
^ent resistant 
infection 

--Practice excellent 
livestock manage-
ment including good 
environmental 
sanitation 
-Dectec and 
specifically treat 
infected dairy 
animals with 
mastitis 
-Pasteurize milk 
-Proper preparation 
and storage of 
animal food 
products 



Table 1. Bacterial Infections (Continued) 

Disette 
(Common 
names) 

Elk) logic 
Agent! 

Health Effects 
(A) Human 
(B) Animal 

Animal Hosts 
(A) 1. Zooanthroponosls 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mechanisms of 
Transmission 

(A) Reservoir 
(B) 1. Direct-zoonosis 

2. Meta-zoonosls 
3. Sapro-zoonosis 
4. Cyclo-zoonoMs 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

CoUbach 
llosis 

Esherlchia 
coll 

(A)-Castroenteritis 
mainly 
-Possible wound 
infections or abeess 
•cystitis 
(B)-Gastroenterltis 
mainly 
-Possible wound 
infections or abeess 

(A) 1,2,or 3, 
depending on specific 
strain 
(B) AU livestock 
species, most mammals 
feral or domestic 

(A)-Animals are the 
reservoir for some 
strains man for others 
and both man and 
animals for other strains 
(B) 1. 
(C)-Direct or Indirect 
contact with infected 
animât and waste 
-Accidental ingestion 
of organism via hund to 
mouth contact or 
ingestion of 
contaminated food 

(A)-Livestock and 
poultry farmers 
-General public 
food and water 
(B) Worldwide 

Listeriosis 
(Leukocyt-
osis 
Mononucle-
osis. 
Listeria sis) 

Listeria 
monocyto' 
genes 

(A)-Abort ion and 
perinatal disease 
primarily 
-Inapparent 
-Encephalitis or 
meningoencephalitis 
(B)-Abort ion and 
perinatal disease 
-polyarthritis 
-encephalitis with 
brain abcesses 

(A) I . 
(B)-Cattle and sheep 
mainly 
-Goats, chickens and 
turkeys also 
-Wildbirds 

(A)-Inl'ected animals 
-Envifoncmnt decayed 
vegetable matter, siluge, 
soil 
(B) 1 and 3 
(C) Unknown- possible 
direct contact with 
mucous membranes 
ingestion, or skin 
penetration at abrasion 
or lacération 

Prevention or 
Control 

-Excellent 
personal and 
environmental 
sanitation 

(A) -Sporadic-oftcn 
immunodcficlcnl 
persons or pregnant 
women work around 
animals or decayed 
vegetable material 
(U) Worldwide, more 
common in temperate 
climates 

Avoidance of 
reservoirs by 
pregnant women 
for immunode-
I'lcient persons 
-Practice good 
environmental 
hygiene 
-pasteurize milk 

Argentine Arenavirus (A)-I 'cbri le illness 
hemorrhagic with varying severity 
fever -M i ld cases-mabisc, 
(Junin fatigue, dizziness, 
disease, nausea, vomilting which 
mal de last up to 6 days 
restrojas, -Severe illness, hem-
O'Higgins orrhagc from nose, 

(A) I . 
(B) Various wild 
rodents 

(A)-Various wild 
rodents 
(B) -1 , 2 
(C)-Dircct or indirect 
contact with infcctcd 
rodents or their 
excreta 

(A) Primarily farm 
workers involved in 
harvest of corn and 
other grain crops 
(B) Argentina, 
specifically ureas 
where corn and other 
grains are grown 

-Wild rodent 
control by change 
in habitat through 
use of herbicides 
-Vaccines are in 
developmental 
stages 



i 

"St--

Diaea se 
(Common 
name i) 

Etio logic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

disease) 

Bovine 
papula/ 
stomatitis 

Contagfou 
ecthyma 
(orO 

gum, C.I. tract with 
nervous system 
involvement, case 
fatality ratio 10% 
(B)-Asymptomatic 

Pox virus (A)-Rare In humans 
•papule or wart-like 
nodules on hands or arms 
-Possible,inflamation of 
regional lymph nodes 
(B)-Proiiferative 
wart-1 ike lesions around 
mouth and teats 
- N o a common disease 
of cattle 

hands and arms 
-Start out as small 
papules, progress to 
large vesicles which 
then ulcerate 
-Last 4-8 weeks 
(B)-Vesicular lesions 
in the mouth and on 
the lips 

Foot and 
mouth 
disease 
(Apthous 
fever, 

Picorna-
virus, 
rhinovinis 
subgroup 

(A)-Not highly 
infections for humans 
-May cause mild 
inftucnzc-likc illness 
-Vesicles in mouth 

Table I . Bacterial Infections (Continued) 

Animal Hosts 
(A) I . Zooanthroponosis 

2. Anthrôpozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mechanisms of 
Transmission 

(A) Reservoir 
(U) I. Direct-zoonosis 

2. Metu-zoonosis 
3. Sapro-zoonosii 
4. Cyclo-zoonosis 

(C) Specific mcchanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

(B) Cattle (A)-Cattle 
( B ) - | . 
(C)-Direct contact with 
infected cattle, often 
contracted by examining 
lesions witout use of 
protective gloves 

(A)-People working 
with cattle, 
particularly dairy cattle 
(B)-North America. 
Europe, Kenya. Nigeria 
Australia, possibly 
other countries 

-Isolate 
infected animals 
-Use protective 
gloves when 
handling or 
examining 
infected animal 

(A) -1 . 
(B)-Sheep mainly 
-Goats also 

(A).-Sheep 
-Goats 
-The unirrial environ-
(eg.) animal sheds, feed 
bunks, etc. 
(B ) - l and 3 
(C)-Dircct contact with 
infected animals or 
their environment, 
especially handling und 
examining infected 
animals 

(A)-Peoplc raising 
or handling sheep or 
goats 
(D)-Worldwide. where 
where.ever sheep arc 
raised 

-Isolation of 
infected animals 
-Wearing protec-
tive gloves when 
handling or treat-
ing infected animals 
or working in their 
environment 
-Practicc excellent 
sanitation of the 
animal environment 

(A) -1 . 
(B)-Cattle mainly 
-Sheep and goals 

(A)-Cattle, their tissues 
also 
( B ) - l . 
(C)-Direct contact with 
infected animal or their 

(A)-Dairy und beef 
cow handlers 
(B)-Erudicated from 
most of North 
America and Western 

-Eradication pr<h 
gram which con-
sisted of quarantine, 
identification and 
destruction and 



Table 1. Bacterial Infections (Cont inued) 

Disease 
(Common 
names) 

Et to logic 
.Agents 

Health Effects 
(A) Human 
(B) Animal 

Animal Hosts 
(A) l .Zooanthroponosis 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

aph to sis) 

Influenza 
(Grippe) 

Myxovinis 

Milker's 
Nodules 
(paravac* 
cinia) 

Paravaccinia 
subgroup 
of pox 

virus 

and on lips and hands 
(B)-Highly contagious 
in animals 
-Vesicles In mouth on 
lips, treats and 
udders and between 
the toes 

(A)-Variable effects 
depending on virulence 
of the specific strain 
- T h e swine strain Is the 
primary virus where 
there is good evidence 
for direct transmission 
to man from an 
animal source 
(B)—Mild lo severe upper 
respiratory illness wi th 
generalized symptoms 

(A)-Warl- l ike noudles 
on the skin of hands 
and forearms 
(B) -Noduleson the 
teals and udders of 
cows 

(A) 1, 2, or 3 (Ihe 
various interelationships 
are not completely 
understood yet) 
(B) Swine, horses, 
poultry, domestic and 
wild avian species 

• (A ) -1 . H 
(B) -Cat l l c ! 

Mechanisms of 
Transmission 

(A) Reservoir 
(B) I. Direct-zoonosis 

2. Metu-zoonosls 
3. Sapro-zoonosis 
4. Cycto-zoonosis 

(C) Spécifie mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

environment, especially 
during handling or 
examination, or milking 

(A)- lnfcc ' ted animals 
- T h e specific roles of 
swine, horses, and 
birds as reservoirs of 
influenza for man are 
ycl to be determined 
(B) 1, possibly 4 
(C) Direct contact, 
primarily rcspirutory 
droplet from infected 
animals 

(A) - ln fec ted cattlc 
(B)-l. 
(C) -D i rec l contact wi th 
teats and udders of 
cows with aclivc lesions 
-Hand milking or 
washing the udder and 
teals prior to machine 
milking arc primary 
exposures 

and Central Europe, 
Australia, New Zeland 
and Mexico 
-Present in South 
American. Eastern 
Europe, Asia, some 
African countries 

(A) -Swine handlers 
primarily 
-Possibly persons 
working wi th poultry 
or horses 
(B) Worldwide 

(A) -Da i ry cow milkers 
and handlers 
(B)-Europe and the 
Untied States 

sanitary disposal of 
infected animals 
and environmental 
clean up 
-Personal pro 
tcctivc gloves 
when handling 
infected animals 
or tissues ^ 

• M — — £ 

Provide excellent «< 
sanitation in the ** 
animal environment, o 
including ventilation S 
-Vaccinate horses g* 
-Swine vaccine has i 
been successful 
in one European 
Country 

-Separation of 
infected animals 
-Water protective 
gloves when milking 
or treating 
infected cattle 



Disease Eliologic Health ETfecis 
(Common Agents (A) Human 

n a m c s > (B) Animal 

New Castle 
Disease 
(in poultry 
synonyms 
are pseudo 
fowl pest, 
pneumoene* 
cphalilij) 

Paramyxovi-
rus . 

(A)-Conjunctivitis 
-Occasionally mild 
influenza-like illness 
(B)-Disease varies 
depending on the 
specific virus strain 
- 3 main forms: 
-mi ld respiratory illness 
-respiratory.form with 
nervous involvement in 
chicks 
-severe highly ratal 
pneumonencephaiitis 

Animal Pox 
-Cow pox 
-Coatpox 
-Camclpox 
-Buffalo-pox 

Pox virus (A) Vesicular lesions on 
hands and arms 
(B) Vcsicular lesion 
in mouth, lips, 
teats, udders, and other 
hairless parts of the body 

Table I . Bacterial Infections (Continued) 

Animal Hosts 
( A ) I . Z o o a n t h r o p o n o s i s 

2. Anthropozoonosis 
3. Amphlxenosis 

(B) Specific Animals 
Infected 

Mechanisms of 
Transmission 

(A) Reservoir 
(B) I . Direct •zoonosis 

2. Meta-zoonosis 
3. Sapro-zoonosis 
4. Cyclo-zoonosis 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

a t R i s k 
(B) Geographic 

Distribution 

Prevention or 
Control 

(A) -1 . 
(B)-Chickens primarily 
turkeys also 
-May other avian 
species may be 
Infected but are 
primarily asymptomatic 

(A)-Infected avian 
species, domestic or wild 
(B)-1. 
(C)—Direct or indirect 
contact with infcctcd 
birds, their environment, 
or their tissues 
-Direct contact with 
aerosolized vaccines 
for chickens 

(A)-Poultry workers 
-Those who administer 
aerosol vaccines to 
chicken Hocks 
-Poultry processing 
plant workers 
(B) Worldwide 

Most developed 
countries have 
eradicated the 
severe form and 
hove programs to 
keep it out of 
the country 
-Outbreaks do 
occtir and a test 
and slaughter 
program is invoked 
-Effective vaccines 
are avialbe. but 
caution must be 
used with these 
because they can 
infect man. Protec-
tive clothing and 
full face respirators 
should be used with 
these 
-Practice good sani-
tation and personal 
hygiene in poultry 
processing plants <A)-1. 

(B)-Most domestic 
mammals have tlieir 
specific pox virus 
-Buffalopox is seen in 
Indian Buffaloes 

(A)-Infected animals 
( B M . 
(C)-Direct contact with 
with infected animals, 
particularly during 
milking 

(A)-Persons handling 
and especially milking 
animals 
(B)-Co wpox Canada 
Latin American Africa, 
Asia, Australia 
-Goat pox-Africa 
Middle East, Europe 
-Ca me Ipox-Northern 

-Personal protec-
tion and personal 
hygiene when 
handling or milking 
infected animals 
-Vaccination 
immunization 
seems to limit 
extent of disease 



Table 1. Bacterial Infections (Continued) 

Disease Etk) logic Health Effects Animal Hosts Mechanisms of Epidemiology Prevention or 
(Common Agents (A) Human (A) 1. Zooanthroponosis Transmission (A) Populations Control 
names) (B) Animal 2. Anthropozoonosis (A) Reservoir at Risk names) 

3. Amphixenosis 
(B) Specific Animals 

Infected 

(B) 1. Direct-zoonosis 
2. Mcta-zoonosis 
3. Sapro-zoonosis 
4. Cyclo-zoonosis 

(C) Specific mechanisms 

(B) Geographic 
Distribution 

Africa, Asia 
-Uuffutopox-I ndiu 
Pakistan. Italy 
USSR, Eçypt 

Rabies Rhabdovirus (A)-Progressive 
encephalitis with per* 
sonatity changes and 
hyperactivity to external 
stimuli resulting in spastic 
contractions of skeletal 
muscles, usually resulting 
in dysphagia, respiratory 
failure and death 
(B)-Variable encephalitis 
depending on species, 
but usually behavior 
changes, paralysis of 
musctes of 
mastication, death 

( A ) - 1 . 
(B)-Many species of 
domestic and wild 
mammals 

(A) Reservoirs vary 
depending on geographic 
locution, include 
species of canidae, 
muslclidac, vivcrridac 
<8>- l . 
(C)-Direct contact via 
bite wound or contamina-
tion of pre existing 
wound with saliva 
-Aerosol transmission is 
rare 

(A) -An imal handlers 
working with bovine 
species 
-Agricultural workers 
in outdoor areas where 
disease.is endemic in 
wild animal population 
(B)-Occurs in most 
areas of the, world 
exempt-Australia 
most islands in the 
Carribcan and Hawaii 

-Vaccination or 
removal of reservoir 
host, 
-Vaccination of 
people at high risk 
-Postexposure 
immunization for 
exposed 
-Through washing 
of bite wounds with 
soap and water 

Rif t Arbovirus (A)-Fever, headaches, 
VaUey muscle and joint pain, 
Fever dizziness, nausea, vomit-
(Enzootic ing, prostration, vision 
Hepatitis) changes 

-Most people recover 
completely In a few 
weeks 
(B)-Periodic outbreaks 
in sheep, joats and cattle 
-Highly fatal in young 
animals, generalized 
illness with hepatitis 
-Causes abortions 

(A)—I. 
(B)-Sheep; goals, cattle \ 
-Possibly wild ruminants 

(A)-Possibly rodents or 
wild ruminants involved 
with mosquito vector 
(B) I and 2 
(C)-Dlrect contact with 
infected animals or their 
tissues, with entry 
through skin and mucous 
membranes 
-Aerosol transimssion 
is possible 

(A)-Farmers and 
animal handlers who 
contact infected 
animals 
-Veterinarians 
(B)-Southern and 
Central Africa 
-Egypt 

-Vaccination of 
animals 
-Str ict use of 
protective clothing, 
gloves, und respira-
tor when handling 
animals or their 
tissues 
-Personal hygiene 
when handling or 
working in the 
environment of 
infected animals 



(Common Effect, 
names) A * e n t 5 <A> Human 

CB) Animal 

SEE 
(sore mouth) 

(A)-IncIdencc unknown 
-Fever, influenza-like 
symptoms 
-Possible vesicular 
lesions In mouth lips 
ana hands 

ffih£atlle h a v « vesicles 
[n their mouth and 
between the digits 
and on udder and 
teats 

E2SÏ (A)—Vaxiab|e~ïbnïï 

(Bbck - ^ c ' a L Y ™ ' " 
vomit) Influenza-like 

-serve cases-acute high 
fever w fever wi ih headache"" 
nausea, vomiting, 
prostration, fever Is 
diphasic, kidney and 
liver involvement, 
hemmorhages. Jaundice 
lp ) -Symptomsand 
Signs similar to man 
-h ighly fatal in 
American monkeys 
-Af r ican monkeys 
u a i a U y surv ive t h c 

infection 

^ ^ B a c t e r i a U n f e c t i o n s (Cont inued) 

Animal Hosts 
( A ) ' f 0 0anlhroponosis 

i *" thropozoonosis 
c *?3Ph ixcnos i» 

(«) Specific Animals 
Infected 

Mechanisms of 
Transmission 

( A ) Reservo i r 
( B ) I . D i r c c t - z o o n o s I s 

Me ta f zoonos i s 
J. Sa p ro - zoonos i s 

rr\ c c *£ , 0 *oonos i s 
( l ) Specific mechanism. 

Epidemiology 
(A) Populations 
/ D 1 at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

( A ) - 1 . 
(B)-Cal t le mainly 
-Horses 
-Possible swine and 
other wild animals 

(A) Cattle 

rrhn-
 possib,

y 2 
Direct contact with 

infected animals or 
their environment 
spec ia l ly when ' 
examining infected 
animais 
-Possibly sandflies 
mosquitoes or other 
biting arthropods 

(A)-Pr imari ly people 
handling dairy battle 

! ? t t t e C O n d a r i I y U c f 

(B)- North and South 
America, Asia, Africa 

-Isolate 
infected animals 
- use of protective 
J'oves when handling 
©'examining g ^ 

animals S4 

-Mosquito 2 
control o 

? 
D 
ff 

K 

CAJ-1 
( A ) - V a r i o u s s p c c i e s o f 
n e w w o r l d and o l d 
w o r l d m o n k e y s 

( A ) - M a i n t e n a n c c 
m e c h a n i s m invo lves 
m o n k e y s as thc 
reservo i r a n d 

< B ) ? 2 U i , 0 M M l h c v e c t o r 

( C ) - B i t e s f r o m several 
d i f l c r e n t species o f 
m o s q u i t o vec to rs 

(A)-Karmcrs 
-Rubber P | a n t 0 1 I o n 

-Hunters 
-Forest workers 

.-Public.road workers 
(B ) -La tm America 
-Af r ica 

-Vaccination of 
persons at risk 5' 
-mosquito control > 
-Insect Ç 
repellantsand 

œ r pro,",,ve r 
A 



Table 1. Bacterial Infections (Continued) 

Disease 
(Common 
names) 

Etio logic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

Animal Hosts 
(A) I. Zooanthroponosis 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mechanisms of ' 
Transmission 

(A) Reservoir 
(B) I. Dircct-zoonosls 

2. Meta zoonosis 
3. Sapro-zoonosis 
4. CycUwoonosis 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

Q Fever Coxitlla (A)-Generalized 
(Query burnetti febrile illness with 
Fever) pneumonitis 

-possible 
endocarditis 
-case fatality rate 
<10% 
(B)-Often inapparent 
-May cause abortion 
especially in sheep 

(A) -1 . 
(B)-Cattle, shsep, goats 
-Many small wild 
onimals 

(A)-Cal l le, sheep, goals 
-Ticks 
-Several specics of small 
wild mammals 
(B)-1, 3 
(C)-lnhalation of air-
borne organisms in dust 
-Direct contact with 
infected animals, par-
ticularly placenta and 
placental fluids 
-Consumption of raw 
milk 

(A)-I'armcrs farm 
workers in contact with 
animals, or.cleaning up 
the animal environ 
ment or assiting at 
birthing of clave* 
or lambs 
-Abattoir workers 
(B) Worldwide 

-Personal protec 
tion when handling 
infected animals 
(especially during 
partuition) 
-Respiratory 
protection when 
working in u dusty 
environment con* 
laminated with 
the organism 
-Immunization 

Psittacosis Chlamydia (A)-Variblc depending 
(ornithosis, psittaci on strain 
fowl -Generalized febrile 
chlamydiosis) illness with headache, 

constipation and 
pneumonitus 
(B)-General latent 
or subclinical 
-Under stress symptoms 
may be seen including 
depression, emaciation, 
respiratory distress 

<A)-1. 
(B)-Turkeys primarily 
-Ducks, geese, and 
chicken also 
-Psitlacinc birds 
-Many species of wild 
birds 

(A)-Subclinicaly Infected 
poultry,psittacine 
birds ana many species 
of wild birds 
( B ) - l . 
(C)-Dircct contact with 
infcctcd birds, their 
tissues or fecal material 
via penetration of skin 
or mucous membranes, 
or inhalation 

(A)-Persons raising 
and handling poultry 
particularly turkeys 
-Poultry processing 
plant workers 
-Pcopte handling 
psitlacinc birds 
(B)-Worldwidc 

-Personal pro-
tection when 
handling infected 
birds their environ 
ment, or their 
carcases 
-Eliminate carrier 
stutc by feeding 
birds tetracycline 
-Screen animals 
before they enter 
processing plant 
-Personal protec-
tion for poultry 
processing 

Rocky 
Mountain 
Spotted 
Fever 
(tick borne 

Rickettsia (A)-Acute febrile 
rickettsi illness with headache. 

muscle aches, and 
prostration 
- A characteristic skin 

<A)-1. 
(B)-Squirrcls, 
several other species 
of small rodents 
-Rabbits 

(A)-Ticks 
-Small wild rodents and 
other mammals 
( B ) - 2. 
(C')-Bite from infcctcd 

(Al-Occupalional 
ha/.ard for agricultural 
workers and others 
whose work place 
encroaches on 

-Personal protec-
tion against ticks, 
including protective 
clothing, use of 
rcpclianls 



} 

Disease 
(Common 
names) 

Etio logic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

typhus 
fever, new 
world 
spotted 
fever, 
spotted 
fever, 
petchial 
fever, 
macular 
fever) 

rash starts on palms 
or hands and soles 
o f f e e t a f e w days 
after onset o f fever, 
then spreads over 
entire body 
rCase fau i l t y ra t lo 

(B)-Usualiy inapparent 

« . -

Scrub 
typhus 
(tsutsuga-
mushi 
disease, 
mite borne 
typhus 
tropical 
typhus) 

Rickettsia 
tsutsugamu' 
sMt muscle aches 

- A skin rash may be seen 
-complications may 
hvo ve the pulmonary, 
cardiac or central 
nervous symptom 
-Case fatality ratio 
ranges from 005% 
depending on virulence 
E j e c t e d «rain 
(B)-UsuaUy 
inapparent or miJd 
Ulness in animals 

Table 1. Bacterial Infections (Cont inued) 

Animal Hosts 
( A ) l . Z o o o n t h r o p o n o s i s 

A n t h r o p o z o o n o s i s ,n ï i' Amphixenosis 
(B) Specific Animals 

Infected 

•Dogs 

(A) - i. 
w U d rodents 

ana other mammals of 
various species 

Mechanlsmsof 
, „ T r a n s m i s s i o n 
(A) Reservoir 
(B) I. Dircct-zoonosis 

Mcta-toonosis 
J . Sap ro -zoonos i s 

tr\ c' vyc/o-zoonosls 
J D Spécule mechanism. 

ticks 

wou°nnHanminD,l0n o f » W n 
orane by feces or 
internal contents from 
a crushed tick 

(A)-Maintenance mech. 
^'"volves « 
small wud mammal cycle 
-Mi tes are vectors and 
reservoirs 
(B)-2. 
(C)—Bites from mites 

(A) Populations 
at Risk 

(B) Ceographic 
Distribution 

e
A
d
Nn

 iC
K

reas ln na(
urc -A l so a hazard for 

rural residents in 
endemic areas 
(B ) - yn i t ed States 
Canada. Mexico 
Brazil, Columbia 
Panama 

(A)-Occu p o l (ona l illness 
for farm workers ond 
others whose work 
Place encroaches on 

<B\%n
lC
,l

0ci in n a I u r c 

^Southeastern Asia, 
.s ands of the Eastern 
Pacific, Northern 

Australia, India, 
Pakistan 

Prevention or 
Control 

(diethyltoluamlde) 
- inspection of 
body twice daily 
for ticks, arid 
removal of attached 
ticks by careful, 

R
n,
.
l
i
e
?l

et,on
 on 

•he tick, being 
careful not to 
rupture the body 

feasible use of 
Ucieides in and 
around localized 
w ork places 
-Vaccines are 
available for persons J ' high risk 

