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Introduction

Le secteur de I’alimentation confronte les intervenants en santé au travail a de nouvelles
difficultés : 1’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 problémes 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 hygi¢ne qu’en ergonomie.

Par ailleurs, nous avons dit aborder dans nos documents des risques a la santé qui sont communs
a d’autres secteurs. Par exemple, les risques biologiques et les zoonoses se retrouvent surtout
dans I’agriculture, mais par continuité se rencontrent souvent dans 1’alimentation. D’autres
problemes de santé comme le travail de nuit se retrouvent dans 1’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 a chacun des principaux risques. Un texte les accompagne et se limite 2
des définitions et explications visant 2 orienter les activités. Nous espérons que ce recueil pourra
inspirer les intervenants dans leur travail aupreés des travailleurs et employeurs de ce secteur
d’activités. '
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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 present study assessed the relationships among occu-
pational noise exposure, noise-induced hearing loss, and high
blood pressure. The study population consisted of 245 retired
metal assembly workers from Pittsburgh aged 56 to 68 with
chronic poise exposure of S0 or more years at >89 dBA. Resuits
of the audiometric testing indicated 52% of the younger work-
ers (ages 66.to 63) have severe noise-induced hearing loss
(=65 dBA loss at 3, 4, or 6 kHz) and 67% of older workers
(ages 64 to 68). Body mass index and aicohol intake were
significantly related to systolic and diastolic blood pressure.

Among older men, there was a marginally significant in-
creased prevalence of high biood 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 hearing loss were independent pro-
dictors of hypertension in the older, but not in the younger
group of retired workers.

Noise—lnduced hearing loss is a major cause of disa-
bility. It is estimated that 10 million people in the
United States and many more worldwide have hearing
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loss that may be related to noise exposure.! Whereas -

the auditory effects of noise exposure are well known,
the cardiovascular effects of chronic noise exposure are
less clear.>™ There have been two general approaches
used in the investigation of this subject. The first in-
volves the determination of noise exposure, both-inten-
sity and duration, and the assessment of blood pressure
status in noise exposed and comparison populations.”™”
-~ The second group of studies utilized varying defini-
tions of noise-induced hearing loss as a marker for noise
exposure. The blood pressure status of occupationally
noise exposed workers was then compared by hearing
loss categories.®'® These studies have been reviewed in
detail."! ’

A study conducted in 1981 to 1982 of the epidemiology
of high blood pressure (HBP) in metal assembly workers
in Pittsburgh, PA, and a comparison population revealed
a strong relationship between noise-induced hearing loss
(=65 dBA loss at 3,4, or 6 kHz) and high blood pressure
particularly among older men after adjusting for impor-
tant HBP risk factors (alcohol intake, family history,
body mass index).'" '® Although the effect was stronger
in the noisier plant (=89 dBA), a relationship between
noise-induced hearing loss and high blood pressure was
seen in the less noisy plant (<81 dBA) as well.

The previous study'® did not explore the potential
effect of interference with speech discrimination and
recruitment to loud sounds that may occur in noise
exposed populations. The observed relationship may be
confounded with another variable, that of social isolation
from communication handicap and interference with
lifestyle. This phenomenon may affect older men in the
group in which we observed our greatest blood pressure
difference. Therefore, the present cross-sectional inves-
tigation focused on an in-depth study of a noise-exposed
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LA oy

population to characterize more finely their audiological
profile and to assess further the relationship of noisc-
induced hearing loss as a marker for increased pisk of
hypertension.

The plant that employed these men was divided into
six major scctions: Press Room, Tool and Die, Metal
Assembly, Blank and Sheer, Stcel Storage, and Small
Press. Thesc are not partitioned by walls of any kind.

The workers in Lthe plant are engaged in the fabrica-
tion and partial assembly of large metal parts. A sound
survey was conducted using both a Gen Rad 1565A
sound level meter as well as a Metro Logger dB-301
dosimeter. The average noise level within the plant was
89 dBA. The noise has been deseribed as continuous and
severe in all areas of the plant. A normal conversation
is considered impossible.

Since 1978 there has been a mandatory hearing con-
servation program in effect. When men who participated
in the study were queried concerning their current use
of hearing protection, 39% reported wearing protection
always or almost always. However, before 1978, very
few of the men used hearing protection of any kind.

Study Design

There were 616 men who were members of the union
retirement organization as of April 1, 1984. The study
population consisted of men aged 56 to 68 with 20+
years of employment at the plant and living within a
50-mile radius. A total of 137 workers were ineligible
because they had moved out of the state or lived beyond
the 50-mile radius of our study area. Of the 479 remain-
ing, 110 were ineligible because they were over or under
age or currently working. Sixty-eight was chosen as the
cutoff because the small numbers available at older ages
may unduly confound the effects of noise exposure.
Fiftecn people from the original sample were deceased,
87 refused and 245 were screened. An additional 42

- were unable to be contacted. The overall response rate

was 78.6%. Clinical examination included measures of
height, weight, pulse, and blood pressure, as well as a
detailed medical and personal habit history, alcohol
consumption, and smoking patterns. There was also a
detailed questionnaire on occupational and military his-
tory and noisy hobbies. The examination and interview
were administered at the union hall. An audiometric
evaluation was also conducted. This consisted of air and
bone conduction, audiometry, specch reception thresh-
old, word diserimination testing, and an index of social
interaction and communication.

Multiple blood pressure measurements using stand-
ard procedures were implemented in this investiga-
tion." Blood pressure was determined by a nurse three
times within 5 minutes after a 10-minute rest and then
repcated by a second nurse 15 minutes later.

The following standardized procedures were utilized.
All blood pressure measurements were taken using the
participant's right arm in a sitting poesition. A standard
mercury sphygmomanometer and random zero device
were used for all measurements. The first measurements

of each set of three were taken with the standard device
foltowed by two™ readings of the zero muddler. The
systolic and dinstolic blood pressures of each worker
were determined by the overall mean of four zero mud-
dler measurements at one time.

The first and fifth Korotkoff sounds were recorded as
the systolic and diastolic blood pressure, respectively.
In addition, a history of cardiovascular discase and
history of treatment for high blood pressurc were ob-
tained. The use of aatihypertensive therapy was also
ascertained including both current and previous use.

Standardized audiometric testing procedures were
used. The testing was conducted by a certified audiolo-
gist. The procedure used for conducting the pure-tone
audiogram includes the basic features of the Hughsoa
Westlake technique for determining the pure-tone hear-
ing threshold.' All audiometric testing was performed
in testing booths that conform to the American National
Standards criteria for background noise in audiometric
rooms.'® All thresholds werc measured with a single
TDH headphone. The audiometers were initially cali-
brated and periodically checked thereafter. The sound
pressure output of the audiometer was calibrated
monthly. A noisec exposure questionnaire, which outlined
information on employment, hobbies, military service,
hearing disorders, was administered to cach worker.

The revised Hearing Performance Inventory (HPI)
developed by Lamb et al** to assess the communicative
difficulty of hearing-impaired persons in a variety of
everyday listening situations was administered to thls
population.

The Interpersonal Support Evaluation has been em-
ployed in a total of 12 studies as a measure of support
functions. For psychometric properties, correlation, and
scale validity refer to Cohen et al.®® Responses to 36
items on the Interpersonal Support Evaluation and six
questions designed to measure anxiety were adminis-
tered. Responses to the 40 questions were categorized
into six choices: I agree very much, I agree pretty much,
I agree a little, I disagree a little, I disagree pretty
much, and I disagree very much.

Resuils
Cohort Description

The age distribution of the total group is shown in
Table 1. The mean age was 63 years (SD = 3.2). The
present study utilized two age strata consisting of 56 to
63 years and 64 to 68 years. Diastolic blood pressure
did not vary markedly with age. However, there was an
age-related systolic blood pressure increase (P < .01).

The average number of years of work at this plant was

29.9 (SD = 4.2). No consistent pattern in blood pressure
by total years of employment was noted. The initial date
of hire ranged from 1946 to 1970 with 90% of the mean
reporting a 1950 to 1953 entry into the plant. The
average date of retirement was 1981 (SD = 4.0). There-
fore, this cohort had been removed from daily exposure
to noise for approximately 4 years.

Journal of Occupational Medicine/Volume 32 No. 8/August 1990 691
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TABLE 1
Distribution of Age among Retired Assembly Workers in Pittsburgh, Pa
1986-1987
Blood Pressuce
Age :';.roup. No. %o Diastolic Systolic
Mean SO Mean S0
56-59 39 159 836 9.62 1356 133
60-63 93 380 825 932 1387 73
64-68 13 46.1 83.4 11.01 143.4 19.4
Totat 245 1000 835 10.24 1403 179

* Mean age (SD) 62.9 (3.2).

The majority of workers attained a high school di-
ptoma._ 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 military, especially World War II and the Korean
conflict. In addition, 81% 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 assembly)-

Hypertension Risk Factors

The prevalence of hypertension is defined as = 90 mm
Hg 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
Hg 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 < O1).
Alcohol consumption patterns were detailed by a self-
report of the type, quantity, frequency, and variability
of aleohol use.'®'? 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 cigareties, only 26.5% reported being
current cigarette smokers.

Hearing Levels

Mean hearing levels across various frequencies are
shown in Figs. 1 and 2 for both the right 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 at
$3.7, 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 right and left
ears of all 245 participants indicate differences between
ears no greater than 2.5 dBA at all 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 2 decline of 12 dBA between 1.0 kHz and
2.0 kHz, 2 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 was 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, at 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 fwo 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 klz
according to severe noise-induced hearing loss cate-
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Fig. 1. Mean hearing loss levels in the right ear for workers in the
noisy plant {exposed workers).
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TABLE 2
Comparison of Puretone and Speech Discrimination Test Scores in Men by
Age and Degree of Noise-Induced Hearing Loss™

Severe

- Nonsevere
tse- Noise-laduced
induced* L
. Hearing Loss
Hearing Loss (n = 58)
n=74)

Mean (SD) Mean (SD)

Age 5663y
Average speech reception 19.1 (10.1) 17.2 (15.6)
threshold
Average speech discrimination 422 (19.6) 62.0 (20.5)%
score (in noise)

Average hearing thresholds
3000 d& 60.7 (12.2) 39.1 (19.9)
4000 d8 68.0 (11.9) 491 (18.1)
6000 d8 6.4 (16.6) 48.4 (19.5)
Age 64-68 y
Average speech reception 23.2 (12.9) 16.1 (9.8)
threshold

Average speech discrimination 413 (20.4) 608 (21.6)f
score {in noise)
Average hearing thresholds

3000 dB 630 (12.2) 37.7 (19.8)
4000 d8 69.6 (125) 482 (17.3)
6000 dB 707 (15.7) 448 (18.2)

* 265 dB loss at 3, 4, or 6 kHz.
tttest, t = 6.6, df = 130, £ < .0001.
fitest. t =4.6 df =111, £ < 001

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 & com-
peting noise of 6 simultaneous speakers at a signal-to-
noise ratio of 0 dBA, normal listeners scare was between
80% and 90%. Speech reception threshold and speech

discrimination scores did not differ according to noise-
induced hearing loss in the 56 to 63-year-old group.'
Among the older group, a difference was noted in the
speech discrimination score between noise-i nduced hear-
ing loss workers compared with the nonnoise-induced
heacving loss workees (83.2% (SD 11.5] v 91.1%
8D 7.1). P< .01).

W-22 MAX represents the maximum speech discrim-
ination scare 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 ol the two older age
groups, subjects with less noise-induced hearing loss
scored 7.7 percentage points higher in quiet (¢ = 3.9,
df = 111, P < .001) and 19.5 percentage points higher
in noise conditions relative to subjects with more noise-
induced hearing loss (£ = 4.6, df= 111, P < .001). Thus,
differences in degree of higher frequency hearing loss
appear related to ability to diseriminate speech stimuli,
particularly in the presence of competing noise.

Hypertension and lts 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 (28.1 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 Hg 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 {£60%) and HBP (P < .05). Similar 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 693




TAHLE 3
Comgarison af Salient Factors among Retwed Melal'Assembly Warkers wilth _Er_\d without Nose-induced Hearing Loss”, Pittsburgh Pant
Age S6-63y Age 64-68 ¥
Severe Noise- Nonsevere Hoise~ Severe Noise- tionsevere Naise-
induced induced Hearing Induced nduced Hearing
Hearing Loss Loss Heaving Loss Loass
Mean SOy “Mean (sD) Mean {S0} Mean (SD}
n 74 58 77 36
Mean age, ¥ 60.5 (22) €08 (175 659 s 654 (1.5)
Body mass mndex 216 5.0) 294 (5.3) 28.1 45 271 (3.6
Mean years employment 302 (3.8) 301 39) 292 (4.5) 29.0 (5.0
Famdly history of HBP 35.6% 42 4% 33.8% 359%
History of hypertension 7.1% 37.3% 39.2% 20.5%
Currently taking 8P medication 34.8% 35.6% 38.3% 23.1%
Currently smoking 31.5% 22.0% 25.7% 256%
Exsmoker 17.8% 18.6% 13.5% 20.5%
Total mean systolic blood pressuret, mm Hg 1329 (13.2) 135.0 {15.2) 142.5 {16.3} 1382 {16.3)
Total mean diastolic blood pressuret. mm HQ 818 (9.8} 813 78 83.5 (12.6) 799 (8.6)
« >65 dB loss at 3. 4 ar 6 kHz (bilateral + 20).
+ Persons laking blood presswe redication excluded.
100 ] tening items. However, there was only an 8% common
variance. A thorough discussion of the reliability and
20 validity of the HPIL and its relationship to audiometric
sol thresholds and hearing handicap is reported else-
Z 72.9% where.™® Of the 75 items, 38 purport to measure the
r 70+ ability to understand speech and thus constitute the
‘é «ynderstanding speech”™ section. Nine items dealt with
a 60y the detectability (not the understandability) of com-
t munication and ether environmental signals, making up
w PO the “intensity” section. Twenty items, composing the
i a0l — “response ta auditory failure” section, relate to the
h subject’s compensatory behaviors related to a commu-
noaol— nicative impairment, and eight items concern adjust-
B . ment to a hearing loss in the personal seetion. The
P 20 distribution of HPI subscores related to the specific
areas were then recorded into one of three tertiles (high,
i0 medium, and low). x° tests of the distribution between
i HPI score and HBP were conducted. No relationship

Ages 64-63

Ages 55-63
Speech Discrimination Score
Ml < 60 *» 60
pP<.0

Fig. 3. Prevalence of high blood pressure (=90 mm Hg diastolic,
or talkGng blood pressure medication) by age and speech discrimina-
tion scofe in the better ear {in noise} for retired metal workers.

discrimination scores compared with nonhypertensive
men (55% v 27.6%, P<.01).

Hearing Performance Inveniocy

The overall HPI scores in this particular study were
in the lower range, indicating that the workers had
little difficulty in everyday listening situations com-
pared with a clinical sample of hearing-impaired per-
sons. There was a nonsignificant correlation between
puretone thresholds and the HPI inventory scores. The
puretone threshold average correlates with the 47 lis-

694
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between HPI and our ocutcome variable, HBP, was noted.

Social Support

Table 4 presents the distribution of social support
scores according to noise-induced hearing loss groups
for five subscores of social support. Among younger
men, there was no statistically significant differevce in
test scores between the twa 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 fitting techniques,
together with a step-wise procedure, were used to de-
termine the predictors of hypertension status. Because

Noise-Induced Hearing Loss and High Blood Pressure/Talbott et al




of the number of independent variables to be tested, only was done to determine whether or not noise-induced '
nt main effects were initially fitted; relevant interaction hearing loss would enter into the final model in the
———————. items were subsequently entered into the resulting absence of W-22 MAX. When the logistic model was fit
equation to obtain a final model. Independent variables for all subjects (see Table-5), noise-induced hearing loss l
‘e Noise- tested for inclusion in the model were (1) noise-induced did not enter the final equation, which consisted of only
::“""9 hearing loss (yes = 1, no = 0), (2) W-22 MAX (speech two variables—body mass index and family history of
—_— discrimination in noise) (<60 = 1, >60 = 0), (3) family hypertension. When the data were stratified according l
—le_ history of hypertension (yes = 1, no = 0), (4) zlcohol to age group, noise-induced hearing loss did enter the
consumption (grams of ethanol), (5) body mass index equation for the older (age 64+ years) age group. The
(1.5) (kg/m®), (6) noisy hobbies (yes = 1, no = 0), (7) age resulting equation for the older age group contasined
gg)) in years, and (B) cigarette consumption (number of two independent variables, family history of hyperten- .
packs per day). The final model (see Table 5) included sion and noise-induced hearing loss, which together
three independent variables—body mass index, family explained about 9% of the variance.
history of hypertension, and W-22 MAX—which to-
gether explained approximately 7% of the variance in Discussion I
16.3) the data. )
(8.6) The data set was subsequently stratified into the two
—— age groups. When the procedure was applied to these The aims of the present study were to characterize
data, it was found that body mass index was the only more finely the audiometric profile of a2 group of highly I
variable in the final model for the younger (55 to 63 noise-exposed workers at a metal assembly plant and to
years) age group, whereas the final model for the older determine whether severe noise-induced hearing loss
*mmon (age 84+ years) age group included family history of was related to the prevalence of hypertension in this .
ty and hypertension, W-22 MAX, and body mass index. The group of workers. The definition of severe noise-induced
metric latter model, when compared with the former, explained hearing loss was a puretone threshold of =65 dBA at 3,
else- about three times the variance in the data (ie, 4% v 4, or 6 kHz in either ear (within 20 dBA of each other)
e the 13%), indicating that we were more successful in pre- and is considered to be a biologic marker of noise '
€ fhe dicting hypeptensi()n status among the older subjects. damage. In addition to using this definition of noise-
with Finally, the above analysis repeated the logistic induced hearing loss, an additional index of communi-
com- regression only, without the W-22 MAX variable. This cative difficulty, Hearing Performance Inventory . I
g up scores, was also utilized. This inventory measures five
- the areas of hearing performance and was used as an indi-
 the cator of interference with lifestyle or interpersonal com-
‘::_- Distribution of Social Support S&B%L'Efo: Noise-Induced and Non-Noise- ":;nicaﬁo" ibgi;ie:‘ A marginally ?ig'fif;m; r:la‘ti?“' l
The Induced Hearing Loss Groups fos: a\;:s f,l;:; e . :alween s?v;:re n:lse-.m uce eatl‘:lng
ifie Age 663y, Age 6459y, -y p ence of hypertension .among older
_ Noise-induced Hearing  Non-Noise-lnduced men. lhere were nonsignificant correlations between
eh, Loss Hearing Loss the HPI and the more objective puretone audiometric l
:e;‘n Mean (SD) Mean (SD) Mean (SD) Mean (SD) measures of hearing loss. No relationship was found
1p - between the total hearing performance inventory scores
isal support 4.93 (6.3) 25.9(7.1) 27.1(7.5) 25.8(8.3 .
. gpeg:gingfleggo 524 ge.ei 229 g.e: 235 §7.4; 215 Es.zi or HPI subscores and high blood pressure. l
Self-esteem 24.7 (5.8) 24.7 (7.0) 24.5(7.3) 23.7 (6.7) Another measure of noise-induced hearing loss and
Tangible support  18.8 (6.5) 18.6(8.2) 18.9(7.3) 16.8 (5.6) communication in everyday life was the speech discrim-
Low social anxiety 222 (6.4) 20.9(6.8) 21.4(5.9) 24.1(7.0) ination score in noise (W-22 MAX). This is an indicator
* Social support: low score = high social support; high score = of both the psychosocial impairment and biologic dam- l
-t low social support. Sociat anxiety: low score = high anxiety. age to the hearing mechanism. Referred to in this
S
r TABLE S
1 Multipte Logistic Regression of the Presence of Hypertension in Retired Male Workers and Significant Risk Factors with and without W-22 MAX" '
4 8 SE X P
Group Variable With Without With Without With Without With Without
W-2ZMAX W22 MAX  W-22MAX  W-22MAX  W-22MAX  W-22 MAX  W-22 MAX  W-22 MAX l
1 All subjects (n = aMm| 0.12338 0.11438 0.0375 0.0364. 10.82 9.90 001 002
245) FHX 0.94741 0.85124 0.2944 0.2846 10.36 8.94 2001 .003
W-22 MAX  0.58225 0.2852 417 041
Age group 55-63 BmMI 0.12123 0.0487 6.19 013 l
{n = 132) .
Age group 64+ FHX 1.58481 1.57904 0.4639 0.4408 11.67 12.83 001 000
(n=113) W-22 MAX  1.14020 0.4580 6.20 013
B8MI 0.11138 0.0580 3.68 .055 '
NIHLT 0.90994 0.4681 3.78 052
* Speech discrimination in noisefbetter ear.
T NiHL, noise-induced hearing loss; >65 dB loss at 3.0, 4.0, or 6.0 kHz. l
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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 specch 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 [requencies 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
row 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, particuiarly at high fre-

—~quencies, and high serum cholesterol levels.>* " Epide-
miologic studies have suggested that elevated blood
lipids, which are known to lead to atheroscierosis, may
cause damage to the vascular system of the inner ear.
This may result in an increased susceptibility to noise-
induced hearing Joss.®® Animal experimentation involv-
ing exposure to both an atherogenic diet and high levels
of noise has yielded similar results.®* 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.” 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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fundamental truth.

Agenda for Afternoon of Life

We might compare masculinity and feminity and their psychie 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. I 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

—From Jung CG. Aspects of the Masculine.
Beebe J, ed. Princeton, NJ: Princeton University Press

(Bollingen Series};
1989:32-33.
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SURDITE ET AUTRES EFFETS DU BRUIT

Le bruit est présent dans de nombreuses entreprises alimentaires. Comme la plupart
des intervenants en santé au travail ont déja une expérience valable dans ce
domaine nous n’élaborerons pas sur ce sujet : ’évaluation et la surveillance
médico-environnementales s’appliquent de la méme maniere. Les sources de bruit
peuvent cependant étre différentes. On n’a qu’a songer a la chaine mécanique de
P’embouteillage. Il faudra se familiariser avec les solutions technologiques
spécifiques aux différents procédés. Etant donné I’avancement du dossier sur le
bruit, d’autres aspects comme le stress dii au bruit pourraient étre évalués.
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CONTRAINTES THERMIQUES ET SANTE

2.1-

2.2 -

Chaleur

La chaleur peut devenir une contrainte dans certaines circonstances ou tiches
précises. Par exemple les fours A pains dans les boulangeries. Comme pour
le bruit, ’évaluation, la surveillance et les mesures de prévention sont
similaires a celles appliquées dans d’autres genres d’entreprises.

Froid

Dans le contexte de I'industrie, I’exposition au froid dans I’entreprise se situe
le plus souvent entre 0°C et 10°C et ponctuellement jusqu’a - 20°C. 1l s’agit
d’une contrainte thermique bien différente de celle des travailleurs de
I'extérieur exposés a des températures extrémement basses qui peuvent
causer des engelures et des hypothermies sévéres. On pourrait qualifier
I’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 a des inconforts sérieux et a la perte de
dextérité manuelle. Les lieux de travail les plus souvent impliqués sont :

+ chambres froides laitieres (+ 4°C)

+ unité de coupe (+ 10°C)

- empaquetage de la viande (+ 10°C)

- entreposage : poisson (0°C a 2°C)
produits laitiers (0°C a 10°C)
produits congelés (- 18° a - 20°C)

1l est bon de reviser britvement comment se font les échanges thermiques
de I’homme avec son milieu, comment ils s’appliquent aux travailleurs des
entrepdts frigorifiques, jusqu’a quel point les travailleurs s’adaptent et enfin
comment 2 la lumiere de ces données scientifiques, ils peuvent se protéger.

Les quatre processus d’échange de chaleur sont la conduction, la convection,
I’évaporation et le rayonnement. Entre les corps matériels inertes, les
échanges se font jusqu’a égalisation des températures. Entre le milieu
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ambiant et le corps humain, les échanges se font vers 1’égalisation, mais
I’organisme tendant a maintenir une température constante, compense ses
pertes par la production accrue d’énergie. Advenant une incapacité a
maintenir une température constante, le corps humain peut développer toutes
les pathologies bien connues de I'exposition au froid. La thermogénése se
fait par des mécanismes cardiovasculaires hormonaux, neurologiques ou
hypothalamiques. Dans une ambiance froide, la perte de chaleur se produit
par ’émission d’ondes électromagnétiques longues qui sont absorbées par
les matieres froides environnantes. Prés d'un mur froid, un individu peut
perdre beaucoup de son énergie calorifique. Cette perte est proportionnelle
a la différence de température entre sa peau et la surface froide avoisinante.
Cette perte est énorme. Le rayonnement compte pour 40 a 60% de la totalité
des pertes calorifiques et se chiffre & environ 1000 a 1500 Kcal. Viennent
ensuite les pertes par convection qui sont de I'ordre de 25 a 30%. Les pertes
par conduction sont habituellement moins fréquentes car elles nécessitent le
contact direct avec 1’objet froid. L’évaporation de la sueur ne cause
habituellement pas de refroidissement, mais si 1’activité physique s’intensifie
et que les vétements s’humidifient au contact de la sueur, un refroidissement
plus marqué s’ensuit.

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

Lors de I’immersion d’une main dans 1’eau froide la température des doigts
chute a 0°C; aprés quelques minutes, elle s’éléve a 5-6°C et fluctue ensuite
entre 0 et 5°C. Il y a vasoconstriction initiale suivie d’une vasodilatation
observable, due a un "shunt" artério-veineux. La douleur survient en baisse
de température et s’atténue lors de la pseudovasodilatation. La douleur
apparait le plus souvent en vasoconstriction mais existe parfois en
vasodilatation. Ce phénomene se répete de fagon intermittente. Les Inuit, les
pécheurs et bien d’autres ne ressentent pas de douleur, ils sont adaptés.

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



Ils peuvent dormir nus 4 0°C ou plus bas en hiver sans abri entre deux petits
feux. Ils ne frisonnent pas, leur température rectale ou cutanée continue a
baisser toute la nuit et ils dorment. Ils survivent en hypothermie dans un
confort relatif. Dans les mémes conditions un individu non adapté perd sa
chaleur, frissonne, présente une légere baisse de température rectale et bien
entendu ne réussit pas a dormir.

A la lumitre de ces connaissances on peut se rendre compte que dans les
entrepots frigorifiques les travailleurs exposés a des températures de 0° 2
10°C ne passent pas a2 un stade d’adaptation méme aprés des années
d’exposition. Des études récentes en Suede tendent a confirmer ces faits. On
a constaté un inconfort marqué au niveau des extrémités s’approchant parfois
du seuil de la douleur a des températures de 10°C. Une baisse de dextérité
manuelle se manifeste 2 ces niveaux. Par contre, on a noté une adaptation
psychologique 2 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 étre 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 a sous-estimer le besoin de protection contre le froid et porteraient
des vétements d’isolation insuffisante. Cette perception du froid est
probablement reliée 2 la variation d’intensité des activités.

En I’absence d’adaptation physiologique & 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 pi¢ce a ’autre, il faudra user de
beaucoup d’ingéniosité pour arriver  une solution pratiquement acceptable.
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2.3 - Prévention, contrdle et surveillance

En ce qui a trait aux moyens de prévention générale nous vous référons au
texte ci-joint de I’INRS sur le froid artificiel dans I’industrie alimentaire.
Quant & la surveillance médicale nous procédons en déterminant la popula-
tion cible selon le risque et la présence des atteintes a la santé, et non par
des examens généraux obligatoires tels que décrits en référence. Nous
croyons qu’il est important de tenir compte des symptdmes rapportés par les
travailleurs, de vérifier les cas individuels et de proposer des solutions 2 la
lumiere 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 problémes 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, méme 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 a évaluer.

T
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Impairment of worker’s dexterity
working in cold environments. . -~

Cold environmenls affect finger dexterily.
The purpose of this study was {0
evidence any decrease in dexterity
among people occupationally exposed (o
cold in stores with lemperalures between
_.3poC and + 10°C. As the resuils of
the studies carred out in this field are
difficult to analyse. il appears necessary
lo previously assess the relationships
batween body cooling and dexterity by
reviewing the literature. The concepl of
critical hand skin temperature, which is
used now, alfows us to choose the
adequate statistical tool in order lo
analyse the results of this study.

Fifty seven workers were lwice subjected

(0 the screw-test without any previous -

training . one time at the workplace in 3
cold environment, another time in a room
at normal temperature (around 20 oc).
The threshold of hand skin temperalure
pelow which the dexterily is affected is
23.24 oC. This resull is obtained by an
ANOVA. In lifty percent of the subjects
studied, the hand skin lemperature
measured was below 24 °C during the
working days. The resulis of this study
show that the impairment of worker's
dexterity could be a real problem. it mus!
be taken into account by the persons
organizing the work of people
occupationally exposed fo cold.

Baisse de la dextérité
des salariés
travaillant au froid

M. Aptel (), centre de recherche de I'INRS

L'exposition au froid entraine une diminution de la dextérité. L'objectil de
12 présente étude est de rechercher celle-ci chez les salariés exposés au
froid dans des_lgcaux dont la température est comprise entre —~30¢C et

+10°C.

Cinquarte-sept salariés ont subi deux fois le test du boulon sans aucun
entrainement préalable; une fois a leur poste de travail au frold, une autre
fols dans un local dont fa température est normale (autour de 20 °C). Le seuil
de température cutanée du dos de ia main (ty,) en degd duquel la dextérité
des salariés est modifiée se situe entre 23 et 24 oC. Ce résultat est obtenu
grédce & une analyse de variance particuliére. La ty nde prés de la moitié des
salarlés étudiés est inférieure au seuil de 24 oC. La baisse de la dextérité

chez les salariés exposés au Iroi

d est donc une réalité.

Le fait que I'étude se déroule uniquement dans les entreprises améne une
situation expérimentale spécifique car certains facteurs ne peuvent pas étre
controlés directement. Aussi, {a validité du test du boulon, l'intérét de tym

en tant qu'indicateur de refroidissement, ainsi que la validité de {a relation
en forme de courbe 4 seull liant le refroidissement corporel & la performance,
sont discutés par rapport a la littérature.

Le refroidissement des mains en-
traine une baisse de la dextérité
(Fox, 1967; Enander, 1984). Or, chez
les salariés exposés au froid, le refroi-
dissement aftecte surtout les extré-
mites corporelles, donc les mains
{Enander et coli., 1979; Williamson et
coll., 1984). Par ailleurs, il faut considé-
rer la baisse de la dexténlé comme
une des causes possibles d'accidenl
du travail chez ces salariés. L 'objectif
de la présente étude est de meltre en
évidence, si elle existe, cette baisse
de la dextérité chez les salariés
exposés au froid dans l'industrie ali-
mentaire. W s'agil donc d'une étude

(1) Service de physiologie environnemen-
1ale.

sur le terrain qui impose des
contraintes spécifiques {en particulier,
absence de mailrise du refroidisse-
ment des mains des salariés) & l'ori-
gine de difficultés pour metlre en
évidence une liaison entre la perfor-
mance el le refroidissement des
mains. En conséquence, c'est l'ana-
lyse des documenls bibliographiques
qui nous conduit a choisir le test du
baoulon, car il nécessite des mouve-
meats lins des doigls, la temperature
culanée du dos de la main comme
indicateur de refroidissement (Fox,
1967) el une relation en forme de
courbe a seuil pour relier le refroidis-
sement de la main a la perormance
{Fox, 1967, Enander, 1984). Tous ces
choix seront justifiés dans 1a discus-
sion.



1. METHODE

La présente élude s’est entierement
déroulée au posle de (ravail des
salariés sans que [‘organisation de
leur lache soit modifiee. Parmi les
57 salariés qui ont panticipé a I'élude,
21 lravaillent dans un local dont la
tempéralure est inférieure a 0°C
{chambre lroide} et 36 travaillent dans
un local dont la température est
comprise enire 0°C et +10°C
(chambre climatisée). Quinze femmes
travaillent dans une chambre climati-
sée alors qu'aucune ne lravaille dans
une chambre froide.

1.1. Origine et déroulement du lest
du boulon

1.1.1. Origine

Le test du boulon fait partie de la
batterie des lests de dextérilé et de
rapidité de Bonnardel. La présentation
du test aux salariés est rapide car
visser des boulons esl un geste
connu par lous. Enfin, le malériel est
solide, peu encombrant el lacile a
transporter. C'est pourquoi, ce test a
eté retenu pour la présente étude,

1.12 Déroulement

Le salarié est assis 4 une l(able.
Devant lui, 3 casiers sont disposés
cole A cote. Les casiers de droite et
de gauche conliennent soit les vis,
soil les écrous, le salarié choisissant
leur emplacement relatif. Au signal
donné par I'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 pendanl 2 mi-
nutes. Les vis ou les écrous qui
lombent des mains ne doivent pas
étre ramassés. Avanl et pendant le
test, aucun encouragement n'est
adressé au salarié pour le motiver.

Le test du boulon esl subi mains nues,
sans aucun apprentissage préalable.
il est subi deux fois, une lois dans des
conditions de rélérence (Réf.), une fois
au froid (F). Pour le test au froid, la
lempérature d'air est toujours infé-
rieure a +10°C. Pour le test de
référence, la lempérature d'air est
comprise entre 18 ef. 26 °C. Avant le
test au froid, les boulons et les casiers
sont conservés dans un chariot iso-
therme (température supérieure 3
159C), si bien qu'its ne se refroidis-
sent pas suffisamment pendant ce
fest pour en biaiser les résullats. Le

lest au lroid est subi sur le lieu du
lravail. S'il porte des ganils, le salarié
les retire. Etant donné que le salarié
subit deux fois te tesi, I'apprentissage
peut interlérer avec l'eflet du iroid.
C'esl pourquoi, la population des sa-
lariés éludiés est divisée en deux
groupes. Un groupe subit d'abord te
test de Rél., puis le test F {sens de
passation =Rel, - F =) Lautre
groupe subit le test F, puis le lest de
Rél. {sens de passation « F - Rél. »).
Le sens de passation est pré-établi
pour chaque entreprise de maniére &
équilibrer, a priori, les elleclifs des
deux groupes. Cinquante-sept sala-
riés ont subi les deux tests, soil 29
dans le sens « F — Rél. » et 28 dans
le sens « Rél. — F ».

1.1.3. Mesure de Ia lempérature
cutanée du dos de fa main gauche

[

La température cutanée du milieu du
dos de la main gauche (lskm) est
relevée avant chacun des 2 tests. Le
capteur de température est une ther-
mistance de lype CRAFTEMP, enve-
loppée dans un ruban de cuivie adhé-
sil. Ce capteur est fixé a la peau,
dégraissée au préalable avec de
I'éther, au moyen d'un ruban adhésil
de type BLENDERM.

2. RESULTATS

Le tes! au froid es! subi aprés une
durée continue de travail au lroid trés
variable d'un salari¢ & lauwlre. En
moyenne, cetle durée est de 95 min
avec un écart-lype de 54 min. La
dispersion esl importante; elle est due
a la grande variabilité de !a durée
conlinue d'exposition au froid des
salariés et, dans une moindre mesure,
a linstant choisi pour subir le tesl. Le
lest de rélérence es( réalisé dans le
local ou le salarié est préparé. Lors-
que le salarié subil le test de rélé-
rence, il est dans ce local depuis au
moins 10 & 15 minutes.

Les résultals sont préseniés en deux
parties. La premiére concerne la pré-
sentation des résultats bruts, la se-
conde parlie présente la méthode
stalistique utilisée pour déterminer le
seuil.

2.1. Résultats bruts

Le nombre de boulons vissés par un
salarié pendant un test représente la
perormance. Les valeurs qui figurent
dans le 1ableau | sont les moyennes

TABLEAU !

Moyenne et écart-type des performances réalisées
par les salariés aux tests du boulon

Eftectit Sens 2 sens Apprentissage
confondus

1 l 2 3 4 5 6 7
Rél. — F - Rél. Rét. Froid 1er 2e

Echantition )

complet 57 X 29 276 272 2385

(tigne A} c S5 59 53 55

Groupe

Rel. - F 28 x 289 297

(ligne B) G 56 56

Groupe

F — Rél. 29 X 256 293

tigne C) | . a 54 | 56

X ; moyenne.

o : écart type.
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interindividuelles des performances
aux lesls pour chaque groupe de
salariés suivant : I'échaniillon com-
plet, le groupe « Rél. - F =, le groupe
aF — Ré&f. »

Dans le tableau |l ligurent les résultals
des tests de Student pour échantil-
lons appariés réalisés sur les résultals
bruts lels qu'ils sont préseniés dans
le tableau I

Pour I'ensemble de I'échaniilion, les
performances au lest au froid sont
signilicativement intérieures a celles
obtenues au tesl dans les conditions
de rélérence (A4-AS, tableau W)

Oans le groupe «Réf. — Fo» les
perlormances au test dans les caondi-
tions de rélérence sont inférieures. a
celles obtenues au test au Iroid sans
que cetle dittérence soit signilicative
(B1-82, 1ableau ll).

Dans le groupe «F - Rél » les
performances au test au froid sont
significativernent inféricures & celles
obtenues au test dans les conditions
de référence (C2-C3. tableau ).

22. Recherche du seuli

L"analyse bibliographique montre I'im-
portance de tskm €n tant qu'indicateur
physiologique permetiant de repré-
senler au mieux linfluence du froid
dans le cadre de la relation en forme
de courbe a seuil, La recherche du
seuil est donc indispensable.

Afin d'éliminer linfluence des varia-
tions interindividuelles de perfor-
mance, les boulons vissés au froid
sonl exprimés en pour cent de ceux
vissés dans fes conditions de rélé-
rence. La ligure 1 présente I'évolution
de 1a perlormance en fonction de tskm
mesurée avant le tesl au froid de
chacun des 57 salariés.

Le seuil o commence 3 apparailre
linfluence du lroid est recherché par
répétition d’une analyse de variance 3
deux facleurs avec prédétermination

PERFORMANCE

des deux classes élablies par rappon
a une valeur de s m progressivemnent
incrémentée de 10C.

Les deux facteurs sont les suivants :
~ tsxm Mesurée avant le lest au Iroid,

- sens de passation.

Chaque 1skm €51 appariée au résullat
du tesl exprimé en pour cent. L'ana-
lyse de variance se déroule alors
comme suil. Pour chaque valeur de
tskm Choisie entre 20 et 29 °C, deux
classes de salariés sont constituées,
fune dont tskm €St inférieure a tskm
choisie et 'autre dont tskm est supe-
rieure. Entre 20 et 28 oC, 12 valeurs de
tskm SONL choisies et, par conséquent,
12 analyses de variances sont eflec-
luées. La figure 2 représente I'évolu-
tion des 3 valeurs de « F » de Fischer
correspondant aux 2 eflets et & leur

Fig. 1. Performance, exprimée en %, au

TABLEAU Il %) ) iei! du boulon en fonction de tum -
Tests de Student 130 } - . : moyenne des performances des salariés dont
120 '“'z;i dans 11meérvalle [(taamd, s + 1N
}: -type cenlré sur la moyenne.
Moyennes |« 1 ~| Degré de | Signifl- 10 l il l t N : nombre de salariés pout KSQUEIS lsm 651
comparées liberté | cativité 100 -t H1t compris Gans lintervalle défini peécédemment.
(ddl) 0 I LI
80 { , Waaad. 14 15|13, 1910, 2020, 21 zu.zz'n 2.4
{lon + 1
Ad-A5 |226 56 p <005 70} -
60 N 1l3jz2]3|s]|s|~?
B81-82 037 27 NS 50|
C2-C3 |456 28 p < 001 144618202294 26283032 24,25 mslzs.zi n.zu’zs,zs 2, 30030, 1131, 32 sz:a|
t *Q)
A6-A7 |362 56 p < 001 sk.m 3{2ts|afjr|lejajzypt
NS : non signilicatil.
p < 0,05 : seuil de signilicativité.
A.B, C, 1,2 3 4 5 6 7sonttes numéros 6es
lignes el des colonnes du tableau I
Vafeurdu F Flg. 2. Recherche du seull; valeurs des £
D'aulre part, pour l'ensemble de pour chacune des 12 analyses de ve-
I‘échantilion, lorsque le sens de pas- 60 Ettel rlance (cf. paragraphe 2.2).
salion est pris en compte indépen- S0 “passation” .
gamment de la température du local a0 ’ \"‘ ‘w'l A w2 | 2 |22s|
ou le lest esl subi, les performances PN comme seud
au premier lest sont significativemnent 30, ..(mpéfam.
inférieures A celles obtenues au se- 20 Eftectts dans | o | o a1 14-43(17-40]20-37
cond test {A6-A7, tableau !l). 10 les 2 classes .
p< %
Les résullats bruls des lesis ne sont  |p<Stn
pas sullisanis pour meiltre en évi- 35| 24 { 25| 26|27 | 28| 2
dence lefiet du froid. Mais ils indi- 2585 1y m(*C)
quent que le sens de passation doil choisie

8tre pris en compte dans l'analyse
des données.

25-32|27-30) 30-27 | 32-25|37-20| 40-17 | 47-10
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interaction, en fonclion de {skm ChoiSi
comme seuil. Chaque analyse de
variance est réalisée avec des classes
a ellectils variables mais dont e total
des effeclils des deux classes esl
toujours égal a 57,

« L'effet lempérature » est loujours si-
gnilicalif car, quelle que SOt lskm
choisie. lous les salariés sont
contenus dans les 2 classes. C'est
pourquoi, I'analyse des 2 courbes de
la ligure 2 tient comple uniquement
des vanations des valeurs de « F »,
surtoul dans l'intervalle 23-27 °C. En-
tre 23 e1 27 °C, les valeurs de « F » de
« I'effet température » sont les plus
élevées el plus précisément entre 23
el 2359C. Autrement dit, I'influence
de lskm Sur la baisse de la perfor-
mance esl maximum pour ces valeurs
de lsk.m.