-Area application 
of miticides in 
places of 
agricultural work 
-Protective clothing 
•mprcgnated with a 
mitjcide 

(benzylbenzoate) 
-wear repellants 
(aiethtoluamide) 

? 
o 
o' 
O « 
m 
K M 
S' 
> 

s 
I 
e H * 



Table 1. Bacterial Infections (Continued) 

Disease 
(Common 
names) 

Etlologlc 
Agents 

Health Effects 
(A) Human 
(B) Animal 

Anbn&l Hosts 
(A) 1. Zooanthroponosls 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mechanisms o f 
Transmission 

(A) Reservoir 
(B) 1. Direct-zoonosis 

2. Meta-zoonosls 
3. Sapro-zoonosis 
4. Cyclo-zoonosis 

(C) Specific mcchanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

Balantidiasis Batant Id iu m 
eoti 

(A)-Chronic enteritic 
with diarrhea 
-Ulcerative colitis 
(B)-Usually subclinical 
-May cause diarrhea and 
weight loss In stressed 
animals 

( A ) - l . 
(B)-Swlne primarily are 
infected with the strains 
that may Infect humans 
-Non-human primate 
-Rats 

(A) Swine 
( B ) - l . 
(C)-fecal-oral route 

(A)-Agricultural 
workers In New Guinea 
have been the notable 
population at risk, as 
the swine are kept In 
closc association 
with the living quarters 
-Sweine producers and 
handlers worldwide are 
at risk especially if 
environmental and per-
sonal sanitation is poor 
(B)-Thc Infectious 
organism Is worldwide 
but the agricultural 
zoonotic problem has 
been positively 
recognized only in 
New Guinea 

-Separation of 
human living 
quarters and 
animal housing 
-practice excellent 
environmental and 
personal hygiene 

Toxoplasma 
osls 

Toxoplasma 
gondii 

(A)-Most infections 
subclinical 
-Three forms: 
-Acquired form is 
variable febrile disease 
with general 
lymphadenopathy 
specific symptoms 
depend on primary 
affected organs 
-Congenital form Is 
most common, resulting 
in abortion, still birth, 
or brain damage 
-Ocular form is a 
chorioretinitis 

( A ) - l . 
(B)-Extremely wide 
host range 
-Carnivores and 
omnivores primarily 
- A n y mammalian or 
avian species may be 
infected 
-Felines are the only 
animals in which thc 
organism will sexually 
reproduce 

(A)-Soi l contaminated 
with feces of domestic 
or wild feline species 
•feces of feline species 
-Improperly cooked 
meat of sheep, swine, 
cow, poultryand 
many other species 
( B ) - l and 3 
(C)-lngestion of 
oocysts by hand-mouth 
contact or water and 
food contamination 
-Ingestion of 
improperly cooked meat 
-Congenital 

(A)-Farmers who 
have a high degree of 
soil contact, especially 
in warm moist 
climates 
(B) Worldwide more 
prevalent in warm, 
moist climates 

-Practice excellent 
personal & environ 
mental hygiene 
-Avoid contamin-
ation with cat 
feces of soil to be 
tilled for agriculture 
-Sanitary disposal 
of cat feces 
-Avoid consup* 
tion of uncooked 
meat 



Disease 
(Common 
names) 

E t » logic 
Agents 

Health Effects 
(A) Human 
(fi) Animal 

(B)-Most Infections 
are subclinical 
-Abor t i on and central 
nervous system invol-
vement most common 
-Symptoms vary with 
specific organ 
involvement 

Echinococ-
cosus 
(hydatid 
disease) 

Echlno coc-
cus 
granulosus 

(A)-Chronic-progressive 
pesslve space-occupying 
lesionsofthe liver, l u n / 
or other body organ 
-Symptoms vary 
depending on type and 
extent of tissue 
involvement 
-Anaphylactic shock 
may occur if the 
echinococcus cyst 
ruptures 
(B)-Shcep, goats-space 
occupying lesion of liver 
lung, brain, or other 
tissue. Usually f a u l over 
a long period. 
- D o g (primary host)-
asymptomatic or mild 
enteritis 

Table 1. Bacterial Infections (Continued) 

Animal Hosts 
(A) I . Zooanthroponosls 

2. Anthropozoonosis 
3- Amphixenosis 

(B) Specific Animals 
Infccted 

Mcchaniams of 
Transmission 

(A) Reservoir 
(B) 1, Direct-zoonosis 

2. Meta-zoonosis 
3. Sapro-zoonosis 

ir\ J ^/o-zoonosis 
(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
Geographic 
Distribution 

(B) 

Prevention or 
Control 

-A i rborne possible 

Table 1. Parasitic Infections 

( A ) - 1 . 
(B)-Sheep, goats, and a 
few wild ruminants are 
secondary hosts. 
-Several species of 
çandiae are primary 
hosts 

(A)-Malntenance depends 
on transmission cycle 
between sheep and dog 
(0)-4. ° 
(C) -Dog cats Infccted 
tissue ot shccp-odult 
tapeworm develops in 
gut of dog- eggs shed 
in dog feces- man picks 
up eggs via fecal-oral 
route 

(A)-Sheep herders, 
sheep handlers, 
especially those 
that keep dogs 
(B)-Western United 
States 
-La t i n American 
-Mediterranean coast 
countries 
-Southern Russia 
-Middle East 
-Kenya 
-Austral ia 
- N e w Zealand 

-Con t ro l depends 
on breaking the 
dog-sheep cycle 
-El iminate 
parasite from dogs 
with parasitacides 
-Avo id dogs with 
possible infections 
-Avo id feeding 
tissucsof 
infected sheep 
to dogs by sanitary 
disposal of dead 
sheep and offal 



Table 1. Bacterial Infections (Continued) 

Disease 
(Common 
names) 

Etiologic 
Agent» 

Health Effects 
(A) Human 
(B) Animal 

Animal Hosts 
(A) I. Zoounthroponosis 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

' Mechanisms of 
Transmission 

(A) Reservoir 
(B) I. Direct-zoonosis 

2. Metuzoonosis 
3. Sapro-zoonosis 
4. Cyclo-zoon.osis 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

Nematodiasls 
(Ancylost-
omiasis, 
Ascariasis, 
Visccral 
larval 
migrans, 
cutanenes 
Larval 
migrans 

-Hookworms 
-Ancylos• 
toma 
ceylanhtm 
-A. brazil-
tense 
-A. coninum 
-A. duod-
enale 
-Necalor 
americanus 
-Others 
-Intestinal 
Roundworms 
-Ascaris 
suum 
-Parascaris 
equorum 
-Neoascaris 
vitulorum 
- Toxocoro 
cants 
- T. coli 
~A. Lumbri-
coldes 
-Others 
-Nematodes 
with a free 
living soil 
stage 
- Strongly o-
ides 
stercoralis 

(A)-Hookworms with 
nonhuman hosts may 
cause a self-limiting 
dermatitises a result 
of skin penetratlonby 
larval forms 
-Animal hookworm's 
rarely establish intestinal 
infection-Human hook-
worms cause intestinal 
infections, loss of blood, 
end general debilitation-
-Animal roundworms 
may cause generalized 
illness from immature 
forms migrating through 
the vlsccra (larval mig-
rans) This is a self-
limiting Infection. 
Complications may re-
sult from eye, brain, 
or heart damage-Only 
one animal round worm 
(from swine) is known 
to cause an intestinal 
infection in man, which 
is a vague-mild 
gastroenteritis 
(B) Hookworm causes 
anemia and general 
dcbilitation-Rounfrvorms 
cause enteritis and 

( A ) - l . primarily 
(B)-Hookworm-cat, dog 
-Roundworm-swinc, 
horse, cow, dog, cat 

(A)-lntestinal tracts of 
infectcd animals und 
canine, swine mun 
-Soi l 
( B ) - l a n d 3 
(C)-Roundworm or 
hook-worm Ingestion of 
ova in fcces or soil 
(hand-mouth contact) 
-Hookworm or free 
living forms 
-Skin penetration by 
larvae 

(A)-The zoonotic 
significance of animal 
nematodes in agricul-
ture is questionable 
-The most significant 
problem is soil con' 
tuinination with feces 
from persons infected 
with human parasitic 
nematodes 
-Agricultural workers 
exposed to this soil 
would be exposed to 
human parasite 
infections 
-Close direct contact 
by agricultural workers 
in fields fertilized by 
feces of livestock dogs 
or cats could result 
in visceral larval 
migrans or intestinal 
infection with 
A. summ -Close direct 
contact with livestock 
and their environment 
could result in larval 
migrans or intestinal 
infections 
(B) Worldwide main-
ly in wurtn, moist 
climates 

-Personal protec-
tion e.g boots and 
gloves when work* 
king in soil con-
taminated with 
animal or human 
feces 
-Avoid use of night 
soil for fertilizer 
-Avoid use of 
animal manure from 
Infected animals as 
fertilizer if close 
direct soil contact 
by unprotected 
workers Is required 
-Practice excellent 
sanitation in the 
animal environment 
-Practice excellent 
personal hygiene 
-Treat livestock 
dogs, cats man 
for parasites 



Disease 
(Common 
names) 

Et to logic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

American 
Leishmani-
asis 
(Cutaneous 
Leishmani-
asis) 

Le Uh mania 
mexicana 
L brasib 
lenas 
L, peruviana 
L. tropica 

(A)-Nodulcs in the skin 
of exposed areas 
- T h e number of nod-
ules, location and 
tendency to metastasize 
depend on the 
Infecting species 
-Mucocutaneous form 
(caused by L. mexicana 
pi/anoO is most severe 
fonn, with tendency to 
spread to mucous mem-
branes of nose, mouth 
rectum, and genitalia 
(B) -Sk in ulcerations 

Schistoso-
miasis 
(Bilharzi-
asis) 

"Schisto-
soma 
haematO' 
bium 
S. mansonl 
S. japonicum 
several 
other 
a n i m a l 
pa thogen i c 
species 

(A)-Chronic debilitating 
disease causing lowered 
capacity for work, 
absenteism, increasing 
vulnerability to other 
infections 
- A d u l t forms of the 
parasite lodge in the 
mesenter ic vessels o f 
the c o l o n and rec tum 
(S. mansoni and S. 
Japonicum) or urinary 
bladder (S 

haemotobium) 
- C o m p l i c a t i o n s inc lude 
l iver f ibros is and 
ch ron i c u r i na ry 

Table 1. Parasitic Infections (Continued) 

Animal Hosts 
(A) I . Zooanthroponosis 

2- Anthropozoonosis 
« Amphixenosis 

(B) Specific Animals 
Infcctcd 

Mechanismaof 
Transmission 

(A) Reservoir 
(B) 1. Direct zoonosis 

2. Meia»zoonosis 
3. Sapro-zoonosis 

t ry c ' C>#°-zoonosis 
( l ) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

(A)-1. 
(B)- r ice rat, two 
toed sloth, domestic 
dog, various other 
wild mammals 

(A)-Maintained in 
nature by various small 
mammal reservoirs and 
phlebotomus fly vectors 
•specific reservoir 
wi th spécifie organism 
( B ) - 2 
(C) Bites from 
phlebotomus flies 

(A)-Agr icu l tura l 
workers whose 
activities brings them In 
contact with the endemic 
cycle in nature (eg) 
forest workers, chicle 
gum tappers, cattle-
men other farm 
workers 
(B)-Southern Mexico, 
Central America, 
Trainidad, and most 
countries of S.America 
-Each species of 
Lelshmania has its 
own rather limited 
geographic location 

-Area Insecticides 
around temporary 
camps or work 
locations 
-Protective clothing 
-Insect repellents 
-Cont ro l of 
domestic dogs for 
the form that 
occurs in Peru 
(Uta) 

(A) 1,2 and 3, 
depending on specific 
species and strain of 
schistsome 
(B)-Varics with,specific 
species of and strain of 
schistosome and 
geographic location 
-Many species of wild 
and domestic mammals 
including rodents, 
marsupiab, non-human 
primates, cattle, and 
swine 
-Various wild and 
domestic avian species 

(A)- The infection is 
maintained by cycling 
between various species 
o f snails (Intermediate 
host) and man and 
various other mammals 
(primary host - Man is 
the only reservoir for 
S. haemaro ium -Man 
primarily» and possibly 
wild rodents and baboons 
serve as secondary 
reservoir for S. mansonl 
- M a n and various 
domestic and wild 
animals species serve as 
reservoirs for S. 

(A)-Agr icul tural 
workers who have 
direct and prolonged 
« i n contact with 
contaminated water 
(eg.) rice paddy 
workers, agricultural 
workers with irrigated 
crops, or working 
with the irrigation 
- T h e disease is not 
entirely agricultural, 
because it can occur 
by recreational or other 
types of water contact 
(B)-£ mansoni-
Africa. South America. 

- D e v e l o p m e n t o f 
i r r iga t ion systems, 
m ig ra t i on and 
p o p u l a t i o n concen-
t r a t i on tha t excccds 
sanitary services 
are a l l fac tors t o 
con tend w i t h 
- E n v i r o n m e n t a l 
san i ta t ion is 
c r i t i ca l ( i c ) sani tary 
d i s p o s a l u r ine 
and feces (eg.) 
p rov is ion o f 
lat r ines fo r w o r k e r s 
-prov ide sani tary 
water for personal 



Table 1. Bacterial Infections (Continued) 

Disease 
(Common 
names) 

Etiologic 
Agents 

Health Effects 
(A) Human 
(B) Animal 

Animal Hosts 
(A) I. Zooanthroponosls 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mechanisms of 
Transmission 

(A) Reservoir 
(B) I . Direct-zoonosis 

2. Metazoonosis 
3. Sapro-zoonosis 
4. Cyclo-zoonosis 

(C) Specific mechanisms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

bladder infection 
-Non-human animal 
schistosome species 
cause either a mild or 
non-patent Infection in 
man 
-Avian schistosome 
species cause only 
dermatitis in exposed 
individuals 
(B) Health effects for 
animals arc variable 
but generally similar 
to man 

faponicum -Various 
domestic and wild 
animal species arc 
reservoirs for thc several 
animal schistosome 
species 
(B)-4 
{C)-Cercaria escape from 
snuil and penetrate skin 
of thc primary-host. Thc 
parasite localizes in.smull 
blood vessels of the 
intestine or bladder 
-Eggs are then shed in 
feces or urine-Snails arc 
infected to start the 
cycle over again. 

Carribbean Islands 
-5 . faponicum-China, 
Japan, Phillipincs, 
Indonesia, Luos, 
Cambodia and 
rS. haematobium. 
Africa, Middle 
East, India 

use-control snails 
by ecological 
changes, biological 
chemical methods 
-Mass examination 
and treatment of 
exposed populations 
-Pre-employment 
examinations und 
treatment of 
infected persons 
before Hiring 
-Public 

Table 1. Fungal Infections 

Dermatoph-
ytosis 
(Ringworm, 
taenia, 
dermatomy-
co sis) 

-THchophy• 
ton 
vemjcosum 
- T. equinum 
-7*. men tagro 
phytes 
-Microtpor' 
urn can is 
-M. nanum 
M. go II in-
aciae 

(A)-Skin Infection of 
variable severity 
-Crusty inflamed lesions 
that tend to clear 
ccntrally-pustulcs may 
develop in the active 
portion of the lesion 
-Lesions usually 
occur on face, arms, 
and head 
(B)-Similar to man 
except lesions 
usually much less 

(A)— I. 
(B)-Most animal.spccics 
have their own fungal 
agents which cause skin 
infections. The infected 
animal specics important 
in agriculture includes: 
cattle, goats, sheep, 
horse, rat, swine, and 
chicken 

( A ) - r . verrucosunt' 
(cattle mainly, sheep 
and goats also possible 
-7*. equinum - horse 
-7*. mentagrophytes 
(Rat) 
- M canit' (Dog. cat) 
- A f nanum - (Swine) 
-M. gallinaciae (Chicken) 
(B)-The environment 
(barns, feed bunks, 
corals, etc) may also 
serve as a reservoir, 

(A)-Farmers and 
livestock handlers 
-Persons who milk 
infccted animals are 
particularly at risk 
-Children arc at greater 
risk than adults 
(B) Worldwide 

-Practice excellent 
animal health 
programs (eg.) 
sound nutrition, 
excellent environ-
mental sanitation, 
prevent over-
crowding 
-Isolate infccted 
animals 
-Wear protective 
gloves and clothing 
when handling 



Disease Etiologic Health Effects 
(Common Agents (A) Human 
names) (B) Animal 

inflamed and dry 
-May be patches of 
hair loss 
rMay be subellnlcal 
infections 

Histoplas* Histoptasma (A)-Often sublinical 
mosis copsuhtum -Variable, depending on 

dose and Immune 
response of the 
Individual 
-Usually a febrile 
illness with Influenza* 
like symptoms, cough, 
pneumonitis, usually 
recovery in 2-3 weeks 
-Chronic forms may be 
extremely severe and 
very difficult to 
treat, with chronic 
pneumonitis, liver 
infections, bone 
infections or other 
tissues 
(B)-Often subclinical 
-Similar to human 
illness 

Table 1. Fungal Infections (Continued) 

Animal Hosts 
(A) I. Zooanthroponosls 

2. Anthropozoonosis 
3. Amphixenosis 

(B) Specific Animals 
Infected 

Mechanisms of 
Transnisslon 

(A) Reservoir 
(B) 1. Dlrect-zoonosls 

2. Meta-zoonosis 
3. Sapro-zoonosis 
4. Cyclo-zoonosls 

(C) Specific mechonlsms 

Epidemiology 
(A) Populations 

at Risk 
(B) Geographic 

Distribution 

Prevention or 
Control 

because the organism 
lives for long periods 
of time off the host. 
(C) Close direct 
contact of bare skin to 
Infected animals or 
their environment 

infected animals 
•practice good 
personal hygiene 

(A)-None of above. 
Animal relationship to 
humans comes from the 
fact that the organism 
grows particularly well 
in soil contaminated 
with fecal material of 
birds or bats. These 
species may also act to 
distribute the organism 
in nature 
(B)-Most animals have 
subclinical Infections 
-Dogs are the primary 
animal species that 
develop illness 

(A)-Soil-partlcularly 
that contaminated by 
aged feces of birds or 
bats. 
(B)-3 
(C)-Inhalation by pro-
ducing aerosols of the 
organism during 
disturbance of soil 
that contains the 
organism (eg.) cleaning 
or razing old chicken 
coops, working in areas 
where old bird roosts 
have been 

(A)-Farmers as well 
as other persons who 
live and work in 
endemic areas of the 
infection 
(B) Worldwide, in 
specific localities 
wherfc soil and 
climatic conditions 
are favorable for 
growth of the 
organism 

-Wetting down 
soil and wearing 
a good particle 
filtering respirator 
when working in 
dusty environment 
conductive for 
growth of the 
organism (eg.) 
old bird roosts, 
old poultry 
house, etc. 
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Chapter 12 

Occupational Injuries and Infections 

I N J U R I E S 

It is understandable that in a sphere where 
floors are often slippery because of fat and 
blood deposits, where livestock are handled 
and where machinery and knives are in con-
stant use, injuries frequently occur. 

By far the commonest injuries are cuts and 
abrasions incurred whi le using knives. 
Excessive force w i th a sharp knife or a slip 
w h e n making an incision can result in a seri-
ous wound. Delayed treatment can result in 
sepsis and arthritis. 

The Health and Safety at Work Act 1974 
requires that all employers in Britain ensure 
as far as is reasonably practicable, the health, 
safety and welfare at work of their employees. 
Specific requirements relating to first-aid 
arrangements are laid d o w n in the Factories 
Act of 1961. A first-aid box or cupboard must 
be provided (more than one if there are more 
than 150 workers) in every factory. Its contents 
must conform to certain standards and a 
responsible person must be in charge. If the 
factory employs more than. 150 people, this 
person must be either a registered or enrolled 
nurse or the holder of a certificate in first-
aid training issued dur ing the previous three 
years by an approved organization. The siting 
of first-aid boxes, maintenance of records, 
situation of ambulance rooms and referring of 
cases to a doctor or hospital, etc., are dealt 
w i t h by the Factories Act 1961. In areas where 
knives are used, especially boning-out depart-
ments, adequate protection _against knife 
injuxies-must be provided and failure to com-
ply may involve employers in prosecution 
under the 1974 Act. 

Regulations made under the 1974 Health 
and Safety at Work Act and effective from 1981 
lay d o w n the accidents which are reportable 
directly to the Health and Safety Executive. 
These relate to deaths, major injury and other 
dangerous occurrences as defined by the Act. 
If the injured person goes to hospital, a report 
is only necessary if he/she is detained for 

more than 24 hours, other than for obser-
vation. In all cases completion of the 'Accident 
Book' is necessary. 

Because of the high number of hand-tool 
accidents which occur in the U K meat indus-
try (over 1000 in 1981) inspectors in the Heal th 
and Safety Executive carried out an inves-
tigation in 1981 into the nature of knife acci-
dents in meat and fish plants. 

Out of 254 instances of knife injuries exam-
ined 75 (29.5%) involved personnel w i th more 
than five years experience of boning-out . In 
169 (66.5%) instances there was no protection 
provided for the non-knife hand and in 228 
(89.8%) cases there was no protection for the 
wrist and forearm. Butcher/boners appeared 
to be most prone to injury, but slaughterers 
were involved in about one-third oï the total 
instances. 

It is a sad reflection that in jury could have 
been prevented in 213 or 83.9% of the cases, 
and also that in 20% of the accidents the oper-
atives were wearing plastic.or rubber aprons 
capable of being easily penetrated by a knife. 

Usually the non-knife hand is injured, 
which would tend to indicate that knife-slip is 
the most frequent immediate cause of injury. 
Good knife design, proper handle guards and 
adequate protection for the non-kni fe hand, 
wrist and forearm together w i t h the use of 
an apron of chainmail are essential items for 
protecting butcher/boners. M a n y personnel 
resist the use of gloves and aprons because 
of their weight and awkwardness in use. A 
l ightweight glove made of high-strength 
aramid and nylon wi th a steel core and which 
is Cashab le ~ïs~fiow available, bul although 
extremely cut-resistant, is not cut-proof. 

There can be no doubt that the safety of 
personnel is of the utmost importance because 
of the injury, pain, possible infection and the 
time off work involved. Death from knife 
wounds is not unknown in the meat industry 
nor is septic arthritis resulting in deformity of 
finger joints due to lack of proper treatment 
at the time of the injury. 
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A survey of meat handlers affected w i t h skin 

semis in N o r t h Yorkshire over a per iod o f l ï v ë 
years (1979r-84) showed that out of a t o t a l o f 
467 cases the lesions inc luded septic cuts and 
scratches, paronychia ( i n f l a m m a t i o n , of the 
sk in fold at the side of a nai l ) , abscess and 
associated l ymphaden i t i s as wel l as irTfections 
of pierced ears a n d tattoos. Organisms iso-
lated included beta-haemolyt ic streptococci 
(S/r. pyogenes i n 203 episodes) and Staphy-

lococcus aureus in 170 episodes. 

A condi t ion of acute erythema of the hands 
a n d wrists somet imes occurs in persons 
engaged in the h a n d l i n g and t r i m m i n g of pan-
e l s . Susceptible ind iv idua ls are affected 
wf iën no protect ion is w o r n a n d the lesion is 
an extremely pa in fu l one, marked reddening 
of the skin occurring. 

A wel l e q u i p p e d f irst-aid room w i t h a qual i -
fied nurse is essential, especially in the larger 
establ ishment. A n industr ia l nurse can also 
make a signif icant cont r ibut ion to the stan-
dards of hyg iene in a meat plant. Close liaison 
w i t h the medical profession can lead to a h igh 
standard of prevent ive med ic ine material ly 
benef i t ing staff wel fare and w o r k i n g con-
di t ions. 