L'effet « sens de passation » n'est pas
significatil en dessous de 225°C.
Puis la courbe s'éléve brutalement
entre 225 et 24°C et l'eflet devient
significatif. Au-dela, la courbe reste
paralléle & I'axe des lskm. Ainsi, lors-
que lskm esl inférieure 3 23°C envi-
rag, lnfluence du sens de passation
sur la performance est faible parce
que l'effet température prédomine. En
revanche, lorsque sk m est supérieure
a 239C, «l'effel passation » est im-
portant, la répétition du lesl entrainant
une amélioration des résullats. Autre-
ment dit, le salarié bénéficie alors de
bonnes conditions d’'apprenlissage
parce que linfluence de = l'effet tem-
pérature » n'existe plus. Ainsi, au-dela
de 24 °C de tskm, 1a dextérité n'est pas
modifiée par le froid.

Si le seuil de lskm, en deca duquel la
dextérité est diminuée, est fixé entre
23 el 24 oC, aucune corrélation ne doit
alors exister entre tskm €t la perior-
mance pour tous les salaries dont
tskm €St supérieure A ce seuil.

Ce test de corrélation a donc été
réalisé. Cependanl, du fait que le seuil
ne peul élre fixé avec précision puis-
que c'est un intervalle qui est proposeé,
3 valeurs seuils ont été choisies, soil
respectivement : 23, 23,5 e1 24°C. Le
tableau Ili présente ces corrélations;
pour chaque valeur du seuil, 2 corréla-
lions sonl calculées : I'une enlre les
tskm Supérieures au seuil et la perfor-
mance correspondante, l'autre entre
les tgm inférieures au seuil et la
periarmance correspondante.

L'examen de ce lableau montre que, -

quel que soil le seuil, aucung corréla-
tion n'existe-entre les 1sx m Supérieures

TABLEAU 1l

Tests de corrélation entre les t,, , supérieures au seuil
ou inférieures au seuil et la performance correspondante

Corrélalion entre les
L m Supéricures au
seuil et 1a performance
correspondante

Corrélation entre les t

Intérleures au seuil et
la performance corcespondante

Seuil r. ddi Signifi- . dd! Signiti- Droite de regression
oG cativilé calilé per. % = alam + O
23 006 | 35 NS 038 18 |p<10%

235 | 005 30 NS 0,48

23 |p< 5%|ped.% = 3214m + 168

24 0.1 28 NS 055

25 |p< 1%| ped % = 43l — 43

ddl : degré de libené.
NS ; non signiticatil.
p € 5% : seuil de signilicativité,

a ce seuil et la perormance. En
revanche, la corrélation entre tes tskm
inférieures a ce seuil et 1a performance
est signilicative pour les valeurs de
seuil de 235 et 24 oC.

Ces résultats conlirment donc que le
seui! peut élre fixé entre 23 el 24 °C.

3. DISCUSSION

La présente élude vise a metlre en
évidence la diminution éventuelle de
la dextérité chez les salariés qui lra-
vaillert dans des ambiances thermi-
ques froides. Elle est donc réalisée
sur lg terrain sans que les condilions
de ftravail das salariés soient modi-
tices. Cette situalion expérimentale
particuliére influence Forganisation de
'élude ainsi que le dépouillement.

Chaque salarié étudié subit une
contrainte thermique troide qui fui est
propre. En effet, |a tache. le vélement,
la durée d'exposition el les caractéris-
liques de la contrainte thermique sont
propres a chacun des salariés étu-
diés. Par exemple, certains salariés
portenl en permanence des gants,
d'autres n'en portent jamais, d’autres
encore n'en porenl qu'épisodique-
ment, d'autres enfin ne portent qu'un
seul ganl. L'exemple des gants illustre
bien I'hélérogénéilé des contraintes
thermiques subies par les salariés. En
conséquence, le relroidissement des
tissus cutanés el sous-culanés du
membre supérieur qui représente I'as-
treinte thermique des salariés
exposés au hoid (Enander el coll.,
1979; Williamson et coll., 1984) n‘est

pas comparable d'un salarié a l'autre,
Qr, 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, nerls, articula-
lions). Ainsi, selon ces auteurs, pour
une ma&me température culanée, plus
la température des tissus profonds
esl basse, plus la performance esl
diminuée.

Ceélte observation a deux consé-
quences. En premier lieu, #§ 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 I'hélérogénéité des
conditions expérnimentales, le relroi-
dissemenl des membres supérieurs
de chaque salarié est spécifique, donc
différent de chacun des aulres sala-
riés. 1f s’ensuit que pour deux salariés
dont le refroidissement des lissus
profonds est différent, ta performance
au froid sera différente bien qu'il soit
possible que leurs iempératures cuta-
nées soient identiques. En second
lieu, le choix de findicaleur de refroi-
dissement s‘avére complexe. Aussi,
ces deux questions doivert-elles étre
discutées en tenant compte des don-
nees bibliographiques.

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

Les différents auleurs qui ont étudié
linfluence du lroid sur la dextérité ont
montré l'importance que revét le choix
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test. C'est le lest du boulon de
nnardel qui a élé choisi pour la
présente étude. Il ne figure pas dans
1a liste des tests reienus par Wyon
177) pour évaluer la baisse de la
xtérité chez 'homme exposé au
«.id. Le test du boulon présente
néanmoins les critéres requis pour
" e retenu. En eliet, les auteurs qui
lisent des lesis neécessilanl des
»uvements fins des doigls (tesl de
nouage (knot lying), de licelage (block
stringing) et de rapidilé digitale {coun-
g task)) observent une diminution

: la performance au lroid (Gaydos et
isek, 1958: Clark et Cohen, 1960
Tanaka el coli., 1983). En revanche, les
anteurs qui utilisent des tesls ne
cessilant pas de mouvemenis lins
's doigts mais plutdt des mouve-
...2nts du poignet ocu du coude (cer-
1ains tests du laboratoire de psycho-
t~gie de l'université du Minnesola;
st de vissage - dévissage avec
urnevis) n'observent pas de diminu-
wn de la performance {Teichner,
1957; Lockhart, 1968). Le test du
" julon implique des mouvements fins
:s doigls et Bonnardel le considére
ymme un test de dextérilé. C'est
donc un tesi pertinent pour mettre en
évidence la baisse de la dextérité
ez les salariés exposés au froid.

Le refroidissement du membre supé-
rieur ou d'une parie de celui-ci est
- iffisant pour entrainer une baisse de
dextérité (Leblanc, 1956; Lockhart et
ess, 1971). Or, c'est essentiellement
celte partie du corps qui se refroidit
chez les salariés exposés au froid. De
lus, parmi les diftérenles lempéra-
ires cutanées qui peuvent élre rele-
Ses au niveau du membre supérieur,
Tanaka et coll. (1983) monirent que la
tempéralure cutanée du dos de la
1ain (lskm) €st celie qui refliéle le
rieux l'influence du froid sur la dexté-
.1&. Celle observation est parlagée
par d’aulres auteurs (Fox, 1967; Enan-
“er, 1884). La température cutanée du
os de 1a main doil donc étre retenue
omme é&lant l'indicateur de refroidis-
sement le plus pertinent.

e choix de la nature de la relation
ant tsim & 1a performance souléve en
_svanche plus de diflicultés qui ne
'sonl pas sans conséquence sur le
épouillement des résullats. En effet,
2 choix de l'oulil stalistique qui per-
net de dépouiller les résulials dé-
pend de la nalure de celle relation.
Dans une analyse bibliographique,
~ox (1967) eslime que la baisse de la
lextérité n'apparait que lorsque tskm
ieint une valeur seuil. Pour cel au-
teur, le refroidissement de la main
entraine une hypoesthésie lactile el
e diminution de la dextérité. Celles-

ci n‘apparaissent qu'a pardir d'un seuil
de 1skm Qui serail, selon l'auleur, de
8 oC pour la sensibilité taclile et de 12
a 16°C pour la dexiérilé. Fox (1967)
fonde son opinion sur lanalyse
d'éludes qui sont réalisées en labora-
foire .ou sur Je lerrain. La relation en
forme de courbe a seuil ne semble
pas loulelois compatible avec les
resultats présentés par d'autres au-
teurs. Lockhart et Kiess (1971) et
Tanaka el coll. {1983} irouvent, en etfet,
des corrélations signilicatives entre
Isk m €1 13 perflormance des sujets pour
des tests qui impliquent des mouve-
ments fins des doigts. Cependant,
Lockhart et Kiess (1971) limitent fa
poriée de la relation linéaire qu'ils ont
relevée parce qu'ils considérent que
15k m N'est peul-étre pas lindicateur de
refroidissement le plus perinent.

Or, l'expérience de Clark et Cohen
(1960) le démonire. C’est pourquoi,

-Enander (1984) qui relient 1a relation

en lorme de courbe a seuil propose
d'y inclure deux limites, d'une parl le
test choisi doit impliquer des mouve-
ments fins des doigts el d'autre part
la température cutanée ne refléle pas
précisément la température des tissus
protonds dont fe role apparait déter-
minani. Cependanl, dans toutes les
expériences, seules les températures
culanées sonl mesurées. En effel, la
mesure de la température des lissus
protonds esl difficilement réalisable
chez I'homme.

.

Les mécanismes a l'origine de la
diminution de ia dextérité sont mal
connus. Lockhart et Kiess (1971) pen-
sent qu'une exposition sévere au froid
modilie la sensibilité tactile cutanée,
affecte le contrdle des muscles des
doigls, des mains et des bras el réduit
la mobilité articulaire. Hunler et coll.
{1952) ont moniré que la viscosité du
liquide synovial de bovins augmente
lorsque la lempérature articulaire di-
minue. Vanggaard (1975) monire que
la conduction nerveuse du ned cubital
chez Iomme diminue lorsque fa tem-
pérature baisse el est bloquée lors-
que sa température atleint 10 °C.

Dans la présenie élude, une analyse
de variance paniculiére permet de
rechercher le seuil. Cette particularité
tient au fait que les salariés étudiés
n'ont subi aucun entrainement préala-
ble car celui-ci n'élait pas envisagea-
ble au regard de la silualion expéri-
mentale. C'esl pourquoi I'échantillon
des salariés étudiés est divisé en
deux. Chaque groupe a subi deux lois
les tesis - une fois au froid, une lois
dans les condilions de rélérence —
mais dans un sens de passalion
dittérent, ceci afin d'inlégrer l'influence

de la répétition du lest sur la perfor-
mance. L'analyse de variance inlégre
donc deux facteurs, a savoir le sens
de passation el sk m. L'absence d'ap-
prentissage, loin de géner l'inlerpréta-
tion des résullats obienus, contribue
a3 demontier l'existence du seuil.
L'analyse de variance particuliére utili-
sée peul donc élre proposée dans
des siluations expérimentales ou au-
cun apprentissage ne peul étre envi-
sageé.

Le seuil se situe entre 23 et 24°C_ |l
est plus étevé que celui proposé par
Fox (1967). Mais, dans une élude
comparable a la présente étude et
ponlant sur mille salariés, Meese el
coll. (1984} observenl gue la baisse de
la dextésité survient a une température
olus élevée que celle proposée par
Fox (1967) et Poulton {1970, cité par
Meese). Sur la base des données
recueillies dans V'élude réalisée par
Meese. Schiefer et coll. (1984) situent
le seuil de température culanée de
lindex entre 20 el 22°C. Dans la
présente élude, le seuil de tskm est
situé entre 23 et 24 °C. Il est donc tout
a (ait comparable avec celui proposé
par Schiefer et coll. {(1984). En effet, la
température culanée du doigl est lou-
jours plus basse que celle du dos de
la main.

Les résultals obtenus présentement,
bien que ne pouvani valider la relation
en forme de courbe a seuil, sont en

concordance avec celte hypothése.™

Drautre pad, 'examen de ces résultals
montre que 27 des 57 salariés qui ont
subi e test du boulon ont une tempé-
rature de la main inférieure au seuil de
24 oC_ soit prés d'un salarié sur deux.
En conséquence, la baisse de la
dextérité chez les salariés lravaillant
dans une ambiance thermique froide
est une réalite. Ce constat améne les
deux conclusions suivantes :

-~ le lravail des salaries doit élre
organisé de telle sorte que les laches
impliquant des mouvements {ins des
doigls soient supprimées,

- le froid doit étre considéré comme
un facteur de risque supplémentaire
vis-a-vis des accidents du fravail.

Lauteur remercie Messieurs Cnoc-
kaert et Emond pour leur collabora-
lion.
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Waorking in refrigerated climates in the
food Industry.

Description of stress and
recommendations

Uittte. is known about the health eflects of
working in cold climates. The purpose of
this study is therefore lo describe the
thermal stress to which exposed workers
are subjected and to propose
recommendations (0 improve their

working conditions. The contents include:

refrigeration in the food induslry, cold
stress, cold hands and dexterly,
measuring cold environments by strain
indexes proposal of a thermal stress
indicalor (the temperature of the dorsum
of the hand), cold-induced pathology and
recommendations (reducing cold sirain,
work organisation, prolective clothing,
rest periods, training and information,
medical surveillance).

In conclusion, working in refrigerated
environments does nol give rise 1o any
major problems of thermal or
sensonmolor stress, but cerain.
precautions must be laken.

Le travail
au froid artificiel dans
l'industrie alimentaire

Description des astreintes
et recommandations

M. Aptel, centre de recherche de I''NRS

L'influence du -travail au froid sur la santé des salariés est.mal connue.
Aussi, cefte note a pour but de décrire ['astreinte thermique (1) des
personnes exposées et de proposer des recommandations aflin d'améliorer
feurs conditions de travall (2). Au sommaire : le froid artificiel dans I'industrie
alimeataire, I'astreinte thermique, l'influence du refroidissement des mains
sur la dextérité, I'évaluation des ambiances thermiques froides par les
indices de contrainte, la présentation d'un Indicateur dastreinte thermique
(la température cutanée du dos de la main), Ia pathologie due au frold et enfin
recommandations (réduction de la contrainte Iroide, organisation du travafi,
vétements conlre le frold, pauses, formation et information, survelllance
médicale).

En conclusion, le travail au froid artificlel ne souléve pas de problémes
d‘astreinte thermique ou seasorimotrice majeurs, mais certaines précautions
dolvent étre prises. ’

L'essor important de l'industrie afimentaire lors de ces quarante demiéres
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 (') et de chambres climati-
sées (') a considérablement augmenté pendant cette période avec pour
conséquence un accroissement du nombre de postes de travail exposant des
salariés & des ambiances thermiques froides artificielles.

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

1. ASTREINTES LIEES
AU TRAVAIL AU FROID

1.1. Le froid artificiel dans l'industrie
atimentaire

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

(1) Cf lexique.

(2) LINRS a réalisé une étude sur les
condilions de travail au froid dans ['indus-
trie alimentaire qui a lail l'objet d'un mé-
moire de thése. La présente note do-
cumentaire n'est qu'un résumé de celte
étude; le mémowe de thése peut Btre
envoyé sur simple demande adressée a
FINRS & Nancy, Service de Physiologie
Environnementale.

V78 A



3

"Q(

L'induslrie alimentaire est la principale
utifisatrice du froid artificiel. Deux.prin-
cipaux types d'aclivilés sont ren-
conlrés damrsrles enceintes froides de
celte branche industrielle, a savoir : la
transformation de certaines denrées
et I'enlreposage des produits frais ou
surgelés. La découpe de la viande, de
la volaille ou du poisson représente
f'activité de transformation. L'activité
d’entreposage succeéde en principe a
fa transiormation. Cependant, de
nombreuses denrées périssables
n'‘ont pas été transformées au froid.
Pour celles-Ci, la chaine du froid
commence lors de l'entreposage.

A chaque activité correspond un me-
tier spécifique. Aussi, deux principaux
types de métiers sont rencontrés chez
les salariés exposés au froid . les
« bouchers » qui découpent la viande,
la volaille ou le poissan 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 étre transformée

" et/ou entreposée d une température

précise. Le tableau { 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’ —20°C et +10°C;
en fait la température des chambres
froides peut atteindre —30 °C le matin
lors de louverture des portes de
I'entrepOt.

La population des salariés exposés
au froid peut étre évaluée a 80000
personnes environ. Le tableau | indi-
que la répartition de cette population
en fonction des types d'activité décrits
précédemment. En raison du dévelop-
pement récent de lindustrie alimen-
taire, la population des salariés
exposés au froid est jeune comme le
montre la figure 1. En effet, prés 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 de travail ne font {'objel
d'aucune réglementation particuliére.
Chaque entreprise organise, & sa
fagon, le régime des pauses. La répar-
tition et la durée des pauses dépen-

dent aussi de la température de l'en-

ceinle froide. Ainsi, les salariés travail-
lant en chambre froide bénélicient de
pauses plus fréquentes et/ou plus

(1) Cf lexique.

. TABLEAU t-
Température de conservation des denrées alimentaires’
et population des salariés exposés au Irold

Estimation de la
Pcoduits conservés Température des locaux population exposée

au froid
Fabrication + entreposage
viande + 7eC .
abals 00oCa + 30°C 40000
sieak haché 0oCa + 3°C a
charcuterie g°Ca + 4°C 50000
volaille 0oCa + 40°C 10 000
Entreposaqge seul
poissons 0eCa+ 29
tail el dérivés 0°Ca+ 6¢C 10 000
légumes et fruils +6°Ca+ 10°C
surgelés maximum — 18 °C 10 000
crémes glacées maximum — 20 °C

Population des salaniés qui Population des salariés frangais
travaillent au froid Source INSEE 1975 (22 818 000)
{source: enquéte par questionnaise :
auprés de 670 salariés)
> 60 ’ 0 :I 60 < Age < 64
51 < age < 60 ' 7 |19 50 < 4ge < 59
4i<ige<S0 9 |22 40 < &ge < 49
31 < age < 40 27 |2 ‘ 30 < age <39
21 < age <30 51 |29 ) 20 < age < 29
<20 1els 1S<ige< 19
1 1 1 1 L i 1 L i i
50 40 30-20 10 O 10 20 30 40 SO
nombre de salariés (%)

Fig. 1. Répartition, par tranche d'dge de 10 ans, de la population de tous les salariés
frangals comparée & celle des salariés exposés au froid.

longues que les salariés travaillant en
chambre climatisée.

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

bre froide, 'employeur fournit un véle-
ment isotherme (') particuher.

1.2, Astreinte thermique

Les résultats de I'étude menée par
I''NRS auprés-de salariés exposés au
froid, complétés par les informations
bibliographiques recueillies, peuvent
élre réesumeés comme Suil.
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Dans les conditions habiluelles de
travail, le refroidissemenl corporel est
rés faible. En efiel, 'évolution de la
température du noyau (') au cours de
la journée, appréciée par la mesure de’
la température reclale, demeure in-
changée par rapport & celle de sala-
riés non exposeés au Iroid (Enander el
coll., 1979). De meme, la tempeérature
de l'écorce (), appréciée par la me-
sure de la température culanée
moyenne, calculée selon la pondéra-
lion de Ramanathan (cf/ annexe 1)
varie trés peu au cours de la journée
de travail au Iroid (fig. 2). En consé-
quence, aucun danger d’hypothermie
n'est a craindre. En revanche, le refroi-
dissemenl des mains est important
(lig. 2) sans tloutefois entrainer ni
engelures ni gelures, sauf cas
particuliers.

C’esl pourquoi, l'astreinte thermique
se traduit essentiellement par un re-
froidissement des exirémilés corpo-
relles. Le port de gants et de chaus:
sures n'assure pas une prolection
efficace conlre le refroidissement des
extremités bien qu'il en limite l'inten-
sité. Enfin, une grande dispersion
interindividuelle du relroidissement
des mains est observée, sans que
celle-Ci soit en rapport avec les seuls
facteurs de contrainte thermique (tem-
peralure el vitesse de ['air).

Dautre part, I'élude menée par I'INRS
a montré qu'une pause dont la durée
est de 25 minules environ n‘assure

pas un réchauffement suffisant des

mains. En effet, la température cuta-
née de la main des salariés n'atteint
pas, a lissue de cetle pause, une
température comparable a celle me-
surée avanl le début de I'exposition au
froid. Enfin, le réchauffement de la
main pendant la pause est d'autant
plus imporiant que le refroidissement
est plus intense.

En dernier lieu, la comparaison entre
le refroidissement des salariés travail-
lant en chambre froide el celui des
salariés travaillant en chambre climati-
sée montre que ces derniers se refroi-
dissent plus que les premiers. Ce
résultal, 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 exirémités en-
raine une diminution de la dextérité

{1) Cf lexique.

R 8 8 %

-
L]

températures cutanées (°C)
ry

1a (°C)
8 o B

B 3 & =

-
=]

temnpératures cutanées (°C)

2b. Manutentionnaire (homme)

Fig. 2 Evolution de I'astreinte thermique cutanée et répartition des périodes d'exposi-
tion au frold au cours de la Journée de travail de deux salariés.

Chaque figure se divise en deux partie : Ia partie supérieure représente les diftérentes
températures cutandes et (a 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

«—s - température culanée moyenne (Ramanathan)
»—e © température cutanée du dos de Ia main gauche
0—o : température cutanée du dos de la main drolte

Le trait en pointillés & 24°C indique le niveau ou la dexténité c

ce 8 diml

Sur Ia partie supérieure des figures, seuls les points correspondent & des tempéra- .
tures cutanédes relevées. Le trait ne sert qu'a relier ces points, permettant alnsi de
mleux figurer les variations de température.

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

" la dextérité diminue.

Dans I'élude sur le travail au froid
menée par I'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 a 24 oC.
Autrement dit, tant que la température
cutanée de la main est supérieure 3
24°C, le refroidissement de la main

" n'engendre qu'un inconfort thermique
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pour cerlains salariés. Mais dés que
ce seuil est franchi, la capacité a
elfecluer des mouvements fins des
doigts esl réduile. Cette diminution de
la dextérité peut donc étre responsa-
ble d'une incapacité a réaliser cer-
laines laches, voire élre a f'origine
d‘'un accident du travail.

A titre d'exemple, 60 % des salariés
qui onl participé a I'élude déja men-
tionnée onl, au moins une lois pen-
dant leur journée de travail au. lroid,
une lempérature cutanée de la main
inlérieure & 24 °C. Enlin, le port des
gants n‘assure pas systématiquement
une tempéralure supérieure a 24 °C.

1.4. Evaluation des ambiances ther-
miques [roides

L'évaluation globale des ambiances
thermiques apporte au préventeur une
information précieuse sur la séverite
de la contrainte thermique et permet
la prévision ou l'appréciation de 1'as-
treinte. Pour les salariés exposés au

froid, le relroidissement global ou
local du corps représente cette
astreinte.

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

- les indices de contrainte qui, a panir
de la mesure des diftérentes gran-
deurs climatiques, permettent de pré-
voir I'astreinte thermique;

— un indicateur d'astreinte qui, & partir
de la mesure de la température cuta-
née du dos de la main, permet d'ap-
précier le refroidissement de 1a main
et son retentissement sur laptitide
sensorimotrice du salarié.

14.1. lﬂ:ﬁces de contrainte

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

IREQ :
global

indice de relroidissement

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

(1) Cf. lexique.
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important, plus fe pouvoir de refroidis-
sement de I'ambiance thermique est
grand. D'autre par, IREQ permet de
prévoir l'astreinte thermique du sala-
rié. En conséquence, cet indice doit
élre considéré comme un guide per-
meltant de choisir les vélemenlts qui
assureront un isolemen! thermigue
suffisant pour que le salarié¢ puisse
demeurer plusieurs heures au froid.
Aucun risque d'hypolhermie (') n'est
alors a craindre car le salarié est en
équilibre thermique.

L'information apportée par IREQ n‘'a
d'intérét que si lisolement vestimen-
1aire des vétements esl connu. L'ISO
propose, dans un autre dacument de
travail, une méthode qui permet de
calculer l'isolement vestimeniaire de
différentes piéces de vétements
(ic) ('). Ainsi, en comparant la valeur
de IREQ - isolement vestimentaire
requis assurant I'équilibre thermique
— alcl — isolement des différentes
piéces de vétements effectivement
portées par les salariés exposés au
froid —, il est possible de savoir si ces
salariés sont suffisamment vétus et,
au cas ou ils le seraient insuffisam-
ment, quel vétement supplemenlanre
ils douvent porter.

En fait, le document de travail ISO
portant sur IREQ propose de calculer
deux IREQ, IREQ mini el IREQ neutre.
IREQ mini représente l'isolement ther-
mique minimum des vétements que le
salarié doit porter. Si l'isolement vesti-
mentaire {Icl) est inférieur 4 {(REQ mini,
le salarié se refroidira trop et devra,
aprés un intervalle de temps calcula-
ble, quitter I'enceinte froide. En revan-
che, IREQ neutre représente un isole-
ment vestimentaire devanl assurer le
confort thermique au satarié. IREQ

“héllre est donc toujours supérieur &

tREQ mini.

Dans f'etude INRS réalisée auprés de
salariés exposés au froid, les résultats
de 1a comparaison entre IREQ et Ic!
(fig. 3a et 3b) peuvent &tre résumés
comme suit :

— pour les satariés travaillant en
chambre froide, Icl est intérieur 3 IREQ
mini. Aussi, les vétemenlts mis a leur
disposition ont un isolement thermi-
que insuflisant pour que ces salariés
puissenl demeurer dans une chambre
froide, de fagon continue, pendant
plusieurs heures. Cependant, étant
donné que leur durée continue
d'exposition au froid est fe plus sou-
vent inférieure a 1 heure, leur isole-
ment veslimentaire est satistai-

sant comme la confirme la mesure de
leur tempéralure cutanée moyenne {c/.
paragraphe 12). :

- pour les salariés (ravaillant en
chambre climatisée, Icl est équivalent
a IREQ neutre. Ces salariés se sont
donc vélus pour que leur situation
thermique soit proche du conlort.

WC! : indice de refroidissement local

_ L'indice local de refroidissement pro-

posé par le document de travail 1SO
est Wind Chill index (WCI). Mais
aucun WCI calculé pour les condi-
tions de contrainte lhetmtque des
salariés, qui ont participé a l'étude
déja citée, n'est excessil.

Ce résultal est logique. En effet, WCl
est un indice qui vise a prévenir les
accidents lés au relroidissement local
excessil. Ce n'est donc pas un indice
intéressant pour les contraintes
froides auxquelles les salariés sont
exposeés car ces accidents ne sont

-que trés rarement rencontrés. En re-

vanche, WCI ne permet pas de prévoir
la baisse de dexterité.

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

Un hiatus existe donc entre les 2 in-

dices proposés par I'SO el l'astreinte
thermique des salariés telle qu'elle est
décrite précédemment (cf. para--
graphes 12 et 13). En effet, ces
2 indices de contrainte visent a préve-
nir une situation qui n'est pas ren-
contrée chez les salariés exposés au
froid, a savoir le refroidissement
excessif du carps et les pathologies
locales aigués liées au refroidisse-
meni des extrémités. En consé-
quence, l'information tournie par ces
indices est de portée limitée, car elle
ne permet pas de prévoir la diminution
de la dextérité.

Une nouvelle méthode d'évaluation -
doil étre proposée.

La température cutanée de la main es!
la méthode d'évaluation qui, pour les
conditions 'de travail des salariés
exposés au [roid, parait la plus inté-
ressante, bien que ne constituant pas
un indice permetlant de prévoir le
refroidissement des salariés a partic
de la mesure des grandeurs caracté-
ristiques d'une ambiance thermique
froide de travail. Pourtant, le choix de
la température culanée de la main
comme indicateur d'astreinte est
{ondé sur les arguments suivanls :
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- sponfanément, compte lenu de leur
contrainle thermique de travail, les
salariés choisissant un isolement ves-
timentaire satisfaisant; '

- lorsque la température culanée de
la main atteint 23 ou 24 °C. a capacité
sensorimolrice de la main est ‘dimi-
nuée (¢f paragraphe 1.3). Elle entraine
I'maptilude du salarié a réaliser cer-
{aines taches et peut étre la source
d'accidents du travail;

- les variations interindividuelles
dans le refroidissement des extré-
mités sont trés importantes et seul un
indicaleur d'astreinte peut les prendre
en compte.

Toule lempérature cutanée de la main
supérieure 3 24 °C correspond & un
refroidissement de la main qui n'en-
lrave pas i'aclivité du salarié. Dés que
ce seuil est franchi, le refroidissement
de la main doil étre considéré comme
potentiellement dangereux.

Enfin, la mesure de la température
cutanée de la main est simple a
réaliser el I'appareil de mesure peu
onéreux (cf annexe 2).

1.5. Pathologie due au froid

Deux types de pathologies doivent
&tre distingués : la pathologie aigué el
la pathologie chronique.

La pathologie alqué

Elle est représentée par 'hypothermie
qui est un accident général et par les
gelures, engelures ou « pied de tran-
chée » qui sont la conséquence du
relroidissement excessif des extré-
mités. Cependant, pour les salariés
exposés au froid, le risque d'étre
vicime 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 1rés long, mais le
respect des consignes de sécurité
vise & éliminer ce risque.

La pathologie chronique

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

- l'appareil respiratoire,

~ — lappareil circulatoire,

~ lappareil ostéo-arliculaire, dans
une moindre mesure.



En effel, le [roid semble étre un lacteur
de risque pour fa bronchile chronique,
les alfections de la sphére ORL, les
rhumalismes et le syndrome de Rey-
naud. Mais celte liste n'est pas
exhauslive.

Sans vouloir faire une liaison formelle
enlre l'astreinte physiologique du sa-
larié exposé au froid et {a palhologie,
cerlains aspecis peuvent étre envi-
sagés. Ainsi, il esl possible que l'ins-
piration réguliére d'un air 3 —250°C
favorise des troubles morbides a type
de bronchite chronique par exemple.
De méme, la vasoconstriction péri-
phérique répétée el prolongeée peul
élre un des facteurs a l'origine d'un
processus physiopathologique res-
ponsable du syndrome de Reynaud.
Cependanl, ce ne sonl que des hypo-
théses qui ne reposent sur aucune
preuve.

{‘étude de la responsabilité du froid
dans la genése de certaines maladies
est a entreprendre. Le fait que la
population de salariés soit jeune avec
une faible ancienneté d'une part et
que le délai d'apparition des premiers
symptdmes de ces maladies soit long
rend plus difficile 1a mise en évidence
de la responsabilité du froid en tant
que facteur de risque. « L'exploration
fonctionnelle thermique » peut élre un
moyen efficace de dépistage et/ou de
prévention. Cependant, c'esl actuelle-
ment un domaine encore peu étudié.

1.6. Questions en suspens

De nombreuses questions demeurent
encore sans réponse en ce qui
concerne leffet du froid sur l'orga-
nisme. Ainsi, l'effet de variations bru-
tales de température pouvant attein-
dre une amplitude de 50°C en été,
répétées plusieurs lois dans la jour-
née, demeure inconnu, notamment
I'effel sur I'appareil respiratoire. Or, de
nombreux salariés se plaignent de
géne respiratoire lorsqu'ils sorlent de
la chambre froide. Par ailleurs,
comment prévenir le refroidissement
des extrémités?

Pour I'instant, il n'existe pas encore de
protection satisfaisante des exiré-
mités (mains et pieds). Ainsi, aucun
type de chaussure ou de gant ne peut
étre considéré comme réellement
efficace.

D autre pan, si Iisolement thermique
esl satislaisant, le vétement de travail
des salariés n'est pas suffisamment
adapté a feur lache.

o~
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Par exemple, les varialions brutales
de charges de Iravail peuvent entrai-
ner une modificalion importante de
I'tsolement vestimenlaire requis ou
générer des réductions notables de
lisolement thermique effeclif. C'est
ainsi qu‘un travail intense, avec parlois
une sudation importanle, va diminuer
lisolemeni thermique du vélemenl en
raison de 'humidité que celui-ci ab-
sorbe. Dés que le Iravail sera moins
inlense, le vétement humide ne sera
plus suffisamment isolant. L'améliora-
1ion de la connaissance des méca-
nismes évaporatoires a lravers les
vélements ainsi que la découverte de
nouvelles libres lextiles devraienl per-
mettre de résoudre ce probiéme.

2. RECOMMANDATIONS

La plupart des articles consacrés a la
présentation de recommandations vi-
sant & améliorer les conditions de
travail au froid considérent plutdt les
conditions de travail dans les régions
polaires. Or, les probléemes ren-
conirés par_les salariés exposés au
froid artificiel dans notre pays sont
différents. En eflet, 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 conditions
habituelies de travail. Le faible refroi-
dissement corporel est donc ligé a
l'efficacité, en tant gu'isofant thermi-
que, des vétements qu'ils portent.

C’est pourquoi, les recommandations
qui vont étre proposées suivent une
orienlation légérement différente.
Elles portent sur les points suivants :

— réduction de la conlrainte froide,
— organisation du travail,

—~ amélioration de I'efficacité de l'iso-
lement vestimentaire,

- critéres d'efficacité des pauses,
- inlormation el formation,

~ surveillance médicale des salariés.

En France, le Code du travail ne
prévoit qu'une seule obligation pour
les salariés exposés au Ilroid; ils
doivent bénéficier d'une surveiliance
meédicale spéciale’ (arrélé de juillet
1977).

Aussi, les recommandations présen-
tées sont issues de documenits prove-
nant d'organismes officiels des Etats-
Unis, de Norvege, de Suéde, des
Pays-Bas et de Suisse.

D'autre part, ces recommandations
portent exclusivemenl sur les pro-
blémes rencontrés par les salariés-
exposés au froid dansl2. cadre habi-
tuel de leur lravail. Les problémes de
prévention des incendies, ou ceux liés
a llintoxication par les liquides frigori-
génes. ne sont pas abordeés.

Par aifleurs, celte présentation ne tient
pas compte de la température du
local. En eflet, les problemes des
salariés travaillant en chambre froide
ne sont pas fondamentalement dilfé-
renls de ceux des autres salariés.

Cependant a chaque fois qu'un pro-
bleme spécifique se pose, il sera
évoqué dans le cadre du plan adopté
pour présenier ces recommandations.

2.1. Réduction de
froide

la contrainte

Les moyens de prévention technique
sont trés reduits. La température des
locaux ne peut évidemmenl pas élre
modiliee. Cependant, ta diminution de
la vitesse de l'air est un moyen trés
efficace pour ralentir le refroidisse-
ment des salariés. Les documents
consuités proposent dilférentes vi-
lesses d‘air maximales tolérables au
niveau des zones de lravail. Ainsi,
pour PACGIH (3), la vitesse d'air maxi-
male tolérable esl de Ims—!, un
réglement suédois prévoil 0,2 ms—1,
une recommandation nofrvégienne
0.1 ms—' et la CRAM de llle-de-
France propose 0,2 ms—1. Nous pen-
sons que 1 ms=1 est une vitesse d'air
beaucoup trop élevée. Par contre, le
chiffre proposé par la CRAM est lout
a fail salisfaisani. Pour oblenir une.
vitesse d'air faible, plusieurs solutions
peuvenl étre proposeées :

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

- interposer enlre les aérothermes et
le local des faux-ptafonds percés de
petits orifices. Dés lors, la vitesse de
l"air est réduite;

- arréter, quand cela est possible, les
aérothermes lorsque les salariés sont
présents;

— placer aulour des posles de {ravail
des écrans de prolection contre le
vent;

— éloigner le plus possible les postes
de travail des aérothermes.

(3) American conlerence of goveramental
industrial hygienists.



En ce qui concerne les oulils, leurs
manches doivent étre (aiblement
conducteurs de la chaleur. De méme,
les siéges doivent. étre conslruits en
maiériaux lhermiquement isolants.

Le réchaulfement localisé du poste de
{ravail avec des appareils de chaut-
lage par rayonnemenl peul élre une
solulion. De méme, des réchaufleurs
pour les mains peuvent éire installés
dans l'enceinte {roide. Mais aucun de
ces syslémes n'esi utifisé dans les
entreprises qui ont parlicipé a I'élude
INRS déja citée.

Par ailleurs, les réglements prévoient

- que les portes doivent pouvoir s'ouvrir

de l'intérieur. De plus, un signal so-
nore et lumineux doil étre installé afin
qu'un salarié qui se trouverait enfermé
dans I'enceinte froide puisse signaler
sa présence.

22. Organisation du travail

La production de chaleur par le corps
humain détermine, dans une certaine
mesure, la durée d'exposition au lroid.
Elle est liée au travail physique im-
pose par la lache. Par conséqguent, le
travail sédentaire {métabolisme inté-
rieur 8 100 Wm=2), ainsi que le travail
intense, doivent étre autan! que possi-
ble limités (cf. paragraphe 1.6}. C'esl
pourquoi, un travail régulier dont le
métabaolisme est compris entre 100 et
170 Wm=2 représente la situalion
« idéale ».

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

Le lravail doit étre organisé de telle
fagon qu'un salarié ne se retrouve
jamais seul dans I'enceinte lroide.

2.3. Vétements contre le froid

Le vétement est un moyen de protec-
tion essentiel lors de l'exposition au
froid. Toutelois, il ne fail que diminuer
lintensité des llux de chaleur perdue.
Il est donc indispensable que des
pauses soient organisées alin de per-
mettre aux salariés de se réchauffer.

C’est presque loujours I'entreprise qui
fournil les veélements. Cependant, el
c'est souvent le cas, il esl nécessaire

que les salariés soient consullés afin
de donner leur avis sur les vétements
que l'entreprise achele.

L'expérience acquise dans le do-
maine de la proleclion vestimentaire
conlre le froid a permis de meltre en
évidence l'intérél du vétement en 3
couches :

-~ la couche interne avec les sous-
vétements (tee-shirl, calegon, chaus-
setles), i

- la couche moyenne avec te pull et
le pantalon en laine,

- la couche externe avec le vélement
spécialisé (parka, . anorak, veste,
pantalony).

Le systéme du vétement en « 3 cou-
ches » comporte plusieurs avan-
tages : la multiplication des touches
permet l'ajustement de [isclement
thermique en lonction de la produc-
tion de chaleur. De plus, elle permet
d'emprisonner un maximum d"air im-
mobile, 'air immobile étant un excel-
lent isolant thermique. Enlin, elle per-
mel de mieux épouser les lormes
corporelles, ce qui a pour effet de
limiter les mouvements d'air entre la
peau el le vélement el, par consé-
quent, les perles de chaleur.

Par ailleurs, ceraines régles doivent
éire respectées : :

- les vétements doivent étre secs et

propres; il faut donc les changer dés:
. qu'ils sont mouillés;

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

- ils doivenl renouveler périodique-
ment les vélements, le nettoyage ré-
pélé elfou l'usure diminuanl leur
efficacité;

— ils doivenl porler une protection de
la &le {cagoule ou bonnet). De plus,
lors du lravail en chambre [roide, le
port d'un capuchon esl indispen-
sable;

— les chaussures de sécurilé doivent
avoir des semelles anti-dérapantes et
comporter des semelles isolantes re-
nouvelées réguliérement. La coque de
protection doil étre bien isolée thermi-
quement. En eflet, cette coque est
souvent en acier, bon conducleur
thermique, ce qui accélére le refroidis-
sement des pieds:

- les gants sont indispensables dés
que la tempeérature esl inlérieure a
t0°oC. Il esl recommandé de fournir
des gants spéciaux réduisant la sur-
face de contacl afin de prévenir les
gelures. De plus, pour les salariés des
chambres froides, le port de 2 paires
de gants est indiqué. En effet, une
paire de milaines peut {rés bien élre

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

Les vétemenls doivent, en outre, avoir
les caracléristiques. suivantes :

— veste ou parka recouvranl large-
ment le panialon;

- extrémilés libres des vélements
bien adaptées a la peau par une
bande élastique, sans toutelois serrer
les membres;

- pas de compression au niveau des
genoux ou des coudes, le port de
bretelles étanl prélérable a celui de la
ceinture;

— lermetures a glissiére recouverte de
lissu; :

—~ vélement de prélérence en 2 par-
ties. En effet, ce vélement est préféra-
ble a la combinaiscn parce qu'il per-
met au salarié de se déshabiller plus
facilement pendant les pauses. D'au-
tre pad, le capuchon doil élre altaché
a la veste afin de réduire les pertes de
chaleur au niveau du cou;

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

2.4, Pauses

Pour le salarié exposé au froid, les
pauses sont indispensables. Le local
olr a lieu la pause doit étre correcle-
ment chauffé (température supérieure
a 20 °C). En oulre, il est conseillé de
meltre a la disposilion des salariés
des boissons chaudes. D'aulre part, il
laut leur conseiller de relirer les véle-
ments de la couche externe pendant
la pause afin de facililer le réchauffe-
menl du corps. Les résultats de
létude déja cilée om monlré que le
lemps de réchauffement des mains
est relativementl 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 lravaillant en
chambre froide, propose un cycle de
40 minutes de travail au froid, suivi de
20 minutes de pause si le métabo-
lisme énergélique est faible (exem-
ple : cariste). Si le métabolisme éner-
gélique est plus élevé (exemple : pré-
parateur de commande), le cycle peut
etre de 60 minutes de travail suivi de
20 minutes de pause.

25. Information et formation

Les salariés nouvetlement er_nbauchés
doivent pouvoir s’accoulumer pro-



Aslreinte : eflet de la conlrainte Ssur
'homme en fonclion de caraciéristi-
ques et aplitudes individuelles (réfé-
rence : norme AFNOR X 35-001).

Chambre climatisée : enceinte Iroide
donl la température esl supérieure 3
0oC.

la tempéraiure es! inférieure 2 0 °C. En
lail, la température de la plupan des
- chambres lroides est inlérieure a
~18¢°C.
Contrainte : ensemble des conditions
extérieures et des exigences qui, dans
le systéme de fravail, solliciten! les
tonctions organiques elfou mentales
de I'homme (rélérence : norme AF-
NOR X 35-001),

Ecorce : lissus superficiels du corps
qui enveloppent le noyau. Du point de
vue anatomique, I'écorce est représen-
1ée par I'ensemble des tissus cutanés
et sous-cutanés. La tempéralure de
I'écorce varie beaucoup plus que celle
du noyau. La tempéralure cutanée
moyenne représente fa tempéralure de
I'écorce. De nombreuses pondérations
permettent de calculer la tempéraiure
cutanée moyenne.

Chambre froide - enceinte Iroide donl

LEXIQUE

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

Hypothermie : elle apparail lorsque les
pertes de chaleur sonl plus élevées
que la production de chaleur, entrainant
un risque d'accident pour e satarie du
fait du refroidissement de son corps.

/ot : isolement thermique total des diffé-
rents vétements portés. Une unité prati-
que est le Clo qui correspond 2
0,155 KW-1m2,

IREQ : isolemen! thermique requis (en
Clo). Cest lisolement thermique dés
vélements que le salarié doit porter
pour maialenir I'équilibre thermique du
corps lorsquil est dans une ambiance
froide. :

SO (international Standard O¢ganisa-
lion) : organisme responsable au ni-
veau internalional de la normalisation.
Le correspondanl ifrangais est
FAFNOR.

Noyau : organes prolonds du corps
doni la lempérature varie trés peu. La
mesure de la tempéralure reclale, de la
température orale, de la température
eesophagienne ou de la température du
conduit audilif sont des moyens ¢'ap-
précier la température du noyau.

FPréparateur de commandes : le salarié
est muni d'un chariol et d'un bon de
commande. [l collecte dans I'entrepot
les denrées commandées el les dé-
pose dans le chariol.

Vétement isotherme : ensemble vesti-
mentaire destiné aux salariés lravaillant
en chambre [lroide. Il se compose de
2 parties, un pantalon matelassé re-
montant trés haut el une veste matelas-
sée munie d'une cagoulc.

WCI : wind chill index. C’est un indice
qui. & partir de la mesure de la vitesse
de l'air et de la température séche de
l'air, permet de connaitre la sévérité de
la contrainte thermique froide. Pour ce
laire, 1a valeur de WCI calculée doit éire
comparée aux valeurs limites conle-
nues dans un lableau.

ANNEXE 1.

Température cutanée moyenne
calculée selon.la pondération
de Ramanathan {1964)

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

lsx. RA = 0.2 (tempéralure cutanée du mol:
let) + 02 (température cutanée de la
cuisse) + 0.3 (température culanée du
thorax) + 0,3 (température cutanée du
bras}.

ANNEXE 2

Conseils pour mesurer la température cutanée de ta main

Ces conseils ne visent qu'a permeitre au
preventeur de mesurer de fagon. sommaire
une lempérature cutanée. En effel, 1a 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 (lhermistance ou
thermocouple) soit de faible dimension
(<1 cm?) et que 13 lecture de la lempéra-
ture aflichée ait fieu aprés que le capleur

soit en équilibre thermique avec la peau. |l

est prélérable que le capteur de tempéra-
lure soil placé entre deux rubans adhésifs
en cuivre,

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

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

=



gressivement 3 la tempéralure des
locaux durant les premiers jours de
travail.

Par ailleurs, le personnel doit étre
tnlormé des risques qu'il encourl et
des moyens de les prévenir. Ces
conseils seroni affichés.

Des programmes de lormation portant
sur les risques lics a leurs conditions
de fravail peuvent éire envisagés. Ces
séances de lormation peuvenl porter
sur la proleclion vestimentaire ou sur
les methodes de travail lavorisant la
sécurité.

2.6. Surveillance médicale des
salariés

La surveillance médicale des salariés
est laissée a linitiative du médecin du
travail. Celui-ci peut fixer librement la
[réquence des visiles médicales el
choisir les examens complémen-
taires. En France, les salariés doivent
passer au moins une visile médicale
par an.

Les résullats obtenus dans I'étude
INRS montrent I'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 trés simple pour I'évaluer.

Par ailleurs, le médecin joue un rdle
fondamental dans le dépistage des
premiers sympltomes des maladies
dont le lroid peut étre responsable.

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

- électrocardiogramme,

- radiographie du thorax et explora-
tions fonctionnelles respiratoires pour
les salariés présenlant 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 lroide :

- allergie au froid,

— crampe musculaire en rapport avec
la vasoconstriction,

— lroubles vasculaires (inlarclus, in-
suffisance cardiaque, hyperiension ar-
tériefle et les antécédenis de
thrombose),

- le syndrome de Rgynaud,

" AL .-,y(ﬁ_‘ - A

- les maladies rhumatismales,

— les allections chrohiques des voies
aériennes,

- I'épilepsie el les antécédents de
peries dé connaissance,

— {alcoolisme.

Puis, comme contre-indicalions pro-
visoires :

— les infeclions de la sphére ORL et
pulmonaires non guéries.

Les salariés agés de plus de 40 ans
doivent bénéficier d'une surveillance
medicale particuliére. I sera parfois
nécessaire d'envisager pour eux une
diminution de la durée d'expasition,
voire une mutalion. Cetle décision doit
élre prise & la lecture du dossier
médical el en concenation avec le
salarié. -

Enfin, I'entrainement physique amélio-
rant {a tolérance au froid des salariés,
des conseils d'hygiéne de vie peuvent
leur étre proposeés.

3. CONCLUSION

Le travail au lroid artificiel ne souléve
pas de problemes d'astreinte thermi-
que ou sensorimotrice majeurs. Ce-
pendant, certaines précaulions doi-
vent élre prises en comple, en vue
d'améliorer les conditions de travail
des salariés. Ainsi, un régime de
pauses adapté, la suppression des
taches nécessilant des mouvements
fins des doigts, le choix de vétements
adéquats et une surveillance médicale
rigoureuse sont recommandés pour
que cette - contrainte de travail soit
sans risque.

Enlin, les résultats de I'étude sur le
{ravail au froid menée par I'NRS ont
clairement démontré la validité de la
mesure de la tlempéralure cutanée du
dos de la main comme méthode
d'évaluation de l'astreinte thermique
des salariés. Aussi du lait notamment
de sa simplicité {voir annexe 2), l'utili-
sation de cet indicaleur d'aslreinie
thermique peut @&tre 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 HOLMER, Ph.D.!

ENANDER, A., LTUNGBERG, A. S. and HOLMER, I. Effects of work in cold stores
on man. Scand. j. work environ. & health 5 (1979) 195—204. A work physiological
study was conducted during three different types of work in cold stores, ie., 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 Depariment, 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

0355-3140/79/030195-10
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- #goods on individuals, and to study the per-

/7~ ception of temperature in relation to cor~

responding objective measurements,

CLIMATE AND ACTIVITY AT THE
DIFFERENT WORK SITES

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+ 4°C) 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-
tionary 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 maiking also took
place there. The work was mainly station-
ary. Order-filling work in a cold-storage
room {+4°C) was also studied in the
packaging department.

MATERIAL AND METHODS

Approximately eight subjects from the
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
were men between 19 and 60 years of age,
with the exception of three women be-

OO —
i |I["”l‘t|”'||l

"~:"’ | ) ‘“"" N I”qul:‘
=il

el LY TR

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

Table ]. 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

Packaging

Meat -
cutting Packaging  Cold-storage
roocm room

Air temperature (°C) 1-—-8
Alr velocity (m/s) 0.1—0.4
Air humidity (/o) 83—95
Surface temperature

of products (°C) 2

10—13 8—15 2—5
<02 0.0—0.3 0.1—0.5
65—85 48—13 64—75

0—6 (—9 2—6 2-6
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:t from the
orxk site. They

weight, and
w  moderate
7 : subjects
years of age,
2 women be-

: uplake of
k ing depart-

e surface tem-

i 3

Cold-storage

room

2—5
0.1—0.5
64~T75

2—8

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 pairs of socks, clogs, and sometimes

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).

also undershirts, cotton gloves, aprons or

a2 cap. The estimated clo values varied
from 08 to 1.2 (3). Clothing in the
packaging department was supplemented
with an insulating vest and trousers which
increased the estimated clo values fo 1.0—
1.5,

" 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 ald 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 and 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
rg;e. '

In order for the energy requirements of
the work to be calculated, orygen 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 uptlake according to
the following relationship: 110y/min =
350 W = 5 kcal/min.

During each measurement session, sub-

RESULTS

Ozxygen 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 )/min with individual
peaks exceeding 2 I/min (fig. 2). The mean
heart rate dyring 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 varjations
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% of
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 I/
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 heart'
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 % of the respective individual's

physical work capacity. The highest work
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

. 197
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Fig. 2. Oxygen uplake values
measured on two different oc-
casions during each 2-h work
session in the cold for all sub-
jecte*and measurement sesstons.

Fig. 3. Mean heart rate during
2 h of work in the cold for all
subjects and measurement ses-
sions.

Fig. 4. Change in body temper-
ature (4Tc) after 2 h of work
in the cold for all subjects and
measurement sessions.
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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 Vmin. The oxygen uptake of the wo-
men amounted to 0.4—0.6 V/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 1.0 Umin (fig. 2J. The mean heart
rate averaged 95—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

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. ) -

In 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.

The hands and fingers were always the

oldest parts of the body. Finger skin
temperatures of 12—15°C were measured
for several subjects. The back of the hand

- was 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 durj ~cutti
work (fig. 4). However, it dropped 0.2—
0.6°C in a few subjects.

The Memperature (finger)
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Fig. 6. Skin temperature measured at different parts of the body for one woman during 2 h of
work in the meat-packaging department (on the lefl) and in the cold-storage room (on the right).

measured during cutting work varied from
19—30°C (fig. 5).  The temperature on the

ack 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.

Work intensity in the DPackaging 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 skin temperatures measured were
generally somewhat lower in the packag-
ing department than in meat-cu Ing Work.
During periods of direct contac 1d
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 Tea-
sured for the fingers of one subject.

200

In all the types of work studied, the\-
skin temperature of the hands was a few
degrees higher when cotton gloves were
worn...As mentioned earlier, the interindi
vidual variation was striking, especially
in respect to cooling of the hands. The
skin temperature of unprotected hands
was often extremely low. Hand and skin
temperatures were affected by the work
and work details, such as contact with
cold products,” whereas y lemperature
was more dependent i ity
and ambient temperature. The SKim tem-
perature of 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 strikin e
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“a 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.

The 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,
to feel cold at finger and toe temperatures

und a Tinger temperature
of less than 20°C, 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 finger temperature ;
below_+ 10°C during one period, and she
reported great discomfort in the form of
finger pain and sfifffiess in conjunction
with these duties.

35] Skintemp’C Perceived temp.
—olett —elelt .4
—-———a right —=-~a right

Fig. 7. Skin temperature and corresponding ratings of perceived temperature (see methods sec-
tion) on the Jeft hand and foot (on the left) and on the right and left hand (on the right) of
one subject, The measurements were made during 2 h of work in the meat packaging depart-

ment (+ 10°C).
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DISCUSSION

Two _different t 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 of the body, ie, to
maintain body temperature. The other
concerned local cooling of peripheral body
parts, especially the hands.

The body's heat balance is affected b
work intensity (the body’s heat production)
and the insulating properties of clothing,
in addition to the effect of ¢ mate. The
subjects adapted their clothin to heavy
and intensive work 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 actmmﬁm
especially in the dairies. This sweatin
contributed to more rapid coolin during
low activity. The heat production during
low activity resulted in a n or two to
three times as much insulation in clothing,
or 2—3 clo. The work clothing used could
not meet this requirement, It sho
emphasized that great individual varia-
tions in 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 oceur during the
day, and these were especially fatiguing
to people with a low physical work capa-
city. A better distribution of work could
reduce the load while simultaneously
simplifying the clothing problem.

The air temperature was somewhat
higher and the work intensity more even
in the meat-cutting room. The butchers
were therefore able to adjust their cloth-
ing 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

them tTeal‘Lfa'-'FE_Wmth
an estimated clo value at abouf U.8. This

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
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from a long row of cold (0—6°C) animal
carcasses hanging on hooks about 1 m
behind the meat-cutling table. The fact
that this cold draft did not appear {o 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
cold or tough. Increased cutting resistance
was the probable reason for this phe-
nomencn. More-detailed studies are neces-
sary in order to quantify the manner in
which muscular strain is affected by, eg.,
temperature and meat quality.

Work intensity in the packaging depart-
ment was low, making warmer clothin
necessary. Most of the staflf did weas
extra, insulating clothing providing an
overall clo value of 1—1.5, Maintaining a
normal body temperature stil] proved to
be difficult. In comparison with meat-
cutting  work, Packaging work wunder
otherwise similar climatic conditions called
for clo values between 1.5—2.0 in order
to attain heat balance (1). A drop in air
lemperature from + 10 to ¥4°C 1o the
same t of work increases the clotﬁmg
insulation required by about 25% at an
oxygen uptake of about 0.5 Umin {I).” In
general, the workers underestimated the
insulation requirements of clothing needed
during less physically aemanaing activi-
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 th‘e’LrisT(_Bf accidents in the pro-
cessing of meat with sharp-edged tools,
especially in work with hard or tough
meat Hands became more or less cooled
in all the_types of work studied. The palm
of the left hand in particular easily
became cooled in meat cutting and
packaging because of the direct contact
with cold and moist meat, Dry cottop
gloves reduced coolin by a few degrees,
These gloves were also used by about 75,
of all the butchers em loyed in the meat-
cutting unit studieq, Unfortunately, the
gloves became wet after a relatively short
period of time as a result of contact with
the meat products. Gloves can also lead
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to an impairment of manual perfor ce
mpaummﬁ fit
well.

In 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 detect: y most of the subjects. The
skin temperature at one sile on 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. It 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 temperafures at which previous
studies "also recorded a decline in manual
performance capacity (3)- en _there was
pronounced discomfort because of cold
hands, the hand Yemperature or several
subjects approached the pain threshold,
i.e., around + IP°TG)

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 Dbiological
measurements to a greater extent. There
is currently no relevant climatic index
which can be used to assess the physio-
logical effect on man in_moderaiely 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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Arbeitsforhold i fiskeindustrien — en
undersokelse { et utvalg fiskeforedlingsbe-

drifter (Rapport nr 4
Narvik 1974.

). Termisk inneklima,

Scand. j, work

Clinical
shoul »

by ANDEQS
GUNNAR M

to
pe

B
Ir
ar
di

S
at
tk
S
at
tk

tv
st

Shoulder pai
populatio  (
among in st
of etiolog..al
(5, 6, 7, 14, 1
personali- d
a definite =z
medical exa

I Departm
Umes, U 2

2 Work Physic
Qccupationa
den.

3 Industri: B
verken, wu.ar

Reprint re~ue
partment ¢ i
S-901 85 ¢ 2f



.

7

< .

Aand § work environ health § (1980) 5885

o~ - .

heactions to hand cooling in workers
¢ :cupationally exposed to cold

!bj Ann Enander, MA, Bjorn Skéldstrom, MSc, and Ingvar Holmér, PhD *

ENANDER A, SKOLDSTROM B, HOLMER [. Reactions to hand cooling in workers
occupationally exposed to cold. Scand j work environ health 6 (1980) 58—6S. Ten men
occupationally cxposed to cold and ten office workers participated in the study. Reac-
tions to immersion of the hands in cold water (+ 10°C) for 2 min were studied during
the following 30 min at two different ambient temperatures, 10 and 20°C. Hand
skin temperature was recorded in thermograms, and the subjects rated cold sensation
and pain. Considerable interindividual differences in hand skin temperature reaction
were found in both groups. On the average the occupationally exposed workers had
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 resuit 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 warkers 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.

Sr=asure of the hands to cool or cold am-
siv | conditions while the rest of the body
s bjected to a comfortable microclimate
ccurs in some occupational activities (2,
Y 6,9, 11, 12, 14). Many kinds of out-
lo  activities in the winter, as well as
ve_.: in cold stores, may produce long-
asting, repeated exposures with hand skin

et eratures below 20°C and finger skin -

et eratures below 15°C (3, 14).

Adaptive responses to local cooling of
he '.ands have been reported in many in-

- 'e: zations {for reviews see Carlson et al

1) wad Hellstrdm (6)). Adaptation is the
10st obvious in populations permanently
x ied to cold (Eskimos, Lapps, Arctic
a«  ns, ete), eg, they have a quicker onset
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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-
strém (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.
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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 normat
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.

R T DT P
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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
& run 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

pationally exposed group (3).

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 informatiori“tn 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 %) and air velocity (less than 0.2 m/s).
Body temperature was measured with 2
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 lor the occu-

Occupationally exposed group Reference
Subject - group
number Age Exposure Skin temperature (°C}) Age
(a) (@) Finger Hand (a)
] 61 20 20 - 65
2 6 30 22 28 -
3 54 7 14 20 54
4 53 14 18 7 52
S 47 30 - - -
6 47 30 _ _ pod
7 33 13 — _ a2
8 28 11 25 26 28
9 22 3 - - o
1 Mean 42 17 198 237 2
SO 15 10 a7z 29 2




periment, 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:

Very, very warm

Very warm

Warm

Somewhat warm
Neither warm nor cold
Somewhat cold

Cold

Very cold

Very, very cold

~
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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.

T Skin temperaiure
28

144

10 v
-2 2 6

Evaluation end analysis

Each thermogram was evaluated with re-

gard to 22 points on each hand as shown
in fig 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.

1 Skin emperature

384 ¢ H 10°C ambient

.
L e Y

erean resnaae b

— mid hand
14 4 = === mean hand
--== mean finges
" e tinger o Min
2 2 6 0 W W 22 2 30

lﬂg 2. Change in hand skin temperature on the right hand of one occupationally exposed sub-
ecl.
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ally exposed sub-

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 interindividual variation. In
some subjects thefe 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

Skin Perceived
381 temperatwre temperature | +3
T

Min

10 v v r r——r——
-2 2 6 v W 1B 22

% 30

Fig 3. Hand skin temperatures and perceived
temperature in the hand of one occupationally
exposed subject during a session with an am-
bient temparature of 10°C,

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 |
closely followed the variation in the ob-/
jectively measured temperatures of most{
of the subjects. Even quite small varia-|
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.

Skin temperature
384 ¢

0 0w 18 22 26 30

Fig 4. Mean finger femperature of the right
hands of both groups (CEG = occupationally
cold-exposed group, NG = occupationally non-

exposed group) at amblent temperatures of 10
and 20°C.

2 2 6
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Fig 5. Mean change in finger temperature per
minule during rewarming in an ambient temper-
ature of 10°C in comparison with 20°C. Fach
point represents one subject. (NG = occupa-
tionally nonexposed subject, CEG = occupa-
tionally cold-exposed subject)

-

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

Source of variation di F-ratio
Group {G) 1”718 658 °*
Ambient temperature (A) 118 492"
Measurement occasion (M} 1/18 11279 ***
GXA : 118 <1
GXM 118 169
AXM 1/18 1.00
GXAXM 1/18 6.05*

* p<005 ** p <001, *** <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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+24 temperature
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Flg 6. Mean perceived temperature ratings for
the right hand for both groups {CEG = occupa-
tionally cold-exposed group, NG = occupation-
ally nonexposed group) at ambient temperatures
of 10 and 20°C.

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
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(p < 0.05) and, naturally, before and after
immersion (p < 0.001).

The analysis of variance of percecived
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 perceplion 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 ecircum-
stances it is difficult to assess the actual
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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 lo 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). At 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 for 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. All 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
‘Teasonable to attribute these results to
differences in experience with cold be-
tween the groups. It can be hypothesized
that a low ambient temperature to which

subjects are unaccustomed has _gthe 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). Hellstrdm {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 ¢old exposure—irmr the
present study was not severe enough to

—_———
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produce significant hysiological adapta-
ton. There was however some evidence of
&Psychological adaptation to cold Sensa-

tion _and pain among - the cold-exposed

workers studied.
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L'homme est beaucoup moins protégé contre l'effet du
froid par rapport aux animaux. L'organisme humain
posséde quand méme un nécanisme complexe de thermo-
régulation.

L'exposition au froid n'est pas si rare qu'on peut se-
l'imaginer: des milliers de personnes soant quotidienne-
ment exposées & des températures basses 3 leur trh{ail.
On peut mentiomner quelques exewmples: les travailleurs
de la construction, les fermiers, les foresnieté,' les
travailleurs des wusines de congélation, des usines de
transformation de 1la viande,“du poisson, et il y en a

beaucoup d'autres.

Le travailleur qui oeuvre dans une ambiance froide est
habituellement protégé par un habillement -approprié mais

ses extrémités demeurent toujours- plus 3 risque.

On ne peut pas séparer l'effet local du froid sur les
extrémités de la réaction générale de tout l'organisme,

envers l'agresseur therumique.

Notre corps est en contact permanent avec l'environne-
aent. Voici le schéma des échanges de chaleur entre

l1'organisme et l'environnement. - .-
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AFPORT DE CHALEUR PERTE DE CRALEUR

Rayonnement —

Convection
{Chaudc)
‘ Evaposation {Sveur)

Conducrion
(Froidc)

Condn;c\ioo
{Chaudc)

Rayonncment Evaporation | -
Raduuons Passage de .
Emises pas 12 sucur
‘1| Conduciion Conseriion un carps de &1t
’ chaud ‘ liquide A
Conlaa cntic Conuaa core Véuat d¢
L peau €t 1a pcau €t vapcur, par
un corpn wlide un NMuidc contact
{(>ir<cav) avec Pair

Figure 1. SCHEMA DES ECHANGES DE CHALEUR
ENTRE L'ORGANISME ET L"ENVIRONNE-
MENT (Extrait de “Les .rotativistes”
CNAM/ANACT, 1982). (1)

“MECANISMES DE CONSERVATION DE LA CHALEUR ET DE L'AUGMEN-
TATION DE LA PRODUCTION DE CHALEUR QUAND LE CORPS SE
REFROIDIT |

Le corps humain est destiné 3 fonctionner & une tempéra-

ture interne constante égale a 37°C.

La température du corps est contrdlée par voie nerveuse et

humorale. . -

* Humorale - qui se rapporte aux humeurs . On parle de la
voie humorale comme d'un moyen de transport de la plupart
des substances i l'intérieur de. l'organisme. : On “oppose.

assez souvent dans les mécanismes physiologiques de la voie
humorale a la voie nerveuse (Larousse, Dictionnaire

wédical).
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Quand la température toube en dessous de 37°C, un méca-
nisme spécial qui a pour but de conserver la chaleur
interne et d'assurer l'augmentation de la production de

cthaleur est déclenchée.

La conservation de chaleur est assurée par la vasocons-

trition et par l'abolition deé la transpiration.

Premiérement, le froid améne une baisse de la température
cutanée- et il produit ensuite un refroidissemeat du sang
dans les capilaires périphériques. - Le sang refroidi
arrive par le courant sanguinm 3 la région thermo—sén#iﬁie
du cerveau. La chute de la température s'enrepistre dans

la région pré-optique de l'hyéothalamus.

L'hypothalamus fonctionne comme un thermostat: il com-
pare l'information obtenue avec son seuil ("Set Point"™)
et il déclenche les réactions adéquates pour maintenir la

balance thermique (figure 2).

Les glandes surrénales sont stimulées pour produire
l'adrénaline. Une vasoconstriction adrénergique maitrise
la fonction des glandes sudoripares pour prévenir les

pertes de chaleur par évaporation.

L'hypothalamus dirige aussi la réponse du systéme

humoral. L'hypophyse est stimulée pour- augmenter la

production d'hormone thyreotrope. Cette derniére, & son
tour, stimule la glande .thyroide qui produit plus de

thyroxine, l'hormone qui accélére l'oxygénation.

-t




CREF: 85021201

.
e et
- R
.- —— n mem— =t
B
2

- -

Cold eaposure

Sumulation o1 preripberal temperature receprors

Afierent pathways -
Thalamus
Pre-opic 2 nterios }Epolhabmi;_s,i@&tﬂ_—j Y g .',f_ S e
- “coordinator” of thérmoregalaiony mechanisms o 707 = T T

Sheveiing

" Pruitary sland -~ Symgaihetic nervout sysiem .
L - of skeletal muscles
I Increased thyroid . - - -increased
*anc adrensl output -t T, heatproduchon
i Tnonshivering . A = . SR A B,
T e OAeNEesis) s Peripneral. ' - - -Increased = - b
ot Fnezmogeneiil vzsoconsificion heant rate ) Retum of waimed
. {prevems - o .7 ‘biood 10 POAH e -
- sigmificani heat loss) . . )
L . . =em o TTIISTETT Feedback.
i : ' controis instiuted
A E - . - - -
Figure 2. BASIC THERMOREGULATORY MECHANISMS IN oo

RESPONSE TO COLD EXPOSUKE (4)
(Par M. L. Dembert, m.d.)

k
4
;

e

\ wden mey.

"

mwﬁ@w.ﬁw,—m e

ot



CREF: 85021201
Le glycogéne accunulé dans le foie se libére.et se trans-—

forme en glucose pour fournir l'é&nergie additionnelle.

Le frissom, lui aussi, est induit par 1l'hypothalamus.
Ves contractions rapides des muscles produisent la cha-
leur supplémentaire nécessitée. Cette réaction augmente
le niveau du métabolisme de l'organisme. On remarque un
accroissement de l'appétit et une demande élevée de nour-
riture ayant une grande valeur calorique pour équilibrer

la balance énergétique.

FACTEURS INDIVIDUELS DANS LA RESISTANCE AU FROILD

Le niveau de résistance au froid varie d'une personne i
l'autre. Il est assez difficile de faire une distinction -- -
entre les facteurs jouant un rdle plus important dans la
sensation d'inconfort chez une personne particuliére. La
taille, la forme du corps ainsi que sa condition physique
sont des facteurs qui influencent le niveau des pertes de -
chaleur. Par exenple, si la chaleur est exprimée en
unité par poids, la demande de maintenir la tempé&rature
interne constante sera plus grande chez un enfant que
chez un adulte, ce qui est d& au fait que la surface
exposée a l'ambiance est plus large par unité de poids

quand le corps, au total, est plus petit.

-

Si deux personnes sont exposées 3 la u&me température-
basse mais qu'elles sont de.taille différente, les pertes
de chaleur seront plus importantes pour la perSonne la
plus grande. C'est en grande partie d6 au fait que la-
personne la plus grande posséde évidemment.de plus longs ...
bras et de plus longues jambes. La surface exposée au

froid devient donc, par le fait méme, plus importante.

- -
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Un autre'facteur-important de tolérance au froid est 1la

couche des tissus adipeux hypodermiques. La conductivicé

thermique du gras est beaucoup moins importante que celle

des unuscles. Donc,

les pertes de chaleur 3 l'environne-

ment deviennent moins importantes chez une personne plus

grasse (corpulente). Tel que mentionné précédemment, les

pertes de chaleur

dépendent de la différence entre 1la

température de la surface du corps et celle de l'environ-

nement.

Les personnes ayant

trés peu de substances grasses com-

mencent 3 frissonner lorsque la temp&rature de la peau

atteint 30,8°C tand

is qu'une personne possédant plus de

substances grasses commencera 3 frissonner i une tempéra-

ture atteignant 21,1°C. (5)

On peut donc conclure que le gras hypodermique est un

facteur trés important pour l'isolation et que la dif-

Iérence de quantité de substances -grasses entre deux

personnes peut expliquer la différence de ¢tolérance

individuelle au froid.

La figure 3 mnmontre

qu'une immersion dans l'eau froide

(15°C) durant 30 minutes produit de plus grandés chutes
P

de température rectale chez des personnes plus maigres.

L'activité physique

au cours de l'exposition au ‘froid

devient le plus important facteur pour la tolérance au

froid et l'augmentation de.la production de chaleur.

La condition physique est un autre facteur important de

tolérance au froid.

vascularisation et

L'habitude de l'exercice augmente--la - . .

la grandeur des muscles "striés ainsi

que la masse musculaire du coeur, donc la capacité de

travail pour ces tissus augmente &galement.




CREF: 85021201

GERERAL RESPONSES TO COLD
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Figure 3. EFFECT OF SUBCUTANEOUS FACT ON HEAT

PRODUCTION AND BODY 1INSULATION 1IN
COLD WATER . (°C). RESULTS FROM 2 FAT
AND 2 THIN MEN AFTER THEY HAD STABI-
LIZED THEIR DEEP BODY TEMPERATURES
IN STIRRED WATER AT DIFFERENT TEMPE-
RATURES. THE 2 LOWER CURVES = THIN
MEN (MEAN SKINFOLD THICKNESSES 6,5
AND 6,7 MM). THE 2 UPPER EURVES =
FAT MEN . (MEAN SKINFOLD THICKNESSES
26,7 AND 26,8 MM). Dans "Man in the
Cold™, p. 21. (5)
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LA KEPONSE VASOMOTRICE AU FROID - LA REGULATION DE

TEMPERATURE DES EXTREMITES

Les extrémités du corps peuvent &tre définies comme les
parties du corps ayant trés peu de muscles et de tissus

viscéraux capables de produire de la chaleur.

L'anatomie de ces régions est telle qu'elles sont entié-
rement dépendantes de la circulation du sang pour leur

production de chaleur. - .- : : -

Dans une ambiance froide, les pertes de chaleur sont
prévenues par l'effet de vasoconstriction. Par contre,
si la température des extrémités descend trés bas, un

dommage aux tissus peut survenir. Dans ce cas, une cha-

leur additionnelle doit &tre fournie laquelle peut &tre - -

produite par une augmentation de la circulation sanguine.

L'anatomie vasculaire des extrémités présente deux carac-—
téristiques spéciales, lesquelles influencent grandement
1'effet de thermorégulation par les changements dans la
circulation sanguine. Premiérement, la circulation du
sang dans les extrémités est congue de fagon 3 ce que le

sang se rende jusqu'au bout et revienne.

Les systd@mes veineux et artériels sont trés proches l'un
de 1l'autre. Il y a un couplexe additionnel de veines

placées trés prés de la surface de la peauv mais gui n'ont

pas d'artéres attenantes majeures. -

Le sang chaud s'en retourne par le systéme veineux super-
ficiel, ce qui peut occasionner des pertes de chaleur- -~ ..
Mais, dans une ambiance froide, les veines superficielles

sont feruées et pour s'en retourner, le sang utilise les

o ——
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veines profondes 1lesquelles sont placédes trés prés du
syscéné artériel, ce qui cause un refroidissement des
extrémités. Le sang artériel, en entrant dans
l'extréwité, se trouve en contact trés étroit avec le

sang froid des veines.

Une autre particularité anatomique des extrémités serait
une trés haute densité des anastomoses artério-véneuses
lesquelles, quand elles sont‘ouvertes, assurent une trés
mince résistance pour- la -communication directe entre

artérioles et veinules.

La circulation sanguine par les anastomoses des Cissus
superficiels des extrémités sert 3 la thermorégulation,
indépendenment des demandes en oxygéne de ces tissus et

de leurs métabolites. . - R, T,

Il faut souligner que malgré plusieurs études visant 2
comprendre le mécanisme de la circulation périphérigque,
l'aspect de la réponse vasomotrice au froid n'est pas
toujours clairement expliqué.

L'effer de vasodilatation, lui non plus, n'est pas trés
clair. Lewis 1'a décrit pour la premiére fois en 1930.
Dans son expérimentation, il a démontré que des doigrts
plongés dans un mélange d'eau et de glace ont refroidi
jusqu'3d 1°C mais dans un laps de temps d'une 3 deux minu-
tes, leur température a augmenté 3 8°C. Une chute de la
température jusqu'a 0°C -a suivi- cette augmentation. (7).
L'effet d'augmentation de la température a été imputé a
l'augmentation massive de la circulation sanguine. Lewis"

a expliqué c¢ce phénowméne par la réaction du ;. réflexe- - _-_-.

d'axone du nerf sensoriel. -

10




. CREF: 85021201
Par contre, d'autres études ont relevé qu'une
vasodiiatation peut étre produite chez des sujets avec
sympatectomie et sera présente dans la forume modifiée
méme aprés la dégénérescence compléte de tous les nerfs
sensorjiels et wmoteurs. 11 a été aussi suggéré que la

vasodilatation est un effet dii aux agents humoraux.

En 1983, une &tude sur la participation vasculaire lors
de la sensation de douleur profonde a &té présentée par
H. Fruhstorfer. On a. assumé.-que la douleur au froid
était reliée 3 la température intermne des extré@ités et
que les récepteurs responsables de cette réaction étaient
trés proches des veines. Pour tester cette hypothése, on
a injecté une petite quantité (20 ml) de solution isoto- o
nique froide de sel dans les veines vides des bras de 16

sujets. (8) . - Ce s e =

ia solution isotonique inférieure 3 26°C produit la sen-
sation pure du froid; la température inférieure a 20°cC
produit la sensation de froid et de douleur tandis que la
température de 5°C a été jugée comme 1la limite de tolé-

rance & la douleur pour plusieurs sujets.

L'apparition de douleur a été constatée aprés 1l'exposi-
tion au froid et elle disparaissait avant ou en méme
temps que le froid. On a suggéré qu'il y avait deux
types de récepteurs vasculaires:. le récepteur spécifique
et sensible au froid et le récepteur de douleur, avec uném

limite de tolérance aux -environs de 20°C. ' ..

11
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LA PEAU ET LA CIKCULATION CUTANEE

Pendant l'exposition au froid, 1la vasoconstriction réduit
la circulation duv sang dans la ‘peau ce qui a pour but de
réduire les pertes de chaleur par convection. Un refroi-
.dissement trés fort des extrémités peut apporter 1l'incon-
fort, l'incapacité et un risque de gelure. La réaction
vasomotrice & l'effet du froid sert 3 deux objectifs
confrontants: la nécessité de minimiser les pertes de

chaleur et de maintenir - l'intégrité des tissus.

Les pécheurs en eau profonde- peuvent travailler eﬁAﬁlbh—
geant leurs mains dans une eau si froide qu'elle serait
insupportable pour d'autres ‘personnes. Alors on peut
assumer que la circulation sanguine dans les mains de ces
pécheurs est ajustée et -plus réguliére que- chez 1la -. -

plupart des autres personnes.

La réaction de différentes personnes au refroidissement
local par“ia technique classique d'immersion des doigts
ou encore des mains dans l'eau froide a démontré que les
personnes acclimatées sont capables de mieux tolérer ces
tests selon la sensation de douleur, d'engourdissement et
de dextérité manuelle. Le mécanisme de cette acclimata-

tion n'‘est pas encore bien expliqué.

I1 est prouvé que la capacité de tolérance au tefroi-.
dissement local est due & la capacité individuelle
d'acclimatation et non .aux .caractéristiques raciales

héréditaires.

L'acclimatation au refroidissement. intensif produit une ... -
auvgmentation de la circulation sanguine -ainsi .qu'une
augmentation des pertes de chaleur. On a assumé que la

circulation totale dans les tissus superficiels durant

12
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l'exposition au froid pouvait &tre réduite chez les
personnes acclimatées, méme si le courant sawvnguin dans
les extrémités était augment@ mais cette hypothése n'a

pas été confirunée.

REVUE DES ETUDES SPECIFIQUES SUR L'EXFOSITION DES MAINS

AU FROLlD

La deuxiéme partie de--ce docuwment apportera une bréve
revue des publications qui. ont été jugées pertinentes

pour l'&laboration du présent document.

Ce sont des études expérimentales qui avaient pour but
d'étudier: la réaction des ‘humains 4 wune exposition
locale au froid; la limite. acceptable du refroidissement - -.
par la sensation de douleur; l'effet cardio-vasculaire i
une exposition locale au froid; et le changement de 1la

force du poing par l'exposition au froid.

11 faut aussi souligner que ces &tudes ont été effectuées
sur un nombre 1limité de personnes. De plus, elles ne
sont pas uniformes par la wéthodologie d'expérimentation
et elles présentent, 8 l'occasion, des résultats contra-

dictoires.

L'étude de Tanaka faite sur 14 howmes a .démontré& que les
travailleurs exposés 3 des froids extrémes présentaient“
une température de la peau plus élevée et un temps de
premiére augmentation de température aprés l'immersion
plus court que les travailleurs exposés 3 une température’

fraiche (15°-18°C). (10) - . L
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L'index de résistance au froid* a été significativement
plus #levé pour le groupe de travallleurs habitués 3 une

exposition 3 des froids extrémes.

Une autre étude présentée par Ann Enander avait pour but
de voir s'il y avait wune différence entre le groupe
exposé occasionnellement au froid et d'autres groupes

exposés journaliérement a des refroidissements des

mains- -

Pour les deux groupes, de 10 personnes chacun, les mains

-~

des sujets avaient été plongées dans l'eau 3  une

température de 10°C, pendant deux uinutes.

La différence n'était pas significative. Par contre les

travailleurs non exposés . réguliérement .au froid mon- .. .

traient une sensation de froid ainsi qu'une sensation de

douleur plus fortes. (1ll) : : : -

La c¢onclusion tirée des résultats de cette &étude @&ctait

que l'exposition des travailleurs au froid n'était pas
assez importante pour produire l1'adaptation

physiologique.

o

'effet d'un refroidissement local de la main par 1l'air a .

(')
e
m

t tudié ainsi que les sensations thermiques et doulou-

reuses. Dix—-huit sujets ont &té .exposés.a trois tempéra-

tures différentes soit: 0°C, 7°C et 15°C pour une durée

de 95 minutes pour chaque . condition thermique. N .

* L'index de résistance au froid, c'est l'intensité de la

résistance de l'organisme aux changements thermiques. o

L4




CREF: 85021201

Les variations inter—-individuelles dans la réaction au

refroidissement é&raient jugées considérables (12). 11 a

été conciu que la relation calculée entre la sensation

therwique et la température cutanée de la main est stable
et indépendante des counditions de la température

ambiancte locale.

Les études sur la douleur comme réaction au refroidisse-
ment ont &té présentées dans d'autres séries d'expérimen-

tations.

L'étude de Croze (1978) a ronclu que 1la limite de la

sensation de douleur se situe aux enviroms de 10°C (13).

Le méme auteur, en 1983, a &tudié les relations entre
l'exposition au froid et la sensation de -douleur. Neuf
personnes ont &té le sujet d'expérimentatioms alors que
leurs deux mains &taient exposées aux températures

suivantes: 15°, 10°, 5° et 0O°C..

I1 a &té démontré que l'intensité de la douleur ressentie
au cours de l'exposition au froid et celle de la stimula-

tion nontre une corrélation linéaire. (14).

Une autre série de travaux a &té faite pour &valuer
l'influence de 1l'exposition au froid sur la force

manuelle d'une pression de la main fermée. -

Les résultats d'une étude de Db. J. Johnson ont déomontré
une diminution significative de la force, immédiatement

aprés l'expérimentation ainsi qu'une augmentation signi-

ficative de la force dans les B0 minutes suivant. l'expé--

rimentation (15). Douze é&tudiantes avaient participé 3

15
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cette expérience d'une durée de 30 winutes d'exposition des

bras dans un bain froid (10°-15°C). Un groupe de contrdle
avait les mémes conditions d'expérimentation wais en excluant

l'exposition a 1'eau troide.

Quatorze personnes ont participé 3 une expérimentation qui
avait pour but de déterminer les effets d'une exposition dans
un bain d'eau 3 une teampérature de 10°C, sur la force des
poings. L'exposition fut d'une durée de 30 minutes et un

groupe contrdle a été -utilisé.

La force a diminué "significativement aprés 1'expérimenta-
tion; elle est revenue 3 un niveau normal dans les 40 minu-
tes suivant celle-ci. Aucune augmentation de force aprés

l'immersion n'a &té constatée (16).

- . —_ . ame -

Comme on l'a déji mentionné, le .refroidissement des extrémi- --

tés produit une réaction  générale de l'organisme. L'effet
cardio-vasculaire lors de la stimulationm de la pain et du
visage par le froid a été étudié par le groupe de chercheurs
du département de physiologie de l'université Laval (17).
Lors de la stimulation de la wain par le froid chez 13
sujets, une augmentation de la fréquence cérdiaque. de
l'index cardiaque*, de la pression artérielle moyenne et des
résistances périph&riques a &té constatée.

* 1L,'index cardiaque= (Dd3 - Ds3) X F.cC. (Felgenbaum 76)
surface corporelle
ou Dd3 est le volume diastolique
Ds3 est le volume systolique
Dd3-Ds3 est le volume d’ éjection systolique
F.C. - est la fréquence cardiaque.
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Les résultats suggérent que la réaction cardio-vasculaire a
la stimulation de la main par le froid est ume réaction du

type sympathique.

L'étude de temps systolique pendant le retroidissement
des wains était combinée avec la bascule téte &levée
(Head-up-tiit). L'immersion des mains a produit une
augmentation de la pression artérielle diastolique ainsi
qu'une augmentation concominante de la durée de la

période de pré-&jection. (18).

L'EFFET DU FROID SUR LA PERFORMANCE HANUELLE

Plusieurs &tudes sur 1la performance manuelle ont conclu

que les personnes ayant. les wmains froides démontrent ..
une incapacité significative méme si leur corps est - -
chaud et qu'au contraire, les personnes ayant les mains

chaudes ne démontrent aucune .incapacité méme si leur

corps est froid (22).

Le froid <change la force musculaire des mains: il

pfoduit un changement dans la sensibilité& tactile.

Par contre, il faut souligner que les individus qui sont .

-

habitués 2 travailler au froid ont de meilleures perfor-

mances pour des tdches uanuelles que. les individus non

habitués.

L'expérience du travail au froid produit wune  adaptation
physiologique. Comme on l'a déjd mentionné, 1l'eandurance
manuelle ainsi que l'adresse au travail dans le- froid -se.-.

développent chez les travailleurs suite 3 l'expérience.

17
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Il a é&té démontré que dans une ambiance froide, 1la

tenpérature des articulations baisse plus que celle des i

muscles et de la peau.

Cet abaissement de la température des articulations cause
une grande résistance aux mouvements ainsi qu'une diminu-

tion de la vitesse des mouvements.

Les &tudes sur la dextérité manuelle ont démonctré que les
fonctions de la main sonc ser1eusement détériorées quand
la température des surfaces des doxgts descend en dessous
de 15°C. 4 parcir dg 10° C, on admet la difficulté de se
servir des mains et en dessous de 5°C, une perte totale
de la sensibilité tactile a &té constatée. La sensibi-
lité ctactile souffre d'une grande détérioration par le

refroidissemenct.

Le' froid cause un effet anesthésique partiel sur les
mains. Les wains perdent  leur capacité d'évaluer les

objets qui sont tenus.

R -,4“_

L g
Il nous faut souligner que des changements dans la per-

formance manuelle peuvent devenir la cause d'accidents.