Especially in cut t ing a n d bon ing rooms, 
safety gloves a n d aprons m a d e of chain mai l 
or s imi lar mater ia l are necessary. There should 
be a h i g h standard of cleanliness and tidiness 
of w o r k i n g , w i t h no organic or other material 
l y ing on floors to cause falls. M a c h i n e r y 
should a lways be eff iciently ma in ta ined and 
dangerous w o r k i n g parts should be 
adequate ly encased. Since it is not unusual 
for carcases or trolleys to fall off overhead 
round or flat bars it is w i s e to prov ide staff 
w i t h safety helmets. E q u i p m e n t must be prop-
erly handled by staff and f requent advice 
about safety a n d the necessity for clean, t idy 
w o r k i n g condi t ions should be an essentia! 
part of all meat - t rade activit ies. Plastic water-
proof footwear w i t h microcel lular soles is of 
great value in p reven t ing s l ipp ing on wet 
floors, and wel l designed protect ive clothing 
changed at least da i ly is essential. 

Z O O N O S E S 

W h i l e injur ies of var ious types inc lud ing elec-
trocut ion are c o m m o n , workers in the meat 
indust ry , especially in the s laughter ing sector. 

are at particular risk in acqu i r ing certain zoo-
noses (diseases and infections w h i c h are nat -
urally transmitted between vertebrate an imals 
and man). These include anthrax, brucellosis, 
contagious pustular dermat i t is , erysipelas, 
leptospirosis, listeriosis, louping- i l l , o r n i -
thosis, psittacosis, Q - f e v e r , ringworm, sal-
monellosis, streptococcal mening i t is , TB a n d 
tularaemia. 

Anthrax 

There has been a significant decrease in the 
number of reported cases of anthrax in Great 
Britain in recent years. In England and Wales 
in the period 1961-65 there were 56 cases w i t h 
four deaths wh i l e in the years 1976-50 on ly 14 
cases were reported, w i t h no deaths. 

T h e disease was made noti f iable u n d e r the 
Public Health Act in December 1960 a n d the 
decline in incidence was most noticeable in 
those persons employed in the wool , ha i r a n d 
bristle trades. Th is was ma in ly due to the 
introduction in 1965 of vaccination and in 
1978 to labell ing of the unster i l ized product . 

However , workers in these part icular trades, 
those handl ing bone flour and even those not 
in associated occupational trades are stil l at 
risk. T h e fact that anthrax is not necessarily 
associated w i t h sudden death in the a n i m a l 
means that great vigi lance is requi red and that 
veterinary ante -mor tem inspection is essen* 

iiiL — 
Cutaneous anthrax appears to occur more 

often on the hands and arms of meat handlers 
wh i l e the face and neck are more often affec-
ted in workers employed in other industr ies 

(Fig. 12.1). 

Brucellosis 
W h i l e personnel engaged in the actual hand-
l ing of livestock, dressing of carcases, gut a n d 
tripe and disposal of rejected mater ia l a n d 
hides are at greatest risk, all abattoir staff are 
at hazard, especially w h e n m a n y reactor an i -
mals are slaughtered as in an eradicat ion 
scheme. In some instances of h u m a n infect ion 
the actual mode of infection has been diff icult 
to explain. 

In 1966, a study in Ed inburgh revealed an t i -
bodies to Brucella abortus in 12 .5% of tested 
abattoir workers and (presumably f rom d r i n k -
ing unpasteurized m i l k f rom infected herds) 
in 1 % of the populat ion there. 
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Fig. 12.1 Anthrax. Malignant 
pustule on a human hand. (By 
courtesy of Dr J. S. Matthews, 
Royal Victoria Hospital, Belfast) 

In the U K the introduction in 1967 of vol-
untary schemes for the testing and removal of 
reactors from individual herds followed by 
area eradication in 1975 and compulsory 
eradication in 1979 has ensured a marked 
decline in the incidence of bovine brucellosis 
w i t h a parallel reduction in the human infec-
tion. 

Nevertheless pockets of animal infection 
remain, as they do in tuberculosis, wi th the 
occurrence of a few human cases. One such 
case occurred in Scotland in 1985 when a 
slaughterman who acquired infection was 
awarded £42,200 damages against his 
employers w h o had failed to provide him w i th 
adequate protective clothing. 

Special care is needed when slaughtering 
and dressing Brucella reactor animals. These 
animals should be spread over several abat-
toirs, thus decreasing the risk of infection of 
personnel. It is not enough to arrange for the 
removal of such animals from farms without 
paying close attention to their slaughter and 
the needs of operatives employed in abattoirs. 

K n o w n Brucella reactor stock must be han-
dled w i t h care from reception onwards, w i th 
strict attention to hygiene at all stages. The 
uteri and udders should not be handled w i th 
bare hands, but wi th hooks or other suitable 
instruments. They must not be incised but 
consigned immediately as rejected offal and 
disposed of w i th care for inedible purposes. 
Masks and rubber gloves have been recom-

mended for staff, but currently present prac-
tical problems. Hands and arms must be 
washed frequently, preferably using a bac-
tericidal soap. 

Contagious pustular dermatit is 
(Plate I , Fig. 1) 

Also called contagious ecthyma or 'orf' , the 
lesions of contagious pustular dermatit is occur 
fairly frequently in abattoir workers mainly 
on the hands, wrists, forearms and sometimes 
thc face. The early vesicle stage is seldom 
seen, however, and the presentation is a 
chronic, raised circular weal very r e d _ i n 
colour, oit en found on the ulnar b o rd er_ of J h e 
hands. The actual handling or slaughtering 
of livestock is not necessarily the cause; the 
condition has been reported in engineering 
staff concerned wi th equipment maintenance. 
Although orf in sheep is most prevalent in 
spring and early summer, cases have been 
recorded in abattoir workers in mid-winter , 
suggesting a virus carrier state in sh££p. 

Contagious pustular dermatit is in sheep 
and goats is a disease wor ldwide in dis-
tribution caused by D N A virus of the Pnrn-

poxvirus genus of poxviruses. Lesions of the 
lips of lambs (mostly up' to one year old) and 
udders of ewes are usually seen, but a more 
serious form wi th high mortality may involve 
the tongue, palate, lungs and digestive tract.. 
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Between 1975 and 1981 in Scotland there 
were 344 reports of orf in human beings, most 
lesions occurring on the hands and forearms, 
and most cases affecting adults, especially 
men. In 49 cases those affected were abattoir 
workers, butchers or meat handlers. It is likely 
that the actual number of cases greatly exceeds 
this figure since many of the lesions, although 
intractable to treatment, are of minor import-
ance. 

Sensible protective precautions should be 
exercised, i.e. strict hygiene and prompt and 
suitable treatment of cuts on hands and arms. 
Infected animals should be handled carefully 
in the lairage, and other staff warned of the 
danger. 

Erysipelas 

Erysipelas infection occurs through skin abra-
sion or more rarely by ingest idf l .The disease 
is^most common in abattoir workers, fish 
handlers and those in the fish-meal industry 
(the bacilli, probably or iginat ing from sewage, 
have been found on the skin of many salt-
water fish). 

Several forms of the condit ion may occur: 
a mi ld , localized, cutaneous infection usually 
involv ing the fingers, w i t h or without arthritic 
symptoms (erysipeloid of Rosenbach); a di f -
fuse or generalized skin eruption w i th 
arthritic and constitutional symptoms; and a 
septicaemic form w i t h endocarditis which 
may or may not be accompanied by skin and 
arthritic lesions. Arthri t is , meningitis and 
brain abscesses have also been associated 
w i th Erysipelothrix insidiosa {rhusiopathiae) 

infection. 
The localized skin lesion, or erysipeloid, is 

characterized by swell ing, erythema and pain 
at the site of inoculation. The erythema is 
reddish-purple in colour and possesses a well 
def ined raised zone which extends peri-
pherally as the central portion subsides. 
Haemorrhagic vesicles may occur on occasions 
at the site. Simi lar erythematous lesions may 
appear elsewhere on the hands and wrists 
w i t h the disappearance of the original lesion. 
Alternat ively the lesions may spread by con-
tiguity. The de la t ion of the disease is about 
thxee^eeks . T h e severe diffuse or generalized 
skin erupt ion has been k n o w n to last for many 
months and even as long as two years. The 
septicaemic form, usually of shorten d u r a t i o n 

possesses symptoms similar to those occur-
ring in the septicaemic condit ion in pjgs -
skin eruption, arthritis and endocarditis. 

Leptospirosis (haemorrhagic jaundice, 
canicola fever, Wei l 's disease) 

In certain parts of the world leptospirosis is 
an important disease in the livestock industry, 
e.g. parts of North and South America, Russia, 
Europe and the Near East, but not in the 
British Isles. Clinical cases in man do occur 
from time to time and are almost a lways 
associated wi th rats, in whose urine the Jep-
tospires are shed. Hedgehogs, voles, shrews, 
skunks, opossums, bandicoots, certain 
reptiles, amphibians and .fish also act as natu-
ral reservoirs of infection. 

In addit ion to abattoir workers, livestock 
handlers, veterinary surgeons, poultry and 
fish handlers, sewer and canal workers, etc.r 

a r e l i a b l e to infection. At least 103 di f ferent 
serotypes ot leptospire have been recorded in 
livestock, occurring in two main complexes: 
Leptospira interrogans including most of the 
mammal ian strains and L. biflexa inc luding 
the non-pathogenic saprophytic types. 

O f the 120 cases of human leptospirosis 
occurring in England and Wales dur ing 1983 
most were of the ictcrohaemorrhagiae sero-
group, followed by hebdontadis and canicola 

infections, wi th four deaths occurring. 
Leptospirosis causing abortion in cattle was 

common in England in the early winter of 
1984. L. interrogans servovar hardjo and L. bra-

tislava have mainly involved w i th ' f lu-l ike ill-
ness occurring in farm personnel. 

The reservoir of infection includes farmhand-
pet animals (cattle, horses, sheep, pigs and 
dogs) and a wide range of w i ld animàfe; rats 
and other rodents acting as normal carrier 
hosts. The size and movement of the rat popu-
lation may increase the risk of exposure of 
human beings to infective material, the dis-
ease in man being more prevalent dur ing the 
late summer and autumn months. W a r m 
humid conditions tend to favour the g rowth 
of leptospires. 

Although infection usually takes place 

through the skin with the ur ine of infected 

animals, especially if the skin is cut or 

abraded, infection may also occur through 

inhalation or ingestion of infective material. 
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It is interesting to note that because of 
improved persona! and environmental 
hygiene standards leptospirosis is not now 
common in miners, sewer workers and fish 
clenncrs w h o were at one time commonly 
infected. 

The adoption of hygiene precautions - a 
sine qua non for all zoonoses - the reduction 
of the rat population and the prompt treat-
ment of clinical cases in man have reduced 
the hazard of leptospirosis. 

Listeriosis 

Listeria monocytogenes is a ubiquitous organ-
ism. It can be shed from the intestine in ani-
mals (domestic and wi ld ) and man without 
any apparent clinical symptoms. Most human 
cases are associated wi th sources other than 
animals, infection is mainly neonatal, but 
direct contact w i th infective material e.g. 
aborted fetuses, contaminated soil, etc., as 
well as ingestion and inhalation may also be 
modes of transmission. In a few cases infec-
tion has occurred in man as a résûh of eating 
infected meat. The organism has been more 
frequently isolated from the faeces of abattoir 
wori<ers than from any other classes of people, 
although the exact reason for this is not under-
stood. 

As in animals, the disease takes the form of 
an encephalitis or atgortign. occurring in 
adults and in the neonatal period. Mortal i ty 
rates may be as high as 42%. 

Louping i l l 

A n incidence of louping ill infection of 8 .3% 
was detected in Scottish abattoir workers in 
1966. The frequency of cuts and other ,abra-
sions sustained by abattoir staff undoubtedly 
predisposes to this infection. It is caused by 
an arbovirus and transmitted by ticks (Ixodes 

ricinus, Ipersalcatus, /. cookei, Rhipicephalus 

appendiculatus). Louping ii! is an acute en-
cephalomyelit is of sheep which is occasionally 
transmitted to man by the bite of an infective 
tick or by the consumption of milk from 
infected animals. 

Av ian psittacosis and ornithosis 
(chlamydiosis) (parrot fever) 

Doth diseases are transmissible to man, psit-
tacosis from birds of thc psittacine order 

(parakeets, parrots, etc.) and ornithosis f rom 
birds other than psittacincs. The disease is 
world wide in distribution and affects a w i d e 
variety of birds. Among domestic poultry it is 
most common in ducks, turkeys and pigeons, 
which are the main sources of human infec-
tion. 

Persons may become infected more than 
once and, whi le the disease is usual ly .mi ld , 
it can be severe. Human infection occurs by 
inhalation following exposure to infective 
aerosols or dust-infected bird droppings. 
Chlamydia psittaci may be responsible for cases 
of conjunctivitis in persons working in the 
poultry industry, especially in dust- laden 
atmospheres. 

The first recorded outbreak of ornithosis in 
the UK occurred in the. winter and spring of 
1979-80 and was associated w i t h commercially 
reared ducks, some cases involving workers 
in a duck processing plant and others occur-
ring in 15 out of 46 veterinary surgeons 
attending a training course on the supervision 
of poultry processing plants. 

A survey of workers in the British duck 
industry has indicated a past exposure to 
infection rate (based on results of complement 
fixation (CF) tests on blood samples) of 11%. 
The workers employed on evisceration lines 
in duck processing plants showed the highest 
titres to the CF test. 

Cases of ornithosis originating from ducks 
have also occurred in Czechoslovakia and 
Denmark. In the former country it was said 
that covering the evisceration lines and 
improving the ventilation by the installation 
of extractor fans had solved the problem. 

Whi le the annual number of human cases 
arising from psittacine birds has been 
decreasing since the implementation of the 
Importation of Captive Birds Order of 1976, 
the overall number of ornithosis cases has 
been rising. 

Symptoms in humans include gas-
trointestinal pain and vomit ing, headache, 
insomnia and pneumonia. M i ld attacks of the 
disease may be mistaken for influenza. Recov-
ery is usually complete, but convalescence 
may be prolonged. 

The disease responds well to tetracyclines 
and antibiotic prophylaxis w i th chlor-
tctracydine is advocated for thc control of the 
disease. Satisfactory standards of venti lat ion 
and thc prevention of dusty environments are 
of value, as are dust masks where necessary. 
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General control is a difficult problem. Where 
infection is suspected in dead birds it is rec-
ommended to wet the feathers wi th dis-
infectant. 

Q Fever (query fever) 

In the 1966 study of Scottish abattoir workers 
28.1% had antibodies to phase 2 antigen o f 
Coxiella burnetii, the cause of Q fever. A survey 
in 1953 showed a 2.13% incidence in the gen-
eral population. In 1966 in Northern Ireland 
28.3% of abattoir workers were positive and 
24.4%_j3L-veter lnai ians^although there_had 
been no ev idençe_oLO l e v e M n ^ j ma'ls Jpr 
humans 10 years previously. 

Q fever was first officially recognized in the 
Uni ted K ingdom in 1949 and is now routinely 
tested for in the differential diagnosis of cases 
of pneumonia and pyrexia of unknown origin 
in man. Between 1975 and 1980 an average of 
100 cases annual ly were reported to the Public 
Heal th Laboratory Service in England and 
Wales. Outbreaks are rare, but often the 
source of infection is difficult to establish. Cat-
tle and sheep are usually considered to be the 
main reservoirs of infection. 

In recent years in Australia Q fever has been 
such a serious cause of illness among abattoir 
workers that vaccination of susceptible per-
sonnel was tried. 924 non - immune volunteers 
were inoculated wi th a Coxiella burnetii phase 
1 vaccine and whi le 34 cases of Q fever 
occurred in 1349 unvaccinated workers, none 
occurred in the vaccinated subjects in the fol-
lowing 18 months. 

The disease in m a n j s . an_acuteJeJirile_dis-
ease w i t h sudden onset, m^laise,.anorexia.and 
weakness lasting for 1 -2 weeks. Pneumonia is 
present and the mortality rate is low. Death 
is most often due to endocarditis, and the 
severity of the disease increases wi th age. 
Infections wi thout symptoms are sometimes 
observed. 

In some countries the disease is officially 
classified as occupational. It is transmitted by 
the bites of ticks and by the inhalation of 
infected dust, but rarely by the ingestion of 
contaminated meat and mi lk . C. burnetii 

remains infective in wool, cotton and farm 
dust for very long periods. The disease in 
farm animals occurs most often in ruminants, 
especially goats, sheep and cattle, but many 
w i l d animals as wel l as farm stock may act as 
reservoirs. 

C. burnetii can mult iply in the genital tract 
and mammary gland of cattle, sheep and 
goats, and apparently healthy stock are k n o w n 
to shed large numbers of the organism in 
milk, urine, faeces and especially the placenta 
and fetal fluids. These animals appear to be 
able to harbour the infection wi thout ill-
effects although cases of bronchopneumonia 
and abortion due to Q fever have "been 
occasionally recorded. 

Ringworm (tinea capitis, ker ion, favus) 

Ringworm is a disease caused by a closely 
related group of fungi known as der-
matophytes and may occur in workers hand-
ling and slaughtering cattle d a t i n g the w in te r 
when animals are normally affected (Plate f 
Pig- 2). 

Diagnosis is best carried out by the j j i igrp-
scopiçjexamination of affected h a j m y . h e n 
fungal hyphae and arthrospores wi l l be seen 
after the hairs have been treated w i th 2 0 - 3 0 % 
potassium hydroxide. 

As wi th contagious pustular dermatit is, 
infection is most commonly by direct contact 
w i th infected animals but may also occur 
through indirect contact. Since r ingworm 
spores can exist on animals' skins w i thout 
causing any lesions, such animals may be 
important sources of infection. As for many 
human skin affections injuries in the form of 
cuts, abrasions and maceration of the super-
ficial skin layers are probably predisposing 
factors (Fig. 12.2). 

The common forms of r ingworm in cattle 
are TriçhopUytjjy^ verrucosa m and less com-
monly T. mcnlagrophytes. 

Streptococcal meningit is 

A disease of pigs caused by Streptococcus suis 

type 2 and characterized by meningit is has 
been recognized in the United K ingdom and 
the Netherlands since 1973. Recent surveys 
have shown that the disease is widespread in 
pigs in the United Kingdom, especially in the 
south and easL, 

Since the first outbreak in 1973 there was 
an increasing number of new outbreaks re-
corded to a peak in 1976 after which there was 
an apparent decline but this may have been 
due to veterinary surgeons diagnosing the 
disease without recourse to veterinary inves-
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Fig. 12.2 Bovine ringworm on 
human leg. (By courtesy of Dr j. 
S. Matthews, Royal Victoria 
Hospital, Belfast) 

t igation centre aid, cases thereby not being 
officially recorded. 

The disease usually occurs after weaning 
and when pigs are mixed, the organism 
apparently being conveyed by healthy adult 
carrier pigs in the nasopharynx. However, it 
is possible that human carriers may on 
occasions be involved. 

Since 1975 there have been 14 reports of 
sickness in people due to S. suis type 2 (group 
R) in England, Wales and I re land/The persons 
affected were abattoir workers (5), meat fac-
tory workers (3), butchers (2), farmers (2) and 
one veterinary surgeon. In one case (a woman) 
there was no history of any occupational 
involvement. Ten of the patients developed 
meningit is , other symptoms being bac-
t e r e m i a and arthritis, bacteraemia and lym-
phangitis. 

Streptococcus suis type 2 appears to be 
endemic in many pig herds in the British Isles 
and causes.sporadic outbreaks of meningitis 
in growing pigs, being precipitated probably 
by stress. In man it takes the form of a febrile 
condit ion w i t h severe headache, numbness of 
the fingers, foot pain, rigors and erythema, 
but usually no symptoms of meningitis. The 
condit ion responds slowly to treatment wi th 
antibiotics over a period of several days. 

Streptococcal skin infection 
Outbreaks of a skin infection due to Strep-

t o c o c c i t s v e occurred among wor-

kers in meat processing factories, the first nnp 
being reported in Yorkshire in 1978. In this 
particular instance there was an attack rate 
as high as 44% in one particular department 
(packing). Altogether, there were 103 episodes 
of infection in 82 workers out of a total staff 
complement of 347 in a ooultry processing 
factory. 

MeaJLhandlers appear jo be particular! yjsus-
ceptible to streptococcal skin sepsis which 
takes the T5rm of impetigenous or eczematous 
lesions,"TnfëctïÔn round the nai l_ foM and 
i n fectëd ~1 à cera t i on s. Second, arid even "t h i rd J 
episodes of infection may occur. 

Repeated irritation with water and deter-
gents, skin wounds and abrasions are prob-
ably the main predisposing causes. 

Control measures include the adoption of 
high standards of personal and environmental 
hygiene, the wearing of gloves, prompt and 
efficient attention to cuts, regular cleaning and 
disinfection of door handles, aprons, gloves, 
knives and swing door surfaces. 

Tetanus (lockjaw) 

Whi le abattoir workers are probably no more 
at risk from this infection than other occu-
pations, nevertheless in an industry where 
livestock are handled and where wounds, 
often deep penetrating ones, occur, the possi-
bility of tetanus occurring is a very real one. 

There were 19 notifications of tetanus in 
England and Wales in 1969 and 18 in 1980, 



Occupational Injuries and Infections 
2 4 7 

the annual fluctuations ranging from 15 to 24 
in the intervening years. Deaths due to teta-
nus ranged f rom one to ten a year and were 
higher in persons over 45 years of age and in 
males. 

The actual number of cases of tetanus is 
probably four to five times those notified. 

Tu laraemia (rabbit fever, decrfly fever) 

In addi t ion to the handling of infected hares, 
rabbits, sheep and other animals, infection 
may be acquired through the inhalation of 
contaminated dust from hay and straw, from 
contaminated water and tick and mosquito 
bites. Workers in agriculture, woo! shearers, 
rabbit butchers, fur trappers and those in 
related occupations may become infected. The 
cause is Francisetla (Pasteurclla) tularcusis. 

Since the infection occurs naturally in hares, 
ground squirrels, rabbits (especially the cot-
tontail), voles and muskrats, w i th sporadic 
cases in domestic animals (especially sheep) 
in which it may be epizootic, control has to 
be directed towards avoidance of infection 
from these species. The rat-proofing of homes 
in endemic areas in America, Europe and 
Eurasia is recommended and the adequate 
cooking of meat and boi l ing of water. 

The disease in man takes two main forms, 
a glandular or ulceroglandular form and, less 
commonly, typhoidal j j n d pneumonic form. 
The first sign is usually a papule at the site of 
init ial infection, often a finger, which ulcer-
ates. Infection spreads to the associated lymph 
nodes which swell ( lymphadenitis). The dis-
ease is accompanied by fever, headaches and 
muscular pains and lasts for about two to four 
weeks. Morta l i ty rates are generally less than 
5 % and mainly associated w i th the typhoidal 
and pneumonic forms, which are the more 
serious and are accompanied by an exhaus-
t ing feverish illness. 

Some 2000 cases of tularaemia are reported 
each year in the United States. Thc disease 
responds well to treatment w i th streptomycin, 
tetracycline or chloramphenicol. (See also 
Pasteurcllosis.) 

Miscellaneous conditions 

Animal-related allergies, in which rhinit is, 
asthma and skin rashes are the commonest 
symptoms, may occur in susceptible ind i -
viduals work ing w i th livestock, or w i t h 
fodder, e.g. farmer's lung due to exposure to 
mouldy hay. 

More recently in the Uni ted States it has 
been shown that exposure to faecal bacteria 
and Gram-negative bacterial endotoxins 
found in dust may cause eye and nose irr i -
tation, productive cough, breathlessness, 
chest tightness, headache and nausea. 

Prevention of occupational diseases 

1 Where possible, the e l iminat ion of the dis-
ease in domestic animals. 
2. Efficient veterinary ante-mortem inspec-
tion, especially wi th casualties, and the 
immedate alerting of staff to all disease haz-
ards. 
3 H igh standards of personal and envi ron-
mental hygiene. 
4 Vaccination of staff where appropriate. 
5 Prompt and effective treatment of cuts and 
bruises. 
6 Proper abattoir construction and layout 
wi th good staff facilities and venti lation. 
7 Education of workers as to the nature of 
zoonoses and how to m i n i m i z e the risk of 
infection by the careful handling of potential ly 
infected stock, carcases and offal. 
8 Close liaison wi th medical expertise. 



2316 
Meat Hygiene 

production delays and condemnations. 
To develop an effective sanitation program-

me it is necessary to: 

1 identi fy needs and defects; 
2 establish detailed cleaning instructions for 
all areas and equipment; 
3 set up a work ing programme; 
4 ensure that all personnel receive proper 
t ra ining in hygiene, environmental and per-
sonal; 
5 evaluate efficiency. 

Inspection by a responsible and competent 
indiv idual should include a pre-operations 
and an operational inspection. The ultimate 
a im must be to achieve a physically, chemical-
ly and microbiologically clean environment; 
this to denote one free from pathogenic bac-
teria and undesirable numbers of other micro-
organisms and free from any undesirable 
odours. 

The effectiveness of any cleaning program-
me is made easier by ensuring proper initial 
meat plant and equipment design. The clean-
ing process is rendered more thorough by the 
provision of smooth impervious surfaces, the 
avoidance of awkward nooks and crannies 
a n d ' t h e use of efficient cleaning machinery 
and detergents/sanitizers. 

A n integral item of any good sanitation 
scheme should be a Sanitation Report which 
details the state of the various plant areas and 
the action taken by the Inspector, copies being 
given to management and to Government 
officials, if necessary. The Sanitation Report is 
completed daily and rendered weekly. 

Automated cleaning systems 

Extensive research by the chemical industry 
and cleaning equipment manufacturers, espe-
cially in the Uni ted States, has produced 
several automated systems to cope wi th what 
is probably the most important problem in the 
food industry - sanitation. Three main types 
of these automated cleaning systems have 
been developed: cleaning-in-place system 
(CIP) , central cleaning system (CCS) and self-
contained cleaning system (SCCS). 

T h e cleaning-in-place system was first de-
veloped for the dairy industry. It is a closed 
system in which cleaning compounds are 
circulated by a pump through a series of pipes 

to the components to be cleansed. Al though it 
can be tapped for external cleaning it is basi-
cally designed for cleaning internal surfaces 
only. At present it has a l imited application in 
the meat industry, although it can be used for 
the internal cleaning of mixers, choppers and 
other equipment that necessitates the use of 
tanks. Food plants that process fluids other 
than milk utilize the CIP system extensively. 

C e n t r a l c leaning systems have a central 
pumping source supplying cleaning solutions 
under pressure to remote locations in a meat 
plant. The unit should be capable of achieving 
pressures of 35-49 kgf /cm2 and a flow of 136-
181 litres/min. In one CCS the cleaning mate-
rials may be mixed centrally and delivered to 
the various points through one manifold, the 
plant water supply being used for rinsing. In 
the other CCS the detergent is transported 
through a separate manifold to each remote 
station where it is mixed wi th the high-
pressure'water system as required and used 
through a cleaning gun. W i t h these two sepa-
rate lines, which are, of course, more costly, 
both pressure wash and pressure rinse can be 
carried out. 

T h e self-contained system has the p u m p i n g 
source and chemical spray systems contained 
in one unit and may or may not have facilities 
for foam production. Some units produce hot 
water whi le others employ a steam-mixing 
valve or utilize the separate hot-water system 
of the plant. Some self-contained systems are 
able to use an alkaline cleaner, an acid cleaner 
and a sanitizer at each remote station. Some 
forms of this automated cleaning equipment 
are portable and can be removed from one 
location to another, being connected to an 
electrical or air and water source of power. It is 
a flexible system in that if a pump fails, a unit 
from another area can be used, whereas in the 
CCS the entire sanitation process stops if this 
eventuality should occur. 

Continuous cleaning of viscera conveyors 
and other equipment in contact w i th edible 
material is another essential task. 

EMPLOYEES 

Important though the plant layout design and 
facilities are, they must be combined w i t h a 
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high standard of personal hygiene and re-
sponsibi l i ty towards cleanliness in the em-
ployees themselves. Most countries require 
food plant employees to have periodic medical 
examinat ions and to report the occurrence_of 
certain diseases which might be responsible 
for tlie development of food-poisoning out-
breaks. A sound training in the theory and 
practice of good hygiene is essential and op-
eratives should have all the neccssaiyfacilities 
to achieve a h igh standard of personal cleanli-
ness and a clean, workmanl ike job. 

T ra in ing in the various techniques associ-
ated w i t h meat plant operations is essential for 
efficient, humane treatment of animals and for 
carcase meat of h igh quality. As in all areas of 
the food industry there must always be an 
awareness among employees of the vital im-
portance of sound hygiene practices and per-
sonal cleanliness. There is no point in having a 
first-class factory w i t h elaborate equipment if 
it is not matched by efficient staff able and 
w i l l ing to adopt good practices designed to. 
prevent contaminat ion and deterioration of 
meat as wel l as ill-health in themselves and 
the consuming public. 

T h e responsibil i ty for meat hygiene in an 
abattoir rests w i t h top management, although 
in many areas, e.g. local authorities in Britain, 
this is not wel l designated. If control of the 
abattoir is d iv ided between those responsible 
for operatives and those concerned wi th meat 
inspection there is often a hiatus between the 
two wh ich can result in low hygiene standards. 
W h i l e product iv i ty is important it must be 
secondary to the demands of hygiene. All too 
often, however , production managers are con-
cerned w i th throughput at the expense of 

^hygiene and legislation is often too permissive. 
Top management has a duty to ensure that 

their hygiene policies are made clear to mana-
gers and supervisors, especially line super-
visors w h o are in immediate control of opera-
tives. W h i l e it is essential to have a hygiene 
sect ion and a hygiene officer possessing 
adequate authori ty , the essentials of hygiene 
must be inherent in all members of staff. 

Al l managers need to be fully familiar w i th 
current meat hygiene legislation and up to 
date w i t h new innovations, especially those 
immediate ly concerned wi th sanitation. It is 
also the duty of management to ensure that 
their hygiene policies are made known to 
supervisors and communicated to all person-

nel. The presence of a fully qualif ied nurse and 
a properly equipped first-aid room can assist 
materially in achieving high hygiene stan-
dards, as can the use of a laboratory. 

Use may be made of suitable posters, sup-
p lemented by lectures, films, suggest ion 
schemes, competit ions, discussion groups, 
etc. Each employee should be given a hygiene I 
booklet (which may be combined w i t h one on \ 
safety) when he begins employment . 

Whi le modular training schemes init iated 
by the Food, Dr ink and Tobacco Industry 
Tra in ing Board operate in Britain, it is consi-
dered that suitable meat training centres for 
staff engaged in this sector are necessary in' 
order to deal fully wi th the important areas of 
animal welfare, specialized techniques, skills, 
occupational hazards, machinery, equipment 
and premises, commodity value, food poison-
ing, etc. Different levels of t ra ining in the 
various functions listed above are required for 
different staff members in a meat plant, but in 
•relation to cleanliness, clothing, attitudes and 
behaviour the level of training is the same for 
all, from the company director to the latest 
recruit. 

Basic training in hygiene on induction w o u l d 
include: the nature oFhygiene; h o w it affects 
the operative, his or her colleagues and the 
consumer; hygiene practices; regulations and 
procedures of the meat plant; and health re-
quirements of personnel. These items can be 
fully explained in a readable booklet given to . 
the n e w employee in which the nature of I 
viruses, bacteria, yeasts and moulds is ex- \ 
plained, along wi th occupational hazards. 

Qnjlie job training can deal w i t h the use of 
equipment and tools and their steri l ization; 
protective clothing; good housekeeping.in re-
lation to hygienic practices; accidents and 
their reporting; use of dressings and first-aid 
room, if available; and safety measures. A 
valuable adjunct in hygiene training is a visit 
to the laboratory where microorganisms can 
be v iewed through the microscope and their 
growth observed on culture media, w i th an 
explanation of their basic physiology. 

On-going trainnjg programmes are con-
cerned mainly wi th furthering awareness of 
the need for good hygiene practices among 
personnel by way of posters, lectures, personal 
approach, etc. 

Since cuts of various types are the most 
common form of injury (but not the only ones) 
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encountered in a meat plant the need for 
personal hyg iene , hair and hand care, toilet, 
general cleanliness and prompt J r w t m e n t . o f 
cuts, abrasions and other skin lesionsjmist be 
stressecT 

T RC e lements of sanitat ion, refrigeration 

( w i t h temperature, relative h u m i d i t y a n d cold 
air speed) and the awareness of hazards for 
consumers (e.g. metall ic objects a n d other 
foreign bodies in carcase or processed meat), 
report ing procedures a n d responsibi l i t ies also 
have to be communicated to employees. 
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1. L'HYGIENE DES VIANDES 

Vaste secteur de la santé communautaire, l'hygiène des aliments a pour 
objet l'étude des moyens propres à assurer au consommateur des aliments dont ' 
la qualité répond le mieux à ses besoins, ou du moins satisfait aux normes con-
siderees comme acceptables au point de vue sanitaire. Elle englobe l'hygiène 
des viandes qui par l'importance, la multiplicité et souvent le caractère par-
ticulier de ses variables a conquis sa propre identité. En effet, les méthodes 
à suivre pour qu'elle atteigne ses objectifs varient considérablement de celles 
jugées adéquates pour la plupart des autres aliments. Les animaux étant sujets 
à certaines affections qui les rendent impropres à la consommation humaine, non 
seulement la viande doit avoir une apparence normale mais encore faut-il qu'elle 
provienne d'animaux sains au moment de l'abattage et qu'elle soit produite dans 
des conditions qui assurent l'élimination du matériel non acceptable pour la 
consommation de même que la prévention de sa contamination et de son adultéra-
tion. De là ce caractère particulier à l'hygiène des viandes. 

1-1* Principaux éléments de l'hygiène des viandes 

1*1*1. Examen ante-mortem des animaux destinés à l'abattage 

Buts: - Autoriser l'abattage des animaux sains; 

-.-.-.Prohiber l'abattage des animaux malades, s'il y a 
lieu les classer comme "retenus" ( suspects) d'où 
une attention spéciale portée à l'examen post-mortem. 

- Hâter l'abattage des animaux accidentés, etc. etc. 

1*1*2. Examen post-mortem des animaux 

Pour le dépistage:des maladies et autres conditions indé-
• -sirables des carcasses. Cette inspection permet également le 

contrôle des conditions sanitaires des opérations durant l'abat-
tage et l'habillage ( dressing ) c'est-à-dire l'ensemble des 
opérations que subit la carcasse dans le but de préparer la 
viande. 

1*1.3. Hygiène de l'environnement ( Sanitation ) 

Cet élément intéresse d'abord les environs de l'établissement 
( cour, bâtiments destinés à abriter Temporairement les animaux, 
etc. ), puis l'établissement lui-même ( situation, construction 
des divers locaux, eau, égout, équipement ). La santé, l'hygiène 
du personnel et les facilités à sa disposition sont incluses dans 
cet élément. 

Pendant longtemps, ces contrôles eurent comme objectif de 
garantir que les produits étaient propres à la consommation, que 
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1 * 1 * 3 . ( s u i t e ) 

la disposition des déchets ne mettait pas en danger la 
santé publique et que les établissements ne gênaient en 
rien les habitants du voisinage. Les années récentes 
furent marquées par une nouvelle approche concernant la sécu-
rité des travailleurs et aujourd'hui, la législation de nom-
breux pays se préoccupe de protéger les travailleurs contre 
les risques auxquels'ils sont exposés dans les abattoirs. 
L'hygiène de l'environnement est précisément l'élément 
dans lequel s'est développé et sur lequel s'est greffé ce 
nouvel aspect. Il est inclus dans la " santé du travailleur ". 

1*1.4. Disposition du matériel impropre à la consommation 

Tout ce qui est condamné par l'inspecteur doit être 
détruit promptement ou utilisé a des fins jugées acceptables 
autres que la consommation humaine ( fondoirs ( rendering ) 
tel Lomex Inc. ) et cela sous la surveillance de l'autorité 
responsable ( fédérale, provinciale, etc.)* 

1.1.5. Réinspection 

En quittant le département de l'abattage, la viande ne fait 
que démarrer sur la voie qui la conduit au consommateur. Pen-
dant tout son trajet, elle.doit demeurer constamment sous obser-
vation ( conditions salubres durant les transformations, l'en-
treposage, le transport, etc. ). 

1.1.6. Adultérations, falsifications, etc. 

L'industrie de la viande est avant tout une entreprise com-
merciale, la tentation de substituer un ingrédient d'un produit 
carné par un autre moins dispendieux est à redouter. Il en 
va de même pour l'addition en excès de certaines substances de 
peu de valeur ( eau, gras, produits farineux, etc. ). La 
possibilité d'ajouter des ingrédients toxiques h la viande ou 
à ses produits n'est pas à rejeter. Il est évident que cette 
pratique altère sa qualité, voire son inocuité ( C.E.C.O.). 
Il arrive que l'acheteur soit induit en erreur par une étiquette 
portant des indications fausses ou vagues, par l'apparence 
même du produit ou encore par le contenant dans lequel il est 
empaqueté ( origine, identité, composition, qualité, quantité, 
etc. ). Un contrôle rigoureux s'impose ici comme ailleurs si 
on veut assurer au consommateur la protection à laquelle il 
a droit» 
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1.1.7. Législation 

La réalisation d'un programme d'hygiène des vian-
des n'est possible que moyennant une législation adéquate, 
sur l'inspection des viandes et des produits carnés que 
complète une réglementation précise, facile d'application 
et conçue avec prévoyance. 

On voit que le terme "Protection du consommateur" 
appli que a l'identification des objectifs d'un programme 
d'hygiène des viandes doit avoir une signification qui en-
globe tous les aspects inclus dans l'intérêt que lui porte 
le consommateur. Si l'on s'en tenait au côté santé humaine 
seulement, le programme ne couvrirait qu'un secteur de son 
champ d'action et ne gagnerait certes pas la confiance et 
la faveur du public. 

1-2. Organismes responsables de l'hygiène des viandes au Québec 

1.2.1. Fédéraux ' 

a) Ministère de l'agriculture; Direction de l'hygiène 
vétérinaire. 

. . . - Division de l'inspection des viandes* 
- Division des laboratoires 
- Division des maladies contagieuses 

N»B. Contrôle plus de 90% des viandes sur le marché 
canadien. Proportion semblable au Québec. 

Loi et règlements
:
 sur "l'inspection des viandes " ( Ch. 36, 1955 ) 

et sur l'abattage sans cruauté des'animaux destinés à l'ali-
mentation ( Ch. 44, 1959 ). 

. b) Ministère de la santé et du bien-être social 

- Directorat des aliments et drogues. 
( Loi des aliments et drogues ) 

1.2.2. Provincial 

Ministère de l'agriculture; Division des produits carnés. 

En voie de réorganisation. 

Loi 43, Ch. 35 ( règlements ) 1977. 

Abattoirs "plan A" avec inspection des viandes et 
"plan B" avec inspection sanitaire seulement ( non des 
viandes ). Il s'agit de petits abattoirs, 300 environ. 
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1.2.3. C.U.M. ( Communauté urbaine-de-Montréal, etc.) 

Service de l'assainissement de l'air et de l'inspection 
des aliments. Responsabilités limitées à son territoire. 

Règlement No. 32, 1972, relatif aux aliments. 

1.3. Les établissements 

1.3.1. ABATTOIRS 

Au sens légal du mot ( loi fédérale ) l'expression 
"ETABLISSEMENT" signifie un endroit dans lequel 

- les animaux sont abattus 

- la viande est trasnformée 
les volailles sont abattues, éviscérées ou 
préparées, et dont la production de l'avis du 
Ministre justifie la fourniture des services d'ins-
pection du ministère sous le régime des présents 
règlements. 

Au Québec, on distingue des établissements oîi l'on procède 
à l'abattage des animaux et oîi on transforme la viande de 
ces derniers» C'est le cas des établissements que nous visi-
terons demain et qui bénéficient du système fédéral: 

Canada Packers: Animaux abattus: veaux, porcs, moutons. 
Transformations: des plus variées. 

Abattoir du Nord: Animaux abattus: Boeuf 
Transformations: plus limitées. 

D'autres établissements ne procèdent qu'à l'une ou l'autre 
de ces deux grandes opérations. De plus, il y a des 
abattoirs spéciaux pour les équidés de même que pour la volail-
le. Enfin il existe aussi une catégorie spéciale d'abattoirs 
" clos d'équarissage" . On y tue et transforme la carcasse 
des animaux dont la viande n'est pas destinée à la consomma-, 
tion humaine mais à la préparation d'aliments pour chiens, 
chats ou d'autres produits. 

1.3.2. Types d'abattoirs 

C'est par leurs dimensions et leur capacité de production 
que se distinguent les abattoirs. Les installations modestes 
se rencontrent surtout dans les zones rurales ou les petites 
agglomérations. Trop souvent, les bâtiments sont délabrés 
et les installations primitives, les conditions sanitaires 
déplorables, faute de traitement des résidus solides et liquides 
qui s'y accumulent, dégageant une odeur repoussante qui attire 
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les rongeurs et les mouches. Au Québec on compte actuellement 
plus de 300 petits abattoirs qui sont soumis à 1 ou 2 inspections 
sanitaires par mois, la viande en provenant n'étant pas inspectée. 
En général le personnel y est très restreint. 

Les grands abattoirs sont généralement situés dans 
les villes et les régions urbanisées où ils sont soumis à une 
réglementation stricte qui les place sous la surveillance de 
l'autorité municipale et dans plusieurs cas ( Montréal ) d'un 
ou plusieurs ministères. Dans ces établissements le travail est 
beaucoup plus spécialisé, c'est la chaîne de production ou chaque 
travailleur n'exécute qu'une seule opération. On tend de plus 
en plus a rationaliser et à automatiser le travail des abattoirs. 

1.3.3. Types de bâtiments 

Plusieurs réglementations fixent en détail les caracté-
ristiques des établissements. 

Elles concernent: 

a) le site de l'établissement 

b) les enclos et s'il y a lieu les bâtiments de réception 
et d'attente des animaux vivants 

c) la construction elle-même de l'abattoir 

- particularités des divers locaux, leur agence-
ment 

- les matériaux utilisés ( plancher, murs, pla-
fond, etc. 

- l'alimentation en eau potable-

- la disposition des eaux usées, des produits 
non comestibles 

- l'éclairagë naturel, artificiel 
- la ventilation, le chauffage, etc. 
- les commodités (sanitaires) à la disposition 

des travailleurs 
- l'appareillage et l'équipement nécessaires à 

la bonne conduite des opérations 
- la construction" et" la capacité des chambres 

de réfrigération ( 34© à 36° F ou 1.1° à 2.2° C) 
etc. etc.. 

Certaines normes ( dites générales ) sont applicables à 
tous les établissements-,, d'autres sont particulières aux abattoirs 
de bétail, de volaille, aux salles de transformations, etc. 

En somme l'établissement doit être construit, aménagé et 
équipé selon les règles de. l'art et de l'hygiène pour assurer des 
conditions d'hygiène et de sécurité irréprochables. La tendance 
actuelle est aux abattoirs sans étage. Les anciens abattoirs étaient 
le plus souvent des édifices à plusieurs étages, l'abattage étant 
pratiqué au niveau le plus élevé et les autres opérations exécutées 
aux étages inférieures ( fonctionnement par gravité ). 
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1.4 Techniques d'abattage et d'habillage 

L'abattage ou la mise à mort des animaux de boucherie doit être 
effectué suivant une méthode rationnelle et humaine 1 L'opéra-
tion doit être facile à réaliser et ne présentera pas de risques 
de danger pour le travailleur. Tout en étant économique, la méthode 
visera à atténuer au maximum les souffrances de l'animal. Le sang 
étant particulièrement réceptif à la contamination, les microorganis-
mes sont beaucoup plus aptes à pénétrer et à se multiplier avec rapi-
dité dans un tissu gorgé de sang. Une bonne technique d'abattage vi-
sera donc une saignée aussi parfaite que possible de l'animal ( 723» 
à 75% du sang éliminé.). 

1.4.1. Méthodes d'abattage 

1.4.Ll. Abattage sans étourdissement préalable à la saignée 
de l'animal ( Shechita, Kosher ): 
- l'animal est tout simplement saigné dans la caisse 

d
f
abattage, selon le rite israélite ou musulman. 

1.4.1.2. Abattage avec étourdissement de l'animal avant la 
saignée: 
- l'animal.est rendu inconscient 

- masse ( usage interdit dans les grands 
abattoirs ) 

- maillet ( veaux etc.) 
-- - pistolet à percuteur ( projectile captif) 

- appareil électrique 
- gaz carbonique ( air + de CO^ ) 

• • •• 

1.4.1.3. Abattage par énervation: Stylet plongé entre 
• -l'occipital et la première vertèbre cervicale. 
Le"bulbe rachidien est touché, l'animal s'effon-
dre sur le coup. 

1.4.2. Technique de l'habillage et de l'inspection post-mortem 

L'habillage est l'ensemble des opérations que subit la 
carcasse dans le but de préparer la viande. 

1.4.2.1. BOEUF 

- Etourdissement ( suivant le cas ) 
- Saignée ( une fois suspendue a un monorail quand 

l'animal a été étourdi ). 
- Tête détachée de la carcasse, identifiée, lavée 

et préparée pour l'inspection. 
Examen: propreté, anomalies, incisions répétées 

des ganglions lymphatiques, des masséters, 
examen de la langue (palpation, etc.) La 
tête est retenue jusqu'à ce que l'inspec-
tion de la carcasse correspondante soit 
terminée 
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- Evisceration, inspection des viscères 
- La peau est enlevée mécaniquement de la 

carcasse et dirigée à la salle de traite-
ment des cuirs. 

- Section longitudinale de la carcasse (scie mécani-
que) et mise en forme (scribing). 

Inspection de la carcasse (Rail inspection position) 

-Examen des surfaces ( propreté etc.) -palpation des 
ganglions lymphatiques superficiels ( préscapulaires, 
précruraux, inguinaux superfisiels etc. ), reins, 
cavité pelvienne, etc. 

C'est l'inspection dite de routine. 

Dans le cas des animaux classés "retenus" à 1'anté-
mortem et des reacteurs à la tuberculine, la carcasse 
est dirigée sur un monorail d'évitement où l'on 
procède à un examen plus complet ( ganglions superfi-
ciels et profonds incisés, etc. etc.). 

- Les animaux positifs à la brucellose sont groupés 
et abattus à la fin de chaque période d'abattage 
ce qui facilite leur identification et par consé-
quent la prévention. .Ils sont soumis à l'examen 
de routine avec les précautions qui s'imposent. 

- Les carcasses normales sont lavées, estampillées 
( coupes de gros ) et recouvertes d'un drap humide. 
Mise en chambre froide ( 34° à 38° F,1.1 à 3.3©C ) 
N.B. La viande gèle à 29.5° F. 

1.4.2.2. VEAUX 

- Etourdissement ( puTion ) 
- Saignée ( sur le rail) 
- Habillage avec ou sans la peau. Identification. 
- Tête enlevée et inspectée. 
- Lavage de la carcasse. 
- Eviscération. Examen de la carcasse et des 

viscères 
- Lavage final et mise en chambre froide. 

N«B. La vente de veaux immatures est défendue. Leur vian-
•

 r
de contient trop d'eau, trop d'os, a peu 

de valeur calorifique et un goût fade. 
La Loi prévoit 3 semaines d'âge et un dévelop-
pement satisfaisant de la carcasse. 

1.4.2.3. PORCS 

- Etourdissement (électricité, CO^, etc.) 
. - Saignée sur le rail. 
- Echaudage ( 59° à 63° C ) ( 138<> à 145<> F ) 

Cuve vidée quotidiennement, bien lavée. Plus 
souvent si nécessaire. 

Epilation mécanique, poils restant brûlés, douche, 
rasage final au besoin. 
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1.4.2.3. (suite) 

Inspection: Propreté générale, anomalies, etc. 
Tête: incisions des ganglions sous-maxillaires 

- Eviscération: Rectum dégagé, ligaturé, ouverture ventrale 
de la carcasse. 

Inspection des viscères, de la'carcasse sur le rail. 
- Estampillage et mise en chambre froide. 