LES PROBLEHMES MEDICAUX RELIES A L'EXPOSITION Al FRO1D

L'exposition au froid occasionnelle syndrome de Raynaud,"
lequel se traduit par la constriction de petites arteres
et artérioles. 11 se developpe par un changement de
couleur de la peau aux parties distales. Les changemencs.

de couleur touchent ‘un ou plusieurs doigts et ont

18
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typiquement <trois phases, lesquelles sont: paleur,
cyanose et rougeur. La douleur et 1l'engourdissement
peuvent &tre notés pendant la phase de pdleur et la phase

cyanotigque. (19).

Le probléme des verrues (virus Papilloma) parwmi les tra-
vailleurs du secteur de la volaille n'a été rapporté que
récemment. La manipulation des objets froids a été rele-
vée conuwe un des facteurs du milieu de travail reliés, de
fagon significative, a4 la présence de verrues. (21).

I1 est présumé& que le contact continuel des mains.tavec

des objets froids comme des poulets amenés 3 une tempéra-

ture de 4°C, par axemple, aménerait une vasoconstriction-

qui empécherait une bonne circulation au niveau des mains
et par conséquent, une bonne défense de l'épiderme cbncre

le virus des verrues.

Une &tude Bulgare publiée en 1983 présente les résultacs
sur la réactivité neuro-végétative des membres supérieurs
chez les travailleurs exposés au froid local systémati-

que .

Elle rapporte que selon des résultats d'examens clini-
ques de plusieurs tests physiologiques ainsi que de don-
nées du questionnaire, il y a une différence significa-

tive dans 1la manifestation de la pathologie neuro-

végétative angiodystonique?* entre les cas et les témoins.™ -

* Angiodystonie neurovégétative est une altératian de la
tonicité des vaisseauix 1ié au déréglement fonctlonnel
des systémes sympathique ou parasympathique.

19
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On voudra souligner que l'étude est basée Sur un nombre
limice 'de travailleurs. On ne 12 dqntiohne ici qu'a
titre‘d’information. En effet, 3 cause de 1la langue,

Plusieurs éléments de 1'étude sont difficiles 3 saisir.

De plus, elle est la seule en son genre 3 présenter de

tels résultars.

20
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CONCLUSION

- P s . - -
On a présenté l'information géné&rale pour pouvoir évaluer

le risque relié 3 l'exposition des mains au froid.

On peut conclure que le niveau de connaissance scienti-
fique actuel ne nous permet pas de nous prononcer au
sujet de l'existence du risque 3 l'exposition des mains

au froid.

Malgré tout, on peut cependant affirmer que les verrueées,
ainsi que le traumatisme 1lié 3 l'engourdissement des

mains par le froia, présentent un risque réel pour les

travailleurs affectés 3 la manipulation des poulets

congelés.

Comme mesures préventives, on suggére le port de gants
appropriés, lesquels doivent assurer une protection

suffisante contre le froid local, 1l'infection virale et

le traumatisme.

Un changement de procédé technologique visant @ éviter la
wifiipulation directe des objets froids peut aussi régler

le probléme relié 3 l'exposition au froid local.

En conclusion, il nous semble trés souhaitable que la
recherche épidémioiogique vienne documenter l'existence
et la gravité des problémes de santé 1liés 5ml'expositiod

quotidienne au froid local.
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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 endogenes qui répondent au temps du jour et de la
nuit, & 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 2 30% ne I’aime pas et Ia majorité le tolere.

L’ajustement des horaires de nuit et de jour entraine des baisses de rendement, de
la fatigue, des pertes de sommeil, des troubles de 1'appétit et des symptomes
gastro-intestinaux. La vie sociale est en général assez dérangée sinon perturbée.

Surveillance médicale et prévention

En ce qui a trait A la surveillance médicale et & la prévention, il n'y a pas de
recettes toutes faites. Avant toute intervention visant-a 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 hordires, la

rotation des quarts de travail, les troubles du sommeil et les probleémes de santé
individuels feront ensuite partie de I’évaluation. Parfois, I’inventaire des
symptdmes peut nécessiter qu’on propose un questionnaire approprié. Enfin, on ne
doit pas s’attendre 2 des résultats mirobolants. Les intervenants en santé au travail
devraient ajuster leurs interventions aux conditions particuliéres de chaque milieu
de travail et utiliser avec discernement les suggestions de solutions de la littérature
scientifique. Nous vous référons aux articles de I'INRS et de Rutenfranz qui
résument bien le sujet et proposent des approches validées par 1’expérience.
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Psychological and psychophysiological effects of shift work

by Yorbjorn Akerstedt, PhD'

AKERSTEDT T. Psychological and psychaphysiological cffects of shift work. Scand J Waork Environt
Health 1990; 16(suppl 11:67—73. The psychophysiology of shift work is mainly related to circadian rhyth-
micity and sleep-wake phenomena. individuals on a rotating three-shift or similar system work the night
shift at the low phase of circadian rhythm, On retiring to bed in the morning they (all asleep rapidly but
are prematurely awakened by their circadian rhythm and exhibit severe sleepiness and reduced perform-

ance capacity. |n conncction with the morning shift the circadian psychophysiology makes it difficult 10

fall asleep as carly as necded during the preceding nig
rise. they have difficultics awakeoing because of th

hi. Around 0400 (o 0500, wien the individuals should
¢ sfecp loss and the civcadian rhythm, which at that

poim is at its lowest. Subsequently, day work is charactcrized by slcepiness and reduced performance.
It shiould be cmphasized tlan it docs not seem possible Lo improve ane’s ability to adjust over time, cven
with permanent night work. Older age and ‘'morningness’’ personality arc related to higher than average

problems in adjusting.

Key terins: circadian, psychophysiology, sieep, sleepiness.

Shift work is onc ol the more apparent and dramatic
components of the work cnvironment. [t has been
clcarly linked 10 a scrics of acute and chronic effects
on the organisim, most ol them related 1o, the circadian
chythmicity of the body. The major effects concern
sleep, alertness, and performance, but also long-term
health. The purpose of the present paper.is 10 provide
a brief review of these effects and to discuss mechan-
isms and countermeasures.

Before turning to the effects, however, the term
sshift work'* needs to be defined. The term usually
refers to an arrangement of workhours which employs
(wo-or more teams (shifts) of workers in order 10 ¢x-
tend the hours of operation beyond that of conven-
tional office hours. It has, however, become customary
to apply the-concept also-to groups with more unstruc-
tured and irregular workhours and to groups with per-
manent night or evening work. With this usage the
proportion of shift workers make up at least one-
fourth of the working population in most industrial-
ized nations (1). In the present overview | have re-
stricted the discussion to shiflt work that, at least oc-
casianally, involves night work, since such schedules
are the most interesting (rom a psychophysiological
point of view. Permanent night work, rotating three-
<hift work, night-oriented roster work, and irregular
workhours are included.
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Circadian physiology

The psychology and psychophysiology of shift work
is intimately related to the rhythmic timing system ol
humans, particularly that having a 24-h period —
the cireadian (from circa dies = approximately 24 1)
system. It has its neural basis in the lower fronal
hypothalamus, situated above the optic chiasma (2).
These suprachiasmatic nuclei produce a cyclic oscilla-
tion with a period of 24 h. Although the thythm is
rather stable, it may be modified by environmental syn-
chronizers such as light, sleep, food, etc. The speed
of adjustment 10 a new tie zone is usually about
| h/d although this speed may differ between variables.

In order to describe the circadian rhythm of an in-
dividual, (requent measurements are needed — dur-
ing work, lcisure time, and sleep. This need placesa
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 uri-
nary constituents (2, 3). Figure 1 derives from one of
the most extensive studies of oral temperature, with
a-total of 133 workers in all (4). Duting the day of the
first night shilt an increase occurs from the time of
rising in the morning to a peak in the evening. There-
after, the temperature falls during the night shift
towards a minimum around 0400, after which a rise
is seen towards the end of the shift and the new
morning bedtime. The fifth shilt shows a similar pat-
tern but with seemingly low temperature during the
morning. (No measurcments were taken during sleep.)
Such a pattern, with low night levels and high day
levels, has been demonstrated for many physiological
variables, eg, cortisol, potassium, adrenaline, etc (2, 3).

In contrast to the variables just presented, which
have a strong endogenous rhythmicity partly unaf-
fected by behavior, other variables mainly reflect. di-
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Flgure 1. Mean oral temperature of >50 shilt workers during
the first and fifth night shifts. The 24-h period wilh the first
night shift began as a normal day with awakening around
0700-0800 after a night's sleep {filled bar}) but contains an af-
¥ #noon nap around 1500 {tilled bar}. [Figure redrawn trom refer-
ence 4}

rect changes in the rest-activity pattern. This holds true
for, among others, noradrenaline excretion, heart rate,
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
(3, 6). In some sense this phenomenon could be inter-
preted as the subjects being *‘older”” 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 1o adjustment over several consecutive
shifts Migure I suggests that a few hours® delay of the
nightly fall of oral temperature has occurred by the
fifth night shift. Still, the minimum occurs at the same
time as during the {irst night shift. If 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
part of the apparent adjustment is a direct effect of
the environment, unrelated to the biological clock but
“masking"” its output (8). Lying down will, eg, reduce
body temperature, and activity will 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-
gina! or nonexisting adjustment is that the circadian
syslem, 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
off duty.

Laboratory studies allow a much belier control of
environmental influences and make it easier to carry
out around-the-clock measurements. In one of the clas-
sic studies Colquhoun et al (9) showed that oral tem-
perature across 12 consecutive night shifts flattened
but never completely adjusted. Similar results have
becn published by, €g. Knauth et al (10) and Weitz-
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man & Kripke (11). On the whole, most of the adjust-
ment tends (o 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 of the studies of
the physiological circadian chythms of shift workers
are mainly of 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 of their entrained rhythms (12).

Sleep

Disturbed sleep is perhaps the most dramatic effect of
shift work. A number of 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 clectroencephalogram,
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 10 4), and rapid eye movement sleep (stage REM —
dream sfeep).

Sleep studies of shift workers have mostly been car-
ried out in the laboratory (13). Recenily, however,
some studies of shift workers’ sleep have been made
in the workers’ natural sleeping environment {1 S5—17).
The results are fairly conclusive in that sleep length
on the night and morning shifts of rotating shift work-
ers is reduced by [ to 4 h. This reduction mainly af-
fects stage 2 and REM. Stages 3 and 4 [which together
make up slow wave sleep (SWS) or deep sleep) seem
seldom to be alfected. Furthermore, sleep latency is
increased in connection with the morning shift and is
shortened in conaection with the night shifi. 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 adjusiment process
across a series of night shifts. The available studies sug-
gest thai sleep length does not improve a great deal
(18, 19). Permanent night workers seem 10 sleep longer,
however, than rotating shift workers on the night shifi
(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 of the
causes of disturbed daytime sleep. On the other hand.
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eep alter 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 of isolation from time-of-day cues (26) shows
that the more sleep is postponed from the evening
ywards noon the next day, the more truncated it be-
omes, and when noon is reached the trend reverts.
Jhus sleep during the morning hours is strongly in-
terfered with, despite the sizeable sleep loss that, logi-

ally, should enhance the ability to maintain sleep.

imilar observations have been made for subjects who
can select their own preferred sleep-wake pattern un-
der conditions of long-term isolation from time cues

27, 28). n 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 tem-
nerature cycle.

Sleepiness

Aany questionnaire studies have demonstrated that
_hift workers report more fatigue than do day work-
ers (29). Usually, the fatigue is particularly widespread

»n the night shift, hardly appears at all on the alter-
soon shift, and is intermediate on the morning shift.
In some studies sleepiness has been reported to be
severe enough to have resulted in actual incidents of
falling asleep during the night shift.

The upper part of figure 2 illustrates the 24-h pat-
tern of rated sleepiness in a group of 24 three-shift
workers at a paper mill (17). In connection with the
afternoon shift sleepiness never reached high leveis 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 of the night shift.
This pattern of early morning sleepiness has been
demonstrated in many other studies (19, 30).

Physiological evidence of night shift sleepiness is
more scarce. However, in the study illustrated in fig-
ure 2, electroencephalography and electrooculography
were also carried out. These procedures wese done with
the aid of small subject-worn tape recorders {Medilog)
for a duration of 24 h on three occasions involving
morning, afternoon, and night shiflts. The lower part
of figure 2 shows the hypnogram of one worker dur-
ing the night shift (17). During work two episodes
of sleep can be seen. They are followed by a (short)
day slecp of little more than 4 h, and later on by a
45-min nap during leisure time. Similar incidents of
sleep occurred for approximately one-fourth of the
subjects. Usually they occurred during the second halfl
of the night shift and never in connection with any
other shift. Importantly, sleep on the job was not con-
doned by the company, nor was there any official
awareness that steep would or could occur during

workhours. Similar results but with uitrashort intru-
sions of sleep (as judged by clectrocncephalography,
electrooculography, and electromyography) have been
demonstrated for locomotive engincers during work
(31) and for other groups (32, 33).

Incidentally, the general impression from most
studies of sleepiness during activity is that, although
a certain sleepiness is clearly perceived by the indi-
vidual, there seems to be no *‘final warning’* before
dozing off (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 will gradually delay its
appearance over successive shifts (34—38) in 2 man-
ner very similar to the behavior of oral temperature
discussed earlier. There is no indication, however, that
more than a marginal adjustment takes placc. This
seems to be the case also for permanent night workers.

The cause of night shift sleepiness is apparently the
combined influence of 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 of sleep
loss is more difficult 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 of 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 ligure: mean and standard errors of sell-rated
sleepiness 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 one of the subjects in the upper figure.
|Figure redrawn from relerence 7|
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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 afternoon (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 perforinance 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 "‘fly"” a simularor 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 1wo weeks. Fre-
quently, the body temperature rhythm adjusts in par-
allel.

The impression of the night shift deierioration 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 diiicrently phased rhythm
(45). The latter would not, however, apply to the situa-
tion where sleepiness has come close 10 actual sleep,
since any type of activity would then be interfered with.
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Flgure 3. Number of meter reading errors accumulated over
19 years for three three-shift workers. Bars indicate the threc
shifls. [Figure redrawn from relerence 41|
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Another important point is that common sense and
available data suggest that the output from 2 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 nightshift 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 (carly morning). Most of
these accidents are thought to be due to sieepiness.
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 adjusiment 1o 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 | to 2 b of the free-run_period, phase delays
are easier to accomplish than phase advances (52). For
the rotating shift worker this situation tmplies 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 (1 d) rotating potice 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
climinated (55). Still, in one study of policemen, Pea-
cock ¢t al (56) found no cffects of a change from 8 h
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(nine shifts across 8 d) to 12-h shifts (two nights-one
free-two days-three free) on overall alertness. How-
ever, the distribution of free days changed at the same
time. Two other studies of nurses (57) and industrial
shift workers (58) have produced similar results. Re-
cently Rosa & Colligan (59) used 2-h ratings in 2 field
experiment and demonstrated that the 12-h night shift,
indeed, produced higher ratings of fatigue than 8-h
night shifts. In addition, in a study of accidents of
truck drivers, Hamelin (48) demonstrated a U-shaped
relation between hours driven and accidents, ie, after
an initial “‘warm up”’ period accident risk was low,
with an increase towards 11 h of driving.

As may be expected, also the watch-keeping systems
(4 on, 8 off) on ships are associated with low alert-
ness and poor performance during the night (60). Ap-
parently, rotating systems cause greater disturbance to
the individual than do stable systems.

Another type of unusual workhours is that of air
crews on transmeridian routes. Then, not only are the
workhours displaced to “biological’’ night time, but
also the time reference is changed through time-zone
shifts. As with other types of shift work, survey studies
have demonstrated disturbed sleep and wakefulness
(61). The disturbed wakefulness has been evidenced
also in flight simulator studies.

{n some occupations the personnel may slecp at the
worksite until needed. This is the case for, among
others, physicians. Since the greater part of such nights
are often are spent working, sleepiness-fatigue is of-
ten pronounced, and performance tends to be reduced,
although the practical implications (for the patients)
are still unknown (62, 63). Other forms of **on-call”
systems may be found among, for example, engineer
officers in the merchant marine (64).

Among individual differences age has been related
10 sleep disturbances (65, 66). In electroencephalo-
graphic studies tcends have been found towards more
superf(icial sleep in middle-aged shift workers (16). The
studies by Foret et al (65) and Akerstedt & Torsvall
(66) also indicated that experience was negatively
related to general well being over a number of years.
Koller et al (67) found that reduced health appeared
earlier among shift workers than among day workers.
Dahlgren (68) found no effects of three years of night
work on the rhythm of cated activation across night
shifts. Neither did Wynn et al (69), over a temporary
10-week period of weekly alternation between night
and day work in a group of nurses. Dumont et al (70
found that the amount of sleep-wake and related dis-
turbances in present day workers was positively related
10 their previous experience of night work. Guille-
minault et al (71) found an overrepresentation of
former shift workers with different clinical sleep/wake
disturbances appearing at a sleep clinic. Although not
directly related to sleepiness, it is still of interest to ob-
serve that Angersbach et al (72) have demonstrated an
carlier occurrence of gastrointestinal disease among
three-shift workers than among day workers. Similarly,

Knutsson et al (73} demonstrated that the incidence of
myocardial infarction (and cardiovascular disease in
gencral) is related to the amount of exposure 10 shift
work.

Finally, the trait of morningness (having a tenden-
cy towards early sleep-wake preferences) has frequently
been associated with poor adjustment to shift work (74,
75). This has also been the case for the trait of sleep
rigidity (76)-

Concluding comments

Taken together, the reviewed literature clearly indicates
that shift work that involves night shifts strongly in-
fluences the psychology and psychophysiology of the
individual.
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Le travail posté est un modc
d’organisation du travail qui répond
@ unc production continue sur 24
heures, ou qui couvre unc portion dc
la journéc assez grande pour néces-
siter la succession d’au moins dcux
€quipes.

Le travail de nuit (de 22 heures i
5 heures du matin) n'est autorisé que
pour les hommes, saul dérogations,
dont certaines sont importantes (lcs
inftrmiéres, par exemplc).

Le systeme d’horaircs comprend
cn géncral deux équipes successives

LES RISQUES DU TRAVAIL

A 4

Ded

(2 x 8) ou trois (3 X 8): les embau-

ches se font vers 6 heures, 14 heures
et 22 heures. Mais, sur cette trame,
nombreuses sont les combinaisons
possibles, car l'on peut jouer sur
plusicurs facteurs :

— I'horaire du poste : il peut étre
fixe {(<toujours de nuit»), ou au
contraire alternant (le matin, puis
I'apres-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 {a tendance actuelle
est d'aller A cinq €quipes ou plus, ce
qui diminue la durée moyennc du
travail, ¢t rend donc moins {ré-
quents, pour une méme personne, les
postes du méme type;

— la vitesse de rotation : les tra-
vailleurs peuvent rester au méme
poste deux ou trois jours consécutifls,
ou une scmaine, ou plus. La ten-
dancc actuelle est aux rotations
courtes {deux, trois ou quatre postes
de méme horaire d'affilée).

En 1982, le travail posté concer-
nait 173% des ouvriers (25.6 %
dans lcs scules industries de transfor-
mation), pourcentage qui diminue
régulierement depuis le milieu des
années soixante~dix (respectivement
21,9% et 31,3 % en 1974). A noter
toutefois que cette proportion est
tres variable d'un secteur a I'au-
tre: on comptait ainsi, en 1982,
53.72 % d'ouvricrs travaillant en équi-
pe dans l'industric du caoutchouc,

travail posté
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44,2 %dans Ic pétrole, ct seulement
6.6 % dans la labrication de produits
pharmaccutiques, ou 5,2 % dans I'in-
dustric du cuir.

Lc travail posté contraint le tra-
vailleur 3 dcux «déviances», a la
fois par rapport aux horaires spon-
tanés dc repos ct d'activité (pro-
bleme essenticllement biologique) et
par rapport aux horaires de vic de
'ensemble de la société (probleme
psychologiquc, sociologique, mais
aussi biologique). :

Le travail posté, c'est évident,;
créc des problémes de relations dans!
la vic familiale ct sociale. Cela’
affecte et le travailleur et son entou-
rage, cn particulier le plus proche.’
Tout individu a cn queique sorte
dans la vic plusicurs roles (celui de
travailleur, mais aussi de mari, de
pére, de citoyen, ctc.); or, s'il a des’
horaires de vic «anormaux », cer;
tins de ces réles se trouvent diffi-]
cilement remplis. Cela peut susciter
des insatisfactions, engendrer une
exclusion des formes « normales » de:
vic sociale, et conduire 2 la longue,
sur le plan social, & un repli sur
lui-méme d'un individu ou d'un
groupe d’individus (avec tout ce que
ccla comporte d'injustice, d"ineffica-
cité) et, sur lc plan personnel, a une
régression psychosomatique se ma-)
nifcstant au niveau de la sphére!
digestive (douleurs digestives, prisc?
de poids) ct dc I'«équilibre ner-*
veux » (Ctat dépressifl ou, au contrai-
re, ¢tat d'hyperexcitation, besoin de’
médicaments, excitants ou hypnoti- |
ques, pour « tenir »).

Tous ces troubles peuvent aller
Jusqu'a la maladie déclarée (ulcére
d'estomac, dépression nerveuse).
Mais les statistiques médicales met-
tent mal en évidence la fréruence de
ces affections, cntre autees parce
que, avec le temps, il s'opére une
sortec  de «sélection-élimination «
parmi lcs travailleurs postés (ccux
qui le supportent mal chercheront ou
scront amenés a changer d’emploi).

l)Source: Casson, B., Les risques du travail,

I

‘Ed. La découverte, Pards, p. 94-99, (1985)



_—

Travailler' 2 des horaires anor-
maux pose aussi un probléme biolo-
gique grave dont les termes sont
désormais bien connus (chronobiolo-
gic). Les horaires dc vic anormaux
catrent en conflit avec les rythmes
biologiques innés de [organisme
humain ct obligent perpétucllement
ccux-ci a tenter dc s’adapter aux
nouvcaux horaircs de veille et de
sommcil [298).

La base biologique
du probleme

Les rythmes circadiens : prati-
- qucment toutes les fonctions physio-
logiques humaincs ont un natvecau
d’activité qui suit un rythme circa-
dien (du latin circa: cnviron, ct
dies : jour). Cela se traduit en géné-
ral par un maximum ct un minimum
d’activité qui sc répctent toutes les
24 heures, 4 la méme heure (par
exemple, la température corporelle
passe par un maximum 2 la fin de
'aprés-midi, et par un minimum en
finde nuit; le taux de cortisol dans le
sang, trés bas dans la journée, pré-
sente un pic important 3 la fin de la
nuit et au début de la matinée, aprés
¢ réveil). Ces rythmes circadiens
sont endogénes, c’est-a-dire qu'ils nc
sont pas directement provoqués par
I'alternance nuit/jour, mais qu'ils
sont inscrits dans I'héritage généti-
que de chacun, d’ott leur trés grande
résistance 2 toute forme de manipu-
lation.

Les synchroniseurs sociaux : leur
importance est capitale. Quand on
place des étres humains en isolement
total, sans qu'ils puissent deviner
'hcure ni I'état de la société envi-
ronnante, leurs rythmes circadiens
spontanés s’établissent en moyenne a
25 heures. Dans la vie réelle, nos
rythmes sont entrainés exactement
sur 24 heures par ce qu'on appelle
des «synchroniseurs » sociaux; ces
synchroniseurs sont avant tout les
horaires d'activité et la fagon dont la
société s'organise autour d'eux (hor-
loges, répartition quotidienne des

diverses  activités : repas, vie en
famillc, transports, niveaux de bruit
ct dc lumi¢re correspondants, ctc.).
Tous ccs synchroniscurs sont, pour la
plupart des gens, cohérents entre
cux {on dort aux hecures ol il y a lc
moins dc bruil, on prend scs repas,
ou l'on dcvrait les preadre, a des
momcats ot il y a baissc de¢ l'acti-
vation interne).

Or, le travail a horaires chan-
geants a deux conséquences. L'unc
cst immcdiate : un changement de
postc perturbe les rythmes circa-
dicns, car il impose a lorganisme
unc « journéc » de trente heures (pre-
micr postc dc nuit) ou de scize
heures (jour de repos aprés un poste
de nuit). Mais les rythmes circadicens
sont trop rigidcs pour suivre d’cm-
bléc un changement aussi brusque
dcs synchroniscurs. Un grand désor-
dre s’¢tablit dans I'évolution tempo-
rcllc des fonctions biologiques, ct
dans lcur équilibre.

La seconde conséquence est diffé-
rée; queclques jours aprés 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 soci€té, d’'un cbté, lui signi-
fic les meilleures heures pour se
reposer ¢t pour étre actif (ce sont les
heures dites « normales »); le poste
de nuit, par ailleurs, I'oblige a tra-
vailler quand les autres se reposent
et a se reposer quand lcs autres
travaillent. Méme si un ajustement
partiel s’opére aprés 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 compléte.

L'impression de fatigue et de
malaise est en partie due au manque
de sommeil, conséquence directe des
heures biologiquement défavorables
auxquelles it est pris. Mais il est trés
vraisemblable que cette fatigue soit
surtout due a 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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(Nouve:
“Unité
ActiTé ECONOMIQUE 1974
Pétrofle . ....... e e e e 47,4
Extraction de minéraux divers ... ............ 28,3
Production et premiére transformation des mé-
L2 TV T G e n e 71,0
Industrie des produits minéraux non métalliques 38.4
dont : Industrie du verre . ... ........... 58.0
Industrie chimique ............ .00 .. 34,6
dont : Fabrication de produits pharmaceuti-
QUBS . i it et e e 4,2
Fabrication d'ouvrages en métaux ............ 18,5
Construction de machines et de matériel mécani-
QU . o o e e e e e e 18.7
Construction électrique et électronique ........ ’ 21,6
Construction d’automobiles et de piéces déta-
chées . ..... e e e et et r e 58.3
Construction d’autre matériel de transport ... .. 14,9
fabncation d’instruments de précision, d optique et
similaires .......... ... ieeimanenanan-n 13,2
Industries des produits alimentaires, des boissons
etdutabac ......... ... .. .. . i, 21,8
Industrie textile . ............ ... ..., 50.2
Industrie du cuir ........ 8.3
Industrie des chaussures et de I'habillement : .. 4,0
dont : Industrie des chaussures .......... 2,8
industrie de I'habillement (sauf four-
rure et peaux) . ..........ciennn. . 1.7
Industrie du bois et du meuble en bois _...... 10,0
Industrie du papier et fabrication d’articles en
[0 %] 11 A caeeas 52.6
Imprimerie et édition . .............c....... 33.8
Industrie du caoutchouc . .................. 525
Transformation des matiéres plastiques ....... 46,6
Autres industries manufacturiéres . ........... 9,3
Batiment et Génie civil .. .................. 1.4
Transports terrestres et auxiliaires ........... 4.9
Autres transports et activités connexes ....... 22,0
Hygiéne . ........cciiiieennernnnconanens . 3.8
INDUSTRIES DE TRANSFORMATION (non compris le bati-
ment) ......... e 31,3
dont : INDUSTRIES TRANSFORMATRICES DES ME-
TAUX o veeiee e aeaeaa ceea 27,0
INDUSTRIES DE TRANSFORMATION ly compris le bati-
MENt) oo e 24.3
TRaNSPOATS (non compris SNCF et RATP) ... .. 9.3
TotaL (non compris combustibles minéraux solides,
gaz et électricitd, SNCF et RATP} ... .. 21,9

Source : ministdre des Affaires sociales « Enquéte sur I'activité
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J(OMENCLATURE)
pourcentage
1977 1981 -1982
J—
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
7.1 17,4 16.5
15.4 16.0 14,6
20.8 19,2 18,0
57,9 57, 52,6
13.4 15. 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
233 22,3 20,7
8.7 6.1 7.8
20,4 18,5 17.3

** ‘os conditions d'emploi de la main-d'ceuvre » (ACEMO].
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Les effets
sur la santé

A l'encontre de tout ce que les
travailleurs postés ressenient  cl
discni, lcs statistiques médicales nc
prouvcnt pas clairement que le tra-
vail posté par lui-mémec alfccte lcur
élat de santé. D'abord, parcc qu'en
maliére d'effets sur la santé, il est
difficile de fairc la part dé respon-
sabilité du travail posté lui-méme,
de la nature du travail cffectué et du
vieillissement. Ensuile, parce qu'il
nc s'esl pas dégagé de pathologic
spécifique au travail posté.

Mais la latigue, s1 souvenl ressen-
tic, doit étre regardée comme un
sympléme qui pcul cn annoncer
d’autres (lcs mémes que dans toute
situation du travai! ou il existc une
forte charge mentale, unc attention
soutcnuc longlemps, une forlc res-
ponsabililé, unc silualion stressante,
etc.) R

Qucls symptomes? Dans la sphére
digestive, ccla peut aller des troubles

1978.

CFDT, Paris, 1982.

Lavoisicr, Parns, 1982.

Toulouse, 1984.

ANACT, Paris, 1981.
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dc 'appétit, de la digestion, de I'as-
similation (la prise dc poids cxces-
sive chez les travailleurs posiés ¢st
significative), 4 des troubles orpani-
qucs allant dc la simple géne 3
Pulcére déclaré [213). Au niveau du
systeéme nerveux, il s’agit avant Lout
de difficultés & dormir de fagon
satisfaisante; or, ccs troubles du
sommecil interferent avec la latigue
généralec du travailleur ct I'accen-
tucnt. Mais il y a aussi des aggrava-
tions anormalcs de tendances indivi-
duclles allant vers I'hyperexcitation
ou au contrairc la dépression ct des
perlurbations de I'humeur qui, enun
cercle vicicux, rendent insupporta-
blc la situation.

Les difficuliés vécucs par les tra-
vaillcurs postés s'accentucnl en
intensilé et en [réquence au lurel d
mesurc qu'ils vicillissent. Elles de-
viennent particuliérement scnsibles
a partir dc quarante/quarante-cing
ans cl peuvenl amencr 2 I'impossibi-.
lité de rester en poste. Elles ne sont
pas sculement de nature économique
ou sociofamiliale. L'évolution nor-
male avee I'dge de nombreuses fonc-




tions physiologiques (dont lc som-
meil, qui sc modific bcaucoup) jouc

.sarecment un rdie dans les problémes

des travaillcurs postés vicillissants.

Par aillcurs il sc confirme de plus
¢n plus que, indépendamment de
toutc expéricnce du travail posté, le
vicillissement (au-dessus dc qua-
rart¢ ans cnviron) s'accompagne
d'altérations notables dc certains
caractéres des rythmes circadicns
(réduction dc leur amplitude, rac-
courcisscmeant de la pcriode). Plus
étornant cncore cst le fait que ces
modifications resscmblent beaucoup
a celles qui se manifestent dans le
cas de dépressions spontanées. Il se
pourrait ainsi que le complexe tra-
vail posté-vicillisscment-dépression
ail comme point commun avec I'état
dépressif des perturbations-des ryth-
mes biologiques circadicns, mais on
en est encore, dans ce domaine, au
stadc des hypothéscs.

Que faire?

Tenter d'appliquer certains prin-
cipes, quelques-uns relevaat 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 2 vide des installations). Au
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Ecrans dc visualisation [106],
automatismes d’atelier [103], au-
tomatismes de processus [104] et
bien d’autres : I'expression « nouvel-
les technologies », qui se¢ généralise
pour désigner la transformation des
méthodes de production, est-trom-
pcusc quand on s'intéresse aux
conditions de travail et a leurs
conséquences sur la santé..

Les situations, en effeq, sont trés
diverses sclon lcs branches, ¢t lcs

Les nouvelles technologies

e

nivcau de lorganisation, c'cst la
diminution du temps de travail
moyen c¢tfou l'augmentation du
nombre d'équipcs, ['amélioration
dcs « tournantes » : Ics postes doivent
s¢ succéder dans un ordrc logique
(matin, aprés-midi, nuit, repos) ct les
changements doivent étre rapides
(dcux ou trois postes scmblables
d’affilée, et suppression des rota-
trons hebdomadaires ou secmi-men-
suclles, commc c'était ['habitude
autrelois); enfin, it faut retarder lcs
cmbauches trop matinales (pas
avant 6 heures du matin), ke postc du
matin étant toujours pergu comme le
plus pénible.

Mais lc probléme du travail posté
nc doit pas étre séparé de celui des
conditions ¢t du contcnu du travail.
Du fait de leur naturc, certains
travaux sont particuli¢rement diffi-
ciles a faire la nuit ou pendant unc
longue durée... Surveiller la marche
d'unc raffineric et surveiller une
coulée de fonte sont deux travaux
qui ne peuvent étre simplement com-
parés cntre eux, méme 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 oii
toute tentative de changement se
heurte systématiquement a des op-
positions trés varices, y compris de la
part des intéressés cux-mémes.

Jean Foret

A

pages qui sutvent montrent qu’un
méme matériel peut avoir des
conséquencestrésdifférentesenfonc-
tion des conditions dans lesquelles il
est implanté. Il n'y a pas de pro-
bléme de conditions de travail lié
aux « nouvelles technologics », il y a
des situations concrétes qui doivent
€tre analysées en détail. De plus, les
conditions dans lcsquelles vont tra-
vailler les opérateurs et les opératri-
ces confrontés a de nouvelles machi-

LES RISQUES DU TRAVAIL

LES NOUVELLES TECHNOLOGIES
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EXPOSURE TO BRIGHT LIGHT AND DARKNESS TO TREAT PHYSIOLOGIC
MALADAPTATION TO NICHT WORK

Cuarees A. Czester, Pi.D., M.D., Micuaew P. Jounson, A.B_, Jeanne F. Durrv,
Emerv N. Brown, M.D., Pu.D., Josepu M. Ronpa, M.S.,
AND Ricitaro E. Krowauver, Pu.D.

Abstract Working at night results in a misalignment be-
tween the sleep—wake cycle and the output of the hypo-
thalamic pacemaker that reguiates the circadian rhythms
of certain physiologic and behavioral variables. We evalu-
ated whether such physiologic maladaptation to nighttime
work could be .prevented eflectively by a treatment regi-
men of exposure to bright light-dusing the night and dark-
ness during the day. We assessed (he functioning of the
circadian pacemaker in five control and five treatment
studies in order lo 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

PPROXIMATBLY 7.3 million Americans wor

at night, cither on permanent shifis or on sched-/
ules requiring a rotation of day, evening, and mghl'

work.' These workers forgo nocturnal sicep and then
attempt to sleep during daylight hours. Yet, as Bene-
dict first noted at the turn of the century, a complete
physiologic adaptation of cndogenous circadian
chythms to such inversion of the daily routine docs
not occur®™ even after years of permanent nighttime
work.>® Physiologic maladaptation to an inverted
schedule results in diminished alertness and perform-
ance during nighttime work, with attendant increases
in the number of fatigue-rclated accdents during
nighttime hours.*? Then, despite the nocturnal depri-
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12,000 {ux) at night. and to nearly complete darkness dur-
ing the day, and the temperature nadir shifted after
four days of trealment to a significantly later, midafternoon
hour (14:53+032; P.<0.0001), indicating a successful cir-
cadian adaptation to daytime sleep and nighttime work. .
There were concomitant shifts in the 24-hour pattemns of
plasma cortisol concentration, urinary excrelion rate, sub-
jective assessment of alertness, and cognitive perform-
ance in the lreatment studies. These shifts resulted in a
significant improvement in both alertness and cognitive
performance in the treatment group during the mght-shult
hours.

We conclude that maladaptalxon of the human circadian
system to night work, with its associated dectine in alert-
ness, performance, and quality of daytime sleep, can be
treated effectively with scheduled exposure to bright light
at night and darkness dunng the day. (N Engl J Med 1990;
322:1253-9.)

vation of sleep, these workers typically experience
daytime insomnia.'®"* Long-term cxposurc to variable
work schedules that include work at night is also asso--
ciated with an ‘increased risk of cardiovascular dis-
case, gastrointestinal illness, reproductive dysfunction
in women, and slecp disorder.'>'? Improvements in
performance and well-being have been achieved as a
result of modifications in work-schedule design,'* -but
truc physiologic adaptation to night work under ficld
conditions has not previously been demonstrated.
Duriag the past 20 years, considcrable progress has
been madc in understanding the underlying ncuro-
physiologic processes that regulate adaptation to the
peniodic aspects of the cxternal environment. Studies
involving ablation, transplantation, and other procc-
dures have demonstrated that the suprachiasmatic

. nuclei of the hypothalamus scrve as the principal

pacemaker of the circadian timing system in mam-
mals.'**" A specialized retinohypothalamic tract links
the retina to these nuclei, forming a nouvisual photo-
seeeptive systam that mediates the synchronization, -
or catrainment, of the circadian pacemaker with
the light-dark cycle.™ Even though corresponding
structures subscrving rhythmicity and photic entreain-
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mcat in the brain hiave been idcati-
ficd,”™ it was thought that the
human ciccadian paccmaker was
uniquely insensitive to light and
thatitinstead relicd on “social con-
tacts” to achieve syachrony with the
24-hour day.™ However, we have
demoustrated that the light-dack
cycle has a direct synchronizing cf-
fect on the human circadian pace-
maker.?? Furthermore, we have
recently discovered that properly
timed cxposure 10 bright light and
darkness can reset the pacemaker
Ly as much as 12 hours within two
to three days.® We found that the
paccmaker’s resctting responsc to
bright light depends on the timing
of the average midpoint of the to-
tal daily exposure to light, after
weighting for brightness.® There-
forc, the bright light 1o which night-
time workers are often exposed
during the day (c.g., during the re-
turn home from work) may prevent
them from adapting to night work.
On the basis of these results,-we de-
signed a pattern of exposure to
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Figure 1. Overall Study Protocol (Middle Panels) and Changes in Temperature Re-
corded during the First and Sixth Night Shifts (Upper and Lower Panets) 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 inftial and final endogenous circadian temperature nadirs as derived from the
lemperature data (vertical dashed fines) measured during the constant routine. During
the second through lifth 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 ight (7600 to 12,000 lux; solar symbol in the open box) in

bright light and darkness in the
work and home environments by
which the phase of the pacemaker
can be resct rapidly and effectively in’ persons who
work at night, even if they are exposed to natural light
on the way home from work cach moming.

Merndos

SN

Ten two-week studies were carried out in eight healthy men, 2210
29 ycars old. The subjects had no medical, psychiatric, or sléep
disorders as determined from theic medical histories, physical ex-
aminations, chest radiographs, clectrocardiograms, biochemical
screening tests, and ‘psychological screeani g questi ires (che
Minncsota Muttiphasic Personatity laventory). None had worked
regularly at night on a permanent or rotating shift within the pre-
ceding year, and none had traveled to another time zonc during the
previous six weeks. They were not taking any meodications and were
instructed to abstain from the use of aleohol, recreational drugs,
and products containing caffcinc for the duration of the study. Uri-
fary toxicologic screcning was used 1o verify that they were drug-
frec ac the time of the study.

The first two subjects participated in the control study and then
in the reaument study, after an intcrval of three ta five wecks during
which they lived at homc and maintained a schedule of regular
daytime activity and noctumnal sleep. To fadlitate rearuitment the
remaining six men were asked to pacticipatc in only onc study; cach
was randomly assigned to cither the control study or the treatment
study after the succossful completion of an initiaf evaluation of his
circadian phasc.

All the studies were cacried out in the suinmer, 10 avoid seasonal
variation in exposure to outdoor light during the week of night
work. The experimeatal procedures and the procedure for obtaining
informed consent were approved by the Commictee for the Protec-
tion of Human Subjects from Research Risks of Brigham and

" Subjects

the treatmen studies. To fadlitate visual comparisons, segments of the temperature

data have been double-plotied.

Women's Hospital. Writien informed consent was obtained from
cach man before participation in the study. :

Overall Study Design

Five control and five treatment studies were pedformed; cach-
consisted of onc week of ambulatory recording of base-line tem-
peratuce, physical activity, and heart rate, followed by a2 week of
aight-shift wark. The men fived 2t home throughout cach study,
reporting for “work™ in the laboratory each night of the second
week. To cvaluate the extent of physiologic adaptation to nighttime
work, the output of the circadian paccmaker was evaluated™ during
the first and sixch consecutive night shifts. On those nights, and
during cach of the immediately preceding days; the activity of the
subjects was restricted to the caforced semirecumbent wakefulness
of a laboratory constant routine as described below. Both the con-
trol and the.treatment protocols are shown in Figure 1.

During the weck of base-line recording, the men maintained reg-
ular bedtimes and waking times (within a range of =1 hour). Their
subjective sleep-wake logs were verified for accuracy by comparison
with the results of continuous ambulatory manitoring of wrist activ-
ity, heart rate, and body tempcrature (PMS-8 Recorder, Vitalog,
Redwood City, Calif) throughout both weeks of the study. In the
casc of two men (one contro! and one treatment subject) whosc
behavior during the study did not conform to the prowcol, the
results were exeluded before the ouvcome of their experimental ta-
als was determined. .

On the sccond tirough the fifih nights of work, the men repocted
(o the labocatory at 23:4% hiours and spent the cight hours hetween
midnight and 08:00 scated at 2 desk. On thase four aights, the men
in the treauncut studics were expased 10 brighi ligla (7000 0 12,000
lux, an intenstty comparable to that of aatural sunlight just after
dawn} betwcen 00:15 and 07:45 hours, whercas thase in the caontrol
studies were cxposed to ordinary room light (appraximatcly 150
lux). All subjects complcted coguitive-prordocmance tasks hourly
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during this time aud gubjoctive assessmcats of aleetiess and nessd
every 20 minutes. They were otherwise (ree 1o do thcir awn wark
asnd weee given dintece and a siack during cads nighe shift, 1ol bae
twa teials, the subjects (one e the conteol study aml one in the
trcatment stuly) cousumed twie mezls at times of tlicir own chesos-
ing. A teclmicizan monitored 1he subjects thramgbout cach wight shifi
1 ensure that they ramained awike.