1.4.2.4. MOUTON 

- Etourdissement ou non. 
- Saignée 
- Peau enlevée avec beaucoup de précautions ( laine colle) 
- Eviscération 
: Inspection des viscères, de la carcasse sur le rail 

- Lavage final, tête détachée de la carcasse. 

Durant les.opérations, les parties destinées à la consommation sont acheminées 
vers les chambres de réfrigération ou les départements oh elles doivent subir 
des transformations. Les produits non consommables sont évacués vers le servi-
ce destiné à leur traitement, section qui doit être totalement séparée des autres 
services de l'abattoir. 

1.5.. Risques pour le travailleur ~ " 

1.5.1. Le MICROCLIMAT 

Les abattoirs sont des locaux très humides où la tem-
pérature varie fortement d'un endroit à l'autre. Ces condi-
tions résultent de l'utilisation de la vapeur dans plusieurs 
opérations et des grandes quantités d'eau froide et chaude 
déversées sur les planchers. Dans la salle d'abattage il 
fait généralement très chaud alors qu'à l'autre extrême on 
a les chambres froides ( 0 à 5° C). Dans les salles de 
grandes dimensions et le plus souvent sans cloisons l'air est 
très turbulent d'où-plusieurs zones de travail présentent les 
unes par rapport aux autres des différences de température 
importantes. Une odeur caractéristiques règne dans les abattoirs 
( sang, vomissures, viscères, urine, excréments d'animaux, etc.). 
Elle peut envahir tout l'établissement et se répandre aux en-
virons si des mesures pour la réduire ne sont pas prises. 
L'élimination rapide des résidus et des déchets, leur entrepo-
sage dans des conditions convenables de même qu'un système 
de ventilation adéquat et la propreté des locaux contribuent à 
l'amélioration du microclimat. 
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1-5.2. Les ACCIDENTS 

1.5.2.1. Blessures causées par un animal, dans la cour, 
les locaux d'attente, durant le trajet de ces endroits 
à la salle d'abattage, au moment ou peu après 
l'étourdissement, lorsque la carcasse est hissée sur 
le monorail. Le travailleur y est fréquemment exposé. 

1.5.2.2. Abrasions et coupures, au mains, au corps, par les 
couteaux et autres instruments tranchants utilisés, 
les scies-mécaniques, etc. Ces blessures sont les 
plus fréquemment rencontrées. 

1.5.2.3. Blessures oculaires: par des esquilles projetées lors 
du débitage des os. 

1.5.2.4. Lombalgies, dues aux efforts faits pour soulever ou 
porter les demi-carcasses, les coupes de gros, etc. 

1.5.2.5. Chutes: Les planchers rendus glissants par le sang, 
la graisse, l'eau répandue et parfois les déchets 
qui les jonchent s'y prêtent trop souvent admirable-
ment. 

1.5.2.6. Brûlures, échaudures, là où l'on emploi de la vapeur 
(conduites) ou encore des cuves chauffées à la vapeur; 

procède à la fonte des graisses, etc. 

1.5.2.7. Accidents résultants d'un système électrique défec-
tueux (isolation défectueuse, etc.) 

1.5.3. Les ZOONOSES 

En dépit du grand nombre d'animaux abattus et con-
séquemment de carcasses habillées, les cas de zoonoses 
semblent plutôt rares. Je dis semble parce qu'à mon 
avis la déclaration des cas fait trop souvent défaut. 

a) Brucellose 

V^.-^Serait la plus courante dans les pays où le cheptel 
est affecté. Au Canada on procède présentement à 
1

1
éradication de cette maladie. Trois cas de fièvre 

ondulante furent déclarés en 1977 or il semble 
qu'il y en ait eu une quinzaine dans un seul abattoir. 
Les réacteurs sont identifiés et abattus à la fin 
de chaque période d'abattage ce qui facilite la 
prévention. 

b) Tuberculose 

Risque grave dans certains pays. 
Au Canada: éradication. 
Les animaux âgés sont les plus souvent atteints 
( vaches ). 

c) Ornithose 

Risque dans les abattoirs de volaille, principa-
lement à la réception des oiseaux ( poussières 
contaminées, etc.). Le travailleur contracte la 
maladie à partir des oiseaux vivants malades 
plutôt que de leur carcasse. 
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d) Pasteurellose ( Tularémie ) 

Rare dans les abattoirs. 
Se transmet surtout à la faveur d'une blessure de la 
peau ou par la piqûre d'un tique. C'ëst plus souvent 
le cas d'un chasseur qui dépouille un lapin ou un che-
vreuil. 

e) Leptospirose 

Rare dans les grands abattoirs. 
Chez des bouchers,on a identifié des infections à 
L. ictérohaemorrhagiae probablement contractées lors 
de la manipulation de viandes ou d'abats contaminés 
par des rats. 

f) Erysipéloide ( Rouget du porc) 

Occasionnelle. 
Par blessure de la peau ( porcs, dindons ). 

g) Fièvre charbonneuse (Charbon) 

Très rare au Canada et au Québec, et on peut dire 
absente dans les grands abattoirs. 
Dans les pays où l'incidence de la maladie chez les 
animaux est plus élevée, les ouvriers des petits abattoirs 
y sont plus exposés que ceux des grands établissements. 
L'évolution de la maladie étant très rapide, les animaux 
affectés n'atteignent pas ces établissements.. 

..h) Fièvre Q ( "query fever" ) Fièvre de Queensland. 

Quelques cas furent rapportes au Québec chez des ouvriers 
d'abattoirs ( voie aérienne ). 

En fait si l'on donne au terme "manipulations" une signification 
suffisamment large, il est possible de classer un grand nombre de zoonoses par-
mi les maladies susceptibles d'être transmises à l'homme par les viandes. Lors 
des opérations d'abattage, d'habillage ou d'apprêt des animaux pour la table, 
les microorganismes infectieux ont toutes sortes de possibilités pour se trans-
mettre à l'homme par des voies autres que le tube gastro-intestinal, notamment 
par l'arbre respiratoire ( gouttelettes, poussières infectées ) ou par la peau 
( inoculation directe, piqûre d'insectej etc.). Il nous semble que les infec-
tions professionnelles contractées par les manipulateurs de viande doivent être 
incluses dans une étude des maladies transmises par les viandes, sans égard pour 
la voie de transmission. 

1.5.4. AUTRES conditions pathologiques 

a) Le catharre chronique, la sinusite et la bronchite 
sont très fréquents. 

b) Dermatoses fréquentes. 
c ) Pemphigus des bouchers. Rare dans les grands abattoirs. 

d) Folliculites Occasionnelle chez les travailleurs expo-
sés h la grande chaleur. 
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1.5.5. PREVENTION PRIMAIRE 

1.5.5.1. Prévention des accidents 

a) Planchers bien drainés, exempts d'eau, 
propres ( absence de déchets, etc.). 
Utilisation de sable, de sels calcaires sur le plan-
cher pour qu'il ne soit pas glissant, là où ça 
s'impose .(salle d'abattage, etc.). 

b) Manutention des charges lourdes par des moyens 
mécaniques. 

c) Installations électriques conformes aux normes 
prévues par la réglementation. 

d) Durant la découpe de la viande, la main qui ne tient 
pas le couteau doit être protégée au moyen d'un gan-
telet en mailles d'acier. 

e) Couteaux munis d'une garde, rangés dans des étuis. 
f) Personnel convenablement formé à l'utilisation des 

instruments tranchants qui conviennent à chaque 
opération et instruit de leur aiguisage et leur 
entretien. 

9) 

h) 

1.5.5.2. Vêtements de protection 

a) Tous les travailleurs devraient porter des combi-
naisons et des couvre-chefs appropriés. 
Casque de sécurité pour le personnel exposé (salle 
d'abattage, etc.) 

b) Protection de la face et des yeux chaque fois que 
nécessaire ( débitage des os à la scie, traite-
ment des cuirs par les acides, etc.). 

c) Les bouchers qui désossent à la main en tirant le 
couteau vers eux porteront un tablier abdominal 
spécial ( cuir très épais, cuir renforcé de mail-
les d'acier, matière plastique très épaisse et 
souple. 

1.5.5.3. Hygiène 

Dans l'abattoir, l'hygiène et la propreté doivent 
atteindre un niveau qui satisfait tant aux conditions 

- sévères que doit remplir la viande pour être reconnue 
propre à la consommation qu'au point de vue protection 
des travailleurs. 

Toutes les .scies mécaniques utilisées doivent être 
pourvues du type de protecteur adéquat. L'ouvrier 
doit connaître à fond les méthodes qui permettent 
leur utilisation sans risque. 

Protection adéquate de la machinerie employée 
(hachoir, échaudo.irs, machine à dépiler les porcs, 
etc. etc. ). 
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1.5.5.3. (suite) 

a) Parois intérieures faciles à laver. Le revêtement des 
planchers doit être imputrescible, résistant au sang, 
à l'eau, au dégâts mécaniques, et antidérapant. 
Le lavage au jet des planchers et des murs avec de l'e; 
sous pression doit être fait à la fin du travail, 
( entrecoupé de lavages intermédiaires chaque fois que 

nécessaire )• , 
Il faut utiliser de l'eau chaude là où il y a des depô 
graisseux ( salle d'abattage, etc.). 
L'addition d'un désinfectant à l'eau est recommande 
périodiquement. 

b) Evacuation des déchets et des eaux usées suivant une 
méthode sanitaire ( mini-usine d'épuration, etc.). 

1.5.5.4. Installations sanitaires et services sociaux 

Le caractère exceptionnellement salissant des travaux _ 
exécutés dans les abattoirs exige des .installations sani-
taires de premier ordre. 

- Lavabos à pédale, eau chaude, froide, distributeur de 

savon liquide, serviettes individuelles, en nombre suffi-

sant. . „ , * ' - Douches - Cabinets de toilette bien ventiles, séparés des 

locaux destinés aux opérations - vestiaire - etc. 

- Réfectoire en dehors de la zone de travail ( inter-

diction de boire, fumer ou mangersur les lieux de tra-

vail. 

1.5.5.5. Services médicaux 

- Examen médicaux d'embauchage et périodiques obliga-

toires pour tous les travailleurs. 

- Médecin chargé de visiter fréquemment l'abattoir, 

infirmière plein-temps, etc. 

N.B. Faute d'une infirmière chargée d'administrer les 
premier soins, il est indispensable que des tra-
vailleurs aient reçu une bonne formation de secou-
riste. C'est surtout le cas des petits abattoirs, 

1.5.5.6. Législation 

Aujourd'hui, presque tous les pays ont une réglementa-
tion détaillée des abattoirs, soit au titre de la santé com-
munautaire ou plus précisément celui de la salubrité des 
aliments. Très souvent, les dispositions de sécurité et 
d'hygiène du code du travail s'appliquent aussi aux abat-
toirs. Le trafic international des viandes est important 



1-5.5.6. (suite) 

et les abattoirs d'un pays exportateur sont parfois 
sous la surveillance d'un expert des services du pays 
importateur qui veille à ce que les normes exigées 
par son pays soient respectées ( France - Canada ). 

Dans la plupart des pays, la réglementation des 
abattoirs touche tous les aspects des travaux exécutés 
et s'accompagne de contrôles très stricts. En général 
les établissements sont déclarés et enregistrés sous 
licence. 

1.5.5.7., L'éducation sanitaire des travailleurs 

Comme dans beaucoup d'autres secteurs de l'industrie 
(et aussi le grand public) l'éducation sanitaire des 
travailleurs d'abattoirs reste à faire. C'est un aspect 
essentiel à la réussite d'un programme d'hygiène indus-
trielle ou de médecine du travail. On doit viser non 
seulement à informer le travailleur mais aussi à influer 
sur son comportement de manière à ce qu'une fois instruit 
il approuve les recommandations qui lui sont faites et 
agisse de façon a jouir d'une protection maximale. 



Infections Due to Erysipelothrix 

Infections caused by thc gram-positive bacillus Ery-

sipelothrix insidiosa (also called E. rhusiopathiae) consist of 
a distinctive skin lesion (erysipeloid) and, in rare eases, 
endocarditis. The etiologic agent morphologically resem-
bles L monocytogenes and diphtheroids. 

E P I D E M I O L O G Y A N D P A T H O G E N E S I S 

E. insidiosa is not a member of the commensal flora of 
humans. Natural infections occur in mammals such as 
swine, cattle, and sheep and in domestic fowl. The 
organism has also been isolated in fish and shellfish.68 

Human infections have been observed among agricultur-
al workers, slaughterhouse workers, fish handlers and 
fishermen, kitchen workers, and veterinarians. Most in-
fections attr ibutable to E. insidiosa occur in the summer 
and early fall. Infection results when the organism enters 
through an abrasion wh i le the individual is handl ing 
contaminated animals or organic materials. 

ture of the erysipeloid lesion surface or o f a s imple 
aspirate generally does not y ie ld E. insidiosa, but cul ture o f 
a small skin punch biopsy taken f rom the advancing edge 
of the lesion w i l l often reveal the organism. A morpho-
logically similar lesion of u n k n o w n et iology termed seal 
finger has been described among aquar ium workers.73 

T R E A T M E N T 

Usually, erysipeloid is sel f- l imited and resolves in 
about three weeks. Treatment w i th 600,000 units I .M. o f 
procaine pcnici l l in G dai ly for seven days or one inject ion 
of 1.2 mi l l ion units I.M. of benzathine pcnici l l in G w i l l 
producc improvement in 48 hours. In contrast, seal finger 
responds best to tetracycline.72 In the pcnici l l in-al lcrgic 
patient, 0.25 to 0.50 g of erythromycin given oral ly four 
times daily for seven days is a satisfactory alternative. 

Treatment of Erysipelothrix endocardit is w i th six to 20 
mi l l ion units I.V. of penici l l in G d; îy fçr four to six weeks 
has been generally successful. 

M A N I F E S T A T I O N S 

Erysipeloid 

The erysipeloid lesion, wh ich is characteristically pain-
ful , raised, and violaceous, develops-two to seven days 
after in jury. It usual ly appears on a finger or on the 
hand.69 The margin of the lesion is sharply defined and 
tends to spread peripheral ly at a slow pace as the central 
port ion fades. Swel l ing and stiffness of adjacent joints 
may occur. Occasionally, vesicles containing serosan-
guineous fluid are present in the area of spreading 
inf lammation. Neither suppuration nor desquamation 
occurs. Usually, there is no fever or systemic symptoms. 
Lymphangit is and lymphadeni t is are uncommon. 

Septicemia and Endocarditis 

Septicemia and endocardit is are very uncommon. In 
one study, for example, no cases were observed among 
500 patients w i t h erysipeloid.69 Endocarditis has occurred 
on both deformed and normal heart valves, and the 
clinical course may be acute or subacute; most often, the 
aortic valve is involved.70 About 40 percent of patients 
w i th Erysipelothrix endocardit is have erysipeloid of the 
hand. Septic shock is rare.71 

D I A G N O S I S 

The clinical features and the proper epidemiological 
setting provide the provisional diagnosis. Erysipeloid 
must be dist inguished f rom erysipelas; the latter usually 
is more erythematous and progresses much faster. Cul-

Source: SIMON, H . B . , " Infections due to Erysipelothrix 

Scientif ic American Medicine, chap. 7 , (IV) 

p . 8 , ( 1 9 9 1 ) . 
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I ry 

La bactérie Listeria monocytogenes peut se retrouver dans des produits laitiers, les 

végétaux, les poissons et les produits de la viande. Elle croît bien dans la 

nourriture réfrigérée et est plus résistante à la chaleur que la plupart des bactéries. 

Les personnes les plus à risque sont les immunodéprimés, les femmes enceintes et 

leur foetus. La méningite, Tavortement spontané et la septicémie sont les 

manifestations primaires de la maladie. 

La transmission au foetus survient dans la deuxième moitié de la grossesse par voie 

systémique ou par aspiration de liquide amniotique. L'infection peut se contracter 

en période périnatale. 

La listériose se contracte par l'ingestion et il semble que les contaminations au 

Canada auraient été le plus souvent occupationnelles ou environnementales. Selon 

Schlech il y aurait 5% de porteurs dans la population générale. On a aussi rapporté 

que 29% des travailleurs de la volaille et 11% des travailleurs de laboratoire de 

santé portaient dans leurs selles le L. monocytogenes. 

Les sources sont variées : ensilage de mauvaise qualité, végétation, sol, rivières, 

vase, déchet d'abattoir, lait de vaches normales ou infectées et excréments 

humains. L'organisme a aussi été isolé chez une grande variété d'animaux. 

Surveillance environnementale et médicale 

La surveillance de cet agent infectieux n'est pas encore généralisée pour la 

population. Dans les milieux de travail à risque, des prélèvements et des cultures 

devront être faits au besoin. Les décisions pour le retrait préventif de la travailleuse 

enceinte ou qui allaite devront être basées sur ces évaluations si on désire retirer 

la travailleuse avec preuve à l'appui. 



Listériose 
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I Curren t Review 

Listeria monocytogenes: 
a foodborne pathogen 
Jeffrey M . Farber, MSc, PhD 
Joe Z. Losos, M D , D E C H , FRCPC, F A C P M 

Listeriosis, caused by Listeria monocytogenes, 
appears to be increasing in incidence world* 
wide. The disease is of great concern to the food 
industry. A recent outbreak in California was 
linked to the consumption of Mexican-style soft 
cheese and involved more than 300 cases, 30% of 
which were fatal. L. monocytogenes can be 
found in a variety of dairy products, leafy 
vegetables, fish and meat products. It can grow 
in refrigerated foods and is more heat resistant 
than most vegetative microbes. The epidemio-
logic features of listeriosis are poorly under-
stood, and the minimum infectious dose is 
unknown. Those predisposed to listeriosis in-
clude immunocompromised people and preg-
nant women and their fetuses. Meningitis, spon-
taneous abortion and septicemia are the primary 
manifestations of the disease. Early recognition 
is critical for successful treatment, and ampicil-
lin is the preferred drug. Listeriosis should be 
considered in any febrile patient with neurolog-
ic symptoms of unknown origin, as well as in 
women with unexplained recurrent miscar-
riages, premature labour or fetal death. A food 
source should be the prime suspect if any 
isolated case or outbreak occurs. 

La fréquence des infections à Listeria monocyt-
ogenes est en augmentation apparente dans le 
monde entier et inquiète fort l'industrie alimen-
taire. Une épidémie récente en Californie, de 
plus de 300 cas dont 30% mortels, était reliée à 
l'ingestion d'un fromage à pâte molle de type 
mexicain. Ce microbe se trouve dans nombre de 
produits laitiers, de légumes dont on consomme 
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les féuillés, de poissons et de viandes. Il peut se 
multiplier sous réfrigération et se montre plus 
résistant à la chaleur que la plupart des micro-
bes végétatifs. Les caractéristiques épidémiolo-
giques des listérioses sont mal comprises; la 
dose infectieuse minimale n'a pas été détermi-
née. Sont prédisposés à la listériose les sujets 
immunocompromis et les gestantes et leurs foe-
tus. Elle se manifeste surtout par des ménin-
gites, des fausses-couches et des septicémies. Le 
diagnostic précoce est de première importance 
pour le succès du traitement, qui se fait de 
préférence par l'ampicilline. II faut penser à une 
listériose devant tout malade fiévreux qui 
présente des symptômes neurologiques de cause 
inconnue et chez toute femme accusant des 
fausses-couches, des naissances prématurées ou 
des morts-nés à répétition et inexpliqués. Que le 
cas soit isolé ou qu'il s'agisse d'une épidémie, il 
faut chercher surtout du côté d'une contamina-
tion alimentaire. 

A t least four outbreaks of listeriosis have 
been associated with food wi th in the last 7 
years.1-4 Listeria monocytogenes, first iden-

tified in 1926, by Murray and associates,5 has 
suddenly emerged as a significant pathogen that 
can be found in a variety of foods. These outbreaks 
and the recorded incidence rates among humans 
probably represent only a small proportion of the 
actual cases. This review should-stimulate attempts 
in Canada to link the diagnosed cases of listeriosis 
with the consumption of specific contaminated 
foods. 

Historical review 

The first confirmed case of L monocytogenes 

infection in Canada was reported in 1951 in a 
pregnant woman who had been in the country for 
1 year after emigrating from Russia.67 Since then 
reported cases in Canada have been sporadic 
except for an outbreak of 41 cases in Nova Scotia 
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in 1981.4 A total of 381 cases have now been 
documented in Canada (Laboratory Centre for 
Disease Control ^fteCDC), Department of National 
Heal th and Welfare, Ot tawa: unpublished data).6 -8 

Infections are reported throughout the year but 
occur more frequently in the summer. Some re-
ports have suggested an increased incidence rate 
among people w h o are immunocompromised,8 but 
the findings have been inconclusive. 

Except for the outbreak in Nova Scotia, which 
involved contaminated raw cabbage, food con-
sumption has not been implicated as a possible 
mode of transmission in Canada. Given the ubiqui-
tous nature of the organism, environmental or 
occupational exposure is usually the source of 
infection. Between 1971 and 1984, 28' deaths were 
attributed to listeriosis, 7 being reported in 1984 
( L C D C : unpublished data). There was a slight 
increase in the number of cases between 1982 and 
1984, but this may have been due to the Nova 
Scotia outbreak and not a real increase in inci-
dence. Data on the population at risk are unavaila-
ble; therefore, risk-specific attack rates cannot yet 
be calculated. 

The studies of Schlech and colleagues4 have 
suggested that L. monocytogenes is carried by 5 % 
of the general population. Fecal carriage has been 
reported in 2 9 % of poultry workers and in 7 7 % of 
public health laboratory workers involved in L 
monocytogenes isolation.9 The public health im-
portance of h u m a n fecal carriage is not known. 

Biologic features 

L. monocytogenes is a gram-positive, micro-
aerophilic, asporogenic.bacillus that has a charac-
teristic tumbl ing motil i ty between 2 0 ° C and 2 5 ° C 
and that produces slight /3-hemolysis on sheep-
blood agar. It can grow at a variety of tempera-
tures, from 1 ° C to 45°C, 1 0 and thus can thrive in 
foods kept at refrigeration temperatures. 

In the laboratory Listeria can frequently be 
missed or misidentified.1 1 1 2 One must be careful 
not to overlook Listeria as a contaminating organ-
ism, especially w h e n symptoms and conditions 
suggest listeriosis. The characteristics that dis-
tinguish Listeria from other morphologically simi-
lar organisms are listed in Table I. 

There are 16 recognized serotypes,10*13 g iven 
that there are at least 15 different " O " (or somatic) 
antigens and 5 " H " (or flagellar) antigens. Sero-
types l / 2 a , 1 / 2 b and 4b account for more than 
9 0 % of the cases reported worldwide.1 4 

A phage-typing system has helped in the 
epidemiologic investigations of foodborne out-
breaks of listeriosis. The major system now used 
allows identification of 5 4 % of the serogroup 1 / 2 
strains and 7 7 % of the serogroup 4 strains of L. 

monocytogenes.15 However , a recent report has 
suggested that the phage type of a given Listeria 

strain can change wi th time.16 Thus, the current 
phage-typing system must be modif ied, or an 
alternative to phage-typing must be developed. 
Several researchers at the Centers for Disease 
Control (CDC) , Atlanta, are investigating a method 
that involves isoenzymes to differentiate the 
strains. 

Source 

L monocytogenes can be isolated f rom a 
variety of sources: poor-quality silage, vegetation, 
soil, sewage, stream water, mud, slaughter-house 
waste, milk of normal and mastitic cows, and feces 
of healthy humans. In addit ion, the organism has 
been isolated from at least 37 species of mammals 
and 17 species of fowl, flies, ticks, fish a n d 
crustaceans.10*14 

Pathogenicity 

The tests for pathogenicity include the abil i ty 
to cause keratoconjunctivitis in guinea pigs ( A n -
ton's test), toxicity in chick embryos and death in 
mice.17 

Virulence factors 

M a n y potential virulence factors have been 
identified in the literature; these m a y or m a y not 
be important to the overall pathogenicity of L. 

monocytogenes,18 The more important factors ap-
pear to be a monocytosis-producing agent,5'19 a 
i ipopolysacchar ide- l ike mater ia l , 2 0 ' 2 3 h e m o l y -

Tablel ̂ — Characteristics of Listeriamonocytogenes'.anïl morphologically stmi la ramier 6 organisms l^:»^'.;'.,;,»-; 
' • > . . i^ •.••„;•• :- ' • • î J .̂•'A.'̂ T . .. • . . 1 ' • i ••>.-• " . 