Alter el might shafi chie nen tefi the faluorntory and teaveled
bowse, Tleey were thas expresed 10 outdoar light ¢
ing tlus tevvel i, Tlhe aeen in the trestment steaties were instract-
v b the diark froon 09K 0 1740 haers cacli iy, in
bedeons in which the windows were covered with opaquee matecial
10 exclude sualight. In contrast, the men in the conirol sudics were
not scheduted to rearain in the diek at any pacticular time each day,
atthouglt most did use their existing window shades or curtains
while they slept, at times of their own chousing. No other restric-
tions were placed on the activitics of dic subjects in cither group
during their “nonwork™ haurs. All were provided with a breakfast
and a lunch to take home and eat at will.

h torning dur-

Assessment of Endogenous Circadian Phase

Previous aitempts 10 evaluaie the extent of circadian adaptation
to night work have beecn complicated by tic masking éffects of
activity on the physiologic vaciables monitored. In this study, the
constant-routine method was used 10 reveal the endogenous compo-
nent of the body-temperature chythm, an established marker of the
cndogenous circadian pacemaker.*-** During the constant-routine
procedure, we determined the endogenous circadian phase (the par-
ticular point at which a regularly recurring event occurs inan ia-
trinsic oscillatory process) ac which the nadir of the daily body-
temperature cycle occurred. Our method involved an extension and
refiaement of a technique first proposed by Mills ct ab.,* according
to which the subjects are studicd under constant environmeatal and
behavioral conditions in order to climinate {or distribute across the
circadian cycle) the physiologic responses evoked by environmental
or behavioral stimuli, such as slceping, eating, changing posture,
and changing light levets. During all the eoastant-routine studies,
the men were restricted 10 absolute, semirecumbent bedrest in a
rocom with constant indoor lighting (approximately 150 lux) and
required to remain awake. Wakefulacss was monitored by a rc-
scarch technician and verified by continuous polysomnographic re-
cording.™ During the constant routine, the men's daily nutritional
and clectrolyte nceds were met by identical hourly snacks, witli~
approximately 150 mmol of sodium and approximatcly_100 mimol /
of potassium evenly distributed over the 24-hour period. The calo—~
ric requirements for weight maintcnance were calculated with use
of the Wilmore nomogram™ to determine the basal metabolic ratc;
they were then adjusted upward by a 10 percent activity factor.
Since the constant-rautine procedure required that the subjects bosc
at Icast one night of slcep, it was carricd out concurrently with the
first and sixth night shifis. Each constant routine was begun just
after the subject awakened oa the day of the shift, and it continued
for as long as was nccessary (ad lcast 21 hours) 0 determine accu-
rately the cndogenous circadian temperature nadie. In 1wo subjects
(onc in the control study and onc in the trcatment study), an addi-
tional 24 hours was required for this detcrmination during the final
constant routine.

Physiologic and Behavioral Measures

Throughout each constant routine, the core budy temperaturc of
the subject was recorded at one-minute intervals fram a disposablc
Uicrmistor (Vellow Springs Instrument Company, Ycitow Springs,
Ohin) inscried 10 em into the rectum. b addition, blood samples
were collected in syringes and transferced to heparin-canted whes
cvery 15 (o 25 minutes on a randomized sampling schcdule fram an
indwelling inteavenous catheter with side holes (Deseret Medical,
Sandy, Utah) thut wiss placed in a forcatm vein™; the samples were
chilled innacdiately und ceatrifuged within two haurs, and the plas-
ma was feozen at —20°C. The plasma cortisol concenteations were
smeasured within Give months of sample collection by an **-couted
tulc sadioitmmunaassay procedure (Diagnostic Peducts, Los An-
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geles) in the Core Lalirataey of Brigham aod Wamicn's Hospisal
General Climaal Resenech Contee (miteaassay coeflicicot of varis
wtien [ = 10), 6.2 peecent ata mean of 50 oot per Brer aad 3.9
percent at a mean of U wawl per lier; interassay cocllicient of
varidion [n = §50), 13.2 peccentat a ncanof 47 nowl per licer and
7.3 pereent at s mean of 502 awol per liter). The urinary volome
wits secasured ac theec-hour istcevals,

Subjective alenoess was assessed thvec times per lour witls wse of
A lincae, nonmuneric, R-msn bipolae viswcd-analague seale.™ Cang-
nitive pedormitnce was measured hoaely by a test involving cdeuta-
tiomn thatincleded 125 codnly geacrated paies of tvg-digit aum-
bices.™ The men were given four nianutes W sum as nuny pairs as
passiblc, and their tests were scored itccording to the number of
calculations completed in the time allowed.

Exposure 1o Bright Light

The subjects participating in the tecatmcent studics were scated at
a desk and exposed 16 bright light (7000 10 (2,000 lux) from onc of
two sources: citlier a wall-mounted bank of 80 2.4-m {8-fi), 96-waul
“ion-gard™ FI6THI2 Vialitc wide-spcctrum fluorescent lamps
(Duro-test, Nocth Beegen, N.J.}, scparated from the subject by
floor-toceiling panels made of two shects of clear glass 3:175 mm
thick, separated by a layer of polyvinylbutyl plasiic (Jaminated
salcty glass); or a portable bank of 16 t.2-m (&{1) “cool-whitc™ 40-
watt lamps (North American Phitips Lighting, Bloomficld, N.J.),
scparated {rom the subject by a wire-mesh sercen. Each subject’s
daily exposure (o ultraviolet light duding the trials was well withia
the guidclines for safety of such exposure cstablished by the Ameri-
can Conference of Governmental Industrial Hygienists and the
U.S. Army and recommended by the National lastitute for Occupa-
tional Safcty and Health>™ The men participating in the last four
bright-light trials worc clear, ultraviolet-excluding polycarbonate
Ultea-Spec 2000 safcty glasses with 4C coating (Uvex Winter Opti-
cal, Smithfield, R.1.) throughout the exposure to bright light. 1lu-
minance was isured at five-mi intervals with rescarch
photometers ([nternational Light, Newburyport, Mass.), cach
cquipped with a detector with a photopic spectral bias and a cosine
angular response; the detectors were placed at the subjects” fore-
heads and directed towaed the line of gaze. Fiftcen minutes of
transitionat ill peeceded and followed cach exposure to
bright light.

Statistical Analysis

The endogenous ciscadian phase was assessed by nonlincar least-
squarcs analysis to fit a two-harmonic regression model to the data
©on corc body temperature collccted during the constant routines.*
Tempcerature data gathered during the first five hours of the con-
stant routinc, when the thermorcgulatory sysiem was not yet in a
stcady state, were excluded from the analysis. The endogenous cir-
cadian t¢mperature nadir was defined as the average of -the ftted
minimums {rom the singlc-harmonic and composite wave forms of
the modet and was uscd as a refercnce marker for the phase of
the cndogenous dircadian temperature cycle. In the two studies
in which the final constant routine was extended an additional
24 hours, the temperature data used in the analyses were those
from the second halfl of tlic constant soutine, since the estimates
of pliase derived from the first 2nd sccond hall of the temperature
data during similary extended constant routines were tighly corre-
lated ({'earson’s correlation coefliciem = 0.998; 1"<0.001) (unpub-
lished data).

Paired comparisans Letween the values obtained for the phase
and amplitude of endagenous circadian temperature initially {dur-
ing the fiest night shift} and at the end of the study {(during the sixth
aight shifi) were nuade for botl the comrol and the wreatinent stud-
ies liy the paiced Stedent t-tost {paranietric analysis),*’ with con-
finmution of significant results by the Wilcoxon signed-rank test
(nomparametric aadysis). Coumgrarisins hetweea the contral amd
treatment studics with respeat ta the initial endogenous circadian
phasc, the final enclogenous eircadian pluse, the shift in phasc be-
tween the firstaad sisth aights, the values for alertniess and per-
fornnce obitained ducing these niglus, and the anplitde of vari-
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ation in the endugenous circadian tcmperatare cycle were made
with usc of Student’s unpaired t-test {paramctric analysis), witly
confirmation of significant results by (he Wilcoxon rank-suns test,
All staustical analyses were iwo-tailed.

Finally, in both groups the body temperaturcs, subjcctive-alert-
ness and cogaitive-performance scores, urinary excrction rxtes, and
plasmn coetisol cancentrations were averaged aceording ra thc time
ol day during the initial constant routines aod comparcd with the
averagas foc the same times of day dusing ihe final cousiant rou-
tines. For the dess frequently sampled oy these virinbles {suli-
jective alertness, coguitive performance, wad uriary  excretion
l‘-'llc). the mcan valuc of (the data-for each man was Calgulated cvery
two hours, and an average for all subjects was obtained; for (e
remaining variables (body temperature and plasma cortisol concen-
tration}, the mean (=SEM) valuc for all subjects was calculated at
regular inteevals (cvery 100 minutes).

Resucts
Sleep-Wake Schedutes

During the weck of basc-line.recording, cach man
maintained a regular slecp—wake schedule consistent
with that required for regular daytime work. There
were no significant dilferences between the control
and the treatment, studies with respect (o cither the
average (=SEM) bedtime (00:22%0:18 vs. 00:04+
0:21 hours) or the average waking time (07:48+0:19
vs. 07:33%0:29 hours) during the week of base-line
recording.

During the scheduled night shifts the men in both
studices slept during daytime hours, as shown in Figure
l. However, the men in the treatment studics slept an
average of two hours longer per day. than the men in
the control studies after each of the second through
the fifth nights of work (7.7£0.1 vs. 5.7£0.5 hours per
day; P = 0.0103), as reported in their slecp—wake logs
and independently verified on the basis of the moni-
toring data.

Assessments of Endogenous Circadian-Phase

The mca,n’iﬁial nadir of the cndogenous circadian
temperatire cycle occurred at 04:59 hours, 2.7 hours
bc[orc/thc men’s habitual waking time in the week
before cach study. There was no significant difference
between control and treatment studies with respect to
the timing of this nadir (P = 0.1564) (Fig. 2). [n the
control studies, the mean times of the initial and final
nadirs of the endogenous circadian temperature cycle
(04:38x0:11 vs. 03:31=0:56 hours) were similar. In
contrast, in the.tecatment studies, the mean hnal tem-
perature nadir occurred 9.6 hours later than the mean
initial temperature nadir (14:53%20:32 vs. 05:19%0:23
hours; P<0.0001) (Fig. 2). The mcan shift in the
endogenous circadian temperature nadic between
the first and sixth nights in the treatment group
(—9.6x0.7 hours) was significantly greater than that
in the control group (1.120.9 hours) (P<0.0001). Fi-
nally, the mean cendogenous circadian temperature
nadir on the sixth night occurred significanuly later in
the treatment studies than in the control studics
(14:53% 0:32 vs. 03:3120:56 hours; P<0.0001).

Thesc diflerences between the control and treat-
ment groups were also statistically sigoificant even
when the data for one control tnal and one treument
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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 10 ordinary indoor

Jlight on the second through fifth nights, and they slept at home on

afree schedule during the day, whereas the subjects in the treat-

ment studies were exposed 1o bright light during night work and to

darkness during daytime steep, which was scheduled for the peri-

od between 09:00 and 17:00 haurs. Horizontal lines and verical
bars denote mean =SEM values.

trial {or cach of the first two men (who participated
in both the treatment and control studies) were ex-
cluded from:the analysis. Finally, there was no signifi-
cant dilference between the mean amplitudes of the
initial and final temperature wave (orms in either the
control or the treatment studies. However, for one
man in the treatment study the amplitude of the cycles
for temperature and plasma cortisol concentration
was attenuated during the first 24 hours of the final
constant routine; when the constant-routine study was
extended for an additional 24 hours, both the ampli-
tude and phase shift of these variables were compar-
able with those of the other subjects in the treatment
studies.

24-Hour Patterns of Physiologic and Behavioral Variables

The mcan 24-hour patterns:of core body tempera-
ture, subjective alertness assessments, cognitive per-
formance, ucinary excretion rate, and plasma cortisol
concentrations during the initial constant routine in
both the control and treatment studies had prominent
circadian variations. The mean wave {orms and tim-
ing for cach of these variables during the initial con-
staat routine were similar in the men who subsequent-
ly participated in the controf and treatment scudies
and also resembled those reported previously™3!33.42
(Fig. 3). During the final constant routines, a persist-
cnt circadian rhythm was appareat in the average
wave form for each variable in both groups. Further-
more, the nternal «emporal relation between these
rhythms did not change during the final constant rou-
tinc of the control and tecatment studies. The relation
of cach of these average rhythiis o the time of day
did wot cliange from the nidal o the Gnul constant
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Figure 3. Shifts in Physiologic and Behavioral Measures during
the First and Sixth Nights of Work in the Subjects in the Control
. and Treatment Studies.

Each point shows the mean =SEM for each variable al a given
hour during the initial {(open symbols) and final (solid symbols})
constant routines in the control subjects (left-hand panels) and
the subjects in the treatment group {right-hand panels). Verticat
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 treatmerit studies also occurred later
than those of the cantrol studies. The magnitude of
the displacement was consistent with quantitative cs-
timates of the shift of the endogenous circadian phase
as derived from the tcmpcerature data.

Performance and Alertness Measures during the Night

Shift

As shown in Figure 3H, the shift in the endogenous
circadian phasc observed during the (inal constant
routine in the treauncnt studies was associated with
significantly higher normalized levels of performance
during the hours of the night shift {midnight 1o 08:00)
alter treatment than hefore wreatment (1" = 0.041). [n

TREATMENT OF MALADAPTATION TO NIGHT WORK — CZEISLER ET Al 1257

the contro! studics, there was no significant diffeccnce
in performance during the night-shift hours between
the initial and the final constant routines (Fig. 3C).
Similarly, the mean valucs for alcriness were signifi-
cantly higher during the aight shift afice the bright-
light inmervention in the treatiment studics than they
were before tecatment (I' = 0.0009) (Fig. 3G). Al-
though the mcan values for alerwess during the night
shift were also significantly higher in e condrol stud-
ics 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
trcatment studies than in the control studies (31.5*
7.8 vs. 13.4%6.3 mm, respectively; P = 0.004).

Discussion

Despite the high prevalence of night work in mod-
ern socicty, the physiologic response of the circadian
timing system (o the reversal it occasions in the sleep—
wake schedule is poorly understood. This is largely
becaiise night workers arc exposed to conflicting syn-
chronizing cuces: their work schedule demands activity
at night and slecp during the day, whereas all other
periodic eavironmental-cues (in particular the light—
dark cycle) are oriented toward activity during the day
and slcep at night. Although some laboratory experi-
ments have indicated considerable adaptation to a
week of simulated nighttime work,'”? those experi-
ments were conducted in laboratories shielded from
the environmental light-dark cycle 6 which shift
workers arc 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.264%%

[a this study, we attempted to resolve the dilemma
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 bchavioral data that we collected in
the control studies demonstrate that under field condi-
tions the circadian timing system fails to adapt to an
inversion of the daily routine even after a week of
night work. In fact, three of the five men had small
maladaptive advances of the endogenous circadian
phasc on the sixth night shiflt as compared with the
first. The fatlure of the circadian timing systcm to

adapt to night-shilt 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 effect of
light on the human circadian paccmaker.”

In contrast, in the treatment studies we found that
four cycles of cxposurc to a properly designed regimen
of bright light and darkncss induced a complete physi-
ologic adaptation to night work in the inen living at
home and traveling 10 and from work. The physiologic
and behavioral adaptation to the night shift was evi-
dent with respect to all measured vivriables. The suc-
cess af this experimental paradigm in inducing an ad-
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apation o an inversion of the slecp-wake schedule is
consistent with the finding that travelers adapt more
rapidly to a timc-zonc shift if they remain outdoors on
arrival rather than in their hotel rooms*™* and with
recent studics suggesting that bright light is an cffce-
tve synchronizee of ciecadian rhytlunicity in human
subjects. ™ Qur findings arc comparable with the
results of experiments conducted under conditions of
24-bour daylight in the Arctic, in which adaptation of
the body-temperature cycle 10 a reversal of the activi-
ty-slcep schedule was achieved after only three to four
days among subjects who concurrently reversed their
exposure o the natural light-dark cycle by using
blindfolds during daytime slecp.® However, it should
be noted that the resctting cffect of light.on the circa-
dian pacemaker is critically dependent on the timing,
intensity, and duration of the light exposure. The de-
sired phase shift may not be achieved even with the
same amount of exposure to bright light®® unless it is
administcred at appropriate times.?

The use of the constant-routine procedure allowed
the extent of adaptation of both physiologic and be-
havioral variables to be evaluated in the ¢ontrol and
treatment studies. The endogenous circadian rhythms
of body temperature, plasma cortisol concentration,
and urinary excretion rate all failed to adjust to the
schedule of night work in the control studies, yet in the
treatment studies they were-all effectively synchro-
nized with the night-work schedule. The indexes of
alertness and performance remained at their lowest
daily levels from midnight to 08:00 houss in the con-
trol studies, even after a week of nighttime work. In
the treatment studies, these same indexes during the
night were significantly improved, and there was a
marked decline in alertness (or an increase in slecpi-
ness) during the daytime, when night workers must
attempt to sleep. This increase in daytime sleepiness is
consistent with the shift in phase of the physiologic
variables and may account for the significandly in-

- creased sleep time among the men in the treatment

studies. Taken togcther, these data suggest that
the schedule of light and darkness 0 which thesc
men were exposed shifted a master circadian pace-
maker that drives all these physiologic and behavioral
chythms.

Misalignmeat of the circadian phase and slecp dep-
rivation_are the principal factors contributing to the
dccrements in performance and increased accident
rates associated with night-shift work.® Therefore, the
ability of exposurc to light and darkness to0 adjust the
circadian phase and improve the sleep of night-shift
waorkers could have important implications for both
industrial productivity and safcty. Furthermore, since
circadian-phasc misalignment, sleep deprivation, or
Loth may add to the dcleterious consequences for
health that arc associated with nightime work (such
as digestive, cardiovascular, and sleep disorders), the
ability to induce physiologic adaplation to such a
schedule could also have important consequences for
the health of night workers.,

May 3, 1990

Although this study is a step toward the develop-
ment of i practical treatment for maladaptation to
nighttimc work, a numbcer of important questions re-
main o be answercd. They concern the relative im-
portance of expasure to bright light during nighttime
work as compared with darkaess during daytime
slecp, varubility bhoth between individuals and ac-
cordling 10 age and sex i the phase-shifting responsce
o bright light, and the numiber, duration, and intensi-
ty of light cxposures needed to induce and maintain
optimal physiologic adaptation to nighttime work.

We are indebted (o the voluatcer subjects in the study, (o che
student research sechnicians, 10 Mr. J.W. Jeweut for recruitment of
subjects, to Ms. J. Swaia and Ms. M. McCullough for the metabolic
dicts, 10 Ms. B. Potter and Ms. J. Norwood for hormonal assays, (o
Ms. M. Mclcilan for daia processing, 10 Mr. A.E. Ward for the
illustrations, and to De. G.H. Williams for oveeall support.
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Coping with the stress of shift work

TIMOTHY H. MONK

Western Psychiatric Institute and Clinic,
University of Pittsburgh School of Medicine,
381t O'Hara Strect, Pittsburgh, Pennsylvani, 15213, UsaA

A large proportion of the American and European work-force is engaged in night and shif work. The
olved wi

aim of this brief artic|

S to present those iny ve

with some practica advice regarding how they

e i
might best cope. The advice is presented in terms of a theoretical framework involving 2 triad of

mutaally interactive factors.

Keywords: shift work, stress, slecp,

Introduction

Harrington 1973 , but it is cerainly a-souree of
stress which must be actively coped widh.

An individual's abilicy to copc with shify
work is determined by a ‘ﬁid_a.ﬁmmmd

factors {figure 1).

Thg_ Igig!gsiczl clock factor comprises the
cndogenous um ceping processes (actually
several ‘clocks’) which are present in the brain,
thms in-many differeng

menully and physically for sleep at nighr ang
active  wakefulness during  ¢he day,

Unfortunatcly for the shify worker, the
biological clock takes several days 1o readjust 1o 2
sudﬁc—"-gh—"ﬂs.t_in_s_chgguk (Aschoff ¢7 41, 1975).
While the resetting process s taking place, che
individual  wj)) often  experience jet-lag
Sympioms. (Monk 1987), leading to slecp and
stomach complaines malaise, irritabiliry and_
lapses in Loncentration (Rutenfrang ¢f al. 1985).

Thereare €s on the sleep faceor of
the wiad, Exogenous influences co%%ﬁn a

day&,ricpwd sadety which expects the shift

1987). However, endogenous influences will also

limit the sleep of the shife worker (Tepas et al.
1981). Very often the biological clock will be
‘expecting’ wakefulness during day slecps, thus
tedicing the sleeping individual's tolerance ¢o
noise.

Social and domestic factors come from the
familyzn Community tensions which can arise

Spouse and
parenting roles can be €ompromised, and shif
workers may fecl themnselves isolated from the
rest of the communiry.

All three acrors are heavily inter—related.
Thus, for example, shift workers® sleep will
be dependent upon the state of their bioJogical
clock and ¢h tranquillity of their household,

lagged®. It is Important to note that 2 failure in
any one of the three €omponents of the triad can

rotating ‘routise (c.g. the 2-2 ot of two
Morning_shifys, W cvening shifis, two night
shifts and (wo days off) the aim will be o acquire
the biological clock oricniation MOSt appropriate
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TRIAD OF SHIFT WORK COPING FACTORS

SLEEP
FACTORS

Figuee 1.

to the work shift as rapidly as possible, and to
maincain 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 arc more easily

accomplished by the biological clock than phase
advances (Aschoff ef al. 1975, Klein e al. 1972).

Night_workers should thus wke their slecp
aftegnoon, 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

beddme. Since_excessive napping can interfere -

with the quality of the_major slecp episode,
afcernoon naps shoutd be used only as 2 *topping
up’ device and should be limited to two hours or
less.

Night workers should identify the time cues
that ure pulling cheir 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

nighe, 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 usc of sunglasscs),

sleep during the. night shife and social or work

commitments during the first half of che day
{8am to 4 pm).

Not cveryone’s biological clock properties
are the same, and certain characteristics will

BIOLOGICAL
CLOCK
FACTORS

shift
work
coping

SOCIAL/
DOMESTIC
FACTORS

Schematic model of the triad of factors influencing shift work coping abiliry.

influence how easy or difficult an individual finds
it to cope with shift work. In particular,
‘mogming types’ with an early phasing biological
clack who like to be up with the dawn scem to
experience extra_shift work coping problems
{Hildebrandt and Stracman 1979). Also at risk are
those in their Qe forties or fftics whose
biological clocks have become carlier phasing
and less robust with age (Forct et al. 1981). For
such individuals the change from successful shift
work coping to significant sicep and well-being
problems can be a precipitate one.

Sleep coping straregies

Shift workers should jealously guard the time set
aside for their sleep. This time should be regular
and predicrable, and free from social or other
commitments. During that ame, telephones,
doorbells and domestic appliances should be

silenced. Heavy curtains and chick 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 avaided within five hours of betime, and

alcohol should not be used as a sedative since
subsequent_slecp_would then be light and
disrupted. Because of problems of taierance and
withgnwal. sleeping pills should be used only
very occasionally. Shife workers caking slecping
pills more than four times a week should consult
a physician about tapering them off. Apart from
being good health practice, this would mean chat
occasional use at a later date would be much
nmore cifective.

P T T T Tera P L T T T

Coping with the stress |

People who naturalty
function well can find
hard to cope with, Ofte
thatall they do is *‘work <...
rccreation and  social
become 5o problemat
daywork is called for.

Social and domestic copin

Few of the coping strau
other two factors of the tri
social and domestic mi
workers should scck
understanding of their ..
their support in coping
should be forged with «
who are more likely tha
be supportive and undc..
Particularly 2t risk frc
view are those shift
expected to run 2 hous
children {Gadbois 1981).
often ‘working wives’,
realize thac this can sev
time of the shift worke
irricability and family ¢_..

Shift work coping

o Sleep immediately aft
than before it.

® Keep to a regulm
avoiding excessive sn

® Keep aregular bedtim

® Avoid exposure to
way home from
sunglasses).

@ fealously guard one's
telephones,  doorl
appliances.

® Keep the bedroom gu

® Only use the bed
lovemaking.

® Avoid caffeine withi

® Avoid the habitual v~
pills.

® Rally the support o
you to cope.

® Keep the channels v, _
open.

® Set aside special tim
children.

@ Forge links with
Jfamilies.
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Coping with the stress of shift work

People who naturally need a lot of sleep to
function well can find shift work particularly
hard 10 cope with. Oficn such individuals report
thatall they dois*work and sleep’, missing out on
recreation and  social interaction. This can
become so problematical that a switch to
daywork is called for.

Secial and domestic coping stratcgics

Few of the coping stratcgics outlined for the
other two factors of the triad will work unless the
social and domestic milicu is_supportive, 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 shifi-work farnilics
who arc more likely than day-working fricnds to
be supportive and understanding.

Particularly at risk from a domestic point of
view arc those shift, workers who arc sill
cxpected to run 2 household and 'look after the
children (Gadbois 1981). These shift workers arc
often ‘working wives’, and husbands shouid
realize that this can severely cut into the slecp
time of the shift worker, and will thus increase
irritability and family tensions.

Shift work coping strategies

® Sleep immediatcly afier a night shift, rather
than before it.

® Keep 10 a regular three meals per day,
avoiding excessive snacks.

® Keep aregular bedtime on each spell of duty.

® Avoid exposure 1o bright sunshine on the
way home from a might 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 slecp and
lovemaling.

o Avoid caffeine within five hours before slecp.

® Avoid the habitual use of alcohol or sleeping
pills.

® Rally the support of your family in helping
you to cope.

® Keep the channels of family communication
open.

®  Set aside special times to be with spouse and
children.

® Forge links with other  shift-working
Samilics.
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Spousc and parenting roles may also be
compromiscd, particularly on the evening shift,
which has little impact on sleep or biological
clock factors. Efforts should be made 1o ensure
that other times are specifically sct aside for the
shift worker to spend time with the spousc and
children. In general, ¢he presence of 2 shift
worker in the houschold, like that of a
handicapped person, can either strengthen the
family by drawing it closer together against the
difficultics, or it can destroy the family with
strain and disharmony. Working hard to kecp
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, slecp and biological clock
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. Sincc then he has pursued a career in
rescarch 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 Comell University Med-
ical College: and Associate Professor of Psychia-
try at the University of Pittsburgh (his current
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Shift work, fetal development and course of pregnancy

by Tuula Nurminen, MSc'

NURMINEN T. Shift work, fctal development and course of pregnancy. Scand J Work Environ Health
1989;15:395—403. Information on 1475 mothers of infants with selccted structuratl 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 condilions. 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 noisc ex-
posure. The results suggest that further studies on the effects of different work schedules on pregnancy

are worth consideration.

Key terms:; birth defects, birthweight, 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 tow
birthweight 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) supporied the hypothesis that irregu-
lar work schedules might have a negative influence on
birthweight.

! Institute of Occupational Health, Departmem of Epidemi-
ofogy and Biosiatistics, Helsinki, Finland.

Reprint requests to: Ms T Nurminen, Department of Epidemi-
ology and Biosiaistics, Institute of Occupational Health,
Topelivksenkain 41 a A, S1°-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).

Subjecls 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, 11,
and 12.)

The special interview started with a question in-
quiring if the mother had worked during her pregnancy
most of the time, only temporarily, or not at all. In
addition to information on the employer, job title, and
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Tadle t. Oceupational clasgification of the mothers in shift work during early pregnancy.

. . i Other
rcz‘umpauonat 'sr;?t r:hrﬁf "s‘:ﬁ':" Tot:
group? workers workers workers
0 (technical, physicat science, social science,

humanistic and antistic work) 53 7 tn 17
1 {administrative, managerial and clerical work} 13 2 -_— 1§
2 (sales work) 8 — 2 10
5 {transport and communication work) S 4 1 10
67 (manulacturing and refated wark) 43 18 2 63
8 (service work) 78 [ n 3 87
9 (work no! elsewhere classif ied) 8 1 3 12

Total 208 38 122 368

? According to relerence 14,

Table 2. Physicai load of the mothers who did shilt work and
those who did nonshift work in the first trimester of their preg-
nancy.

Shift Nonshift

Mean workers workers
physical load?

No % NE %
Sedentary wock 127 348 1114 575
Standing work 13t 359 443 229
Work invalving walking 8t 222 106 55
Work with a moderate
physical 1oad 26 71 273 141

* See reference 15 fora description of the assessment of phys.
ical load.

® There were three mothers with missing dataan physical load.

€ There were 43 mothers with missing data on physical load.

time of employment, the mother was asked if she had
worked in shifts. Of the mothers, 2073 had worked
throughout most of their pregnancy, and 603 had not
worked in the firs¢ 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
vacation for 10 %, and sick leave or overstrain for
18 %. The rest had 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 % in three shifts, and 33 % had work arrangements
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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the two-shift group almost 40 % had been in service
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
in the nursing field, (See table 1.)

According 1o the classification of socioeconemic sta-
tus of the Central Statistical Office of Finland (13),
most of the mothers (96 %) in shift work during carly
pregnancy were lower-level employees with adminis-
trative and clerical occupations or manual workers
whereas 84 % of the mothers in nonshift work be-
longed 10 these categories. None of the women in shift
work had been employed in farming, Possible con-
founding was controlled for in additional analyses in
which the subjects were restricted to nonagricultural
workers in the two alorementioned socioeconomic
classes.

The physical load of the occupational activities of
the mothers was evaluated with a standardized method
reflecting energy expenditure (15). The group in shift
work included relatively more women in standing work
and in 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-
pasure to noise blindly from a description of the
mother’s workday and a fixed question on noise ex-
posure (12). [n all, 17 % of the mothers in shift work
in the first trimester of pregnancy had been exposed
to an 8-h equivalent continuous A-weighted sound leve!
(Lacq any) Of around 80 dg or higher during early
prégnancy, 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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Table 3 Ba'ckground characteristics of the shift and nonsg\&ll workers who worked temporarily in the first trimester of thelr
aregnancy and those who worked throughoul most o their pregnancy.

- Temporary wark Regutar work
i i Nonshift’
Background s workers - 'werkors
(N =a1) N =233) (N =327 (N = 1746)
(%) (%) (%} (%)
Maternal age =35 years 9.8 94 70 8.6
No previous pregnancy 415 41.4 390 376
iveri i n advers:
s::;i:;:cge;::&f;er:ew“hom @ ¢ 170 28.4 313 35.1
Previous adverse pregnancy oulcome? 415 30.2 297 273
Menstrual irregularity 98 6.2 t3.2 9.1
Regulaf smoking 219 146 123 124
Alcohol intake 39.0 43.4 439 42.8
Intake of drugs in the first trimester® 26.3 316 30.7 258
Common cold or {ever in the first
trimester 195 124 17.7 15.5

a previous induced abortion, miscarriage, preterm delivery,
» yitamins and tonics not included,

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 nounshift groups.

When the relation between shift work and malfor-
mations was studied, physical work load, exposure to
aoise 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
aonshift work. (Sce table 1.) Table 4 presents the
maternal characterisfics 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 10 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

mallormed child, or stilibirth.

Table 4. Matched odds ratio estimates of all birth delects
pooled for maternal characteristics amang all the 1475 case-
noncase pairs.

Maternal characteristic Odds ralio?
Maternal age >35S years® 1.0
Birth order greater than three® 1.2
Two or more previous induced abortions® 1.8
Previous miscarriage© 1.1
Previous stillbirth® 1.4
Previous maltormed child® as
Regular smoking during pregnancy®? 15
Alcohol intake during pregnancy® 11
Intake of drugs in the tirst trimester>? 1.6
Common cold or fever in the first trimester® 1.8

a Calculated from data maiched on time and area.

b Soyrce: the Register questionnaire.

¢ Source: the records of the matemity health care center.
All regular smoking compared 10 nonsmoking orf temporary
smoking during pregnancy. The odds ratio was 0.9 for tem-
porary smoking during pregnancy, 1.4 for regular smoking
of less than five cigarettes daily, and 1.5 for regular smok-
ing of five or more cigarettes daily as compared with not
smoking during pregnancy. There were nine mothers who
had smoked over 20 cigareties daily during pregnancy regu-
tarly.

® yitamins and tonics not included.

a

mothers’ experience. This procedurc has been
described in more detail elsewhere (23, 24). laforma-
tion on the noncase mothers’ pregnancies was obtained
from the Register questionnaires and the records of
the maternity heaith 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 hypcrtension (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 (Q}) of
223 d and an upper quartile (Q3) of 251 d, and in non-
shift work the median was 248 (QI 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 %, 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, parily, outcome of previous
pregnancies, history of menstrual irregularity, alcohol
intake, and smoking. In the study of the occurrence
of-babies small {or 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?=5.8 (P=0.02)], and some indication of cor-
responding heterogeneity was found for pregnancy-
induced hypertension (X*=2.4, P=0.12). 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.

Resutlts

Malformations

When all the birth defects were pooled, the crude odds
ratio for shift work in the first trimester of pregnancy
was 0.9 witha 95 % confidence interval (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 % CI10.7—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 prernancy, the occurrence of vaginal bleeding was
12 %, and in the nonshift group 9 % had experienced
sympioms of threatened abortion (risk ratio 1.3, 95 %
C1 0.8—1.9). The crude risk ratio for shift work and
threatened abortion in the first trimester was 1.3 (95 %
CI1 0.7—2.1). When the mothers’ occupations were
considered, it was revealed that the mothers who had
done shift work in manufacturing and refated occu-
pations had an ¢levated risk of vaginal bleeding when



.ompared with the mothers in nonshilt work in manu-
‘acturing (1able 6).
In manufacturing, 82 % of the mothers in shift work
had been exposed to a noise level of around 80 dB
-acq 8 OF higher as against $4 % of the mothers in
\onshift work. Exposure 1o noise modified the rela-
tion between shift work and the occurrence of vagi-
1al 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 elevaied in the case of noiseless work environments
(table 7). When work conditions and maternat back-
ground characteristics were taken into account, the ad-
justed risk ratio for shift work in 2 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 % C10.5— §.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 %
Cl 0.5—1.5).

Table 5. Mothers in shilt work and those in nonshift work in the first tri

was a case ar noncase.

Pregnancy-induced hypertension

The occurrence of pregnancy-induced hypertension
was 9 % among the mothers who had been in shift
work and 7 % among those who had not worked in
shifts (risk ratio 1.2, 95 % C1 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 % 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 %
C10.6—5.6) for an association between shift work in
a noisy environment and pregnancy-induced hyperien-
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 %

ter of pregnancy according 1o whether their baby

Shilt workers Nonshifl workers
{ {N)

Crude odds ratio* Adjusted odds ratio?

Cases
Central nervous system defects 44 237 10 (07-—-14) 1.0 {0.7—1.4)
Orofacial clefts 63 387 08 (06—1.1) 08 (06—1.1)
Skelelal defects 46 243 10 (0.7—14) 1.1 {0.7—16)
Cardiovascular defects 23 118 1.0 (06—1.6) 08 (06—195
All cases pooled 176 985 09 (0.7—-12) 09 (0.7—-1.1)

Noncases 192 994

a g5 % confidence interval in parentheses.

Table 6. Vaginal bleeding {threatened abortion) and shift work according to the mothers’ occupations.

Major Number ‘139:;.“" Crude a5 %

occupational of bleeding tisk conlidence

group® mothers® N % ravio interval

0 {technical, physical science,

social science, humanistic, and

artistic work) & 1 (administrative,

managerial, and clerical work)
Shifl work k:74 10 10.3 1.1 06—2.1
Nonshifl work 473 a3 9.1

2 (sales work), 5 (lransport and

communication work) & 8 (service work)
Shift work 59 S a5 08 03-—18
Noashilt work 280 30 10.7

6/7 {manufaciuring and related work}
Shill work 33 8 24.2 30 1.3—~790
Nonshift work 13 9 80

3 (agriculture, torestry, and {ishing)

& 9 (work not elsewhere classitied)
Shilt work 9 - 00 . —45
Nonshitt work 122 9 74

* Accorging fo reference 14.

b Tnere were (wo mothers in shift work and two mothers in aonshifl work with missing data on the symploms.
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Table 7. Vaginal bleeding {threatened abortion) among lhe mothers with and those without expoSure to noise in shift or non-

shift work during pregnancy.

Vaginal
Number . Crude 95 %
of bleeding risk canfidence
mothers? N o ralio interval
Noisy environment®
Shifl work
Any shilt work 34 9 26.5 3.0 1.2—7.5
Two-shilt work 26 8 30.8 35 1.4—838
Three-shifl work 6 1 16.7 1.9 03—-8.7
Nonshift work 68 6 a8
Noiseless eavironment
Shift work
Any shilt work 164 14 8.5 09 0.5—16
Two-shift work 95 7 74 - 08 04—16
Three-shift work 10 1 10.0 1.1 0.2—45
Other shill work 59 6 10.2 1.3 05—23
Nonshift work 920 85 9.2 .

* There were two shift workers and two nonshift workers with missing data on the symploms. .
® Level of noise an 8-h equivalent continuous A-weighted sound level of around 80 dB or higher. Two mothers had been in an-
other type of shift work, and they had not had vaginal bleeding.

Table 8. Pregnancy-induced hypertension and shift work among the mothers with and those without occupational exposure

to noisa throughout most of their pregnancy.

-

Number Pretignancy4nguced Crude 95 %
of yperension risk confidence
mothers* N, % fatio intervai
Exposure to noised
Two- or three-shifi work 28 6 218 24 0.8—6.4
Nonshift work 66 6 9.1
No noise exposure
Shift work
Two- o1 (hree-shilt work 92 6 6.5 09 04—198
Other shift work 55 4 73 10 0.4--25
Nonshill work 798 58 7.3 )

® There were two shift workers and two nonshift workers with missing data on blood pressure. X
© Level of noise an 8-h equivalent continuous A-weighted sound teve! of around 80 d8 or higher. One mother had been in an-
other type of shift work and had not had pregnancy-induced hypertension,

(crude risk ratio 0.9, 95 % CI 0.7—1.1). 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 % CI
0.8—2.0).

The tenth percentile birthweight of the babies barn
to mothers who had been in two- or three-shift work
was 2940 g: for the babies born 10 mothers who had
done anather type of shift work, the tenth percentile
was 2900 g; and, for the babics born to mothers with
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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 % C1
0.9—2.2) (tadle 10). The restriction of 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 of 1.5 (95 % CI 1.0—2.4).

Placental weight

The mean placental weight was 631 (SD 132) g for the
mothers in shift work and 611 (SD 125) g for the
mothers in nonshift work. In all, § % of the mothers
in shift work had placentas weighing 400 g or less as
against 4 % of the mothers in nonshift work (risk ratio
1.2, 95 % C! 0.6—2.5).



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, @ OF 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 ¢levated 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, sy The
women in other types of shift work had mainly done
periodic work in aursing 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 clevated among
these women. However, the. study popuilation was
small, and the data were compatible with 2 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’
birthweights 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 10 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 (ic, around 29 days

Yable 9. Birthweight by the gestational age of the babies according to whether their mothers were in shift or nanshift work.

Bables Birthweight (g)
Gestational age
of the bables Ne % Median peI:::l'!lile
<37 weeks
Shift work
Two- or three-shift work ] 0.8 3000
Other shift work 2 36 2465
Nonshift work 24 28 2605 875
37 -39 weeks
Shifi work
Two- or three-shift work 45 378 3500 2770
Other shift work 20 357 3285 2625
Nonshift work 347 40.7 3400 2930
40—41 weeks
Shiflt work
Two- or three-shift work 59 496 3650 3020
Other shift work 29 5t.8 3790 3000
Nonshift work 429 50.4 3660 3150
242 weeks
Shift work
Two- or three-shill work 14 1ns - 3620 3250
Other shifl work 5 89 4000 3700
Nonshilt work 52 6.1 37150 3140
Total
Shift work .
Two- or three-shil{ work 119 100 570 2940
Other shift work 56 100 3620 2900
Nonshift work 852 100 3540 3000

* There were three shifl workers and

14 nonshilt workers wilth missing dala on the lenglh of gestalion,
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Table 10. Babies small tor their gestational age and malternal
shift work in a noiseless environment» among all the women
who worked throughout most of their pregnancy and among
lhose nonagricultural workers who worked throughout mosl
of their pregnancy in the two socioeconomic classes of lower-
levet emplayees with administrative and clerical occupalions
and manual workers.

Babies smal for

Tolal .
o1a gestational age

Work group number
of babies N
All mothers who worked
throughout masi of
their pregnancy
Shilt work
Any shift work 146 20 13
Two- or three-shift work g1 12 132
Other shift work 55 8 146
Nonshift work 7 74 96
Nonagricultural lower-leve!
employees and manual
workers
Shifi work
Any shilt work 141 18 12.8°
Two- or three-shift work 87 10 NS
Other shift work 54 B 148
Nonshift work 597 55 92

2 An 8- equivalent conlinuous A-weighted sound tevel of <80
dB

® Crude risk ratio 1.4 (95 % confidence interval {(85% Ch
0.9—~2.2], adjusted risk ratio 1.4 (95 % Ci0.9—~22),

€ Crude risk ratio 1.4(95 % Ci 0.8—2.3), adjusted risk ratio 1.5
{95 % Cl 10-24).

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
of maternity leave than those in nonshift work.
Only a few of the mothers in shift work were in the
categories of own-account (je, self-employed) work-
€rs or upper-level employees with administrative,
managerial, professional and related occupations ac-
cording to the used sociceconomic classification (14).
Moreover, none of the mothers in shift work had been
involved in farming, which explained the fact that the
group in nonshift work included relatively more
mothers with a moderate physical work load. (See ta-
ble 2.) In addition to comparing the groups of all
mothers in shift and nonshifi work, further analyses
were restricted to nonagricultural workers in the two
socioeconomic classes of lower-level employees with
administrative and clerical occupations and manual
workers. The use of these selection criteria aimed at
comparisons in which occupational aspects, other than
work in shifts, would be more similar and, hence, the
categories of work more comparable with respect to
potential determinants of risk. In addition, possible
selection for certain types of employment is a cause
for concern. In the restricted analyses the compared
mothers would be expected to have more similar preg-
nancy outcomes if they had not had different work
schedules. (Compare reference 29.) The restricted ana-
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lyses produced results similar to those obtained witl
the more heterogencous data.

In Finland, shift work usually involves rotating work
schedules (13). The employee in rotating shift work
must adapt each time that the schedule changes, and
many bodily functions and systems which are circadian
in nature can be disturbed (30). The study mothers in
shift work reported mare irregularities in menstrua-
tion (sec table 3), but the possible relation between cir-
cadian rhythm and reproduction 15 not well understood
(3).

The published studies provide some evidence of ad-
verse effects of shift work, especially rotating shifi
work or irregularly changing work schedules, on preg-
nancy (1—5, 7, 8), but the results include inconsisten-
cies. The analyses of the' present study produced indj-
cations that rotating shift work could be harmful for
pregnancy. Altogether, the available research data are
not ample. Thus further studies on the possible effects
of different work schedules on pPregnancy are needed.
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Travailler la nuit?
Mais dans quelles
conditions?

Y. Queinnec ("), C. Teiger (2). G. de Terssac (3)

Working at night: but how?

On the basis of an initial inventory, this
data sheet analyses the dificullies
encountered by shilt workers in the
exercise of their activity and explains the
consequences of working at vnusual
hours.

Comparison of the various dsta indicaltes
that there is no single solution, nor even
a3 catalogue of satislying solutions in
which each company would lind the
answer 10 its particular problem. The
arrangements suggesled for each
parameler are presented in the form of
oplions, the advantages and
disadvantages of which are analysed (0
help the user strike the correct balance
aavisedly. -

La démarche présentée dans cette note consiste, & partir d'un état des
lieux, 3 analyser les difficultés rencontrées par les travailleurs postés dans
P'exercice de leur activité ainsi qu'a expliciter les conséquences du travail
en horaires inhabituels.

De Ia confrontation de ces diverses données, il apparait qu'il n'existe pas
de solution unique, ni méme un catalogue de bonnes solutions ou il serait
possible de trouver la réponse au cas particulier de chaque entreprise. Aussi,
les aménagements proposés pour chaque paramétre sont présentés sous,
forme d’options analysées en termes d'avantages et d ‘inconvénients,

permettant d'élaborer des compromis en connaissance de cause.

tus de 17 millions des salariés de

lindustrie et des services de
la Communauté économique euro-
péenne étaien en 1978 des travail-
leurs en équipes successives alter-
nantes. Cette forme particuliére d'or-
ganisation du travail (travail posié)
concernail en France, a celle date,
environ 21 % des travalleurs des
secleurs secondaire et lerliaire. Le
recours au travail posté, aprés avoir
connu une forte progression entre
1950 el 1973 environ, s'est stabilisé
jusquau début des années 80. Sa

croissance reprend depuis S ou 6 ans.:

Ainsi, de 11 % de l'ensemble des

salariés frangais en 1981, le poids des.

salariés en équipes successives est
passé a 12,6 % en 1984. 60 % de ces
personnes lravaillent en 2 équipes et
40 % en 3, 4, 5 équipes el plus. A
I'heure acluelle on eslime, en france,
que prés d'un million de salariés sont
direclement touchés par la nécessite

de wavailler, de maniére plus ou

moins réguliére, la nuil.

L’augmentation du travail de nuit (+ 3

"3 4 % des salariés en équipes entre

1981 el’ 1984) résulte au moins d'un
double mouvement : d'une pan, I'ac-
centuation du poids des contrainies
économiques et sociales, d'autre part,
ta diffusion vers de nouveaux secteurs
épargnés jusqu'a présenl {agro-ali-
menlaire, organismes d’information,
construction électronique par exem-

(") Psychophysiologiste, maitre de conlé-
rence au laboraloire de psychophysiologie
(UA 664 du CNRS) de I'Université Paul
Sabatier-Toulouse.

(2) Psychologue-ergonome, chargée de
recherche CNRS, laboratoire d’ergonomie
et neurophysiologie du travail, Conserva-
toire nationat des arls el meétiers (CNAM)
- Parnis. .

{3) Sociologue, chargé de recherche
CNRS, Cenlre de recherches sociologi-
ques de I'Universile de Toulouse - Le
Micail (UA 245).



ACTIVATION (et son coniraire la gé-
saclivation) : notion caractérisant le ni-
veau de lonctionnement du systéme

<= .nerveux central sous finfluence de

structures cérébrales dilluses. Linter-
vention de ces struclures affecte a la
fois les parties haules du cerveau et les
systémes de conlrdle de I'activité
molrice.

ALGORITHME : description de la suc-
cession organisée des-décisions éle-
menlaires conduisant 3 la réalisation
d'une séquence de- travail ou 3 la
résolution d'un ~ probléeme »,

ASTREINTE : ce lerme est utilisé en

Dans le premier cas, il évoque les elfels
(le coit) d’'une contrainte {d'une exi-
gence} sur les opérateurs. Dans le
second cas, il lait réltérence au lemps
pendant lequel un salarié doii rester 3
la disposition de Ienireprise a son
domicile alin de rejoindre son poste
Irés rapidement sur simple appel.

BIORYTHMES : voir Rythmes biologi-
ques. A ne pas confondre avec les
pseudo-rythmes (dont I'exislence n'est
nullement démontrée) postulés sans
juslilication scienlifique par certains au-
teurs. lls rendraient compte de cer-
taines prédispositions {!) certains jours.

CONTINU (travail posté continy) : lonc-
lionnement d'une installation ou d'un
service sans intesruplion ni fa nuit ni en
fin de semaine. Trés souvenl, ce mode
de travail est qualifié de 3 x 8 ou de
4 x 6 en rélérence au nombre de
postes sur 24 heures.

CYCLE DE ROTATION : nombre de
'jours séparant le débul d'une sé-
quence de avail posté el le retour 2
cette méme séguence. Par. exemple,
dans un systéme régulier componant la
succession de 2 aprés-midi - 2 mati-
nées - 2 nuits et 3 jours de repos. ia
durée du cycle esl de 9 jours.

DESACTIVATION (ou déaciivalion) :
voir Activalion.

DISCONTINU ({lravail posié dis-
continu) : lanctionnement d'une instal-
lation ou d'un service avec anél en fin
de journée et en fin de semaine. Trés
souvenl, ce mode de lonctionnement
eslt qualifie de 2 x 8 en rélérence au
nombre d'équipes par 24 heures.

EQUIPE : groupe d'opérateurs ellec-
luant lewr travail aux mémes heures et
prenant leyr repos les mémes jours,

EQUIPES ALTERNANTES : cas od les
travailleurs d'une méme équipe sont
allectés alternativement aux dillérents
horaires, par exemple x matinées puis
X aprés-midi puis x nuits.

EQUIPE DESCENDANTE : équipe qui
lermine son irayail.

ergonomie et en organisalion du travail.’

LEXIQUE

EQUIPES FIXES - cas ou les Iravail-
leurs d'une méme équipe Wravaillent
toujours & un méme horaire (un méme
poste). Cetle situation, assez rare en
France en ce qui concerne le Iravail de
nuil, s'observe surtoul dans le secteur
hospitalier ou dans la presse.

EQUIPE MONTANTE : équipe qui vient
prendre son travail.

EQUIPES SUCCESSIVES - voir Travail
posté. .

ETAT DES LIEUX : premigre étape in-
dispensable de toule démarche ergo-
nomigque. Desaiplion préliminaire et
globale de la siluation rencontrée dans
une entreprise. Cet état ‘est fondé sur
linvenlaire des paramétres caraciéri-
sant les siluations de tavail et sur
i'analyse des relations qui les unissent.
Au-dela d’une simple = pholographie »,
il permel de comprendre pourquoi les
Yieux soni en I'&lal aciuel.

FACTION : voir Posle. Intervalle de
lemps pendant lequel doit s'elfectuer le
Iravail d’'une équipe donnée. Trés sou-
vent les 24 heures sont découpées en
2. 3 voire 4 factions égales (2 x 12,2
x 8,3 x 8.4 x 6..) i s'agit-ta d'un
choix purement organisationnel sans
juslification technique.

- MODE OPERATOIRE : ensemble oiga-

nisé d'opérations visant 3 I'exécution
d'une lache donnée, ¢'est-a-dire toule
aclion organisée en vue d'oblenir un
résultat précis.

NYCTHEMERE . espace de lemps
comprenant 1 jour el 1 nuit.

O.7.T. (organisation temporelle du tra-
vail) : délinition de I'emploi du temps
compte tenu d'une durée hebdoma-
daire du lravail,

POSTE : peul désigner : 1) Femplace-
ment ol se trouve divers appareils ¢l
ou se déroule le travail {poste de
conduite automobile par exemple); 2) ta
fonction confiée a une personne (poste
de rondier, de chel d'équipe..); J) enfin,
lintervalle de temps .pendant lequel
s'efleclue le travail pour une équipe
(poste de nuil, poste de matinée...).
Dans ce dermnier cas, « poste » esl
synonyme de quart ou de laction (voir
ce terme). :

QUART . synonyme de faclion ou de
posle. '

REPERE : ensemble d'options permet-
tant 3 chacun de se siluer au regard
des connaissances e! des pratiques, et
par la d'envisager les tanslormations
en connaissance de cause.

TRAVAIL POSTE (ou Iravail en équipes
successives) : lorme d'organisalion du
travail dans laquelle des équipes dis-
lincles se succédent pour assurer la

continuité d'une production ou d'un
service.

RELEVE : momenl (et durée) pendant
lequed I'équipe montante et I'équipe
descendante se transmellent les
consignes.

ROTATION COURTE : cas ou le nom-
bre de lactions identiques es| égal 31,
2 ou 3; exemple : 2 aprés-midi puis 2
malins puis 2 nuils.

ROTATION INVERSE : afleciation suc-
cessive d'une équipe dans les dille-
rents postes selon l'ordre anti-horaire:
exemple : ravail le matin puis la nuil
puis I'aprés-midi.

ROTATION IRREGULIERE ; cas des
sysiémes de rotation présenianl un
nombre variable de lactions succes-
sives; exemple : 5 maltinées, 2 nuits, 5
aprés-midi, 3 nuils.

ROTATION LENTE : cas ou le nombre
de lactions identiques successives est
supérieur a 4; exemple : 7-7-7.

ROTATION NORMALE : succession
des posles {matin, aprés-midi, nuit)
dans le sens horaire, Un travailleur lera
d'abord les aprés-midi, puis les nuils
puis les matinges.

ROULEMENT (systéme de..): voir
Cycle de rotation.

RYTHME BIOLOGIQUE : variation sys-
1émalique d'une lonction biologique ou
physiologique montrant une tendance.
a se reproduire dans un inilervalle de
temps délini (sa période). Par exten-
sion, toule variation simitaire d'une
lonction psycholégique ou d'un
comportement. Parmi les rythmes bio-
logiques, ceux dont la période esl
voisine de 24 heures (rythmes circa-
diens) son! les plus éludiés (et sans
doute les plus perturbés chez les Ira-
vailleurs postés).

SEMI-CONTINV : lonctionnement
d'une instaliation ou d'un service-24 h
sur 24 h, avec arrét en fin de semaine.

SYNDROME : ensemble des symp-
témes qui caractérisent une aflection,
un état pathologique.

TOLERANCE (au tlravail posté):
concept vague laisant rélérence a une
acceplation du Iravail posté par un
ravailleur en f'absence de uoubles
décelables ou mal supportés.

TOURNANTE ; voir Cycle de rotation,

ULCERE (gastro-duodénal) : plaie de
I'esiomac ou d'une parlie de lintestin
{duodénum), fréquemment rencontiée
chez les travailleurs postés aprés quel-
ques années en posle. L'vlcére doit
éue dislingué des aulres troubles gas-
tro-intestinaux résullant de lirrégularité,
des repas.
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ple). Par ailleurs, de nouvelles catégo-
ries de personnel sonl touchées (ou
risquent de lélre dans les loutes
prochaines années), or les connais-
sances actuelles conceTnanl ces
« NOuveaux postés » sont bien sou-
venl lrés . insuffisantes. De ce seut
point de vue, 1a levée des resltriclions
concernant le lravail de nuil du per-
sonnel léminin esl trés inquiélante
dans la mesure oU, a colé de justifica-
lions dites égatilarisies, se dessinent
des raisons plus profondes concer-
nanl ta recherche d’'une main d'ceuvre
généralement peu qualifiée, moins
onéreuse et lrés {réquemment sou-
mise a des laches répétitives. Celle
évolution, non seulement pose avec
force le probléme du travail de nuil,
mais elle en modifie aussi les condi-
tions d’exécution {main d'ceuvre dilté-
rente, inroduclion des technologies
de traitement de linformation, condi-
tions socio-économiques parti-
culiéres).

Le travail de nuil reste donc, hélas, un
probléme d'actualité el tes pronoslics
les plus optimistes n‘envisagen! ni sa
suppression ni méme sa stricte limita-
tion aux besoins colleclifs indispensa-
bles ou aia sauvegarde des syslémes
de production. Dans un tel contexte,
le probléme est donc de rechercher
les condilions les moins délavorables,
sachani loulefois qu'aucune solution
ne peut élre réellement satisfaisante
puisque le travail de nuit comporte de
nombreuses variables dont ies effets
sont contradicloires. Ceci nimplique
pas pour autant que toutes les solu-

tions se valent. Certaines acceniue- -

ront les effets indésirables, d'autres
tendronl a limiter les conséquences
les plus négatives. il nous a donc paru
important de fournir aux entreprises el
aux parienaires sociaux un cadre de
“rélérence au sein duquel I'élaboration
des condilians du travail posté dans
une entreprise particuliére pourra se
“siluer. -

Nous avons alors élé conduits &
élaborer une démarche londée sur 1a
recherche de « reperes » permetiant
d'éclairer les choix, objels de négo-
ciations enire les parlenaires sociaux
concernés. Celle expérience a donné
lieu & la publication d'un ouvrage
« Repéres pour négacier le travail
posté = {4} qui a deux objectils :

{4) Ouvrage édité par le Service des publi-
cations, Université de Toulouse - Le Mirail
(56, rue du Taur — 31000 Toulouse), 1985.

- comprendre les conséquences du
travail posié et nolammeni analyses
les mécanismes qui produisent la
suratigue, les eflels physiologiques,
psychologiques et sociaux élant sou-
vent non évidenis parce que non
immediats.

- repérer ce qui esl aménageable
dans la siluation du lravail poslé,
éclairer les choix possibles el propo-
ser une démarche négociatrice pour
atténuer les conséquences négalives
et oblenir le meilleur compromis pos-
sible 4 un moment donné-de la vie
d‘une entreprise.

Le texte présenté ici est un condensé
de cel ouvrage, condensé ayant
comme ambition de fournir quelques
éléments de réflexion sur I'aménage-
menl (ou le réaménagement) du travail
poslé, en invitant fe lecteur plus direc-
tement concerné a se reporler au
texte intégral. .

Dans lentreprise ou s'est réalisée
cetle expérience, le lravail des postés
comporte essentiellement des aches
de surveillance; cel aspect, privilégié
dans les exemples, ne doil pas faire
oublier que d'autses lypes daclivités
sont également souvent effeclués en
horaires postés.

INTRODUCTION

Des questions primordiales

De quoi parle-t-on?
« Des systemes de rotation?

« Des équipes, de leur nombre, de
teurs effectifs?

« De la qualilication et de la poly-
valence?

« De la conceplion des disposilis
techniques, des taches?

Qui parie el au nom de qui?

» Les acleurs concernés?

« Le projel de iransformation de cha-
cun des groupes?

» Le role de chacun dans la démar-
che?

Qu'entendre par recommandations?
« Des nosmes?

« Des propositions générales?

« Des repéres?

Pour que! usage?

« Une prescription?

» Un outil de réllexion pour les lravail-
leurs?

« Un ouli! de dialogue enire les parle-
naires sociaux?

L'organisation du trevail en équlpes
successives

Propositions .
« pas de solution unique;
« pas de solutions toules lailes.

Pour éclairer, présenter des oplions :
— renvoyanl aux connaissances scien-
tiliques el aux pratliques;

-~ prenant en compie les caractéristi-
ques et les souhails des personnes
concernées.

Des choix :

« susceplibles d'entrainer des trans-
formations des condilions de vie au
Iravail des posiés;

« que les acteurs auronl a élaborer,
mettre en ceuvre et évaluer;

« selon les modalités gu'ils auront a
définir.

Comple tenu de notre objectif, &
savoir élaborer des repéres pour
éclairer des choix, plusieurs itinéraires
peuvenl élre empruntés. C'est le role
de la démarche gue d'indiquer un {ou
plusieurs) chemin(s} possible(s) et
d'envisager les moyens 4 meltre en
ceuvre. La démarche, quoique préci-
sée dans ses grandes lignes dés le
départ, n'est jamais définie une fois
pour toutes. Elle fail I'objet de réajus-
temenls permanents tout en conser-
van! sa fonction essentielle de « gui-
dage . La démarche orienle le dérou-
lement :

—~ au niveau de la nature, de l'ordre el
des modalités de recueil des informa-
lions;

- au niveau de l'analyse, de 3 restitu-
tion el de la présenalion des résul-
tats.

Elle met en ceuvre un ensemble de
régles donl elle contrdle le respect
anonymal, controle de [linformation
par celui qui I'émet, restilulion des
résultals 2 tous les acleurs concernés,
avec présenlalion, a fa fin de chacune
des étapes, de. I'état d'avancemenl
des lravaux pour procéder aux réajus-
temenls nécessaires.

Ce lexie s'organise aulour de quel-
ques élapes indissociables au lravers
desquetles se dessine la démarche.
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Ces étapes permetient en outre de se
doter d'outils méthodologiques afin
de répondre aux queslions primor-
diales pour enlamer un processus de
transformation des conditions dusira-
vail posté répondant au mieux aux
attentes des personnes concernées.
Ainsi formulé, le probléme implique
donc de :

1o décrire I'élal des lieux pour
comprendre la diversité des siluations
1ant du point de vue des horaires de
travail et du travail eifeciif que de celui
des caracléristigues des personnes.

il est nécessaire d'évaluer I'impact,

des horaires en lenant compte, d'une
pan, du lravail & laire comme de ses
fluctuations et, d’autre parl, des moda-
liles réelles de fonctionnement des
opéraleurs humains compte tenu de
leurs caracléristiques individuelles:

2° présenler el discuter les aménage-
ments sous lorme d’oplions pour cha-
cun des critéres pouvant fare I'objet
de choix en énoncant quelques condi-
tions & réunir pour que ces repéres
soient susceptibles d'étre suivis par
des aclions translormatrices:

3o recenser les principales conseé-
quences du travail en équipes suc-
cessives, tant dans la vie de Iravail
que dans la vie hors de I'établisse-
menl, & partir des diverses recherches
Qui ont eélé menées depuis une cin-
quantaine d'années par de nombreux
organismes dans la plupart des pays.

1. ETAT DES LIEUX

Cette premiére étape a pour objet
d'identilier le (ou les) mode(s) d'orga-
nisation dans 1'unique objectif d"avoir
un inventaire le plus exhaustif possi-
ble des caracléristiques de chacune
des situations de lravail dans I'entre-
prise, tant du point de vue du temps
de travail el des taches que du point
de vue de la structure des équipes ou
des caractéristigues du personnel.

Il s’agit d'un préalable indispensable.
En effet, si les caractéristiques pro-
pres a chacun des services s’avérent
diftérentes, alors ceta implique qu'une
solution unique ne peut élre envisa-
gée.

Une telle étude de I'existanl permet de
cerner les points communs mais aus-
si les différences entre les services.
Elle permet en outre de disposer
d'une base d'inlormations commune
el objective.

Celle-ci sera alors restiluée aux dilfé-
rents partenaires qui, dans la grande
majorilé des cas, ne connaissent pas
avec exaclitude la situation réelle de

teur entreprise, voire. de leur propse

service.

Au-dela de ia « photographie » des
lieux, celle premiére partie a aussi
pour objel de comprendre pourquoi
les lieux sont en I'état actuel. Ceci
implique que la description s‘ac-
compagne nécessairtemen! d'une
analyse des déterminants de !a (ou
des} siluation(s) rencontrée(s), c'est-
a-dire des objeclils poursuivis lors de
I'adoplion de telle ou telle organisa-
tion temporelle. La description doit
¢galemenl comporter des éléments
sur les modalilés d'élaboration de
chaque solulion setenue. Ainsi, le
choix d'un sysiéme de rotation donné
a répondu, a un moment donneé, a un
ou plusieurs objeclifs el a pu élre
imposé (par qui?) ou négocie.

Il s’agil, au-dela de I'anecdote, d'es-
quisser un guide méthodologique
permettant de cerner les principales
caractéristiques d'un travail en
équipes successives et de restituer la
diversitg, dans une entreprise donnée,
des situations impliquant un recours
au travail poslé.

Il convient enlin de connailre I'opinion
des personnes Qui ont 3 supporter le
travail posté et, au-del, de dresser fe
bilan des attitudes vis-a-vis des solu-
lions organisationnelles en place.

S'agissanl d'un prerier repérage., les
iformations recueillies ne pourront
donner gqu'une image globale de la
situation. Cet ensemble de repéres
permelira cependanl d'orienter les
recueils el I'analyse ullérieurement.

Les informations peuvent étre regrou-
pées selon quatre axes principaux :

a) les informations relatives 4 I'orga-
nisation temporelle du lravail, c'est-a-
dire a l'organisalion de I'emploi du
lemps, service par service;

b} les informations concernant l'orga-
nisalion lemporselle des équipes,
c'esl-a-dire le mode d'insertion des
hommes dans I'emploi du temps;

¢} I'évalualion du lravail posté par les
personnes concernées. Les allitudes
et opinions des poslés a 'égard des
solutions existantes sonl autant de
repéres qu'il conviendra de prendre
en comple lors de la préparation de
nouvelles modalilés;

o) les informations caraclérisant le
iravail 4 réaliser, c'est-a-dire non seu-
lement les taches prévues mais aussi
les activités réellement déployees sur
les lieux du travail el notamment les
éventuelles dillérences entre le travail
de jour et le travail de nuil.

Ce découpage en quatre domaines
es1 arbitraire. Chacun n’acquiert toute
sa signilicalion qu'en le relianl avec
les autres. Néanmoins, comple tenu
des objectils de cette phase, il se
dégage une premiére vision des ca-
racléristiques principales d'une situa-
lion de travail impliquant d’occuper les
postes a des heures inhabituelles.
Dans la majorité des cas, il ne s'agil
pas d'un simple catalogue, certes ulile
pour guider le recuei! d'informations,
mais bien d'un ensemble de repéres
pour faciliter la compréhension des
facteurs qui structurent la dimension
lemporelle du Iravail.

Ce recensement permet de dégager
quelques problémes que peul poser
larticulation entre la logique d'utilisa-
lion des dispositifs techniques dans
un contexle 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 discontinu;

b) combiner plusieurs méthodes

d'oblention des données et notam-

menl prendre en compte le point de
vue des personnes vivant dans ces
silualions, mais aussi rechercher
dans les archives {CE, CHSCT...) les
éléments susceptibles d'éclairer la
siluation présente a parlir de son
histoire;

c) reslituer l'information recueillie au-
prés de tous les acleurs et confronter
les réactions pour arriver progressive-
ment 3 un bilan aussi exact que
possible.

1.1. Organisalion temporelle

1.1.1. Organisation temporelle des
services

Pour chaque service, l'organisation
lemporetle du lravail peut etre saisie
a partir de deux indicateurs : la durée
du Ykravail et les horaires de travail.

. Quel que soit le mode d organisation,

conting, semi-conlinu ou discontinu,
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 disposilils, le ser-
vice doit donc assures ses lonctions
dans des conditions de sécurité, de
fiabilité et de production optimales.

Les opérateurs humains devront alors
maintenir ces conditions, en deépil
d'événements plus ou moins aléa-
toires. Le travail sera déterminé, en ce
qui concerne le temps, d'un double
poinl de vue :

— il se déroule sur fa base d'une
durée fixée,

— les conditions d'utilisation dutemps
sont délinies par diverses caracléristi-
ques organisationnelles.

Ainsi, les 39 heures hebdomadaires
actuelles peuvent élre effectuées uni-
quement de jour, avec ou sans inter-
ruplion entre 12 el 14 heures, ou bien
en 2 x 8 ou encore en continu. Des
pauses peuvent intervenir, ou non,
pendant le fravail... En ce qui concerne
le travail en eéquipes successives, la
réalité se révéle souvent bien
complexe car les notions de jous, de
semaine... ne signifient pas toujours 1a
méme chose. De méme, il est parfois
difficile d'identifier ce que la notion de
durée du travail recouvre.

1.1.2. Organisation temporelle des
équipes

Pour une durée hebdomadaire de
travait {(moyenne) déierminée et des
conditions temporelles délinies, I'or-
ganisation temporelle des équipes va
imposer les modalités d'insertion des
tfravailleurs dans {'emploi du temps.
Nous examinerons successivement
les différentes -options mises en ceu-
vre puis les caracléristiques des per-
sonnes impliquées.

Deux options de base vont déterminer
la situation du personnel. La premiére
concerne le mode d'occupation des
factions. La seconde a trail au choix
des sysiémes de roulement (ou tour-
nantes ou cycles de rotation). Par
ailleurs, diverses dispositions, Sou-
vent négligées dans I'approche du
travail posté, vont lacililer ou au
contraire aggraver les conditions de
travail el de vie des travailleurs en
équipes.

a) Mode d’occupation des factions

Une équipe peut soil occuper en
permanence une méme plage horaire
(équipe fixe), soit, au conltraire, étre

affectée successivement aux dillé-
rentes laclions (équipe afternante).

b) Les notionsle rotation, roulement
ou tournanle, se référent « a la suc-
cession des diverses phases de tra-
vail de nuit, de matin, d’aprés-midi et
de repos dans lé cadre d'un travail
posié » (FUC - CFDT — Sommeil a
vendre? 1982).

Par exemple, les trois grands types de
rotalion réguliére (tableau 1} ont élé
observés dans l'enlreprise étudiée .

- des rolations lenles, puisque, dans
ce cas, les poslés restent 7 jours dans
la méme laclion @®.

- des rolations peu rapides puis-
qu'elies fon! rester le poste 4 jours @
dans la méme laction;

- des rotations- trés rapides puis-
qu'elles ne font rester le posté gue
1 jour dans la méme faction du matin,
d’aprés-midi ou de nuit ®.

Par ailleurs, des rotations plus
complexes, diles irréguliéres, se ren-
conirent également dans l'enireprise
éludiée ©.

En résume, I'organisation temporelle
du travail répanit les travailleurs a
'inlérieur de I'enveloppe préalable-
meni 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.
1l va de soi gu‘aucune de ces disposi-
tions n'est indépendante des aulres :
temploi du temps nécessite pour étre
mis en ceuvre une organisation tem-
porelle des équipes et celle-ci ne
s'établit qu'a ¥intérieur d’'une enve-
loppe de temps donnée. Si certains
paramétres comme la durée du travail
sont imposés de Iextérieur, d'autres
font I'objet de choix et de négocia-
lions. A ce niveau, de lrés importantes
marges de manceuvre existent.

. —

TABLEAU |

Quelques exemples de roulement
pour des services lonctionnant en continu dans I'entreprise étudiée

Heures Ourée

de début des

et de fin factions

MMMMMMM C4h30-12h30[08h 00 M

AAAAAAA fsur [12h30-20h 30 (08 h 00 A

® NNNNNNN 15 |2h3004h30[08h00N

RR RARR R RARRR sem)
HAHAHA 08 h 00-16 h 00 [08 h 00 HA
NNNN NNNN 18h3006h30[12h 00N
® RRRR RRRR AR @A
JA HA 06h30-18h30| 12000 )
M M M M M M M 07h30-12h30|05Hh00M
@ A A A A A A 12030200 30[08h 00 A
N N N N N N N 20h3007h30|HHOON
RR AR AR AR AR AR AR

1e semaing, 35 h M R A R N NN 07h00-14h 1507 h I5M

2t semaine, 45 h R A A N R RR 14h00-2h15[08h1SA

@ J¢ semaine, 36 h N N N R A RR 2h0007R15/090 ISN
| 4¢ semaine, 2h30 HA HA HA HA HA R.R 068 h 00-16 1 30 [08 h 30 HA

% semaine, 33h30 RouHA M M A R A A
6¢ semaine, 37 h 15 A R A M- M MM

A: aprés-midi; HA : journée horaire = administrald =, J: journée (horai:e' non = administralil »);

M : matin; N : nuit; R ; repos.

- vt e m. e



h

1.2. Personnes concernées par le
travall posté

1.2.1. Caractéristiques du personnel

TABLEAU 1

Fiche sur |les caractéristiques du personnel posté :

informations devant étre recherchées

La définition d'un emploi du temps el
linsertion des équipes dans cet orga-

' nigramme concernent des individus

précis et rnon des « Iravailleurs »,
terme vague recouvranl. une réalité
hétérogéne. Le poids du Iravail, et
notamment du travail posié. ne sera
pas ressenti de maniére idenlique

" d'un travaifleur a l'autre et les conseé-

quences en seront dillérenles. L'age,
la pratique des 3 x 8 depuis de nom-
breuses années, en pariculier, jouent
un role important dans 1a 1olérance au
travail poste.

De méme, la composition des
équipes dépend pour partie de I'expé-
rience prolessionnelle de chacun de
ses membres. Enfin, pour prendre un
dernier exemple, la qualification alien-
due peul conduire a prévoir dans
t'emploi du temps des possibilités de
formation (continue ou complémen-
taire).

Les quelques cas évoqueés ci-dessus
conduisent donc & décrire, aussi pré-
cisément que possible, les caractéris-
tiques du personnel travaillant dans
un contexte temporel déterminé (ia-
bleau ).

Remarque

Dans notre élude, les donnges
recueillies montrent une hétérogé-
néité des caractéristiques de i'age
dans un méme service et dans
I'entreprise. Ainsi, dans un service
donng, les travailleurs postés les
plus jeunes avaient 26 ans et les
plus agés 56 ans.

1.2.2. Opinions du personnel sur
l'organisation du iravall posté

I ne saurait élre question de repro-
duise ici, ni méme d'aborder, tous les
thémes évoqués pas les travailleurs
postés, mais aussi I'encadrement ou
les chefs de service. A litre d'exemple
nous reprendrons ci-dessous quel-
ques thémes renconlrés. ’

1. Age.

2. Sexe.

3. Nombre d'années passées en Ira-
vail continu, semi-conlinu, 3 1a jour-
née.

4. Date d’'embauche.

5. Ancienneté dans le service et au
poste de travail occupe acluelle-
ment.’ S

6. Principaux services iréquentés au-
paravant (nombre d'années).

7. Formation initiale.

8. Formation acquise en cours d'em-
ploi (et temps nécessaire).

9. Quatlilication estimée, reconnye,
mise en ceuvre.

10. Y a-t-il eu dépdt de demande de
mutalion? Si oui: quand., pour

queiles raisons, quelle est la ré-
ponse donnée...?

11. Le conlrat d'embauche comporiait-
il une clause concernant F'accepla-
tion, en cas de besacin. de Iravailler
en continy?

t2. En cas de promotion, le nouveau
posie implique-t-il un Iravail posté?

13. Siation familiale (3ge des en-
fants).

-14. Distance (et lemps) pour se rendre
du domicile a I'entreprise.

1S, Type de logemenl {maison indivi-
duelle, coliectif...).

16. Y a-t-il une chambre insonorisée
ou. loul av moins, calme?

17. Problémes de santé.

Si I'on se rélére aux déclarations les
plus fréquenies des opérateurs de
I'entreprise étudiée, on retrouve avan-
tages el inconvenients.,

e Les avantages déclarés apportés
par certaines tournantes portent sur :

- les heures d'embauche qui se rap-
prochent le plus des horaires tami-
liaux,

- les possibiliiés de conserver les
heures habituelles de repas,

~ des périodes de repos assez ton-
gues,

-~ le [ait d'avoir choisi les horaires,
- les facilités de circulation.

Sur un plan plus général, les avan-
lages de ce type d’horaires sont :

- une certaine liberté,

- des avantages linanciers.

« Les inconvénienls signalés le plus
souvent sont :

— le nombre insulfisant de week-
engds,

- te nombre de nuits consécutives,
— falternance -qui esl pour certains
plus perturbantie que la régularité des
postes,

- le recyclage lors de la réadap!tation
aux horaires postés aprés vacances,
week-ends, travail en horaire adminis-
tratil,

- la sensation d'un temps « haché »,

- les difficultés pour la vie lamiliale,

pour avoir des loisirs réguliers,
- les probtémes de lormation,

i

- la marginalisation : « on est un peu
a part »,

~ la difficulté de faire le travail compte
tenu des effectifs.

Certains craignent que l'age affai-
blisse leurs facultés de récupération.
Pour d'autres, I'age ne semble pas
poser de probléme particulier. ils sont

‘conscients d'une sélection de [ait :

« C'est ceux qui supportent qui res-
tent », -

Enfin, pour 1a plupan, le travail selon
ce type d’horaires doil pouvoir n'étre
qu'une étape dans la vie prolession-
nelle, & la fois pour des raisons de
santé et de vie personnelle.

Par dela l'inventaire de points parti-
culiers, l'accent a été mis sur des
aspects primordiaux pour les opéra-
leurs. Ainst, a été clairement exprimée
la nécessité :

e d'associer le personnel & I'é/abora-
tion des choix :

~ «le tour le meilleur sera loujours
celui qu'on aura élaboré »;

- =« si le changement est impératif,
que ce soit .nous qui I'amenions »;
~. il faut « réfiéchir ensemble aux mo-
dilications »,

e de tenir compte de chacune des
situations de travail ;

« Le systéme (horaire) doi! étre adaplé

" a la condition opéralionnelle du ser-

vice ». Celte remarque es! de toule

~premiére imporlance car elle indique
. aussi, en raison d'un travail différent



d'un service a laulre, Qu'il serait dan-
gereux de vouloir imposer le mame
lype d'organisation des horaires.

e de pouvoir évaluer les solulions
retenves :

- «le tour le meilleur sera toujours

celui-qu'on peul modilier =;

— le sysléme de rotation convienl a
ceux qui y sonl soumis parce que ce
‘tour « a été élabore par les poslés...,
les anciens l'ont rodé ».

Apparail donc l'idée que, quelle que
soit la solution, il faudra I'expérimenter
pour I'évaluer : cela signitie qu'il laut
avoir 1a possibililé de laire évoluer les
choix puisqu'au cours des anneées les
évaluations peuvent changer.

1.3. Le travail 3 réaliser en horaires
postés : activités et conditions
d'exercice '

Les descriptions précédentes, rela-
tives a I'ofganisation du cadre tempo-
rel et a l'inserlion du personnel dans
ce cadre, doivent &ire complétées par
un examen des caractéristiques du
travail a réaliser. En effet, les elfets du
travail, pour des opérateurs donnés,
sont étroilement dépendanis des exi-
gences du travail el de la nalure des
activités mises en ceuvre. Ces acti-
vilés résultent des conditions exter-
nes de réalisation du travail {(nalure
des taches, moyens malériels...), des
conditions d'exécution {cadre lempo-

rel, espace de lIravail, ambiances ..
physiques, contrainles de temps '

et/ou de précision, quantité el qualité
de la production...) el enfin des condi-
tions internes, propres aux oOpéra-
teurs, que celles-ci soienl d'ordre
biologique (age, é€tal de santé..),
psychologique ou socioprolession-
nel.

On peut délinir des oplions au plan de
'emplot du temps ; choix du mode de
travail {gisconlinu, semi-continu,
continu), du nombre de factions, des
modalités d'occupalion de ces lac-
lions {lixes, alternantes), de leur du-
rée, de leur localisalion ou de leur
succession. Mais, comment analyser
chacune de ces options sans connai-
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 a structurer I'enveloppe tempo-
relle du travail, & rélléchir, avant toute
décision, sur la maniére dont le travail
es| réalisé concrélement el sur les
conditions réetles d'une activilé impli-
quant. d'étre actit de nuit.

Celle élape vise a apporler, non des
réponses précises, mais au moins
des élémenls de réllexion pour que
ceux qui auronl a élaborer, négocier,
metre en ceuvre ces choix, le lassent
a partir de celte réllexion préalable.

Celle-ci s‘arlicule autour de rois ni-
veaux indissolublement liés.

a) I s'agit, tout dabord, du travail
demandé (qui dilére d'un service a
{'aulre), des l3ches el des moyens
techniques ulilisés ainsi que de l'orga-
nisation du travail el de son environ-
nement physique.

b) Le travail 3 faire est en général
définm par les responsables en termes
d'objeclifs a alteindre, de taches a
remplir, éventuellement de proce-
dures, d'algorithmes a suivre. Mais,
pour Fopéraleur, la question est de
savoir comment il va pouvoir remplir
ces objectifs : quelles sont les inlor-
mations dont i1 a besoin? Quelle
décision doit-il prendre? Quels
modes opératoires va-t-il employer?
Quel conlrdle du résullal de son
activité va-t-il rechercher?

Il s’agit donc de connailre les activités
réellement effectuées pour exécuter
le travail par les opéraleurs et non
celles qui sont prescrites par les
consignes el plans de traval. De
nombreux lravaux onl montré, en effet,
des difiérences notables entre ces
deux facetles el qu'en général, il
existait une grande méconnaissance,

" enlre autres, des difficullés réelles de

la tache pour l'opérateur. L'évaluation
de ce qu’il esl convenu d'appeler ia
« charge de travail » (c'esi-a-dire le
cout pour l'opérateur de la mise en
ceuvre des lonctions nécessaires a
I'exécution de la tiche) ne peul se
laire valablement & parlir de la défini-
lion théorique des laches, mais seule-
ment a partir de la fagon dont elles
sont réalisées : procédures opéra-
toires utilisées, processus mentaux
sous-jacents dont on saitl qu'ils varienl
d'un opérateur & l'autre mais aussi
chez un méme opérateur.

Meltre i'accent sur cetle connaissance
est important surtoul dans une phase
d'évolulion felle que la connaissent a
I'heure acluelle bon nombre d'élablis-
sements. Les translormations a la fois
techniques {nouvelies lonclions -
nouveaux matériels) et organisation-
nelles enlrainent des modilicalions
des taches habiluelies. Celles-ci ne
sont pas faciles a percevoir et néces-
sitent la mise en ceuvre d’outils d*ana-
lyse qui restent a élaborer et a mettre
a la disposilion des inléressés eux-
mémes.

Ces caractéristiques des taches dé-
terminent les aclivilés physiques. per-
ceptives, mentales par lesquelles les
opérateurs réalisent le travail, en fonc-
tion de leur propre élal.

.Ces trois classes d‘aclivité ne sonl

pas indépendantes les unes des au-
Ires, elles lonclionnent en interaction
{Iactivité physique retentit sur l'activité
mentale), mais elles lonctionnent éga-
lement en dépendance (I'activilé men-
tale organise et commande l'activité
physique et perceptive). Aussi, il im-
porie de ne pas perdre de vue, dans
toule analyse, les liens entre ces
différentes composantes. Or, pour
'observateur extérieur, seul le geste
est visible {mouvement, parole, elc.),
c'esl-a-dire le résultal de lactivité
mentale préalable qui a été néces-
saite pour aboulir 3 I'action mais qui,
elle, est non perceptible, donc mé-
connue la plupart du lemps. Ceci
conduit a des préjugés tenaces dans
I'appréciation de la charge de travail
par exemple il est couranl d'entendre
dire que dans les taches de conlrole
et de surveillance ol (saul en cas
d'incident — on reviendra sur cetle
notion) it ne se passe rien, tant que
I'opérateur n‘a rien a faire, « il ne fait
rien ».

Cette conviction esl d'aulant plus lorte
qu'avec les progrés de l'informatisa-
tion, la plupart des procédures sont
automatisées el le travail de l'opéra-
teur semble négligeable sinon inutile.

Une lelle méconnaissance améne
parlois a confier des travaux annexes
a l'opérateur qui eflectue le contréle
de qualité des produils dans lindus-
Irie, par exemple. Celui-Ci se lrouve
alors en conflit permanent de priorité
entre les dilférentes taches. Celle

siluation comporie des risques a la _ -,

lois pour le travail {erreurs, oublis) el
pour I'état mental de l'opéraleur (situa-
lion anxiogéne).

Enlin, le travail demandé s'effectue
dans des conditions particuliéres de
réalisation. Ces conditions influent sur
les exigences du travail et sur I'élat
des opéraleurs : mode d'organisation
particulier el condilions matérielles
spécifiques.

Les liens entre activilé des opérateurs
el horaires de travail révélent donc
des relalions complexes que le
contexte de travail semble moduler.

c) l s’agit, enlin, des effels de cetlte
aclivité sur les opérateurs, ellets dont
la vanabilité dépend & la lois des
caractérisliques de chacun et des
13ches a réaliser.



14. L'état des lieux : un préalable
enrichissant '

Au cours de la premiére partie ont été
explorés divers domaines concernant,
d'une parl, l'organisation temporelie
du lravail et des équipes, d’aulre part
les aspecis relalifs aux availleurs
posies (caractéristiques du personnel
concerng, opinions et attitudes vis-a-
vis des modalités organisationnelies
exislantes), enfin les caractéristiques
des taches el des activites de Iravail.

Cette premiére élape visait & caraclé-
riser « I'élat des lieux ~ tant d'un point
de vue technique el organisationnel
que d'un point de vue humain, Un lel
repérage conduit : a) a répertorier les
critéres-pertinents du point de vue de
la description de la situation de travail:
b) & identilier les liens qui unissent
ces critéres el qui lissent la lrame du
contexte lemporel du travail des
posteés; ¢) enfin, a dégager les grands
thémes de réflexion sur lesquels il
conviendra maintenant d'insister.