.Characteristic' 'Uv. .. -, . • i . . • »"<..'» < v . - i . - - ' *v i : , : ^ 
^ V V ' V ^ ? * * Morphologic . • • * 

Organism • • - VV, ' . . f e a t u r e s " (at220C|'~lf^Hembly?is ' . production : Jenrnéntatiôn . : fomentation-

' * " r^ds-i tv-à 
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sin(s)24"26 and oxygen species such as hydrogen 
peroxide and superoxide.27-28 

Heat resistance 

An early study by Beams and Girard29 showed 
that L monocytogenes may be able to survive 
pasteurization if present in fresh milk at concentra-
tions of more than 5 X 104 organisms/ml. More 
recent studies have shown that the organism can 
survive the heat associated with the spray-drying 
of skim milk and the manufacturing of cottage 
cheese.30-31 Conversely, Bradshaw and collabora-
tors32 and one of us (J.M.F.: unpublished data, 
1987) found that L. monocytogenes could not 
withstand pasteurizing temperatures. 

The organism may be able to survive pasteur-
ization because it resides within leukocytes, which 
apparently provide some form of protection. To 
test this hypothesis, the milk from cows inoculated 
with listeria was subjected to pasteurizing temper-
atures;33 Listeria was found to survive pasteuriza-
tion in some instances, but how closely the experi-
ments resembled natural conditions is unknown. 
Studies of the milk from cows that are naturally 
infected with L. monocytogenes are under way at 
the Health Protection Branch. 

Outbreaks of foodborne infection 

A large outbreak in Halle, East Germany, 
between 1949 and 1957 was linked to the con-
sumption of unpasteurized milk (sour milk, creams 
and cottage cheese were also considered possible 
sources);34 this appears to be one of the first 
documented reports of listeriosis linked to food 
consumption. 

From 1979 to 1985 four food-associated out-
breaks were reported in North America (Table II). 
O f the 23 patients described by Ho and coworkers3 

5 died; however, only 2 died from listeriosis. 
Interestingly, the use of antacids was found to be a 
risk factor for listeriosis; the neutralization of 
gastric acids may play an important role in the 
initial survival of the organism after ingestion. 

The cabbage responsible for the outbreak in 
the Maritimes in 19814 had been grown in fields 
fertilized with compost and raw manure from a 
flock of sheep known to have had listeriosis. 

Table II — Documented outbreaksof listeriosis associ-
a ted with food in North America ; ' 

' Location, " ~ . ^ ' v ' . . . ' • V.V ^ I " . 
year ' Food"' " n land'deattfs) : 

Boston, 1979® 

Nova Scotia, 19814 

Massachusetts, 1983' 
California. 19851 

In the outbreak linked to pasteurized milk in 
Massachusetts in 19832 the milk in the bulk tank of 
one of the farms supplying the incriminated pro-
cessing plant contained L. monocytogenes serotype 
4b, which was also identified in 32 of the 40 
isolates from cases. 

In the spring of 1985 there was a large 
outbreak of listeriosis centred in California that 
was linked to the consumption of a Mexican-style 
soft cheese produced by a company in California.1 

Investigation of the manufacturing plant revealed 
that some of the raw milk might not have been 
pasteurized. It was extremely fortunate that most 
of the cases involved mothers and their infants 
who presented to the same hospital; otherwise, the 
outbreak might have been missed. 

All four of the food-related outbreaks in North 
America were caused by L monocytogenes sero-
type 4b; this serotype may therefore be more 
pathogenic than the others.3 

Food surveys 

The California outbreak in 1985 prompted 
surveys of various cheeses sold in the United 
States and Canada. L. monocytogenes was detect-
ed in soft and semisoft cheeses from two manufac-
turers in the United States, one manufacturer in 
Canada and four plants in France.35-36 In addition, 
recent surveys of dairy products in the United 
States have resulted in recalls of certain ice creams, 
sherbets, chocolate milk and ice-milk products.37-38 

The Health Protection Branch failed to identify any 
contaminated cheese produced in Canada; howev-
er, two brands of semisoft cheese from France were 
found to be contamined with L. monocytogenes 

(J.M.F.: unpublished data, 1986). 
Listeria has now been found in raw and 

possibly pasteurized milk,2-39 cheeses,35-36 ice cream, 
sherbet, chocolate milk and ice-milk products,37-38 

leafy vegetables,3-4 Fish,14 raw meats and chicken,18 

and fermented sausage.40 

Listeriosis in humans 

People predisposed to Listeria infection in-
clude pregnant women and their fetuses, new-
boms, recipients of immunosuppressive or cortico-
steroid therapy, those with underlying diseases 
such as cancer, hepatitis and alcoholism, and those 
undergoing long-term hemodialysis.41 Neonatal lis-
teriosis accounts for the largest recognized group 
of infections due to L. monocytogenes.42 

The primary manifestations of listeriosis in-
clude meningitis, spontaneous abortion and septi-
cemia. Peritonitis, local abscess formation, endo-
carditis, urethritis, endophthalmitis, conjunctivitis, 
hepatitis, arthritis and cutaneous lesions have also 
been reported.14-41-43-44 

Pregnant women with listeriosis present with 
a mild illness that resembles influenza. The fetus is 

Lettuce, celery 23 ' (5) 
tomatoes' - •''̂ •r-r ' 

Coleslaw 41 (18) 
. Pasteurized milk v i 4 9 (14) 

Mexican-style 314 ( 105) 
soft cheese . : 
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usually aborted spontaneously if it is infected 
during the first trimester; if infection occurs later in 
the pregnancy the fetus may be stillborn or the 
newborn baby acutely ill. In neonatal listeriosis 
two distinct clinical syndromes are usually present. 
An early-onset syndrome, which is primarily septi-
cemic, is associated with low birthweight, and is 
characterized by increased neonatal mortality rates 
(30%) and a higher frequency of reported obstetric 
complications. The late-onset or meningitic form of 
the disease occurs in infants of normal birthweight 
and is characterized by a low death rate (10%) and 
no obstetric complications.42 

C D C has now classified listeriosis as a reporta-
ble disease; L C D C is trying to follow suit. Avail-
able data indicate that L. monocytogenes is infre-
quently identified as a human pathogen. Most 
infections are probably asymptomatic and develop 
in vaginal, cervical or intestinal tissues.6 The inci-
dence rate is increasing world wide,18'41'45 possibly 
because of the increased awareness of the disease, 
the frequency of organ transplantation, the increas-
ing number of cancer patients and the increasing 
size of the elderly population. 

Although there is no general agreement on the 
best therapy for listeriosis, ampirillin, with or 
without an aminoglycoside, is still recommended.46 

Trimethoprim-sulfamethoxazole was found to be 
effective in controlling meningitis due to L. mon-

ocytogenes.47 

Immune response 

Protection against listeriosis clearly seems to 
rely on cellular rather than humoral immunity.46 In 
mice resistance against infection is regulated genet-
ically and can be divided into three phases.49 The 
first phase depends on the presence of fixed or 
resident macrophages in the tissue. Studies have 
shown that the macrophages wil l destroy about 
9 0 % of the organisms that are present initially; the 
remaining bacteria grow logarithmically within 
susceptible macrophages in the liver and the 
spleen, maximal numbers being reached 48 to 72 
hours after the initial exposure.50 

The second phase of resistance in mice in-
volves the accumulation of monocyte-derived in-
flammatory macrophages. There is a prompt influx 
of these cells, which are able to control the rapid 
bacterial growth. Susceptible mice have a shortage 
of these macrophages at the site of infection. The 
inflammatory response seems to be triggered by 
the listerial resistance gene.51 

The third phase of resistance results in the 
elimination of the organism and depends on the 
accumulation of immunologically activated macro-
phages.52-53 

Serologic tests 

Although a number of tests have been des-
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cribed for the serologic diagnosis of listeriosis, the 
agglutination assay remains the standard method 
of detecting antibodies to L. monocytogenes.5*'*6 

The use of serologic tests for diagnosing Lis-

teria infections seems to be of limited value, 
however. Newborns and immunocompromised 
people may not show an increased antibody titre. 
L monocytogenes antigens will cross-react with 
the antigens of other gram-positive bacteria57-58 

(most notably Staphylococcus aureus and Strepto-

coccus faecalis); therefore, even patients with no 
previous exposure to Listeria may have a substan-
tial Listeria agglutination titre. There appears to be 
no change in the antibody production from IgG to 
IgM during the course of infection; therefore, I g M 
cannot be used as an indicator of recent.infection.56 

Detection of Listeria in foods 

There is no acceptable method being used to 
isolate Listeria from foods, although several prom-
ising new methods have been described.39,59-62 The 
cold enrichment procedure,63 in which samples are 
kept at 4 ° C and subcultured weekly for up to 6 
months, still appears to be the most sensitive 
method. However, a more rapid and sensitive test 
must be developed to detect Listeria in foods. 

Surveillance in Canada 

Listeriosis is a notifiable disease in only two 
provinces, neither of which has to report the cases 
to LCDC. However, contact between federal and 
provincial laboratories is constant, so that record-
ing of confirmed cases is probably good. Less 
severe illness possibly goes undiagnosed, and early 
termination of pregnancy without fetal sepsis, or 
unsuspected cases ending in stillbirth, do occur. 
The difficulty in identification and the lack of 
specificity of the serologic tests have resulted in an 
incomplete epidemiologic picture of listeriosis in 
Canada. 

A survèillance program for L. monocytogenes 

infection in Canada is being planned by the 
Department of National Health and Welfare to 
determine the public health importance of food 
contamination. A specific objective is to identify 
infected patients and their surrounding controls by 
variables that may lead to an elaboration of impor-
tant links between infection and specific foods. A 
reference laboratory wi l l be established to assist 
with identification of the organism and wi th sub-
typing (serotyping, phage typing and isoenzyme 
typing) for epidemiologic purposes. 

Overview 

Even though the source of most Listeria infec-
tions is unknown, the evidence of foodbome 
transmission in humans is now quite convincing. 



T h e o r g a n i s m s ' chances o f s u r v i v a l increase i f t h e 
gastr ic a c i d i t y is r e d u c e d because o f an tac ids o r i f 
t h e f o o d p r o v i d e s s o m e p r o t e c t i o n against t h e 
gastr ic acid.3 '6 4 O n c e i n t h e in tes t ine t h e bacter ia 
p o s s i b l y a r e t a k e n u p b y M cel ls ( m e m b r a n o u s 
e p i t h e l i a l cel ls) a n d t r a n s p o r t e d to t h e u n d e r l y i n g 
l y m p h o i d tissue, w h e r e t h e y are d e s t r o y e d b y 
monocytes . 6 5 - 6 6 T h e a b i l i t y o f a n o r g a n i s m to be 
t r a n s p o r t e d b y M cells has b e e n cons idered to be a 
p o s i t i v e v i r u l e n c e factor, as it a l l o w s easy e n t r y 
i n t o t h e b o d y . 6 7 

O n l y a f e w p e o p l e ac tua l l y acqu i re listeriosis; 
i n h e a l t h y p e o p l e the in fec t ion is a p p a r e n t l y con-
t r o l l e d b y a c t i v a t e d m a c r o p h a g e s , but occasional ly 
i l lness d e v e l o p s . 

Because o f t h e lack o f i n f o r m a t i o n o n t h e rate 
o f c o n t a m i n a t i o n o f foods a n d o n t h e risk of 
i n v a s i v e d isease a m o n g suscept ib le p e o p l e exposed 
to t h e o r g a n i s m , it is d i f f i cu l t to r e c o m m e n d the 
a v o i d a n c e o f par t icu lar foods b y h i g h - r i s k groups. 
H o w e v e r , t h e o f t e n fata l consequences in these 
g r o u p s , t h e a b i l i t y o f L. monocytogenes to g r o w in 
r e f r i g e r a t e d foods a n d t h e possible surv iva l of 
o r g a n i s m s i n s o m e h e a t - t r e a t e d p roducts s h o u l d be 
o f ser ious c o n c e r n to h e a l t h professionals . 
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ABSTRACT 

Processing plant air is a source of post-pasteurization con-
tamination of dairy products. Utile is known about the extent lo 
which biological aerosols contaminate pasteurized products, 
however evidence indicates that air within a packaging area is a 
critical control point for both pathogens and spoilage microorgan-
isms Consequently, it is important to understand the character-
istics of biological aerosols, learn how to control the.r occur-
rence and discover practical and valid monitonng methods. 
Methods used for monitoring viable particles in air include the 
use of sedimentation plates, impingers, slit and sieve impactors, 
filters, and centrifugal samplers. Each of these methods has 
limitations on its usefulness for dairy plant air monitoring. 
Microorganisms are often injured due to the stresses of the 
aerosolized state and consequently may not grow on selective 
media Sampling methods such as impingement and filtration 

• which subject the organisms to additional stress may cause suf-
ficient injury to prevent growth on non-selective media. How-
ever gentler collection methods such as centrifugal samplers 
may* not generate enough force to collect the smallest viable 
particles. Aerosols are generated within the dairy plant by worker 
activity, sink and floor drains, water spraying, and air condition-
ing systems. Environmental sanitation, air filtration, air flow 
control and control over personnel cleanliness and activity are 
useful control measures. The adoption of "clean room" design 
principles for a packaging area will aid in controlling biological 
aerosols in new dairy processing plants. 

Air has been recognized as a source of microbial 
contamination in dairy processing plants sincc the early 
1900's. Recently, increased emphasis is being given to 
improving air quality in dairy plants as a means of enhanc-
ing product safety and increasing shelf-life, Air quality in 
the packaging area is a critical control point in the process-
ing of dairy products. Therefore methods for monitonng a.r 
should be established along with appropriate limits on viable 

particle levels. 
The various proposed monitoring methods each have 

limitations that the user should be aware of. Monitoring 
effectiveness depends to a great extent on the monitoring 
methods used and the nature of the aerosol present. Al-

'Animal and Dairy Science Department 

though at this time, there are no clear cut answers to the 
dairy industry's air monitoring challenge, this paper will 
summarize the available information for m a k i n g judgments 
regarding research, quality control methodology and in-
dustry standards. 

BIOLOGICAL AEROSOLS 

An aerosol can be defined as a suspension of micro-
scopic solid or liquid particles in. air or gas such as smoke, 
fog or mist. Biological aerosols include bacteria, yeasts, 
molds, spores of bacteria and molds, viruses and pollen. 
The size of aerosol particles generally range from 0.5 to 
50 Jim. Particle size is the major factor influencing aero-
dynamic behavior. 

Aerodynamic behavior of aerosols 

Aerosols exhibit complex aerodynamic behavior result-
ing from a combination of physical influences that include 
Brownian motion, electrical gradient, gravitational field, 
inertial force, electromagnetic radiation, particle density 
thermal gradients, hygroscopicity and humidity. Some of 
these physical forces such as gravitational field, electrical 
gradient, inertial force and thermal gradients are taken 
advantage of in aerosol sampling. Behavior of microbio-
logical aerosols is governed by both physical and biological 
attributes. The physical factors control where, how and in 
what quantities the particles reach a particular landing site. 
Molecular motion, gravitational, thermal and electrostatic 
fields play important roles as docs humidity. Inertial forces 
and fluid dynamics are primary influences in the landing 
process while interactions with electromagnetic radiation 
can be utilized for particle sizing, observation and analysis. 
This topic has been reviewed by Cox (20). 

Biological injury resulting from the aerosol condition 

The most important biological attribute of an aerosol is 
the degree of sublethal or lethal damage to the biological 
particles dispersed in the air. Biological stresses occur during 
aerosol generation (artificial or natural), aerosol dispersal, 
and aerosol collection or landing. These stresses are gener-
ally assumed to be sublethal when considered individually. 
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but when combined with other environmental stresses such 
as dehydration, hydration, irradiation, oxidation from oxy-
gen or ozone, and effects of various pollutants, the result is 
often lethal. Stersky et al. (68) measured the inactivation of 
Salmonella newbrunswick aerosolized under various condi-
tions. Distilled water dissemination in the first 20 min 
resulted in D-values ranging from 41 min at 2 I°C and 30% 
relative humidity (RH) to 206 min at 10°C and 90% RH. 
Skim milk dissemination at I0°C resulted in D-values rang-
ing from 245 min to 404 min at 90% and 30% RH and at 
2 I ° C from 164 to 470 min. Aerosolization is stressful for 
most vegetative cells so additional stresses from collection 
procedures and growth media must be minimized. Aerosol-
ized organisms have been subjected to mechanical or physio-
logical damage which reduces recovery on selective media. 
Stersky and Hedrick (66) tested the growth inhibition of 
various combinations of selective media on airborne bacte-
ria. The ratio of Escherichia coli colonies on violet red bile 
(VRB), desoxycholate (DES), MacConkey (MAC) agar with 
overlay, standard plate count agar (SPC) overlay on VRB, 
and SPC overlay on DES to the colonies on SPC was less 
than 4%. Eosin methylene blue agar showed excellent 
recovery (122%) compared to SPC. Tergitol and endo agar 
recovered 23 and 40% respectively. Recovery of Pseudo-

monas spp. on modified selective media was greater than 
that of coliforms. Recovery rates of airborne Salmonella 

newbrunswick ranged from <1% on Salmonella-Shigella agar 
to 118% on MAC/SPC. Recovery rates were somewhat 
improved by impinging onto SPC agar followed by over-
laying with the selective media. Recommended non-selec-
tive media for overall microbial recovery include trypticase 
soy agar, brain-heart infusion agar and Meuller-Hinton agar. 
These media may also be fortified with blood to neutralize 
anti-microbial compounds that may be carried into the 
sampler (44). 

Collection fluids are used for some types of aerosol 
samplers (liquid impingers). The selection of a liquid col-
lection medium is dependent upon the particular organism 
being isolated. In quantitative studies a medium must be 
employed which will minimize boih multiplication and death 
of the organism. The common collection media include 
buffered gelatin (71), phosphate buffer (48,75),2% peptone 
water (22), nutrient broth (25) and gelatin-milk broth (46). 

Factors involved in experimental techniques 

Research on biological aerosols often includes gen-
eration, storing and collection of aerosols. Some factors in 
addition to sublethal injury which will influence experi-
mental results arc as follows: Strain of microorganism. 

Vegetative cells are more susceptible than spores to aerosol 
stress. There may be substantial strain variation for any 
given species. Growth conditions. The growth medium and 
growth phase influence susceptibility of the microorganism 
to aerosol stress. Aerosol generation. The degree of shear 
stress influences viability, especially for vegetative cells. If 
high viability aerosols are to be generated artificially, a low 
shear force aerosol generator such as spinning top, vibrat-
ing needle, or Bcrglund-Liu vibrating orifice aerosol gen-

erator should be chosen (20). Two fluid (air-liquid) atom-
izers (e.g. Collision atomize&(I9)) were first choice dis-
persera in ihe past, but they impose high shear stress. 
Aerosols behave differently when generated by wet and dry 
methods. Aerosol particle size. Particle size continuously 
changes during aerosol storage and collection. Size may 
decrease through evaporation and collision, and may in-
crease through agglomeration and absorption. Spray fluids. 

When the growth medium and the spray fluids are different, 
the spray fluid may affect viability. Stersky et al. (68) found 
that Salmonella which were aerosolized from skim milk 
had greater D-values than those aerosolized from distilled 
water. Aerosolization of coliforms with skim milk as op-
posed to distilled water resulted in growth of more colonies 
on selective media (66). Spent culture fluids, di- and tri-
saccharides and the polyhydric alcohols, sorbitol and inositol 
provide the best protection from aerosol generated forces 
(20). Aerosol storage. In order to study the fate of microbes 
in aerosol, the aerosol should be stored for an extended 
period of lime under specific conditions such as known 
relative humidity, irradiation, etc. Special techniques or 
apparatus such as the vertical wind tunnel (24), microthread 
apparatus (5I)% or rotating drum (30) are required. Aerosol 

collection methods. Collection methods greatly influence 
ihe recovery of viable panicles. A discussion of the prin-
ciples applications, advantages and limitations of these 
methods follows. 

AEROSOL SAMPLING METHODS 

Methods for sampling airborne microorganisms are 
basically the same as the methods used to sample dust and 
other airborne particulates. Existing samplers have been 
modified for the recovery of living biological agents so that 
the viability of the microorganism is preserved without 
permitting growth. Dimmick and Akers (23) stale "Ideally, 
an aerosol sampler for microbiological assay should be 
capable of counting the total number of living airborne 
panicles in a unit volume of air, as well as determining the 
number of viable units per panicle and the size of the 
particles containing such units. However, this presupposes 
that 100% of the airborne cells, living or dead, can be 
physically separated from air without killing them during or 
after sampling." Such a sampler has not yet been designed 
(44). 

Most of positive samplers (impingers, impactors, fil-
ters. etc.) need vacuum for sampling air. The vacuum pump 
exhaust must be isolated from the area being sampled, as it 
may cause erroneous results. Seven types of commercially 
available aerosol samplers are listed in Tabic I . 

Sedimentation methods 

The exposure agar plate and microscopic slide expo-
sure methods rely on the force of gravity (if thc microor-
ganism containing panicles are greater than 10 pm) and 
air currents (all sizes by random chance) to deposit par-
liclcs on a non-selective or selective agar surface. Results 
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T A B L E I. Commercial sources of aerosol samplers. 
Impingers 
All-Glass Impinger 30 and Pre-lmpinger; Acc Glass, Inc.. P.O. 

Box 688, Vineland, NJ 08360. 
Midget Impinger w i th Personal A i r Sampler; Supclco Inc., 

Supclco Park..BelIcfoute, PA 16823-0048. 
May 3-stage Glass Impinger; A. W. Dixon Co., 30 Anerly Siation 

Road, London S.E.20, England. 

Impactors (slit type) 
Casclla single slit and four slit sampler; BGI Incorporated. Air 

Sampling Instruments, 58 Guinan Street. Waliham, MA 02154. 
Mattson-Garvin a i r sampler; Mattson Garvin Company. 130 

Atlantic Drive, Maitland, FL 32751. 
New Brunswick STA A i r Sampler; New Brunswick Scicntiftc 

Company, Inc., P.O. Box 986. 44 Talmadgc Road, Edison. NJ 
08817. 

Impactors (sieve type) 
Andersen 6-stage, and 2-stage samplers; Andersen Samplers, • 

Inc., 4215-C Wendell Drive, Atlanta, GA 30336. 
Ross-Microban sieve air sampler; Ross Industries, Midland, VA 

22728. 
Personal Particulate, Dust, Aerosol Collector; SKC Inc.. 334 

Valley View Road. Eighty Four, PA 15330. 

Filtration samplers 
Mil l ipore membrane filterfield monitor; Millipore Corporation. 

Bedford, M A 01730. 
Gelman membrane f i l ter air sampler; Gelman Sciences Inc., 

600 S. Wagner Road, Ann Arbor, M I 48106. 
M S F 37 moni tor ; Micro Filtration Systems, 6800 Sierra Court. 

Dublin. CA 94568. 
Satorius M D 8 A i r Sampler; Satorius Filters Inc., 30940 San 

Clemente St., BIdg.. D, Haywaid. CA 94544. 

Centrifugal samplers 
RCS Centr i fugal sampler; Folex-Biotest-Schleussner, Inc.. 6 

Daniel Road East, Fairfield, NJ'07006. 

Electrostatic precipitation samplers 
LVS sampjer; Sci-Med Environmental Systems Inc.. 8050 Wallace 

Road. Eden Prairie. M N 55344. 
General Electric electrostatic air sampler; General Electric 

Co., Lamp Components & Technical Products Div., 21800 
Tungsten Road. Cleveland. OH 44117. 

Thermal precipitation samplers 
Thermal precipi tator, hot wire; Case)la London Ltd., Regeni 

House, Britannia Walk. London NI 7ND. 

are obtained as cfu or panicles/min. Particle size distribu-
tion may be obtained by direct microscopic examination. 

The 15th edition of Standard Methods for the Exami-
nation of Dairy Products (14) classifies sedimentation as 
a Class D method and recommends 15 min exposure of 
standard size (90 mm diam) Petri plates containing Stan-
dard Methods Agar or a selective medium. After exposure, 
plates are incubated according to the appropriate proce-
dure. In addition, microscope slides coaled with agar can 

be exposed and particles counted using a microscope. This 
technique is only used for total particulate counts. 

Limitations. Sedimentation methods are easy, inexpensive, 
and collcct particles in their original state. The major dis-
advantages are their inability to measure airborne micro-
organisms quantitatively, i.e. number of viable particles/ 
cu ft, and the relatively long sampling period that is required. 
Viable aerosol counts by this method are not at all, or only 
weakly correlated with the counts determined by other 
quantitative methods (61). Air movement will influence 
the deposition of the particles so that particle-size distri-
bution may indicate a greater number of large particles 
than is actually present. 

Impinger methods. Impinger methods use a liquid (simple 
salt solutions, with additives such as proteins, antifoam, or 
antifreeze) for collection. When the air is dispersed through 
the liquid, particles in the air are entrapped. Quantitation 
of airborne microorganisms is accomplished by diluting 
and plating the collection fluid or by using a membrane 
filtration plating technique when the expected microbial 
load is low. In high velocity liquid impingers, air is drawn 
through a small jet and is directed against a liquid surface 
with the resulting collection of suspended particles in the 
liquid. 

All Glass lmpinger-30 sampler. The Al l Glass Impinger-
30 (AGI-30, Ace Glass Inc.) sampler is a high velocity 
impinger widely used for air sample collection (Fig. 1). 
The jet is held 30 mm above the impinger base and consists 
of a short piece of capillary tube designed to reduce cell 
injury. The AGI -30 sampler operates by drawing aerosols 
through an inlet tube curved to simulate the nasal passage 
(20). This makes it especially useful for studying the 
respiratory infection potential of airborne microorganisms. 
The usual sampling rate is 12.5 L/min?'When it is used for 
recovering total airborne microorganisms from the envi-
ronment, the curved inlet tube should be washed with a 
known amount of collecting fluid after sampling since larger 
particles (i.e. over 15 | im diam) are collected on the tube 
wall by inertial force. 

Impingement methods are highly efficient for particles 
greater than I nm when high jet velocities are used. 

This is a Class B method in the 15th edition of Stan-
dard Methods for the Examination of Dairy Products (14). 

Limitations. The impinger is inexpensive and simple to 
operate, but viability loss may occur due to the amount of 
shear force involved in collection. The air stream approaches 
sonic velocity when particulates impinge on the collection 
fluid, resulting in almost complete collection of suspended 
particles; however, this condition tends to cause the de-
struction of vegetative cells ( I ) or may result in overesti-
mation due to the dispersion of dust particles and the breaking 
up of clumps of bacteria (6/). Another limitation is that 
the glassware should be sterilized before each sampling. 
Also, the apparatus is easily broken. 
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Figure I. The AU Glass Impinger-30 (AGl-30). 

Impaction methods. Impaction usually involves the collec-
tion of microbial aerosols on an agar surface, but dry or 
coaled surfaces may be used for special purposes such as 
particle size determination. An impactor consists of an air 
jet that is directed over the impaction plate so that "par-
ticles collide with and stick onto the surface. There are 
two types of impactors, slit samplers (e.g. Casella slit 
sampler) and sieve samplers (e.g. Andersen multistage sieve 
sampler. Fig. 2). 

This is also a Class B method in the 15th edition of 
Standard Methods for ihe Examination of Dairy Products 
(14). 

Slit sampler. Thc slit sampler usually has a tapered slit 
which produces a jet stream when thc air is sampled by 
vacuum. Thc slit sampler may have a lurn-lable for ro-
tating the agar plate so that aerosol particles are distrib-
uted evenly on ihe agar surface. Some slit samplers have 
a timing device on ihe turn-table which allows continuous 
monitoring of airborne viable panicles count (e.g. New 
Brunswick STA sampler). These samplers will collect 
particles which are greater than 0.5 pm in size (44). 

Figure 2. A. Andersen Multistage Sieve Sampler, li. Schematic 
cross-section ofthe Andersen sampler. (Courtesty of Andersen 
Samplers Inc.). 

Sieve sampler. Sieve samplers are operated by drawing air 
through a large number of small, evenly spaced holes drilled 
in a metal plate (sieve). The suspended particles are impacted 
on an agar surface located a few millimeters below the 
perforated plate. There are single stage (e.g. Ross Micro-
ban sampler) and multistage sieve samplers (e.g. Andereen 
sampler). A multistage sieve sampler consists of a series 
(2, 6 or 8) of stacked sieves and plates each with succes-
sively smaller holes. This causes increased particle velocity 
as air flows through the apparatus. Large particles impact at 
the initial stage and small particles follow the air flow until 
accelerated sufficiently to impact ar a later stage (Fig. 2.B). 

When the concentration of viable particles in an aero-
sol is high, one sieve hole may allow more than one viable 
particle to pass through resulting in the formation of single 
colony from two or more viable particles. This inaccuracy 
can be corrected by reducing sampling time or by using 
either the microscopic method or a "positive hole" method 
for enumeration. The microscopic method involves count-
ing particles through a dissecting type microscope before 
colonies merge. The "positive hole" methods, designed for 
the Andersen 2-stage and 6-stage sampler, are essentially a 
count of the jets which delivered viable particles to thc Petri 
plates. This count is converted to a viable particle count by 
the use of thc "positive hole" conversion tables (4,47). 

The multistage sieve sampler provides particle size 
distribution information. The usefulness of this information 
in plant sanitation programs has yet to be determined. 

Limitations. Usually, impaction methods give higher par-
ticle recovery than other methods (27.69.70). Impaction 
resulls in low sampling stresses and after collection sample 
manipulation is not required. Multistage sieve samplers 
are cumbersome to handle and are expensive. The exact 
volume of agar must be poured into all plates aseptically 
so that ihe gap between the sieve and agar surface meets 
the manufacturer's specification. The inside of the sam-
pler and even the outside of prc-poured agar plates should 
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be maintained sterile until sampling, as they can contrib-

ute to contamination. 

Filtration methods. Filters are widely used for aerosol 
sampling due to low cost and simplicity of operation. The 
air filtration apparatus consists of cellulose fiber, sodium 
alginate, glass fiber, gelatin membrane filter ( G M F , pore 
size 3 pm) or synthetic membrane fillers (pore size 0.45 
or 0.22 j im) mounted in an appropriate holder and con-
nected to a vacuum source through a flow rate controller 
(e.g. critical orifice). After a fiber filter is used, the whole 
filter or a section of it is agitated in a suitable liquid until 
the particles arc uniformly dispersed. Aliquots of the 
suspension are then assayed by appropriate bacteriological 
techniques. Membrane filters can either be treated similar 
to fiber fillers or directly placed on an agar surface and 
incubated. 

Gelatin membrane filtration method. The gelatin mem-
brane is water soluble so that it can easily be diluted for 
plating or be solubilized on lop of a nutrient medium resulting 
in bacteria colonies that are easily counted. However, this 
hygroscopic property causes difficulties in sampling due 
to swelling of the membrane when the relative humidity 
is over 9 0 % (64). The large number of pores present in 
these membranes allows a large volume of air to be sampled 
during a short time (2.7 L of air/min/cm2/500 mm water 
column). 

Limitations. Filtration methods are good for enumerating 
mold or bacterial spores. They may not be effective for 
counting vegetative cells because of the stress of cell 
dehydration produced during sampling (26). The shorter 
sampling times used in gelatin membrane filtration may 
reduce this stress. 

Centrifugal methods. Centrifugal force can be used to propel 
aerosol particles onto a collection surface. When the aerosol 
is spun in a circular path at high velocity, the suspended 
particles impact on the collecting surface by a force 
proportional to the particle's velocity and mass. Centrifu-
gal samplers do not generate high velocity jet flow during 
sampling, so less stress is imposed on airborne microbes 
as compared to impingement and impaction methods. 
Centrifugal samplers are simple and easy to operate and 
may be less expensive than impactor types. Generally, 
centrifugal samplers can rapidly sample a high volume of 
air resulting in more representative sampling. 

Limitations. Some devices may noi générale sufficient 
centrifugal force to propel small paniclcs onto the collec-
tion surface. The recovery efficiency of these samplers 
depends on the particle size being sampled and the amouni 
of centrifugal force generated. 

Biotest Reuter centrifugal air sampler. The Reutcr cen-
trifugal air sampler (RCS sampler, Bioiesi Diagnostics Co.) 
is battery operated, portable, light in weight (2.5 lb.) and 

convenient to use (Fig. 3). A plastic strip containing a 
culture medium lines the impeller drum.-Air from a dis-
tance of at least 40 cm is sucked into the sampler by 
means of an impeller. Air enters the impeller drum con-
centrically from a conical sampling area. It is set in rotation, 
and the aerosol impacted by centrifugal force onto the 
agar surface. Air ihcn leaves the sampling drum in a spiral 
outside the cone of entering air. After the sample has been 
taken, the agar strips are incubated and the colonies counted. 
The sampler has a self-timer for sampling from 30 s to 8 
min. The actual sampling rate is 280 IVmin. However, the 
manufacturer has published an effective sampling rate or 
separation volume of 40 L/min for 4 p m particles, a value 
derived from an attempt to reconcile the actual number of 
viable particles collected from an air sample with meas-
urements involving airflow direction, air velocity and 
available collecting surface area. Clark et al. (J8) indi-
cated the effective sampling volume of the RCS sampler 
will vary widely depending on aerosol particle size. Conse-
quently, the results obtained by using this sampler must be 
interpreted with considerable caution. Macher and First (49) 

measured the collection efficiency of RCS sampler and 
found improved efficiency with increasing particie size. 
Particles larger than 15 Jim are almost 100% collected, 
those in the 4 to 6 p m range are collected at 55 - 75% 
efficiency and particles smaller than 1 | im pass through 
the sampler without significant retention. Although RCS 
sampler does not accurately estimate total viable particle 
concentration, Placencia and Oxborrow (58) recommended 
this sampler for good manufacturing practices investiga-
tions. These investigators found that the RCS sampler will 
collect more viable particles than a slit sampler and it 
could detect the difference in the environmental quality of 
each medical device manufacturing facility tested. In 
addition, the RCS sampler effectively detects various types 
of microorganisms (58). 

Electrostatic precipitation methods 

Aerosol particles can be ionized and collected on either 
a positively or negatively charged surface. Electrostalic 
precipitators employ various solid collection surfaces such 
as agar or glass. During ionization of the air sample, oxides 

Figure 3. The Hintvst RCS sampler. 
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of nitrogen and ozone are produced which may be toxic 
to microorganisms. These samplers have a high sampling 
rale, high collection efficiency, and low resistance lo air 
now. They are mechanically complex and must be handled 
carefully. Although several electrostatic precipitators are 
manufactured specifically for sampling microbial aerosols, 
they arc not widely used for this purpose (74). 

Thermal precipitation methods 

Thermal precipitation methods recover panicles based 
on thermophoresis principles in which panicles move away 
from a hot surface toward a colder surface by a force 
proportional to the temperature gradient. These samplers 
can be used for the determination of panicle size distribu-
tion. though they are more effective when collecting small 
particles (less than 1 pm). However, they are not in com-
mon use since precise adjustments are required and air 
sampling rales are quite low (300-400 ml/min). The aerosol 
panicles are usually collected on a glass coverslip or elec-
tron microscope grid, and are subsequently sized and counted 
microscopically (74). 

Additional information on aerosol samplers can be found 
in the following references (UJ0,23JU5J0t69,74). 

Comparison studies on aerosol samplers 

Miliipore and absorbent cotton samplers more efficiently 
recovered mold spores than the A G I - 3 0 sampler (65). Fields 
et al. (27) recommended the use of the membrane filter 
field ( M F ) monitor for estimating airborne microorganisms 
after comparing it with the Reyniers slit air sampler for 
microbiological laboratory and clean room environment 
testing. These results showed that a significantly higher 
number of microorganisms were recovered by the Reyniers 
slit sampler with a high degree of consistency. The M F 
sampler detected 79% of the concentration measured by the 
Reyniers slit sampler and the types of microorganisms 
identified from both sampling methods were similar. 
Chatigny (17) concluded that .4 p m Miliipore filter as an 
air sampler of small panicles may be somewhat more effi-
cient than the A G I - 3 0 sampler, but viable recovery will 
usually be lower except in the case of bacterial spores or 
fungi. Similarly, the Litton (LVS) large volume electro-
static sampler is from 40 to 70% as efficient as the AGI-30 
sampler, but it has a sampling rate approximately 100 times 
greater than thc A G I - 3 0 sampler. 

The Andersen 2-stage impactor was more effective than 
the May 3-stage glass impinger for recovering Escherichia 

coli from aerosol in a waste water plant environment (75). 

Curtis et al. (21) compared the Andersen 8-stage and 2-
stage air samplers for recovery of viable organisms. They 
found that the 2-stage disposable air sampler gave lower 
values for airborne bacterial colony-forming particles than 
did the 8-stage viable air sampler in either a swine bam or 
a classroom. When Lembke et al. (46) tried to devise a 
method to determine the precision of the AGL-30 sampler 
and the Andersen 6-stage air sampler over a wide range of 
aerosol concentrations inside a municipal solid-waste re-
covery system, they found a high degree of variability 

associated with both types of air sampling devices. They 
indicated that slippage of particles from one stage1 "to an-
other stage, panicle fragmentation or agglomeration, and 
wall losses in Andersen 6-stage air sampler, and process-
ing technique in AGI-30 sampler may account for some of 
thc variance. An Andersen 6-stagc sampler, a Casclla slit 
sampler, an AGI-30 sampler, and a filter sampler with 
gelatin membrane filters or ordinary membrane filters were 
lested for collection efficiency with a bacterial aerosol in 
laboratory experiment, in field experiments, and in experi-
ments with skin fragment sampling (48). The Andersen 
sampler gave the highest bacterial counts in all environ-
ments tested. The slit sampler gave significantly lower counts 
only m the aerosol experiments and in one of the field 
experiments. The filters performed efficient sampling in skin 
fragment experiments only. 

Radmore and Luck (61) compared exposure plate, liquid 
impinger and gelatin membrane filtration ( G M F ) methods. 
Air counts determined by exposure of agar plates were not 
at all, or only weakly correlated with the counts determined 
by two other methods. The. relationship between the liquid 
impinger and G M F methods were also not very consistent 
(M) .75 ) . At levels above 1000 microorganisms/m3, the 
impinger method yiejded counts up to 6 times higher than 
the G M F method. They explained this was probably a result 
of the dispersion of dust particles and the breaking up of 
chains and clumps of bacteria during the bubbling of air-
through the impingement liquid. 

In comparative studies of airborne microbial recovery 
rate (22J8J9), the RCS sampler was found to be signifi-
cantly more efficient than a slit sampler or a liquid im-
pinger. The RCS sampler samples air the shape of a sphere 
with a diameter of 1.3 ft-representing an air volume of 
about 1.2 cu ft versus only 0.5 cu ft dimension of air sampled 
by the slit sampler (22). 

Comparison studies of air sampling devices indicate 
that there is often no obvious choice of the correct sampler 
to use. A multistage sieve sampler such as the Andersen 
may be most efficient at viable particle recovery but it is 
not suitable for taking repeated sampling on a routine basis 
and requires a vacuum source. Filter samplers work well for 
quality control monitoring of molds and bacterial spores, 
but bacterial recovery is questionable, depending on the 
extent of dehydration that occurs during sampling. In addi-
lion. a vacuum source is required. Thc RCS sampler is con-
venient to use, creates i:s own air now and recovers bacte-
ria as well as molds. Even though the RCS sampler does 
not recover the smallest viable particles, it is slill useful for 
determining relative air quality on a routine basis. Slit 
samplers may not be as convenient to use as the RCS 
sampler, especially if a vacuum source is required. How-
ever. slit samplers are more efficient at recovering small 
particles. 

S A M P L I N G A N D M E A S U R E M E N T S T A N D A R D S 

Standard Methods for the Examination of Dairy Products 

Thc 15th edition of the Standard Methods for the 
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Examination of Dairy Products (!4) lists no Class A stan-
dard method for testing the microbiological quality of air 
in dairy environments, though there are methods desig-
nated as Class D and B. Favero el al. (26) introduced air 
sampling strategies and various air sampling methods in 
"Compendium of Methods for the Microbiological Exami-
nation of Foods." They pointed out that the first and the 
most important decision is whether air sampling at any 
level is required. I f it is, then quantitative and qualitative 
guidelines should be established which relaie numbers and 
types of microorganisms per volume of air to critical levels 
of product contamination. 

NASA air cleanliness standards 

Favero et al. (26) also suggested that the N A S A air 
cleanliness standards may be used as a reference point after 
experiments to determine suitability. The " N A S A Standards 
for Clean Rooms and Work Stations for the Microbially 
Controlled Environment" (54) defines three air cleanliness 
classes (Table 2). According to the standards, the collection 
methods must conform to "Standard Procedures for the 
Microbiological Examination of Space Hardware ( N H B 
5340.1 or revisions thereof)" which specifies use of a slit 
sampler. 

Federal standard 209C 

Federal standard 209C for "Clean Rooms and Work 
Station Requirements, Controlled Environment" establishes 
standard classes of air cleanliness for airborne particulate 
levels in clean rooms and clean zones. These classes are 
based only on particle enumeration and place more em-
phasis on small particles which are not necessarily viable 
(29). This standard is not useful for food plant applica-
tions. 

Standard reference samplers 

Brachman et al. (9) recommended the AGI -30 sampler 
as a standard reference sampler because of historical use, 
economics, availability and its simple design. On the other 
hand, the American Conference of Governmental Industrial 

T A B L E 2. NASA air cleanliness classes'. 
Test 

Hygienists Committee on Bioaerosols (2) used the An-
dersen multistage air sampler as there fere nee sampler for 
its committee activities and reports. In the pharmaceutical 
industry, the slit sampler is the most widely used device for 
monitoring sterile manufacturing and quality control 
environments ( I ) . 

B I O L O G I C A L AEROSOLS IN D A I R Y PROCESSING 
PLANTS 

Research on the importance of biological aerosols in 
food processing environments is limited and has dealt pri-
marily with the dairy industry. Most research since Olson 
and Hammer's (56) initial contribution has been related to 
the numbers, types, and sources of airborne microorgan-
isms in the dairy plant (12,16373839.455557,70). Little 
research has been reported on the relationship of product 
quality to air quality (5.1 U 3 57) or control of airborne 
microorganisms (8363839.4056,67). Although investiga-
tors have used different methodology, their studies indicate 
that bacteria, yeasts and molds are continuously falling from 
the air in the dairy plant environment. It is evident that 
microbial contamination of dairy products and equipment 
from the air is to be expected under normal operating 
conditions. 

Types and populations of microorganisms 

Data on levels of microorganisms in dairy plants ob-
tained using various methods is presented in Table 3-6. 
Large variations in viable particle levels are found even 
when similar samplers and locations are compared. These 
variations are due in part to differences in facility design, 
air flow, personnel activity and degree of environmental 
sanitation. 

Sunga et al. (70) used both a Casella slit sampler and 
an Andersen (6-stage sieve) sampler to test dairy processing 
areas. Both samplers produced similar results with about 
6 8 % of the total determinations producing bacterial counts 
of over 30 organisms/5 cu ft and a very low population of 
probable Staphylococcus spp., coliforms and yeasts. 

T A B L E 3. Levels of microorganisms found in air of dairy plants 
by exposure agar plate method using 90mm plate (data adjusted 

100 10.000 100.000 to 15 min exposure) 
(3.5) (3501 (3500Ï B a c t e r i a Y c a s i s M o l d s R c f . 

Max. No. of .5 pm and larger 100 10,000 100,000 L o c a t i o n s r a n g e r a n g e r a n g e N o . 

Particles per cu ft (per liter) (3.5) (350) (3500) ( m e a n ) ( m e a n ) ( m e a n ) 

Max. No. of 5 pm and larger 65 700 Market milk areas 1.8-185.8 0-6.3 0.8-64 56 

Particlcs per cu ft (per liter) (2.3) (25) (46.5) ( I D (13.8) Particlcs per cu ft (per liter) 
B u t t e r ureas 4.5-129 0-5.3 0.5-75.5 

Max. No. of Viable Panicles 0.1 0.5 2.5 (41.6) ( L I ) (15.1) 

per cu. ft. (per liter) (0.0035) (0.0176) (0.0884) Cheese ureas 3-171.5 0-10.8 0.8-71.5 per cu. ft. (per liter) 
(36.2) ( I . I ) (12.1) 

Avg. No. of Viable Particles 1,200 6,000 30.000 
16 per sq. ft. (per M3) per week ( 12900) (64600) (323000) 3 dairies 1.5-825 N.D.' N.D. 16 

'NASA standards for clean rooms and work Mations for (he 
45 microbially controlled environment (5*/). Dairy factories >4500-* N.D. N.D. 45 

Statistically unreliable except when a large number of samplings 'No data available. 
is taken. 

2Maximum counts. 
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T A B L E 4. Levels of microorganisms found in air of pasteurized 
milk processing areas using quantitative sampling methods. 

Sampler 

Case! la 

Casella 

Casella 

Andersen 

Andersen 
Andersen 
GMF4 

Bacicria 
range 

(mean) 

Ycasls 
range 

(mean) 

Molds 
range 

(mean) 

Ref. 
No. 

66-334 
(195) 
141-3143 
(1105) 

- c f u pe r m * o f a i r -

12-181 
(70) 

33 

0-141 
(«) 
0-7 
(6) 

(3260+5283)*-4 

(3200)J 

(953) 

34 

70 

51-293 
(145) 
0-4462' 
(1088) 
0-127 
(30) 
92-205 
(138) 
(I812+38I4)412 
(1400) 13 
(258)' 61 

'Yeasts and molds count. 
2Low levels of Staphylococcus spp. and coliforms dctccted. 
3Non-molds count. 
'Expressed as mean+standard deviation. 
5Gelatin membrane filtration method. 

2 m 

T o t a l Air-borne B a c t e r i a 

6 5 4 3 2 1 6 5 4 3 2 1 
Stage of A n d e r s e n M u l t i s t a g e A i r S a a p l e r 

Figure 4. Viable particle size distribution of total bacterial counts 
from various food packaging areas (70). The ranges of particle 
size collected on each stage are: stage /; > 9.2 \im stage 2; 5.5-
9.2 \im stage 3; 3J-5.5 \im stage 4; 2.0-3.3 \im stage 5; 1.0-2.0 
\ym stage 6; <1.0 urn. 

Cannon (12) reported on the viable particle-counts of 
air samples from fluid milk plants with the use of the 
Andersen sampler. He obtained a mean count of 92.3/cu ft 
of non-mold colonies and 51.3/cu ft of mold colonies. From 
non-mold colonies, 25% of these were Gram negative rods 
and 24% of cultures grew in trypticase soy broth in 5 d at 
10°C. 

In subsequent study, Cannon (13) sampled the air in 
the milk processing areas of 10 dairy plants and found an 
average of 32 non-molds and 14 molds/10 L. The bacteria 
isolated were primarily micrococci. Gram-negative rods 
(excluding coliform), bacilli, and corynebacteria. He also 
found a few streptococci, coliform and lactobacilli. Twenty-

five percent of the isolates grew at 10°C in 5 d indicating 
refrigerated spoilage potential. 

Radmore and Liick (61) analyzed 209 samples from 
31 dairy factories. An average of 12.5% of the total count 
consisted of thermoduric organisms and 4 of the 209 air 
samples contained Enterobacteriaceae. None of the samples 
produced viable Staphylococcus aureus. 