Celte premiére approche se révéle
trés fructueuse car elle permet : a) de
constituer un ensemble de connais-
sances communes servant de base
de référence lors de I'élaboration des
recommandations; b) de mieux saisir
la réalité et I'tlendue des problémes
ayant conduil a la formulalion d'une
demande d'intervention; ¢) de déga-
ger les pisles priorilaires pour I'ana-
-lyse uliérieure; d) de dessiner déja les
grandes orientations pour la mise en
cuvre des transformations souhai-
lées. Dans bien des cas, celte « mise
a plat » de la situation conduira, d'une
part, a préciser la demande et, d'autre
part, a clarifier les objectifs et les
moyens a développer pour les attein-
dre. Par 13, ce premier repérage

oriente la méthodologie des étapes..

suivantes. Dans I'étude de cas sous-
jacente ici, il apparait une divcrsité
des situalions de travail tant sous
V'angle de Forganisation du travail que
sous celui des taches ou encore des
caracléristiques du personnel. Cette
diversité, au-dela de son -caractére
anecdotique, révéle que I'organisation
du Iravail posté n'est ni rigide ni
1otalement contrainle. Des choix exis-
lent qu'il conviendra d’examiner plus
altentivement. Mais, cette diversité té-
moigne aussi du fail qu'il n'existe pas
une seule solution et qu'aucune des
solutions n’est "lotalement satisfai-
sanle : il s'agit toujours de compromis
reposant sur la recherche, souvenl
implicile, d’un équilibre, plus ou moins
alteinl, entre aspecls positifs el as-
. pecls négatils.

il yba {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.

révéler contradictoires enlre elles: il
faut donc choisir un compromis « en
connaissance de cause » a partir de

" deux catégories de données (terrain,

scientifiques), dans les diflérents do-
maines concernés; il faut enfin ras-
sembler toutes les connaissances
pertinentes en les slructurant.

2. LA necueatue
DES AMENAGEMENTS

2.1. Objectif

La derniére phase de la démarche a
pour objet d'éclairer les choix en
proposant, pour chacun-des para-
metres pouvant laire I'objet"d’ameéna-
gements, des oplions. L'idée d'option
traduit le fait qu'it n'y a pas de solulion
unique mais bien des alternatives. Le
choix de telle ou telle oplion appar-
lienl aux acleurs concernés.

Les options présentées devraienl
permelire 3 chacun de se siluer
par rapporl aux connaissances et
aux praliques existanles el par la
d'envisager les Iranstormalions en
connaissance de cause.

L'ensemble de ces indications consli-
tue ce que nous appellerons repéres.

22. Principes sous-jacents a I'éla-
boration des repéres.

Les, repéres reposent sur un ajuste-
menl au contexte scienlifique el lech-
nique mais aussi au conltexte social.
lIs sonl élaborés compte 1enu de I'élat
des connaissances & un moment
donné et de I'évolution des techni-
gues. L'évolution probabile de chacun
de ces champs impose de considérer
ces repéres comme relalifs el suscep-
tibles de transformations. De méme, la
nalure du contexte social peut agir sur
les stralégies d'acceplation ou de
contestation du travail en eéquipes
successives. Des modilications dans
ces stralegies risquent, si ce n'est de

' rendre obsolétes ces repéres, toul au

moins d'en acceniuer certains as-
pects et d'en diminuer d'autres. Les
repéres présentés portent donc les
limites des connaissances acquises
et de lusage social qui les rend
possibles, voire nécessaires. ls ont
été élaborés sur la base de quelques
principes relalifs 4 I'organisation tem-
porelle du travail (OTT) préseniés
ci-dessous.

Il n'existe pas de solution unique
d'OTT acceptable par ceux qui y
sont -soumis

S'agissant d'OTT impliquant d'&tre ac-
tif 1a nuil, ce principe esl de toute
premiére importance : il indique qu'il

. N’y a pas de bonne solution pour

organiser le lravail posté. Dans le
meitleur des cas, le caractére anormal
du Iravail de nuit se traduira par une
= transformation » des personnes
considérées comme bien « adap-
tées »,

!l n'y a pas de déterminisme absolu

de Ia technologie sur I'OTT

De maniére générale, on peut dire que
I'extension du travail en équipes suc-
cessives reléve d'une augmeniation
des durées d'ulilisation des matériels.
A méme technologie correspondent
des modes d'OTT différents. La'lech-
nologie dans son élat actuel peul
influencer le mode d'OTT non les
modalités pratiques.

L'OTT tait I'objet de choix

Ces choix concernent essentiellement
J domaines : .

PRI TR
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— frorganisalion de Fenveloppe tem-
porelie (duree el horaires), donc I'em.
ploi du lemps; .

- les modalilés dallectation des opé-
raleurs humains dans cet emploi du
lemps;

- la conceplion du lonctionnement’

des installations el du travail a laire.

o’y a pas de domaine séparé mais
interaction entre domaines

1l est impossible de délinir une oplion
dans un domaine particulier sans en
envisager les conséquences sur les
divers paraméires des autres do-
maines.

L'OYT peut renfermer des confradic-
tions

Toute mesure esl susceptible de se
révéler positive d'un certain poinl de
vue mais négalive par ailleurs. I
conviendra-donc d'évaluer conjointe-
ment les avantages el les inconvé-
nients. :

L’OTT se traduit par des compromis
a négocier et évaluer

Ces compromis doivent étre élaborés,
négociés, mis en ceuvre, évalués avec
ceux qui auront .a vivre dans le
conlexte de travail ainsi défini. Les
repéres présentés n'ont d'autre objec-
til que d'aider les acteurs concernés
a élaborer ces compromis : ils sont
donc préparatoires a la mise-en ceu-
vre des compromis. lis doiveni aussi
permettre, ultérieurement, d'évaluer
Iez conséquences des choix effec-
tués.

L'ensemble des compromis consti-
tue des indications provisoires

s devront faire I'objet d’'une évalua-
tion de leurs résultats ou de leurs
difficultés d'utilisation. Leur révision
s'ajustera aussi en fonction de I'évolu-
tion des connaissances et des prali-
ques sociales concernant {'organisa-
tion temporelle du travail.

2.3. Domaines des solulions

Trois principaux domaines onl donc
é1é explorés -

- les aménagements se rapportant 3
I'organisation temporelle du travail et
des équipes;

- les aménagements se rapportant
aux personnes;

- les aménagements se rapportant au
travail el 3 ses conditions d'exécution.

Ces repéres sonl présentés sous
forme de fiches pour en Ilaciliter
'usage. Celles-ci sont’ congues
comme un outil de travail permellant
aux acteurs concernés d'élaborer des
choix. -

Les repéres sont abordés a ta fois du
point de vue de leur objet, des allerna-
lives qui peuvent élre associées, et du
point -de vue de leurs implicalions
pour les opérateurs humains. Ces
implications sont envisagées sous
I'angle des avanlages et inconvé-
nients qu'elles suscitent. Enfin, cha-
que repére esl asSOCié aux principaux
aulres repéres susceptibles de lin-
fluencer.

Un tel usage des liches suppose
néanmoins qu'un ensemble de condi-
tions soient remplies pour que la
recherche des aménagements soit
suivie d'actions concrétes translor-
mant posilivement les conditions de
vie el de travail du personnel posté.

24. Mode d'utilisation des repéres :
la démarche

Il va de soi que la notion méme de
repére implique de ne pas utiliser de
solutions préétablies : it appartient
aux acteurs sociaux de préciser leurs
priotités en fonction de leurs propres
siratégies et d'y associer tes moyens
nécessaires. Il ne s'agit donc pas de
receltes loutes faites qu'il suffirait
d‘appliquer.

il ne s'agil pas non plus d'un simple
catalogue de critéres dont la seule
juxtaposition permettrait- de les rendre
cohérents. Les repéres énonces nous
semblent devoir élre insérés dans une
démarche d'ensemble qui fait donc
aussi l'objet de quelques repéres
sans lesquels l'utilisation des inlorma-
tions présentées risquerait de conlre-
dire les objeclifs définis ci-dessus {cl.
conclusion § A).

I n'est pas possible de présenler
I'ensemble des liches dans le cadre
de ce! article. Aussi nous en donnons
la liste (2.5.)(5) qui elle-méme peut

(%) Nous conservons ici la numérolalion
de l'ouvrage de rélérence, pour lacililer ia
recherche d'inlormations de ceux qui vou-
draient s'y rapporier, bien qu'elle ne cot-
tesponde pas lout A l2it a la présentation
exposeée ici.

étre enrichie el deux exemples illus-
tralifs se rapporiant le premier (2.6.A)
a l'organisation_temporelle des ho-
raires, el en particulier « les heures de
débul et de lin de posie », le second
(2.6.B) a l'organisation lemporelle des
équipes et en particulier = les effectils
par équipe ».

25. Liste des thémes abordés -

A. Aménagements se rapportant
aux horaires de travail

A1 : mode de travail.

A2 : postes ou factions (no(nbre_ et
durée).

A3 : recouvrement de postes.
A4 : payses.
AS : repas.

AG : heures de début el de fin de
poste.

B. Aménagements se rapportant
aux équipes et aux personnes

En ce qui concerne les équipes .

B1 : lle mode d'occupation des lac-
tions : lixe ou alternani,

B2 : le systeme de rotation : trés ra-
pide, rapide ou lent.

B3 : lintervalle entre deux lactions
occupées par une équipe.

B4 : enfin, la localisation des équipes
sur les faclions.

Alors devront élre envisagées les
caracléristiques de I'équipe :

" BS: nombre d'équipes : faul-ii se li-

miter & 5 équipes?

B6 : effectils par équipe : combien de
personnes par équipe?

En ce qui concerne /es personnes :

B7 : tes repos consécultils 3 plusieurs
factions et ceux de fin de cycle.

B8 : les modalités de remplacement
pour faire lace 4 une absence.

B9 : la polycompétence et la mobilité
au sein de {'équipe.

B10 : la lormation : peut-on suivre
une formation quand on est poslé?

B11 : le reclassement : commeni ré-

insérer ceux qui ne peuvenl plus
. travailler en horaire continu?

B12: la prolongation des faclions :
comment assouplir les contraintes de
présence?

313: les trajets : peut-on limiler les
dsques liés aux trajels?

B14 : les congés : peut-on prendre
ses congés lorsqu'on le souhaile,
quand on est poste? :




'

B1S : panicipation a fa vie de 'entre-

-C. Aménégements se rapportant au  C3:

ie travail et ses horaires doivent

prise : les. postés ne sonl-ils pas travall el & ses conditions d'exé- e aménagés en lenant compte des
marginalisés, voire exclus de la vie cution condilions parliculiéres d'environne-
sociale et culturelle. de I'entreprise? ) ment la nuil (bruil, foxiques, tempéra-
o - o . Cl:les horaires ne peuvent &lie ture, etc.).
) : aménagés qu'en référence au travail
~ B16: la relraite : peul-on prévoir des  '¢8! QUi se déroule dans ce contexte :
modalilés de diminution progressive  €MPOrel. . C4: le wavail et ses horaires doivent

de I'activité a panlir' d'un age a délinir, C2
quand on a été travaitleur posté?
continu.

26. Exemples de fiches « repéres »

: e travait doit éire congu et orga-
nisé en fonction de son caraciére

étre aménagés en lonction des per-
sonnes qui auront a deveIOpper leurs
activités.

1.. OBJET

Elles déhmitent :

- d'une part I'heure & laquelle les équipes se succédent,
~ d'autre part ie début et la lin du avail et le débul et la fin
de la vie hors de I'entreprise.

Remarques

Le choix du début et de la fin d'un pbste a des incidences :

— sur le sommeit,

— sur le moment et le fieu de la prise des repas,

— sur le transpon (momem du trajet pour se rendre au lravail
ou en sortir),

— mais aussi sur la fiabilité humaine.

A.. AMENAGEMENT DES HORAIRES

Théme A6 - Heures de début et fin de poste

. 3h-11h-19h

2 OPTIONS

- 3 types de silualions se présentent pour la fin de poste
et le début du posie suivant,dans Ienlrepnse étudiée ;

Exempte §. Exemple 2

4h-12h-20h

Exemple 3
6h-14h-22h

— Prise des repas 3 domicile el conservation de durées de
sommeil quasi normales sont des exigences diflicilement
concifiables pour des durées égales de chaque poste.

- Méme en lravail posté, 'aménagement d'horaire variable
pour lout ou partie de I'équipe est possible.. ’

3. ANALYSE DES OPTIONS
Exemple 1 :3h-11h-19h

a} Inconvénients

Exemple 2:4h-12h-20h

Exemple 3:6h-14b-22h

[N

« Perurbalion du sommeil au poste de
nuit {19 h - 3-h) el au poste du matin
(3h-11h).

« Repas pris sur le liev de travail au
posie d'AM et parfois au poste de N.
= Matinée de repos précédant le poste
d’AM raccourcie.

- Temps de fransport peut exre plus
long aprés le posie d'AM.

« Transport collectil public peu proba-
ble la nujl

b) Avantages
« Soirée aprés poste d'AM intacte.

o Perturbation du sommeil au poste de
nuit (20 h - 4°'h ) el au poste du matin
(Ah-12h}

« Moindre décalage des heures de re-
pas a domicile avan ou apres les postes
de M et d'AM.

o Soirée presque normale aprés poste
d’AM.

« Forte perturbation du sommeil au
poste de nuit; moindre periurbation au
poste du matin.

» Repas pris sur le lieu de travail pour
les postes du M et g'AM,

» Soirée supprimée aprés le poste
g'AM.

« Longue ‘matinée libre avant poste
d’'AM

« Transpor public envisageable.

La durée inégale des posles peul permelire d'obtenir dans les 3 exemples une plus grande souplesse pour la prise des repas
a domicile et pour minimiser les perturbations {au poste du matin} du sommeil,

4. AUTRES. THEMES A CONSULTER

— Mode de ‘travail. »

— Nombre et durée des lactions.
- Pauses.

~ Mode d'occupaltion des lactions.

— Systéme de rotation (normal-inverse).

'K

Locatisation des équipes:-
Eltectils par.équipe.
- Polycompétence.

- Prolongation des factions.




8. AMENAGEMENTS SE RAPPORTANT AUX EQUIPES

Théme B6 - Les eftectils par équipe

1. OBJET

Il s"agit. en lait de deux problémes :

— du nombre de posies de lravail au sein de I'équipe,
— el du nombre de personnes alleclées a ces posles de
travail.

En théorie. pour 2 posles par équipe, il laut 2 personnes, soil’

10 au total dans le cas de 5 équipes.

Remarques

Il n‘est pas possible de lixer a prion le nombre de postes de
Iravail que doit comporter chacune des équipes, loutefois :

a) le calcut des elfectifs doil se faire en connaissant trés
précisement /a nature du travail réel: celui-ci n'est pas la
moyenne de silualions stables et de situalions penutbees
(avec incidents). L'irrégularité des ex:gences du lravail impose
d'analyser ce-gue cela implique pour I'aclivité des opérateurs;

‘b) 1a liabililé du sysiéme dépend des condilions permettant
aux opéraleurs de développer une réponse appropriée;

c) les effectils doiveni tenir compte du fait que 1out salarié
dispose de conges, de possibilités de lormation ou d'activité
syndicale, ‘quil peut &tre absenl pour maladie ou autre
{convenance personnelle, etc.).

2. OPTIONS

Trois lypes de siluation mériteraient un examen approfondi :

a) cas ou le nombre de personnes et de postes de lravail
sont idenliques d’'une équipe a laulre;

b) cas ou les elfeclifs sonl réduils au cours de cenaines
1actions, nolammenl Ia nuit;

€) cas ou une mobilité de Ia réparlilion des effeclils par
equipe est introduite.

Exemple |

Une équipe est renforcée de fagon occasionnelle lors d'un
démarrage ou d'une étape complexe ou bien pour former
des collégues;

Exemple 2
Une faction est reniorcée, celle de nuit, alors que la iacllon
d'aprés-midi esl réduite.

3. ANALYSE DES OPTIONS

Avantages o -

a) Effectils consilanis
- Siabilitlé des équipes.

b) Effectils réduits 1a nuit
- Moins dé personnes faisant ies posles.

¢) Répartition mobile des effectils {exemple 2)

- Possibililé de s'adapter aux aleas.

- Possibilité de diminuer le codt du travail posté pour ceux
qui le subissent (Iransfert-report du travail au sein de
I'éguipe).

" Inconvénients

a) Effectifs constants
- Rigidilté lace a des periurbations.
- Diflicutiés de disiribution mobile du travail.

b) Effectils réduits 1a nuit

- Dans ce cas, réduction de la capacité d'intervention de
réquipe. alors que des periurbations peuvent lout autant
apparailre au cours des 3 taclions el que, 1a nuit, les
opérateurs ont une capacité fonctionnelle réduite.

- Probléemes de 1a-solilude -de nuit.

c) Répartition mobile des effeciifs
- Pius de personnes sollicitées pour un travail de nuil.

4. AUTRES THEMES A CONSULTER
Pauses.

Heures de début et de lin des faclions.
Localisalion des équipes sur les laclions.

- Potycompéience.
- Formation,
- Reclassemeni des travailleurs poslés




3. L'INDISPENSABLE APPORT
DES CONNAISSANCES POUR
EFFECTUER LES CHOIX

Nous venons- de voir que I'aménage-
ment du Wravail posté implique de
retenir des options; pariois contradic-
toires, et de rechercher le meilleur
compromis possible dans une situa-
lion concréte (atelier, service, entre-
prise). Ces choix reposent sur un
ensemble de données dont certaines
proviennent des nombreuses recher-
ches eflectuées dans ce domaine. i
convient donc ici de les expliciler
succinctement.

3.1. Un probléme de fond : la-rythmi-
cité circadienne des capaciltés
humaines

I 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 probiémes inhérents
a I'exécution du travail lui-méme. Dire
que « le travail de nuit c'est pénible »
ne sufiit pas a comprendre pourquoi.
On réduit par ailleurs les difficultés
dues a de la fatique supplémentaire et
on sous-estime le cout réel du travail
noclurne ou les risques encourus par
les hommes et les installations. C'est
Sur cette sous-estimation qu'est bati
le travail posté. En effet, I'organisation
du travail en équipes successives se
relayant tout au long des 24 heures
repose, sans le dire, sur lidée que
des équipes différentes assureront a
des heures différentes le méme travail,
de la méme fagon. En d’aulres termes,
on suppose que I'homme est stable,
aussi perlormant el aussi efficace,
quelle que soit I'neure du jour ou de
la nuit. Sans nier l'existence de la
fatigue ou le caraclére pénible de
I'activité nocturne, ces modéles consi-
dérent que les opératewrs peuvent
« prendre sur eux = el réaliser correc-
tement les laches qui leur sont
confiées : ne sommes-nous pas ca-
pables de conduire nolre voilure 3
4 heures du matin? Oui, mais a quel!
codl et avec quels risques?

Dans cette perspeciive, la réponse du
monde du lravail consiste, dans la
majorité des cas, a monnayer les
inconvénients du lravail de nuit, mais
aussi de week-end ou de jour férié
comme si-une’heure de travail I'aprés-
midi du 14 juillet équivalail aux 2/3
d'une heure de travail la nuit. De plus
en plus, ces inconvénients sont négo-
Ciés non en avanlages financiers,
mais plutdt en réduction d'horaire de

travail. Si celte derniére 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 systémalique des congeés
annuels par exemple) représente une
réponse positive aux diflicultés ren-
contrées, elle ne doit cependant pas
masquer les problémes de fond.

L'homme, comme tout étre vivant, est
soumis a des sythmes biologiques
{voir encadré « Chronobiologie ») qui
aflectent le fonclionnement de son
organisme. Ces rythmes conférenl

aux étres vivants une véritable struc-
ture temporelle dont les perturbations
ne sont pas sans danger.

B

La rythmicilé du fonctionnement hu-
main se répercute bien évidemrnent
sur les activités de travail. De ce fait,
elle contredit e travail posté dans ses
fondements el notamment dans ses
poslulats de stabilité et de fiabilité
permanentes de I'homme. Nous abor-
derons donc les conséquences du
(ravail en continu el nous illustrerons
briévement Impact des rythmes cir-
cadiens sur les activités de travail et
leurs résultats.

La chronobiologie est I'élude des
rythmes biologiques.

L'observation d’'un animal pendant un
temps assez long permet de constater
l'alternance de momenis de forte acti-
vité contrastant avec des moments de
faible activité. Ces variations ne se
distribuent pas au hasard. Elles se

Nous dirons que I'animal présente des
cycles d'activilé. 1l s'agit 1a d'une pre-
miére manifestation des rythmes biolo-
giques. Ceux-ci sont présenis chez
lous les gires vivanls, I'homme y
compris,

Les rythmes biologiques possédent
rois caractéristiques principales :

1) ils affecient toutes les cellules, tou-
tes les fonctions d'un organisme et par
la modulent ses capacités fonction-
nelies a tout moment; 2} ils sont assi-
milables, en premiére approximation, a
une lonclion sinusoidale donml il est
alors possible de caractériser les para-
métres el notamment l2 période. Celle-
Ci évalue lintervalle de lemps entre
deux passages a un étal identique :
quelques minutes. un jour, un mois,
une ‘année ... 3) is peuvent allecier
une méme lonction selon des périodes
difiérentes. Ainsi, la température du

La Chronobiologie

reproduisent & intervalles réguliers.

corps varie, chez I'homme, au cours
des 24 heures (on parle alors de rythme
circadien), mais aussi au cours de
I'année {rythme annuet).

L'existence de lelles rythmicités a deux
conséquences essentielles : 7} toutes
les tonclions biologiques {régulation de
la température du corps ou des para-
meélres sanguins, secrétions hormo-
nales, capacités cardiaque el respira-
toire...) et les fonctions psychophysio--
logiques (sensibilité a la douleur, vi-
lesse el précision des gestes, force,
meémoire, détection de signaux..) en
étani affectées, nos capacités 3 eliec-
luer une certaine activité (y compris un
travail donné) sont essentiellement va-
riables. Ainsi, 4 cenaines heures, nos
réponses seront peul-éire sapides
‘mais pas lorcément exacles; alors qu'a
d'aulres heures nous réagirons moins
vite mais avec une plus grande exacti-
tude; 2) toute -perturbation dans le
déroulement normal des rythmes s'ac-
compagnera d'une désorganisalion de
notre lonctionnementi et d'un coit sup-
plémentaire pour maintenir une aclivité
méme apparemment modétée. Ces dil-
ficultés sont a Forigine d'une patho-
logie reconnue (voir derniére partie)
en cas de décalage horaire comme
c'est notamment le cas dans le travail
posté.

32. Horaires de ftravail el organisa-
tion de I'activité

Nous avons vu précédemment que le
travail réellement effectué n'était pas
identique au Iravail théoriquement
prévy, que ce dernier n'était pas tou-
jours le méme de jour ou de nuit, enfin
que les capacités humaines variaient
au cours'des 24 heures. On ne saurait
cependant en rester a une conceplion

simpliste de la diminution nocturne
des capacités humaines. En effet, si,
dans diverses silualions, on constate
une réduction de l'aclivité noclurne
(surveillance moindre, lecture abré-

gée. conversations moins nombreu- -

ses, changements de posture fimi-
1és..). en réalité, cette modilication
quantitative se double de modifica-
tions qualitatives, En d'autres termes,
le lravailleur de nuit n'est pas simple-

atmames s e s




ment un individu qui lravaille moins,
c’est sunoul un individu qui travaille
autremenl. Dans ces condilions, - il
convient de s'inlerroger sur la fiabilité
de l'opérateus humain dans un Sys-
tléme complexe el sur les aménage-
menls indispensables pour faire lace

‘aux lluctuations de l'élal des opéra-

leurs et pour « empécher » les consé-
quences négatives .. {voir encadré
« Chronobiologie et ergonomie »).

3.2.1. Structuration de l"aclivité

Assimiler I'élre humain @ un «mo-
teur » ou a une « machine » conduil a
au momns deux simplifications dange-
reuses. La premiére consiste a faire
comme si la « machine humaine »
pouvail @tre mise en route & tout
moment. La seconde suppose que les
capacités de la machine sont fixées
une fois pour toules (usure ou « trans-

-formations » mises a parl). En fail, les

données accumulées depuis une
vingtaine d'années sur le fonctionne-
ment rylhmique des étres vivanis
conduisent” a8 l'idée d'une veritable
« structure temporelie ».

Les diftérentes aptiludes humaines ne
sont pas toutes maximales a une
heure donnée el minimales a une
autre heure. Autrement dit, il peut y
avoir plus de différence chez un méme
sujel entre la nuit, le matin ou I'aprés-
midi qu'entre des sujels dillérents.

Celte recombinaison permanente des
capacités peul alors conduire les opé-
rateurs a ‘utiliser préiérentiellement
telle ou lelle maniére de travailler
selon les heures. On peut conslater
que les opérateurs mettent en ceuvre
de nombreux mécanismes de régula-
tion. Celle-ci peut concerner I'activité
d'un opérateur pris isolément ou en-
core affecter une équipe de travail.

En I'absence de perturbations graves,
les activités des opérateurs sont dic-
tées moins par les exigences de la
tiche que par la recherche de straté-
gies compatibles avec leur capacité
fonctionnelle du moment. Ainsi, I'ana-
lyse de I'activité de surveillance chez
des opérateurs assurant, en salle de
contrdle, 1a régulation de processus
de fabricalion en conlinu, révéle une
imporiante réduction de l'aclivité en
période nocturne et une activité maxi-
male I'aprés-midi. Celle variation n'est
liée ni aux fluctuations de la produc-
lion ni aux modifications du contexie
organisationnel (absence ou pré-
sence de la hiérarchie, des services
d’entretien...) (lig. 2).

Fréguence déviation
par minute standasd
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Fig. 2. Varlations de 'activité de survell-
lance (évaluée par la lréquence des
changements de direction du regard)
chez des controleurs de processus
continu (secteur de la chimie). Les
changements d'équipe ont lieu & 4
heures, 12 heures et 20 heures (d'sprés
De Terssac et coll., 1983).

Dans une induslrie chimique, I'étude
détaillée de 38 incidents a révélé que
I'apparition d’un incident se lraduit, au
poste de nuit {20 h - 4 h), par une
élévation brutale et durable des prises
d'information visuelle (leur fréquence
tripte durant les 5 minutes qui suivent
la signalisation de lincident). Au
contraire, au poste d'apres-midi (12 b
- 20 h).-la survenue d’un incident ne
provogque qu'une faible réponse pas-
sagére (moins d'une minule). Enfin,
sans entrer dans le détail des résul-
tats concernant (@ distribution des
regards vers les différenles sources
informationnelles, on peut néanmoins
préciser que l'apparition d'un incident
s'accompagne, la nuit, d'une profonde
réorganisation de leur localisation,
mais que ceci n'est pas aussi vrai
I'aprés-midi (fig. 3).

Ces exemples posent par ailleurs un
cenain nombre de questions concer-
nant la pertinence des indicateurs de

pedormance. En effel, celle-ci n'est
pas toujours un bon critére. De nom-
breux travaux onl montré que, pour

- maintenir une « bonne performance »,

les opérateurs modifient leur activité
et meltent en jeu des mécanismes de
régulation colteux. En d‘autres
termes, le coit 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'il y ait variation de la perior-
mance. Ceci est déja vrai de jour. La
nuit, en raison de la réduction des
aptitudes humaines et de la moindre
résistance aux coniraintes de la situa-
tion, les opérateurs pour fournir un
méme travail doivent faire un effort
supplémentaire. Les conséquences
son{ alors & rechercher au niveait de
'homme et non au niveau du seul
rendement. Ce codt supplémentaire
du travail est aggravé d'une par par
la maindre qualité d'un sommeil de
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N : faction de nuit (20h-4h)
M : faction de matinée (4h-12h)
AM : laction d’aprés-midi {12h-20h)

Fig. 3. Varistions de I'activité de surveii-
lance de contréleurs de processus,
cing minutes avant (h : situstion habi-
tueltle) et cing minutes aprés (i > Inci-
dent) i'spparition d'un incident {d'aprés
Queinnec et De Terssac, 1984).
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jour el d'auire pan du fait de la
conjonclion de plusieurs lacleurs dont
les effets peuvent se renforcer muluel-
lement. Ainsi, ta nuil, la privalion de
sommeil mais aussi les perturbations
du fonctionnement de la mémoire,
'allongement des temps de réponse
ou la ptus grande ditlicuhé a tixer son
allention accroissent la pénibilité du
traitement d'informations, d'aulant
que, bien souvent, ce type de travail
implique d'étre assis el de lire des
listings, un écran.. (=et les yeux
piquent »). Celle immobilité lacilite la
somnolence d'ou la nécessilé « pour
tenir le coup, la-nuil, de bosser physi-
quement » el donc d'accroilre les
contrainies de la situalion. Dans ces
conditions, il convienl de permetire
aux opérateurs de « décrocher » a la
faveur de véritables pauses; ce qui
nécessite, oulre la réalisation de
salles de repos confortables et fonc-
tionnelles, un nombre suffisant de
personnes par équipe pour autoriser,
surtout 1a nuil, une « gestion mobile »
des activités. Celte tendance au ren-
forcement dés équipes de nuit .appa-
rait actuellement, pour des raisons de
sécurilé, gdans les centrales nu-
cléaires. Nous avons nous-mémes
constaté, dans la_chimie, le bénéfice
apporté par la présence d'un équipier
supplémentaire a une équipe de deux
conirdleurs de processus hautement
automatisé.

Un opérateur humain ne peut.donc
traiter de [linformation el/ou réagir
aussi rapidement et aussi efficace-
menl a toute -heure du jour ou de la
nuit.

Le dramalique incident de la centrale
nucléaire de Three Mile !sland
conlirme, s'il en étail besoin, que le
fonctionnement diftérent de I'homme
le jour ou la nuit ne permel pas
toujours de - prévoir les modalilés
exacles que metiront en ceuvre des
opérateurs mal préparés a agir el dont
les capacilés se trouvent modifiées du
fait de la durée et/ou des horaires de
travail. Altribuer un incidenl a une
« défaillance humaine », juslifier une
catastrophe par le « lacteur humain »
... n‘explique rien el ne permel guére
de se préparer a éviter la catastrophe
suivante. Ni fatalisme, ni culpabilisa-
lion des controleurs, des pilotes, des
conducteurs ne sont a metlre en
avant; il s'agit d'insister plutdt sur la
recherche de conditions techniques et
organisationnelles perméttant I'exé-
culion correcte de la lache confiée. Ce
n'est .sdremenl pas en rajoutant un
« cadran » de plus ou des consignes
plus strictes que I'on séglera tous les
problémes de la fiabilité humaine.

322 Lles réactions aux conditions
de l'environnement

Un opéraleur ne supporle pas non
plus de-da méme fagon les diverses
conditions de son environnement de
travail. "Ainsi, une climatisation appré-
ciée dans la journée devient génante
la nuit. De méme, le bruit d'un avertis-
seur sonore peu génanl de jour esl
vécu comme agressil 1a nuit, etc. On
connait encore trés mal les eHets
interaclits des conditions générales
du travail. L'exemple de la varialion de
la sensibilité de I'organisme 2 I'apport
de produits chimiques permet d'illus-
trer ce dernier point. Des premiéres
expériences réalisées sur des ani-
maux ont moniré que l'injection d'un
produil 1oxique pouvail se traduire par
le décés de 80% ou de 20 % de ta
population selon I'heure d'adminisira-
tion du produit. Chez I'homme, ta
sensibililé d’'un organe a la prise de

‘médicaments varie selon {'heure.

L'eflel global d'un produil présente
donc une netle rythmicité circadienne.
Par exemple, la prise d'alcoo) le matin
peut, si la quantité eslt suffisante, se
traduire par un alcootest positit mais
ne pas entrainer d'ébriélé alors que
linverse sera vrai le soir. Ces quel-
ques données issues du développe-
ment de la chronopharmacologie po-

sent avec force le probléme de I'im-

pact des conditions externes du tra-
vail sur I'opérateur a horaires inhabi-
tuels. En effet, les normes d'accepta-
tion d'une nuisance (physique, chimi-
que...) restent fixées a partir et pour
des travaux effeciués de jour. En
I'absence de données précises en ce

' 'qui conceme les heures de nuit, il

convieni d'étre particuliérement atten-
lif aux conditions du travail de nuil

33. Travail posté, étal de santé et
vie personnelle

Les études consacrées au lravail
posté sonl particuliértement nom-
breuses et diversilices 1ant sur le ptan
des objectils (économique, psycho-

" sociologique, médical...) qu'au niveau

de la méthodologie retenue (enquétes
de plus ou moins grande envergure;
bitans de santé, analyses quantita-
tives et qualitatives du travail; recueils
de divers indices physiologiques soit
indirectement — analyse d'urine ou de
sang -, soil direclement - télémétrie
ou autorythmometrie nolamment; re-
constitulions en laboratoire de postes
en horaires aliernants...). Il ne saurait

donc étre question ici de présenter de:

fagon exhaustive I'ensemble des don-
nées accumulées dans ce domaine

depuis une Irentaine d'années mais
plutdt de rappeler les principales
conclusions lirées des connais-
sances acluelles sur les relations en-
Ire le mode de lonctionnement de
'organisme d‘une. part, el les
conlraintes qui lui sont imposées par
ce lype d'horaires de travail d'autre
part.

Le bilan provisoire que nous pouvons
établir concerne les répercussions
plus ou moins nocives que le systéme
de travail en équipes alternantes a sur .
les travailleurs.

Ce systéme de travail en équipes
illustre la’ conlradiction entre deux
logiques helérogénes : ta logique
économique qui pousse a l'extension
de ce type dhoraires el la logique
sociale qui est bien autre chose que
I'expression monétaire des nuisances
sociales.: les couls socialement re-
connus sont en effet bien inlérieurs
aux charges réellement supporiées
par ceux qui subissent cetle organisa-
tion du travail sans I'avoir voulue.

La charge supplémentaire résultant
du travail en équipes se traduit pour
les lravailleurs par une majoration de
l'astreinle puisqu'ils doivent efiecluer
des laches en période de désactiva-
tion et par une moindre récupération
dans le sommeil puisqu'ils doivent
dormir en période d'activation. D'ou
l'exislence d'une surfatigue chez le .
travailleur posté : cette surfatigue est
illustrée notamment par les relations
entre travail posté et variation de
ceriains indices professionnels ; ren-
demenl, sécurilé...

En ce qui concerne la santé, le bilan
actue!, bien que partiel, constilue a fui
seul un réquisitoire suffisamment élo-
quenl contre le travail en équipes
alternanies.

Les symptomes révélent une intoté-
rance au lravail poste, inlolérance qui
lrouve son explication a8 deux ni-
veaux :

- au niveau psychophysiologique, la
perturbation de 1a structure rythmique
des diverses fonclions de I'organisme
el la quasi-impossibilité dé s'ajusler
parfaitemeni a la rolalion des ‘quarts
rendent compte des nombreux trou-
bles observés chez les posiés.

Les conséguences de ces aliérations
sont d'autant plus graves que les
sujets sont agés ou qu'ils praliquent
les 3 x B depuis de nombreuses
années (lig. 4).



L'image simpliste du iravailleur, jovet
de ses rythmes biopsychologiques.
actil le jour et sans grande eflicience la
nuit, ne correspond qu‘a une partie des
apports considérables de la clwono-
biologie. Il ne s'agil pas de sous-
estimer la dimension chronobiologique
humaine, mais, bien au contraire, d'en
saiswr loute’ la complexité pour mieux
cerner les inconvénients et exploiter av
maximum les avaniages. On entend
Irop souvent un discours ambigu qui
consiste 3 supposer que. ceres, I'hom-
me n'est pas {ait pour travailler 13 nuit
mais qu'en cas de besoin urgen!, un
travaitleur de nuil pourra « vaincre ses
rythmes » et passer oulre. Ainsi, on
conlie 3 des automatismes eslimés
plus fiables des taches de plus en plus
complexes en reléguant — théorique-
ment — f'opéraleur au rang de « pom-
pier de service ». Cependant, dans le
méme temps, el cec juslifie déja sa
présence, les lonclions qui lui sonl
dévolues en fon! un « calculateur de
secours » devant rapidement et effica-
cement intervenir en cas de délaillance
des automatismes comme si l'opéra-
teur humain n'avait pas besoin de se
préparer en permanence a I'éventualité
de ses intervenlions, comme s'il élait
« programmé » pour faire face, a tout
moment, a loutes les situations.

Les quelques données présentées ici
constituent une étape dans la descrip-
tion des modalités réelles du fonction-
nement des opéraleurs dans une silua-
tion concréte de travail, étape qui a
pour résultat non seulement de monirer
l'existence d'une surfaligue lors d'un
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travail en période de désactivation et la
variabilité des comporiemenis des

. opérateurs, mais aussi d'atlires I'atien-

tion sur le probléme de fabilité posé
par la réduction de I'activité la nuit.

Cetle surfatigue résulte du lait que
l'opératewr se trouve placé en situation
de surcharge de travail, 1a nuit, par son
étal de vigilance bas alors que, pour
eftectuer le méme travail, #f pourra étre
en sous-charge de iavail lars du poste
de l'aprés-midi, compte lenu de son
haut niveau de vigilance, Ces deux
situations, foutes deux délavorables,
contribvent a accroiire fostement I'as-
treinle de V'opéraleur en 3 x 8 soumis
a des conlrainies théoriquement sta-
bles. En efiet, en deca et au-dela d'un
niveau optimum de vigilance, le codt
pour l'opérateur de la réalisation de
son activitlé augmentera rapidement.

Diverses données montrent que la nuit
n‘est pas seulement une période de
moindre activité, mais que le ralentisse-
ment de l'aclivité consécutit a la réduc-
tion de la capacité fonctionnelle des
opérateurs s'accompagne d'une réor-
ganisation de f'activité ; cela suppose
que ia conceplion des systéemes de
travail permeltte cette flexibilité et
qu'elle intégre un modéle de I'opéra-
teur humain qui ne soil pas celui d’'un
homme stable et invariant au cours du
nycthémére, mais un modale d'opéra-
leur réel, c'est-a-dire instable et organi-
sant son activilé en lonction des Ruc-
tuations de ses capacités fonction-
nelles.

La normalisation des procadures opd-
raloires, la définition rigoureuse du
chemin, parois unique, qu'il laut suivre
pour résoudre un incident, entrainent
une rigidification dans la facon de
Iravailter des opérateurs dont I"analyse
tévéle quils reajustent en permanence
lewr lacon de procéder au vu des
données nouvelles de la situation. La
conception des systémes doit laisser a
l'opérateur la possibilité de changer de
procédure de travail, de modifier le
mode opératoire qu'dl utilise. Enlin, si ta
démarche de conception des systémes
complexes doil élre repensée de fagon
a inlégrer les connaissances sur le
fonclionnement de ceux qui en assure-
ront la conduile et la surveillance, la
mise en ceuvre de ces sysiémes ne
doit pas s'appuyer sur des interpréta-
tions hatives concernant le fonctionne-
ment des opéraleurs humains : dans
les aménagemeants des syslémes
complexes se dégage actuellement
une tendance & la réduction des eliec-
lits, notamment la nuit, et 3 l'allégement
des taches des postés soil par transfert
de taches de la nuit vers ie jour, soit par
automaltisation des laches en fonction
de critéres souvent liés aux possibilités
technico-économiques. Qutre que la
validité de telles mesures n'est pas
bien vérifiée, il y a lieu de s'interroger
sur cette lendance 2 la réduction des
elfectils et du volume dactivité, la nuil,
qui va dans le sens d'un renforcement
des ditlicutiés auxquelles sont soumis
les postés nolamment la nuit.

La contradiction enire la rythmicité du

Jonctionnement humain et Forganisa-

tion du travail posté se traduit par uné
altération de la santé. En dépit de
linsuffisance des connaissances {pelil
nombre d'enquétes de grande enver-
gure, manque d'approche synthétique,
problémes methodologiques), tous les
spécialistes de la question, quels gue
soient leur pays et leur voie dappro-
che, sont d'accord pour reconnailre
que :

7) les eifels ne sonl pas toujours la-
ciles a mettre en évidence en raison de
la sélection de fail qui appe les
postés : les sujets les plus malades
quiltent le régime du Wavail posté el
echappent ainsi aux enquétes;

2) les ellets ne sont pas tous imme-
diats mais pguvent se révéler a long
lerme, méme aprés I'abandon du travail
posté (surmortalité précoce aprés Ia
retraite par exemple);

'I'ravailA posté et santé

3} les ellets résultent de ta multiptica-
tion de contrainles : horaires, lype de
travail el ‘conditions d‘exécution,
ancienneté...;

4} les écaris entre travailleurs de jour
e! Wravailleurs poslés se creusent 3u
cours de la vie (fig. 4).

Ces quelques remactques préalables
font craindre une sous-eslimation sys-
tématique des' conséquences patho-
génes du Wavail en equipes. Néan-
moins, il esl possible de dresser un
premier tableau du = syndrome du tra-
vailleur posté ». Quire le vieillissement
prémaluré ou la mortalité précoce, les
symptdmes les plus clairement démon-
trés concernent : a)les penturbations
des lonctions biologiques avec réduc-
tion des délenses immunitaires: b) les
troubles gaslro-inlestinaux et notam-
ment les uvicéres; ¢) les maladies car-
dio-vasculaires; d)les troubles du
sommeil {réduction de sa durée et

altération de sa composition); enlin, e)
un ensemble de troubles nerveux en-
core mal répenoriés.

Index santé
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Flg. 4. Détériorstion de Is santé avec
l'dge des Itravallleurs postés et des
travallleurs de jour {d'aprés Halder et
coll, 1980).




En oulre, divers sympiomes de I'al-
leinte subie par les travailleurs peu-
vent &tre soit reportés a l'extérieur du
travail {conlaminalion de la vie hors
travail):-soit différés {réduclion de I'es-
pérance de vie). Ce dernier point a élé
bien illusiré .par les recherches
conduiles dans la presse (8) puisque
les auteurs rapportenl un écart quant
a l'espérance de vie des rolativisles
{Iravailleurs de nuit) vis-a-vis de leurs
collégues correcleurs ou lypogra-
phes-monteurs ({travailleurs d'aprés-
midi et de soirée). Il esl encore trop 16t
pour lairé la part de ce qui ressort du
iravail de nuil el de ce qui résulle des
aulres conditions de !ravail. Il est
cependant certain gque ces diliérents
parametres de la situalion se renfor-
cen! mutuellement;

— au niveau psychosocial, le lravail
posté esl un mode d'organisation du
lemps qui mel en conltradiclion les
sythmes du lravail et ceux de la vie
sociale, assuranl du méme coup une
opposilion de plus en plus mal res-
sentie entre‘la vie de lravail el la vie
sociale. De ce fait, le Iravail posté
renconire 'hostilité d'un nombre
croissant de travailleurs, méme si
cerlains de ses avantages sont re-
connus (¢l § 1.2.2. sur les opinions).