- —Olson and Hammer (56), and Cannon (12) concluded 
that bacteria were the most numerous and yeasts the least 
numerous in processing plant air. On the other hand, Heldman 
et al. (37) reported that molds were the most numerous 
with yeasts still being the least numerous. Microbial 
populations can vary widely within and among plants 

methods. 

Bacleria Yeasts Molds YAM1 Rer. 

Locations Sampler range range range range No. 
(mean) (mean) (mean) (mean) 

• cfu per 

Cottage cheese areas Casella 109-242 13-212 133-2361 33 Cottage cheese areas 
(158) (62) (786) 

Casella N.D.1 0-7 7-318 70 
(14) (57) 

Andersen N:D. 0-113 7-127 
(37) (126) 

Andersen 565-3037J N.D. N.D. 11 

Cheese areas slit sampler 24.7-23544 N.D. N.D. 
35-3496 

57 

Casella 106-24791 35-3496 34 

(4086) (1056) 

overall GMF5 (986) (396) 61 

production (1683) (649) 

packaging (2244) (881) 

store (133) (172) 

starter room (701) (35) 

'Yeasts and molds count. 
2No data available. 
vTotal viable particles count. 
'Lactobacilli on 2% plain agar, over which a layer of selective acetate agar medium. 
'Gelatin membrane filtration method. 
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T A B L E 6. levels of microorganisms found in air of other dairy processing areas usine quantitative samntinu methods. 
Yea si s 

locations S a m p l e r 

B a c t e r i a 

r a n g e r a n g e 

( m e a n ) 

M o l d s 

r a n g e 

( m e a n ) 

Y & M ' 

r a n g e , 

( m e a n ) 

Rcf. 
No. 

cf i i per 

Butter area Casella 102-371 10-182 119-1951 33 
(218) (85) (486) 

Casella 388-4662 141-918 34 

(1596) (434) 

Casella *2 0-28 7-388 70 
1 (7.8) (88) 

Andersen *2 0-14 106-212 
(8.5) (131) 

GMF3 (5902) (611) 
1 r\/L *\{\tL£. 

61 
1A 

Dry milk areas 

overall 
production 
packaging 

Casella 

GMF3 

(1095) 
(1766) 
(2911) 
(1274) 
(2296) 

(1021) 
(802) 

(542) 
(589) 
(802) 

61 

Ice cream areas Casella 

Casella 

353-883 
(579) 
*2 0-14 

(2.1) 
0-42.4 
(25.4) 

141-565 
(297) 

34 

70 

Andersen *2 0-14 
(4.2) 

14-113 
(65.0) 

Condensed GMF' (221) (94.6) 61 

milk areas 
production 
packaging 
storage tank 

(1117) 
(13.0) 
(50.5) 

(925) 
(0) 
(20.5) 

Dairy factories slit sampler 
RCS6 

18000° 
10-150005 

45 
63 

'Yeasts and molds count. 
2Low levels of Staphylococcus spp. and coliforms detected. 
^Gelatin membrane filtration count. 
4Maximum counts. 
'Total viable particles count. 
6Biotest RCS centrifugal air sampler. 

(12,1656,70), and on a day to day basis within the same 
plant (37). 

Rossmoore et al. (63) frequently isolated species of 
Pseudomonas, Serratia, Klebsiella, Sarcirta, Micrococcus, 

Staphylococcus, Fusarium, Aspergillus, Rhisopus, Pénicil-

lium, Chladosporium, Candida, Kluyveromyces, Rhodotorula 

and Saccharomyces from the air of dairy plants. 

Size distribution of viable particles 

Since aerosol sampler performance depends on the size 
of particles being sampled, information on particle size 
distribution in dairy plants is useful. Sunga et al. (70) de-
termined the size distribution of viable particles recovered 
from a dairy processing environment. These data are sum-
marized in Fig. 4. Forty-four percent of total viable air-
borne bacteria were in the particle size range of 2.0-5.5 
pm. Fifty-eight percent of the molds were in the range of 
1.0-3.3 pm. 

Eleven percent of non-molds and 2.4% of molds were 
found in particles less than 1 pm. It is apparent from these 
data that samplers which do not recover the smallest par-
ticles (i.e. RCS sampler) will often underestimate the total 

amount of air contamination. Whether this underestima-
tion is of quality control significance has not been deter-
mined. 

Factors affecting airborne microbial types and populations 

The airborne microbial population within a dairy plant 
exhibits no distinct seasonal variation in type or number 
(16J6). Also machine activity has no apparent effect on 
airborne microbial counts (37). 

Cema (16) concluded that the major factor affecting 
airborne microbial populations in different dairies is the 
presence of workers, their numbers and activity. Heldman 
et al. (37) also reported an association between airborne 
bacteria counts and worker activity. One experiment of 
Hedrick et al. (33) showed thai a medium sized man con-
fined to a 5 cu ft area and inactive, shed, with a uniform 
soiled by 4 h of normal wear, 110 bacteria colonies/ 5 cu 
ft; without clothes, 20 colonics; and immediately after a 
shower (without clothes), 3 colonics. Additional human 
contributions to airborne populations may bé attributed to 
coughing, sneezing, speaking or exhaling (35).. Drains add 
large numbers of bacteria and a few yeasts and molds to the 
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air during flooding, especially after being idle overnight 
(33). Thc general quality of plant sanitation, thc location of 
thc dairy, quality of ventilation and degree of personal 
hygiene were found by Cerna (16) to be important factors 
in determining processing plant air quality. Hcdrick et al. 
(33) indicated that the cleanliness of thc storage area and 
precautions of unpacking supplies in processing and pack-
aging areas arc also important. 

Perry cl al. (57) studied airborne contamination of 
cheese with lactobacilli. They selectively isolated and iden-
tified similar lactobacilli from the air and cheeses. "Cheese 
types" of lactobacilli were found in the air some months 
before and after the cheese was made, which indicates 
contamination of the air from other sources within (he dairy. 
Naylor and Shatpe (55) compared possible sources of lac-
tobacilli contamination and concluded that air was the major 
source. 

Air quality and shelf-life of products 

Angevine (5) used exposed plates of pasteurized skim 
milk followed by a Moseley keeping quality test (52) for 
estimating the air quality in a cottage cheeses processing 
room area. His data indicate that poor air quality was the 
cause of unsatisfactory shelf-life. In another study, the shelf-
life of cottage cheese negatively correlated (r=-0.642) with 
the viable particle counts of cheese processing room air. 
The coefficient of determination indicated that air contami-
nation contributed approximately 40% to the variation in 
shelf-life (J I). 

Cannon (13) did not find a relationship between air-
borne microbial populations and keeping quality of the 
packaged milk. This was probably because the contamina-
tion of milk from sources other than air was sufficient to 
overshadow any airborne contamination. 

A special packaging system, the 'long-life machine* 
(designed by Ex-Ce l l -0 Co., Walled Lake, M I ) , encloses 
the filling chamber with fitted fiber glass covers and is 
designed to eliminate the need for a defoamer. This system 
protects products from airborne contamination and may 
extend the shelf-life of whole milk by 7 d. The SPC for 
whole milk run on this machine did not reach 20,000 cfu/ 
ml for 18 d, whereas the same milk packaged by a standard 
machine exceeded 20,000 cfu/ml after 12 d (43). This data 
shows the extent to which airborne contamination may 
influence the shelf-life of product made from high quality 
raw milk. 

Routes of airborne product contamination 

Any point at which product is exposed to air is a possible 
route for airborne contamination. Air for mixing raw milk 
held in silos and for removing product from pipelines is 
often a source of contamination (41). Exposure of products 
at the filler and via vacuum defoamers are also important 
sources (15). For ice cream, compressed air introduced for 
overrun and exposure during filling lead to contamination. 
Dry products have intimate contact with air during spray 
drying and instantization (36). Cottage cheese is exposed 
when open vats are used and during filling (5,11). Ripened 

chccscs are exposed by using open cheese vats and during 
packaging. Whenever product comes into contact with large 
volumes of air, thc air should be filtered. Often, these filters 
arc not properly maintained resulting in reduced effective-
ness. 

Proposed guidelines of air quality in dairy processing and 

packaging areas 

Mosscl developed the following formula for cal-
culating acceptable viable particle levels: 

Li m il (microorganisms per cu ft) = P/100 x N / V 
where P is what one regards as a significant percentage 
increase in thc count of microorganisms being considered; 
N is thc geometric mean of the acceptable level of micro-
organisms in thc food per g, and V is total volume of air 
(cu ft) passing over or through l g of the food in the 
course of processing. The usefulness of this formula has 
not been determined. 

Hcdrick (32) recommended the maximum levels of 
viable panicles for air in various processing situations based 
on feasibility as well as desirability (Table 7). 

Radmore et al. (62) proposed air quality guidelines 
based on data collected'from a simulated filling operation. 
This approach may be valuable, but the usefulness of the 
guidelines has not been demonstrated. In addition, these 
proposed guidelines are based upon limited data with a 
high degree of variability. 

Importance of microbial air quality 

Two of the most important objectives of dairy process-
ing are maintenance of product safety and acceptable shelf-
life. These objectives are closely related since they are 
strongly influenced by post-pasteurization contamination. 
Potential sources of post-pasteurization contamination in-
clude air, the filling machine, improperly cleaned equip-
ment and worn equipment as important possibilities. Air is 
usually considered the least important of these sources. 
Hedrick and Heldman (34) concluded that airborne con-
tamination was of most importance in the manufacture of 
cultured milk products, followed by powder milk, cheese, 
market milk, ice cream and butter manufacturing in de-
creasing order of importance. More recently, the ice cream 
industry is emphasizing the control of air quality as means 
of preventing contamination of product with Listeria. The 
FDA and Milk Industry Foundation / International Ice Cream 
Association recently issued guidelines for controlling 
environmental contamination in dairy plants. They indicate 

T A B L E 7. Recommended maximum levels for air in various 
processing situations based on data from a Casella slit sampler. 
02). 
Types of product Standard Plate 

Count per 10 L 
Yeast & Mo ld 

Count per tO L 
Milk and cream 1.8 0 .7 
Butler 3.6 1.8 
Dried milk 2.8 1.8 
Cultured milk and cream 

and cottage checse 1.8 1.4 
Ripened chee.sc 3.6 4 .3 
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thai airborne contamination is strongly suspected as a vehicle 
for pathogens entering into products. 

An important part of the FDA Dairy Initiative Inspec-
tions has been the sampling of finished products for the 
presence of Listeria, Yersinia, Salmonella, and Campylo-

bacter. None of Ihese pathogens can survive the pasteuri-
zation process. As of 1986 the FDA found 26 plants which 
produced contaminated products (72). Among the 26, eight 
contained pathogenic Listeria in their packaged products. 
Since these potential pathogens do not survive pasteuriza-
tion, these plants probably have post-pasteurization con-
tamination problems (6,7,72). Dirty fillers and aerosols 
have been reported as the source of pathogen contamination 
(72). 

In one study (12), about 25% of non-mold colonies 
from the air of a fluid milk plant were Gram negative rods 
and 24% of total colonies isolated could grow in 5 d at 
10°C. Though the origin of these Gram negative rods is not 
clear, their presence in the air of the packaging area is of 
both public health and product shelf life significance. 
Plakhotya (60) found that Salmonella in an aerosol condi-
tion could survive up to 4.5 h, indicating the potential for 
airborne dissemination. 

Controlling air quality in food processing areas 

Aerosols of bactericidal or viricidal agents have been 
used in dairy industry for controlling airborne bacteria and 
bacteriophage. These agents have included various forms of 
chlorine, glycol, alcohols and quaternary ammonium —• 
compounds (8JO). Fogging must be limited because of 
potential health effects on exposed workers. For example, a 
chlorine fog of 500 ppm will reduce airborne microflora, 
but over 10 ppm causes excessive human discomfort (32). 

In addition, fogging will be less effective if the source of 
the aerosol is not controlled. Aerosols often originate from 
unclean surfaces as previously discussed. 

Ultra-violet radiation can be used to decrease airborne 
microflora, but its use is also limited by worker safety. 

The use of laminar air flow with HEPA (high effi-
ciency particulate air) filters is highly recommended at 
critical points (35J6,40). HEPA fillers remove 100% of 
particles that are greater than 0.3 pm in size and conse-
quently will remove all viable bacteria. 

Stersky et al. (67) used a bipolar-oriented electrical 
field to reduce the level of viable aerosolized microorgan-
isms. They found that a field of I4K to 20K volts reduced 
the mean airborne population by 31 to 59% during regular 
forced ventilation, depending upon Ihe microbial species. 

Vickcrs (73) concluded thai the adoption of design 
conditions used in "clean air* rooms and environmentally 
controlled work stations for dairy packaging and other 
critical hygiene areas is required lo ensure production of 
safe dairy products with long shelf-life. These design con-
ditions include physical separation of critical and non-
critical hygiene areas, the adoption of air-locks, pressuri-
zation of crilical hygiene areas, and use of HEPA filters, 
also heating, ventilating and air conditioning (HVAC) 
systems should be designed for easy cleaning and must be 

adequately maintained (28). The engineering aspect of air 
flow control within a dairy processing plant are discussed 
by Heldman and Hedrick (35). New dairy processing fa-
cilities are being designed and operated using these clean 
room concepts (42). 

Considering the potential importance of the problem, 
there is little published research on air quality in modem 
food processing plants. Additional study is needed to pro-
pose reasonable air quality guidelines in dairy and food 
processing plants and to recommend appropriate monitor-
ing methods. Closer attention to air quality at critical proc-
essing points is required to reduce the risk of product 
contamination, but little information is available on the 
extent of the current problem. 
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Lister iosis 

Listeriosis is a disease of animals and humans that is 
caused by Listeria monocytogenes. Human infection has 
diverse manifestations, the most frequent being meningi-
tis and neonatal sepsis. 

E T I O L O G Y A N D E P I D E M I O L O C Y 

L monocytogenes, a th in gram-positive bacillus, grows. 
readily under aerobic condi t ions on the usual laboratory 
media. Colonies are weakly ^-hemolyt ic and therefore 
may resemble colonies of streptococci. O n a Gram's stain 
of exudates or spinal fluid, listerias may be confused w i t h 
diphtheroids; they may even be confused w i th pneumo-
cocci or streptococci because listerias exist in coccoid 
forms. There are seven serotypes, of which types l b and 
4b are the most common causes of listeriosis in humans; 
serotyping may be of some value in epidemiological 
study of case clusters. 

L monocytogenes is a saprophyte found very extensively 
in plants and soil; i t is also present in the intestinal tract 
of many species of animals and birds.37 Both reservoirs 
are potential sources of exposure for humans, but the 
former appears to be more important because a history of 
animal exposure is lacking in most patients. Listeria can 
proliferate in refrigerated foods, and the organisms are 
more heat resistant than many other nonsporulat ing 
microbes. Several outbreaks suggest that food-bome 
transmission of listeriosis may be the most common route 
of human infection; contaminated dairy products are 
part icularly suspect. A n outbreak affecting more than 140 
persons in California in 1985 was traced to the consump-
t ion of a Mexican-style cheese that was contaminated 
w i th L monocytogenes type 4b; 48 deaths and st i l lbirths 
occurred.3"9 Other large outbreaks of epidemic listeriosis 
have been l inked to the ingestion of cabbage40 or pasteur-
ized milk41 contaminated w i t h this organism. Listeria can 
be cultured f rom about five percent of unpasteurized mi lk 
samples and f rom two percent of pasteurized mi lk sam-
ples.42 Decreased gastric acidity may facilitate infection by 
ingested listerias.43 

Occasionally, direct transmission f rom secretions o f an 
infected animal occurs; for example, a veterinarian re-
portedly acquired listeriosis after attending an abor t ing 
dairy cow.44 The prevalence of L monocytogenes i n h u m a n 
feces, which is a tou t one percent i n a random populat ion 
but as high as 26 percent among household contacts of 
patients w i th listeriosis, does not suggest feces as a major 
source of the organism.45 

PATHOGENES IS 

Despite the ubiquity of Listeria organisms in the envi-
ronment, human disease caused by Listeria is relatively 
uncommon. An estimated 800 to 1,700 cases occur in the 
United States each year, w i th an overall mortal i ty of 19.1 
percent.46 Host factors are of major importance in deter-
mining susceptibility to listeriosis. There are two peak 
age groups for Listeria infections: infants dur ing the first 
month of life and persons older than 70 years. Transmis-
sion of infection f rom mother to fetus may occur du r ing 
the second half of pregnancy via the bacteremic route or 
possibly as a result of ingestion or aspiration of infected 
amniotic fluid. There is commonly a history of a nonspe-
cific febrile illness in the mother before labor. The conse-
quences of such infection are abort ion, st i l lbirth, or an 
acutely i l l neonate w i th pneumonia or disseminated 
infection dur ing the first few days of life. Listeriosis may 
also be acquired dur ing delivery, and then it may present 
as delayed-onset disease in neonates between three and 
15 days of life. 

Listeriosis may occur after infancy in otherwise healthy 
individuals, but in 50 to 75 percent of adult patients, 
there is an underlying predisposing factor. Sud) factors 
include neoplasm, particularly leukemia or lymphoma; a 
history of renal transplantation; a disease that has been 
treated w i th corticosteroids or cytotoxic drugs; a disease 
associated w i th impaired cell-mediated immuni ty , such 
as sarcoidosis; and cirrhosis of the liver.47-4' Listeriosis has 
been surprisingly uncommon in patients infected w i t h 
the human immunodeficiency virus (HIV), but 20 cases 
have been reported.49 

CL IN ICAL FEATURES 

Listeriosis during Pregnancy 

In pregnant women, listeriosis most often occurs dur-
ing the th i rd trimester. It can produce a flu I ike syndrome 
characterized by fever, myalgias, and headache, of ten 
accompanied by abdominal cramps and diarrhea. Preg-
nant women wi th listeriosis usually recover fu l ly , even 
without therapy. However, amnionit is, premature labor, 
and septic abortion may result f rom bacteremic infect ion 
of the placenta and fetus. Listeriosis is estimated to cause 
100 sti l lbirths each year in the United States.50 

Neonatal Listeriosis 

Neonatal listeriosis accounts for one fourth to one 
third of cases of listeriosis and is estimated to affect one in 
20,000 births.*1 Onset may occur early or late in neonatal 
life. Infants may be acutely i l l at b i r th and may die w i t h i n 
hours as a result of disseminated listeriosis, wh ich is also 
called granulomatosis infantiseptica. This condi t ion is 

( 
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characterized by hepatosplenomegaly, thrombocytope-
nia, generalized skin papules, whitish pharyngeal patch-
es, and pneumonia. Commonly, a stained smear of 
meconium will reveal gram-positive bacilli, suggesting 
the diagnosis. More common than disseminated liste-
riosis in neonates is listeriosis characterized by intersti-
tial pneumonia and respiratory insufficiency in a pre-
mature infant in the first day of life. About half of these 
patients have bacteremia and positive endotracheal cul-
tures. Mortality is about 50 percent. 

Late-onset listeriosis is characterized by meningitis that 
occurs between seven and 28 days of life. L monocytogenes 
is the third most common cause of neonatal bacterial 
meningitis (after Escherichia coli and group B streptococ-
cus),52 accounting for five to 15 percent of the cases.53 The 
CSF shows variable cell counts of 100 to 9,000/mm3 ; 
commonly, polymorphonuclear leukocytes predominate, 
but in 30 percent of patients, a relative lymphocytosis is 
noted.54 

Listeriosis in Older Children and Adults 

Listeriosis in older children and adults is most often an 
opportunistic infection, but it can also occur in healthy 
individuals. 

Meningitis Meningitis is the most common form of 
listerial infection, occurring in 60 to 70 percent of patients 
with listeriosis. Usually, listerial meningitis is clinically 
indistinguishable from other types of bacterial meningi-
tis; however, ataxia and tremors may be prominent and 
can provide a clue to the diagnosis.55 In immunosup-
pressed patients, the manifestations of meningitis may be 
less apparent. Nuchal rigidity may be absent; fever, 
headache, and obtundation may be the principal manifes-
tations. The presence of these symptoms indicates the 
urgent need for examination of the cerebrospinal fluid. 
Uncommonly, the onset of listerial meningitis is subacute 
(lasting several weeks), with malaise, fever, and head-
ache. Hydrocephalus is likely to develop. In meningitis 
acquired after the first month of life, polymorphonuclear 
leukocytes predominate in the CSF cell count in almost 
all instances; the rare exception is the patient with a 
subacute course.56 

Rarely, listerial infection affects the brain without 
directly invading the subarachnoid space. This form of 
bacterial encephalitis has a propensity for producing 
pontobulbar involvement, with a clinical picture resem-
bling polioencephalitis. Histologically, extensive areas of 
necrosis and suppuration are found in the pons and 
medulla. The CSF formula shows a few cells, predomi-
nantly lymphocytes, and a normal glucose level. Listerial 
brain abscesses are rare, occurring principally in immu-
nosuppressed patients; blood cultures are positive in 
almost all cases." 

Bacteremia Bacteremia without meningitis or obvi-
ous focal infection occurs in five to 30 percent of cases of 
listeriosis in adults. No specific clinical features distin-
guish the disorder from other septicemic illnesses. The 
diagnosis is made by isolation of the organism from 
blood. Endocarditis5* and myocarditis59 may occur. 

Miscellaneous infections Septic arthritis,'0 osteomye-
litis,61 peritonitis, cholecystitis, and localized abscesses 
caused by L monocytogenes occasionally occur. Primary 
cutaneous listeriosis characterized by red, tender papular 
lesions with pustular centers has been reported in veteri-
narians. An infectious mononucleosis-like disease has 
been described but is evidently extremely rare in the 
United States. An acute febrile illness resembling severe 
hepatitis has been reported, consisting of listerial bactere-
mia and miliary abscesses of the liver.62 

D I A G N O S I S 

As a cause of neonatal sepsis, listeriosis must be 
differentiated from syphilis, toxoplasmosis, and infec-
tions with cytomegalovirus, herpesvirus, and group B 
Streptococcus. L monocytogenes must be distinguished from 
other bacterial and fungal causes of meningitis in both 
normal and immunosuppressed patients. Only isolation 
of the organism will provide an etiologic diagnosis. The 
presence of thin gram-positive bacilli in smears of gastric 
or tracheal aspirates from newborns or in smears of spinal 
fluid from patients with meningitis strongly suggests the 
diagnosis. A diphtheroidlike organism isolated on a 
smear should not be construed as a contaminant in such a 
situation, and further bacteriologic definition is required. 
There is no reliable sérodiagnostic test for listeriosis. 

M A N A G E M E N T 

Ampicillin is the treatment of choice for listerial infec-
tions, including meningitis.63 In vitro data have shown 
that ampicillin and aminoglycosides have a synergistic 
bactericidal effect against L monocytogenes,6* but there is 
no evidence, at this time, of the clinical superiority of this 
combination over ampicillin alone in the treatment of 
listerial meningitis. Ampicillin is administered to adults 
in a daily dosage of 12 g I.V. in divided doses every four 
hours. 

It has not been determined which antibiotics are 
preferred as alternatives to ampicillin for the treatment of 
penicillin-allergic patients with listeriosis. Traditionally, 
it has been recommended that tetracycline or erythromy-
cin be administered in very high doses. Trimethoprim-
sulfamethoxazole is more active than these agents in 
vitro and is bactericidal against most strains of Listeria.65 It 
has been used successfully in treating penicillin-allergic 
patients with listeriosis,66 but clinical experience is scant. 
Vancomycin has on occasion been used successfully to 
treat cases of listerial bacteremia.67 

Because of the frequency of relapse, treatment of 
listerial meningitis with ampicillin should be continued 
for at least 10 days after the patient becomes afebrile, 
which is a longer period of treatment than that employed 
in the more common forms of bacterial meningitis. 
Treatment should be continued even longer in patients 
who have received alternative antibiotics. 

Treatment of active or latent listerial infection in preg-
nancy, as confirmed by a positive cervical culture, is 
warranted. Ampicillin is the drug of choice and should be 
given in quantities large enough to ensure adequate 
levels in both mother and fetus—1.0 to 1.5 g orally every 
six hours for eight to 10 days. 
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