Au total, ce mode de travail est médi-
calement nocif et comporte .d'impor-
tantes perlurbations de la vie sociale.

C'est pourquoi aucun aménagement
organisationne! ne parait susceplible,
a lui seul, de supprimer la nocivilé du
travail posté. Comme on I'a déja
souligné, il ne peut s'agir que d'un

compromis entre diverses exigences -

contradictoires.

CONCLUSION

Globalement ‘on peut dire qu'aména-
ger les horaires de Iravail, ¢'est élabo-
rer des solutions, les mettre en ceuvre,
les évaluer de fagon a faire évoluer les
choix.

L'élaboration des solutions d’aména-
gement doit prendre en compte le 1ait
que les aclions d'aménagement sont
interdépendantes. Cela signifie non
seulement qu'aucune mesure ne peul
étre prise isolément mais aussi
qu'une action développée dans un
secteur peul avoir des eliets négalils
dans d'autres. D'ou lidée qua un
objeclif donné correspondent des al-

(6) TEIGER C. el coll. - Les rolalivisies
- Changer les condilions de travail - Paris,
ANACT, 1982, 344 p.

lernatives : te choix résulte nécessai-
rement d'un compromis.

La mise en ceuvre de ces aclions doil
étre pragmatique el s'appuyer sur une
expérimentation lenant comple des
Souhaits et avis des personnes
concernées : concenation et discus-
sion sont indispensables pour une
telle mise en ceuvre. '

L 'évaluation des choix retenus est une
élape capilale dans la mesure ou,
d'une parl, elle permet de vérifier la
validilé des solutions el ou, d'autre
part, elle permet aussi de laire évaluer
ces choix. Toute solulion n'esl que
partielie et provisoire. Selon les ob-
jectifs du momeni, on accordera plus
dimporlance a tel événemeni. Tout
compromis a un instant | pourra ne
plus etre accepté a linstant t + 1. A
linverse, une solution inacceptable
maintenanl pourra devenir acceptable
dans quelques années.

Pour que de lels aménagemenls puis-
sent avoir lieu, nous suggérons trois
proposilions qui doivenl.étre rendues
opérationnelles sous quatre condi-
tions.

A) Propositions concernant
la démarche

e Mise en place d'un dispositif de
suivi des effets du travail sur les
opérateurs humains

Ce dispositif aurait pour objel d'étu-
dier les difficuliés renconlirées par les
opérateurs dans la réalisation de leur
Iravail, d'en comprendre les causes,
d’en déterminer les eflets sur la santé.

L'idée sous-jacente est que toute mo-
dification nécessile d’élre évaluée par

- ses effets el ceci de lacon perma-

nente. Des elfels cachés peuvent
n‘apparailre qu'a moyen et long terme
et non a court terme. La nature et
I'ampleur des conséquences du tra-
vail posté évoluent au cours du
temps; de plus, les conditions de la
produclion se modilient, notamment
du poinl de vue lechnique.

Toute solution n'est que.provisoire :
son évolution dépend de la connais-
sance de ses eflels sur 12 santé des
opérateurs. Un tel dispositil pourrait
étre animeé en étroile relation avec les
structures parilaires ayant compé-
lences el aflribulions pour analyser
ces problémes, comme le CHSCT. I
appariient donc aux parlenaires so-
ciaux d'en définir les objectits e! les
modalités de fonclionnement; le re-
cours a des personnes oOu orga-
nismes exlérieurs a l'enlreprise ne

pourrail qu'élre parliel. N'apparlient-i!
pas a l'enireprise de développer ses
propres compélences, par -exemple
en se dotanl d'un service ergonomi-
que disposanl de moyens 4 fa hauteur
de sa lache? :

o Formation des acteurs a 'analyse
des situations de travail

Quelle que soil la struclure que se
donnerait l'entreprise pour assurer un
1el « suivi », il estimpaoriant que les ac-
teurs y soient associés, qu'it s'agisse
des membres des slructures repré-
senlalives (CE, CHSCT), des opéra-
leurs eux-mémes ou des responsa-
bles de service. Pour que celte asso-
ciation des acteurs au suivi-soit effi-
cace el perlinente, il est indispensable
d'organiser un programme de forma-
lion & lanalyse des siluations de
travail.

Un suivi permanent ne s'improvise
pas par quelques entretiens avec les
opérateurs, quelques observations ou
quelques mesures : il est indispensa-
ble que cetle collecte d'inlormalions
et son analyse soient réalisées par les
acleurs eux-meémes. Encore -faul-il
leur en lournir les moyens.

II apparlient aux partenaires sociaux
de délinir 1a ou les structure(s) 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 systéme tout entier.

Cette formation serait un moyen de
mettre en ceuvre un dispositif perma-
nent de suivi el de contrle puisque
I'on aurail alors un ensembte de per-
sonnes compétentes.

* Développement des études per-
meltant de mieux comprendre la na-
ture du travail et ses exigences, les
ellels de l'activité dans le travail mais
aussi en dehors. |l s'agil en fait de se
donner des moyens pour que les
mesures prises soienl basées sur une
connaissance précise du travail réel.

Plusieurs thémes de réflexion onl été
dévetloppés au cours de la seconde
partie. {Is pourraient servir de base
pour élaborer des propositions alin da
mieux cerner :

- les problémes de fiabilité humaine
et I'évolution de l'aclivilé au cours des
24 h;

- les modalités exactes de résolulion
d'incidenis; .




— les processus mentaux mis en ceu-
vre pour surveiller les installations;

- les effets de l'interaction vieillisse-
ment, aclivité;

— les effets de l'interaclion enire la vie
extra-prolessionnelle (sommeil, sante,
aclivités sociales et lamiliales, etc.) et
la vie professionnelle, elc.;

B) Quatre conditions

« Une politique claire d’amélioration
de la vie des lravailleurs postés

Pour procéder aux aménagemenis
évoques, il faut qu'une décision soit
prise par la direction ‘pour définir les
objectifs de cet aménagement et les
moyens a y associer. Si l'object
méme d'améliorer la vie des travail-
leurs poslés n'esl pas affirmé et si les
moyens ne sont’pas mis en guvie
pour réaliser un tel objectif, alors il
devient illusoire de croire que des
ameénagements 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 élre associé a l'éla-

boration, a 1a mise en ceuvre el au -

suivi des solutions retenues. Ensuile,
il appartient aux partenaires sociaux,
a teurs instances représentatives’ qui
ont compétence et aftribution pour
cela de négocier les aménagements
tels quils auront été définis avec le

personnel concerné, de suivie leur

mise en ceuvre, de les évaluer. Préci-
sons ici qu'il appartient maintenant
aux partenaires sociaux de définir les
zones d'aménagement : personne-ne
peut se substiluer a eux pour faire
I'inventaire de ce qui peut faire l'objet
d'un aménagement ou pour établir
des priorités.

o Il n'y a pas un mode d’organisa-

tion unique mais des solutions adap- -

tées aux situations concrétes

Les mesures d'aménagement doivenl
étre adaplées aux caraciéristiques de
la situation de travail dont la premiére
est la diversité. Cela signifie que toute
mesure visanlt a imposer un mode
d’organisation unique est a priori inac-
ceptable. En eflet, la diversité des
taches, des moyens el méthodes de
travail rend caduque toute solution
unique d’aménagement. On voit mal
comment des horaires pourraient éire
identiques alors que le travail réel
varie d'un service a l'autre.

Cette condition d'adaptation des
choix aux situations concrétes n'ex-
clul pas, tout au contraire, que des

principes communs soient’ affichés.-
- Néanmoins les modalilés de mise en

ceuvre resteraient a élaborer, service
par service, avec les opéraleurs
concermes.

« Enfin, toute recherche de solution
doit comporter un coefficient de
fNlexibilité

il est indispensable de-ne pas ridigi-
lier I'aménagement de la vie des
postés par des mesures dont on

connait peu le bien-fondé ou bien
dont on n'a pu véritier la pertinence a
long terme. Toute mesure doit &lre
accompagnée d'une certaine flexibilité
permetiant son évolution.

€n résumé, ces qualre conditions
accompagnant les trois propositions
sont elles-mémes inlerdépendantes
et doivent ére remples simuliané-
ment; loin d'étre exhauslives, elles
conslituent des éléments de la démar-
che a laquelle des moyens devraient
élre associés. Les dilférentes élapes
de cette démarche sont schémalisées
sur la tigure 5.
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Fig. 5. La démarche d’sménagement du travail posté.
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Shift Work

Joseph Rutenlranz, M.D., Ph.D.

Prof. Dr. Pcter Knauth ‘

According 10 lh'c. 1977 Burean of Labor Swuatistics, approximately
18% of the U.S. Libor force had 1o work in shift sysiems,™ i.c.,
at “unsocial” or “uapliysiologic” working times. The main reasons
for the introduction of shift work are:

1. Technologic rcasons.—Some teclnologic processes, €.
in steel and chemiical industries, need more titne than a normal
~day worker has to work or may cven require conlinuous 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, safety per-
sonnel (e.g., police, fire protection), suppliers.of energy and water,
those in the travel, communication, and information industties
(c.g-. telephone, TV, newspapers), as well as the purveyors of cul-
wural events and entedainment maintain our “quality of life.”

Although many shift workers have problems (as will be dis-
cussed later), some shilt workers seem to have no essential prob-
lems caused by shift work. Only a few, around 10%, like shift
work, 20%—30% do not like it, and the majorily tolerates it.>

The fact that dilferent shift workers vary widely in their ol-

erance of their unnatural way of life is taken into consideration in
the model of stress and steain of shift workers. Colquhoun and
Rutenlranz'® describe this model as follows: The objective stress
resulting from the disruption of physiologic thythms by shift work,
and from the slow rate of re-catrainment of these diytlms to the
changed wake/sleep cycle, induces a state of subjective strain in
the shift worker that can potentially affect his working eflliciency,
his plysical and psychologic health and well-being, and his fumily
and social life. The mugnitude of the effects observed in any -
dividual will b influenced by a number of “intervening variables™
acting separatély, or in combination. Important iulervening vaci-
ables are pacicular characteristics of the shift worker, such us his
uge, his personality, his rhythmic “type,” his physiologic adapt-
ahility and social circumnstunces such as marital status, aumber
and age of children, or domestic situation such as housing condi-
tions.

STRESS OF SHIFT WORKERS

One kind of stress i connection with shift work—in.particu-
lar, night work—cesults (rom the discrepancy ‘between the time
steucture of behavior {work, sleep) and the daily vanations ol phys-
iologic (unctions. Biologic rhythms with 2 periodicity of approxi-
mate 24 hours are called “circadian rhythms” (from the Latin
ucirca diem,” i.c., “about a day”). For more than 100 human
physiologic functions and organs the existence of a circadian
chythm las been shown.

"According to Aschofl,® the circadian rhythm is based on an
endogenous component, which can be detected il all “Zeitgebers”™
are excluded. Zeitgebers,” or synchronizers™ are periodic factors
in the environment which are able to synchronize endogenous
thythms. The period of the spontaneous rhythm which occurs un-
der [ree-running conditions (without Zeitgeber) may deviate from
24 hours.~Wever” has shown that the average period of rectal

‘emperature of 147 subjects in free-running experiments was 25 *

0.5 hours. ,

[n human beings, the endogenous rhythms are syachronized
to a period of 24 hours, in particular by cognitive and social Zeit
gebers, i.e., the knowledge of the time of day as well as the daily
experience that the family and the suciety has .another rhythm of
wakefulness and sleep thaun the shift worker. In contrast to trans-
meridian flights, these Zeiigebers are not phasc shifled for normal
shift workers. [t cannot be expected that the circadian rhyythms
of a shilt worker adapt completely to night work, when unpor-
1ant synchronizers are conflicting. In laboratory and field studies
with data covering the 24 hours, only a partial adjustament of
the circadian thythm of body, temperalure to night work was
found, V7 38 4. T B9
Although the pantial adjustmeat 1o night work is more ad-
vanced in connection with more consecutive night shifts than in
slorter pesiods of night shifis, ‘the re-enteis t always remams
incomplete. Furtlhermore, diffesent pliysiologic functions adjust

witl dilferent velocity lo night work which causes a dissociation

between these physivlugic functions. This dissociation is smallest

at the day of the first night shift. o summary, when only a few
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cousecutive night shifts are worked (i.e., anly anc or twa), less
disturhance of circadian plysiologic function is observed and fewer
days ol recovery are needed.

From studies concerming lerance 1o shift work, Reinberg el
al.™ ™ couclude that the suly) et toleeant 1o shift work for many
years is likely to have o large amplitude of the cireadian rhythin
and is likely 1o adjust slowly 10 the “new™ schedule during the
night shift. These studies of cotating shilt-wock systems suggest
that features of the cireadian rhythim of iemperiuce associated with
minimal re-colminment are also linked 1o a greater tolerance of
shilt work.

In addition 16 the stress caused by the phasc-shift of working
and sleeping times, shift workers scem 1o sufler more often from
unfavoralile environmental conditions than day workers. However,
our knowledge about the combined effects of shilt work and unfa-

. e 37, 64,47, 19, 9%
vorable environmental conditiens is rather poor.

STRAIN OF SHIFT WORKERS

_ Since the circadian rhythms do not adjust completely 1o night
work, effects on pedormance and on well-being have 1o be ex-
pected, c.g., fatigue, sleep difficulties, and disturbances of appe-
tite.

Performance

The daily variations of performances, which have been known
for a long time,'" * are based on physiologic functions™ as well
4s on psychic processes.”” ® ’

Some field studies have shown that performance was lowest
during night time {midnight to 6 a.m.) and/or duning the “post
lunch dip,” i.e., 1 p.m. 1o 3 p.m."™ ** % These performances were
related to simple immediate processing tasks, e.g., vigilance tasks

_and sensorimotor tasks.

However, diflerent types of memory processes may show dif-
ferent trends over the day.® The precise timing of the penk de-
pends on the level of the memory load involved as Folkard et al.*
~have shown in laboratory experiments. In a field study, process
controllers with a high short-lerm memory-loaded task performed
betier at night than at day. >

Fatigue and Sleep Loss

Sleep difficulties are a major problem for shift workers, in
padticular for shift workers who have to work in night shifts. Stud-
ies conceming sleep disturhances of day and shifi workers were
reviewed and classified according to the type of shilt by Rutenfranz
et al.” and Knauth® of 18,352 persons, 10%-40% with day work,
5%—-30% with rotating moming and aftemoon shifis, 10%-95%
with rotating shilt systems including night work, and 35%-55%
with permanent night shift who complained about sleep distur-
bances. However, the two studies mentioned above differed con-
siderably conceming the population (age, shift experience, marital
status, age of children), workers' houstng 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

analyze the dueation of sleep dependem on the type of shift,
1,230 workers were asked to Gl ont diarics during one week. !
The mcan duration of day sleep hetween two night shifis was alwut
sik hours, i, significantly shorer than the night steep. However,
it was nol only the night shift that created problems of sleep du-
eation. The shortest night sleep was found Defore morning shils
(about scven baues). This sleep is ceduced panicularly when the
marning shift stans carly aud when the time needed (o travel 1o

‘wark is leng.

Comparisons of studies with contradictory results of pera-
nent and rotating or slowly and quickly rotating shift systems do
not allow the drawing of firm conclusions, ™ 56 7!- #. 81. 65

There arc two reasons why the day sleep after night shifts is
shortened. First, many shift workers complain that the day sleep
is morc disturlied by noise, in particular the noise of children and
traffic noise, than the normal night slecp. Secondly, the might
worker has to sleep during an unphysiologic time of day.

The day sleep is not only a phase-shificd night sleep, but it
also has a different sleep structure. Most electrocacephalagraphic
studies comparing nigln and day sleep have shown a shorter REM-
latency, and a shorter amount of REM and stage-2 sleep, as well
as a different distribution of REM-periods over the sleep in day
sloep. !5 - 34 81, %0, .

{f a shift worker-has to work several night shifis in succession,
an accumulation of sleep deficits may be expected. Kiesswelter et
al.* swdied police officers with a weekly rotating shifi system.
They 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 alier the first night shifi,
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 hypathesis that there is an accumulation of sleep deficits within
a week of night shifts.

fn two studies of shift workers who had changed from a slowly
rotating to a rapidly rotating shift sysiem with maximal two or three
night shifts, the shift workers experienced reduced fatigue in the

new system.“‘ e

Disturbances of Appetitc

Besides problems with sleep, some shift workers complain
about disturbances of appetite. In particular, night shifis may
cause a change of the sequence and frequency of meals. Reviewing
studies®™ ™ which referred 10 aliogether 11,258 persons, the fol-
lowing frequencies of complaints about disturbances of appetite
were found: 5%—30% with day work, 5%—20% of persons with
moming and aftemmoon shifls, 20%—-75% of persons with rotating
shift systems including night shifts, and 40% of persons with per-
manent night shift.

Vinit et al.,” Debry a al.,” and Reinberg et al.,™ however,
showed that the disturbances of appetite did not lead 10 a reduction
of total calonic intake. The disturbances of appetite may he influ-
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enced by the dislike of having to eat al unusual times outside the
preferred social enviFonment and by the fact that during nighttime

cold food is olien consumed.

CGastrointestinal Complaints

Gastrointestina! complaints may be long-tem effects of irreg-
ular foad intake. However, the causes for this complex of symp-
wms are manifoll. Thercfore, it is not surprising that in o review
of studies referring 10 22,693 persons, the groups of day workers
and shift workers with and without night work did not differ clearly
with respect to the frequency of g“lslromlcaluul complaints.> 7

Comparing the illness repons of 12-hour shift workers and
diy workers, thusc shift workers who chauged from shift work 1o
day work had a higher incidence rate of guslromlcslmal diseases
than the other shift workers and the day workers.®

DANGER TO HEALTH

The studics cited above show that not all 1ypes of shift work
are similarly problematic, but rather that mainly shift systems that
include night work are a risk factor to health. If the unavoidable
disturbance of biologic rhythms caused by night work is combined
with very unfavorable personal or situational factors, it might be
expecled that in such cases the human organism may nol be able

10 adapt and that an increased frequency of diseases or even an”

excessive mortality rate should show up.

Studies of Mortality

A careful cpidemiologic mortality study of shift workers and
day workers has been camied out by Taylor and Pocock.® They
analyzed the 1,578 deaths occumming in a 13-year period in 8,603
male manual workers. The results did not show a significant overall
excess mortality among shift workers. The standard monality rate
of ex-shift warkers was 118.9, compared with 101.5 for current
shift workers.

Hannunkari et al.%® compared 4,347 engineers, i.e., drivers
of locomatives and their assistants, with two reference groups of
1,575 trainmen and 1,224 railroad clerks in a retrespective follow-
up survey on invalidity and mortality over 18 years. The observed
number of deaths per person years was 5.3 in the groups of engi-
ncers, 4.6 in the group of railroad clerks, and 4.1 in the group of
trainmen. In an additional questionnaire study, the locomotive en-
gineers complained about irregular working hours (including night
shift), noise, vibration, draft, and poor seats. However, Lhere is no
information about the working conditions and working hours of the
two reference groups.

The combination of shift work and adverse environmental ef-
fects also seems to play s role in the study of Teiger,” who ana-
lysed duta from a professional retirement fund of four accupational
groups in daily newspaper companies: 972 rotury printers {perma-
nent night workers), 248 plate makers (penmunent evening work-
ers), 1,481 compositors (altemoon and cvening workers), and 208
corvectors {afternoon and evening workers).

The warking conditions of the first two groups are character-
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ized by physical lawl, time pressure, noise, loxic exposure, and
fieat. Compositers and especially correctors have better environ-
mental conditions. Analyzing the decrease in percent of living pop-
wlation between ages 55 and 70, Teiger found a significant differ-
ence at age 70 between the rotary printers {63.5% survivors)
compared with the other groups combined (plate makers: 66.9%,
composilors; 70.5%,
was four times as much carly retirement for rotary printers (43.0%)

and correctors? 74.3%). Furthermore, there

than for correctors (10.8%); the reason for most of the early retire-
wents was medically attested working incapacity.

Gastrointestinal Discascs

Reviewing investigations of various authors conceming ulcer
incidence in a total of 34,047 persons with day or shift work,
we™ found ulcers occurming in 0.3%—7% of persons with day
work, 5% of persons with moming and aficrmoon shilts, 2.5-15%
of persons with rotating shift sysiems including night work, and
10%—30% of persuns who had given up shift. work, probably for
health reasons.

The incidences of ulcer in day and shilt workers ace overlap-
ping. Shift work is only one of many potential factors which may
contribute to ulcers. Wolfl et al.'® reported on 17 factors that in-
crease the probabnlsly of duodenal ulcer. Careful epidemiologic
studies by Aanonsen' and Angersbach et al.® showed a much
higher incidence of ulcers in former shift-workers compared with
other shift workers and day workers.

In the retrospective cohont study of Angersbach et al.,®
ering a study period of 11 years, the process of self-selection in
the shift workers cohort seemed 10 be still incomplete, because the
relative risk of suffering from a gastrointestinal disease for the fust
time was higher in the last years of the investigation.

Cov~

Cardiovascular Diseases

Only a few careful epidemiologic studies have been carmied
out on the posmble effects of shift work on cardiovascular diseases.
Aanonsen' observed ten times more absence attributable 10 cardio-
vascular disease in day workers compared with shift workers. No
significam difference between day workers and.night workers con-
ccmmg cardiovascular mortality was found by Taylor and Po-
cock.® la the study by Angersbach et al., % those shifi workers who
had changed from shilt work to day work {mostly because of med-
ical reasons) had a higher incidence rate of cardiovascular diseases
compared with other shilt workers and day workers. Koller el al.®
compared day workers and “drop-outs” from a shift worker cohont,
the drop-outs having a significanily higher rate of cardiovascular
complaints which had occurred during the time when they had
worked on shifi. A Swedish cohont study of 394 subjects, the risk
catio of cardiovascular diseases was shown to increase with the
yeurs exposed 1o shift work.™ Afier 20 years, the risk rutio
dropped, probalily because of sell-selection.

Swinming up, there is ne encugh evidence to conclude that
cardiovasculur disease is more prevalent in shift workers. More
long-tern studies, in panticular, investigating cx-shilt workers, ure

nevded.
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Other Discases

o o review of studies conaceraing ocarotic reactions aed psy-

- . ul aa -
chosomatic disondens, Koller ot al.™ stte, “oe clear conclusions
about different fregquencies of psychiatric disarders o shift and day

warkers can be deawn.™

EFFECTS ON SOCIAL LIFE

The working times and leisure times of shilt workers are out
of sync with the “nonmal™ social enviconment. This discrepancy
may creatc problems within the fawily and conceming other social
nctivitics.

It is difficult for the shift worker, whea working ja alternoon
shifts, 10 keep contact with the children who go to school.® How-
¢ver, rapid cotation of shift systems cnables the workers to have
aore contact witl their childrea than slowly rotating shift sys-
tems. ™

la regard to the organization of houseliold work, greater prob-
lems may occur when the spouse of the shilt workec is also working
outside the home, when female shift workers have to take care of
small childreu, and when twe members of the [amily have diflerent
shift systems. ™

It is difficult for a shift wocker to have regular cantact with
day working fricads or o participate in regular social activities and
in continuing education courses, which are often fixed 10 evening
hours and to the weekend. Therefore, permanent evening shifts
and continuous shift systems are particularly unfavarable for social

9. 10,
conlacts. @

SPECIAL HEALTH MEASURES FOR
NIGHT WORKERS

Based on the recommendations by Rutenfranz,” special

health provisions for night workers should include:

L. Pre-employment selection of workers
2. Regular health checks

3. Preventive health care

4. Additional iree days

5. Provision of proper meals at night

6. Sleeping allowances during night shifts

7. Construction of shift schedules based on objective physi-
ologic, psychalogic, and social criteria

8. Reduction of unnecessary night work
Although all shifi workers working in the same shift system at

the same working place arc exposed to the same stress, the indi-
viduals react in very diflesent ways to shift work.

Scloction of Workers

I would be desicable o have positive selection eriteda at
fand allowing one ta gredict which peesons will have fewer health
prodfcms whes working in particular shift systems. However, our
actual knawledge only allows us 10 make a listing of negative cri-
1eria foe the selectian of night warkers. According to Collier' andd
Rutenfranz, ™ the fllowing persons should be exéluded frot shift

work if possible:

1. People with a history of digestive teact disorders. Shift
work produces special psychophysiologic probless und also in-
volves unusual meal times, both of which may affect gastric func-
H 2. 16, Z2, 07, 86
tions.

2. Diabetics and those with thyrotoxicosis. Regular food in-
take and correct therapeutic timing can be difficult 10 maintain

under shift wark conditions. " 5%

3. Epileptics. Reduction of slcep increases the incidence of
2, 52 -

{us.
4. People with severe mental derangements involving the
whole personality. Depression is particularly important here, be-
cause this discase ofien stants with sleep disturbances, which in-
dicate disruption of the sleep-wakelulness cycle and other circa-
. a8
dian thythms.

5. All persons suffering {rom chronic sleep disturbances (al-
legedly caused by e.g., traffic noise). >

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 oo severe for elfective compensation to be possible. Hlu-

. mination of many parts of factories is normally reduced at night;

therefore these persons may have a particularly high risk of acci-
dents. .

Conceming positive criteria for the selection of night workers,
it is not yet possible to put forward recommendations. However,
there are many [actors which have already been taken into consid-
eration or which should be studied in more detail:

I. Rigidiy™ "'
2. Extraversionfintroversion'
3. Neurticism'®

4. Circadian

14, 9, 62, 65
ness @ @

plhase  position,  momingness/evening-

5. Amplitude of circadian chythms™ [l

6. Sleep cycle propenties

7. Liabitity to interal desyncilmnizulionm
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Furthermore, situation:l factoes seetn 1o b of impocuce fur
the adaptability w shift work. Tn studies of chiemical workers, train
drivens, and air traffic contollers, 55%-80% compliained alwut
their sleep being disturbed by noise on the day after the nigl
<hife. ™% 77 Shift warkers reported that traffic noise and noise of
childeen distnrbed their day sleep most frequenty. These kinds of
noise may deterioete the quality of slecp, as has been shown by
Keauth and Rotenfeanz.* Williams,™ and Cricfalin ¢t al. ™ Shif
workers whase day sleep was often or always distuehed hy noise
complained more frequently alout neuravegetative and gastrointes-
tinal symptoms than shift workers with undisturhied or earcly dis-
turbed day sleep.™ ™

Auother situational factor, which has ot yet been studied in
detail, is the attitude of the family of the shift worker 1oward shift
work in gencral or toward particulue negative aspeets of a shift
system. lf, lor cxample, the night work of a shiflt worker is not
accepted by his or her spouse, it may be expected that this shift
worker will have more problems coping with night work than a
colleague wha is supported by a morc positive attitude {rom his or
her spouse.

Regular Health Checks

The standard medical examinations before starting work have

. PR . - 82 .
only limited predictive valuc.for sickness-absence.”™ Thercfore, it.

fas been proposed that a second health examination be carried out
not later than one year after starting shift work.> Between the two
examinations the shift worker has found out what his or her most
important problems concerning shift work are, and how shift work
affects the worker’s sleep, lamily, and social life.

A committee of German occupational health practitioners and
scientific experts has proposed the following procedure:™

1. All persons working at least six hours on a regular shift
system or at least five hours on an irregular shift system during the
hours from 10 p.m. 10 6 a.m. should have regular health checks.

2. The preplacement medical examination should exclude all
persons from night work who meet the above-mentioned negative
health criteria.

3. There should be a second healih check 12 months,. at the
latest, after starting night work, and regular health checks, de-
pending on the age of the worker, at the following intervals: aged
under 25 years, 24 monils; 25-50 years, 60 manths; 5060 years,
24-36 months; and over 60, 12-24 months.

Preventive [iealth Care

Since most problems of the shift warker are caused by the
discrepancy o mismatch between the time structure of the social
sphere and the work sphere, it scems to be desirable, occasion-
ally, 0 give the shilt workers the chance to live under normal
conditions with respect to circudian chythms. Some large Cerman
plants and communities have therefore begun to offer regular treat-
ment for shift workers older than 50 years old in specialized hos-
pitals for two 10 three wecks at two- or three-year intervals. By
(ollowing a regular sleep-wake routine with proper mealtimes,
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these workers nay normalize their cincadian chythms, Farther-

wore, a gencral headth check and physiotherapeutic measures are

offered. However, there aee e loug-lermn experiences with such

treatnents. Another way of reduciug the problems of shi(t workers
ix realized by a Feench pliont with a special organization of workiong
time: lirce wm,kv. of shift work are followed by four weeks of nou-
shilt work, .. namwal day werk or a continuing cducation or

holickays.

Additional Free Days

The medical reasan for recommending additional free days foe
thase who work in conlinuous shift systems is the same as men-
tioned hefore, namely, to give the shift workers the chance o0 have
more “normal” days to allow the circadiun system 1o renew. How-
cver, since there 2re up to now no epidemialogic longitudinal stud-
ies, nothing is known about the efficiency of these extra rest days
for health.

Providing Propec Meals at Night

Complaints zbout disturhances of appetite are relatively fre-
quent, particularly in connection with night work. Thercfore, in
France, a law obliges the indusiry to provide the night workers
with facilitics to warm up meals during nightime. Reinberg et

al.,” who studied the eating habits of shift workers of an oil refin-
ery in 1974, observed ﬁve years later that lhe consumption of car-
bohydrates was reduced.’ This change may be caused by the in-
troduction of a cafeteria which offered warm, light meals, whereas
in 1974 much bread had been consumed during night shifts. The
meals should not be eaten 100 late in the aight shift {e.g., not later
than 1 a.m.). Beverages that contain caffeine should be drunk only
many hours before bedtime.

Sleeping Allowances During Night Shifts

Since sleep is a major concem of night workers, l;ny measure
that will improve their sleep is important. Occupa.lonal health
practitioners and scientists who have studied the problems of
nightworkers kniow that in some work places illegal naps are taken
during nighttime. Kogi® *” reports that 43% of day-night (iwo-shilt)
workers and nearly hall of regular (three-team or four-team) three-
shift workers toak naps in the form of short anchor-sleep-like sleep
during aiidnight or carly-moming hours. Many plants in Japan
seem to have such mare or less legalized sleeping allowances dur-
ing night work and many of the nappers even had the chance 1o
use a bed i the factory.

The main reasons for naps are prevention of fatigue and ini-
provement of efficiency aud safety.> Problems may arisc if the
night worker has difficulties in {alling asleep or if he has to react
correctly immediately after being woken up, e.g., by an alarm bell.
The nighttime nap seems 10 inflluence the fallowing daytime sleep.
Torsvall et al.* found that nappess had a shorter main slech cons-
parcd with non-nappers. Matsumoto et al.*® abserved that the
stuge-4 sleep in the subsequent day-sleep was decreased in pro-
portion (o how late the preceding nap was taken.
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Constructing Shift Schedules Based on Objective Criteria

Based on the criteria concerning physiologic adjustment, per-
fornance and accidents, welt-being, health, and personal and su-
cial problems, Knauth ond Rutenfranz® have put furward mine rec-
ommendations for the construction of shift systems:

1. A shift system should have few night shifts in succession.

2. The moming shift should not begin 100 early.

3. The shift change times should allow individuals some flex-
ihitity.

4. The length of the shift should depend on the physical and
mental load of the task, and the night shift should he shoner than
the moming and altemaoon shifis.

5. Short intervals of time between two shifis should be
avoided.

6. Continuous shift systems should include some free. week-
ends, with at least two successive full days ofT.

7. 'In continuous shift systems, a forward rotation should be
preflerred.

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 physiolegic functions to
night work seems to remain incomplete even afier many night shifts
in succession, and least disturbance of circadian physiologic func-
tions is observed in connection with few consecutive night shifis.*’

An accumulation of sleep deficits and fatigue has been ob-
served in the course of longer periods of conseculive night shifts.
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 slawly to capidly
rotating shift systems, the majority of shifi workers reported an
overall preference for the new shift system*® % % or had a higher
level of job satisfaction.”

Reduction of Unnecessary Night Work

Since night work may be regarded as a risk factor for healh
and often results.in negative effects on the well-being and social
contacts of shifi workers, ideally, the Lest measure would be to
eliminate night 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
if some activities could be removed from the night shift and placed
in moming or aftemoon shifls, in gencral the first unswer will be
“that is not possible.” However, il the activities ure studied in
more detail, in some cases it will he possible to reduce the amount
of work done during the nighttime.

As an example, we gradually reduced (in cooperation with the
management and the occupational health practitioner) the number
of persons necded during nighttime (2-6 w.m.) for loading and un-

“:

loading aircrafts from 104 to 66 in a0 first step, and in a second
slep to 38 persons.™

To sum up, occupational health measures for niglt workers
and shilt workers are necessary to prevent lowering of well-being
and occurrence of jub-related discases. 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 the social life, for sleeping and cating behav-
ior, or supporting the amelioration of housing conditions.
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PROBLEMES MUSCULO-SQUELETTIQUES

L’industrie alimentaire est particulitrement 2 risque pour les lésions musculo-
squelettiques. Les tiches impliquant des souleévements et des gestes répétitifs sont
tres nombreuses. Les abattoirs de bétails et de poulets, les boucheries, les
poissonneries et les entreprises de conserves de fruits et de Iégumes comptent parmi
les plus a risque. En plus de la transformation primaire des produits il faut ajouter
I’empaquetage et I’empilage avant 1’expédition.

Les soulévements de charge varient beaucoup en fréquence et en poids soulevés.
On peut rencontrer des soulévements non fréquents de sacs de grains ou de farine
dont le poids dépasse 40 kg, des souleévements de palettes, des transferts de quartier
de viande de 100 & 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 2 I’entrepdt du client sont fréquents.

Surveillance médicale et prévention

| L’apprbche 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 soulevement.
A partir de ces données on peut déterminer les sites anatomiques les plus souvent
touchés et préciser quels sont les gestes, postures et tiches en cause. Par la suite,-
on peut procéder 2 des évaluations ergonomiques et suggérer des solutions. La
rotation des tiches 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 séveres. Le repos ou 1’arrét 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 probleémes musculo-squelettiques dans
I’industrie alimentaire mais il n’est pas possible de couvrir enti¢rement 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

Carol Conroy

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 1
: . NIOSH data, 25 workers died from work-related injuries during 1980-1985.
, a 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 3 =

{31%). Handtools are involved in almost one half of all injuries. The occupa- g .

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 2
] evaluate preventive efforts. Z

The National Institute for Qccupational
Safety and Health (NIOSH) surveillance ef-
forts are directed towards describing indus-
tries in which there is-a high risk of injury.
Although national information on work-re-

haffey, 1985) which identified meatpacking
as a high-risk industry.

DATA SOURCES

lated injuries is limited, what is available
can be used to identify injury trends and
target areas for further study. This paper
provides information on work-related
deaths in one industry {meatpacking) by us-
ing a new source of national fatality data. It
also updates information from an earlier
NIOSH report (Pezaro, Leffingwell, & Ma-

Carol Conroy, PhD, is an epidemiologist in the Divi-
sion of Safety Research, National Institute for Occupa-
tional Safety and Heaith, Centers for Disease Control.

Summer 1989/Volume 20/Number 2

Three data sources were used to investi-
gate fatal and nonfatal injuries in the meat-
packing industry. The National Traumatic
Occupational Fatality data base (NTOF)
(Division of Safety Research, NIOSH, 1988)
provides data on work-related deaths. The
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
injury to workers in the meatpacking
industry. -

The NTOF provides new national infor-

mation 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 following criteria: “Injury at
work” item on death certificate is checked
yes, underlying or contributory cause of
death (International Classification of Dis-
eases, 9th 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-
tion (SIC) (Office of Management and
Budget, 1972), and external cause of death
is categorized by injury description.

The 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-
cluded from this sample. All injuries record-
ed on each company’'s OSHA 200 log
(required by the Occupational Safety and
Health Administration) are supposedly re-
ported; by definition, these include injuries
resulting in medical treatment beyond first
aid, loss of consciousness, lost work time, or
restricted job activities. The BLS defines oc-
cupational injuries as injuries “which result
from a work accident or from exposure in-
volving a single incident in the work envi-
ronment.” Injury rates are calculated based
on employees working 40-hour weeks and 50
weeks per year, but are reported as rates per
100 employed persons. Rates are reported by
industry and are not specific for occupation
or other worker characteristics.

The SDS provides information on nature
of injury, external cause, occupation, and
body part injured. The SDS uses the Census
codes for occupation of worker, the SIC
codes for industry, and the American Na-
tional Standards Institute Z16.2 standard
(ANSI, 1962) for injury characteristics.

SDS data are obtained from states that
voluntarily supply workers’ compensation
claim information to the BLS. In most states

48

all public-sector employees and self-em.
ployed persons who are injured are exclud-
ed. Definitions of injury and reporting crite-
ria vary from state to state as shown in Table
1.

RESULTS

A descriptive analysis of these data sourc-
es yielded the following profile of occupa-
tional traumatic injuries in the meatpacking
industry. -

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. The annual
BLS survey shows an average incidence rate
of 27.6 injuries per 100 workers per year
during 1982-1985. This rate is slightly lower
than the rate (31.4 per 100 workers per
year) reported for 1976-1981 (Pezaro et al.,
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). During 1982-1985
an average of 145,000 people were em-
ployed in the meatpacking industry each
year.

Mortality

Information for fatally injured warkers is
limited to death certificate data included in
the NTOF. Twenty-five such deaths were
identified for the meatpacking industry dur-
ing 1980-1985. The average annual rate is
almost 3 deaths per 100,000 workers. The
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%. The
causes of death include one electrocution,
three falls, two unintentional stabbings,
three intentional firearm wounds, and eight
motor-vehicle-related deaths. Other deaths
are primarily caused by blunt force trauma
resulting in crushing injuries. There is no
pattern by age distribution, and only one
woman died.

Morbidity
The findings on nonfatal injuries are
based on the workers’ compensation infor-
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self-am. ! TABLE 1

> e ud- ' CRITERIA FOR RECORDABLE WORKERS COMPENSAT TON CLAIMS IN STATES PARTICIPATING IN
ing ite- SUPPLEMENTARY DATA SYSTEM, 1982-1984
‘in Table State . eriterta
— Alaska Oeath or injury
Ar{zona All tajuries
tas re- : L.
oc pa- : Arkansas Death or {njury
tpackmg : Cal{fomia Death or “serfous Injurfes™ or I day lost time or more than first.-aid required
Colorado Death or injury with I or more lost-time days
011) has Delaware Death or fajury
r 1 l"
4 al -S. Hawa it Oeath or at Teast 1 lost work day
ha er- ;
e a....ual | Indiana 0isability of | day or more
nce rate ‘
per ear Towa Dfsab{i1{ty of more than 3 days
ElY ver Kentucky Disabiiity of 1 day or mere
tnrs per
«; et al., Maine All fajuries (did aot participate in 1384}
ice  ate
rer 3.5 Maryland Cisabil{ty of more than ] days
76-1981 Michtgan . Death or disability of at least.} week, “specific losses®
82-1985
cr€ 'm- Minnesota Death or serfous infury or disabilfty of at least 3 days
! 1 .
xy ich : 158t ssinpt 0fsability of 1 day or work shift
Missourd Death or injury with 3 or wore lost-time work days In 1982-1983; changed to death
or injury fa 1984 o
‘orhus is ’
5uded in Montana A1l {ajuries
'hs ere Nebraska Death or {njury
st ur-
rl rate is New Mexico All njurfes
ers- The New York ANl injuries
up:  on:
at  ck- Horth Carolina D1sabslity of 1 day or wore
%; truck
1% The Oregon “Serfous” fajuries
oct  on, . Tennessee Disability of at least 1 week
abl __.gs, :
nd eight utah AT tnjurtes
r ¢ ths o
> tr ma VYermont Disability of at least 1 day and mqulrinvg aedical care
I€¢ v NO Virginia ANl fajuries
onlv one
‘Washington ANl Injurfes requiring wedical attention
Wisconsin ' Disability of more than 3 days
rie- T‘u'e Wyomling All infuries
4] or-
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mation reported by states and included in
the SDS. During 1982-1984, the 99 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
28% 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 20to
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.

Injury 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%). Inflamed
joints account for almost 9% of reported in-
juries, and only about 5% of injuries are
fractures or dislocations. The nature of inju-
Iy patterns are similar to those reported for
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TABLE 2
PERCENTAGE DISTRIBUTION OF NATURE OF
INJURY REPORTED BY WORKERS IN THE
MEATPACKING !NDUSTRY.\SUPPLEMENTARY
DATA SYSTEM, 1982-1984

‘Rature of Injory T
Strain/sprain .7
Laceration 56.9
Contuston/abrasion 13.0
Inflamed jofnts 8.6
b sTacation/f racture 4.8
8um {chemfcal/scald/weider flash) 2.5
Multigle fajuries . 1.4
Hemia rupture 1.1
Anputation 0.5
Concussion 0.2
Electric shock/cold fnjury/heat stroke 0.1
Not: classified/other 3.9
Total 100.0

1976-1981, except for “inflamed joints™
which previously accounted for only 5% of
all injuries (Pezaro et al., 1985).

The distribution of injury by body part is
shown in Table 3. The body parts involved
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
inls%.

Because of their serious and permanent
nature, amputations are evaluated in detail,
The 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
10%; operatives for over 8%; and heavy
equipment mechanics for over 7%.

Lacerations and strains/sprains are also
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TABLE3
PERCENTAGE DISTRIBUTION OF BODY PART
[NJURED REPORTED BY WORKERS IN THE
MEATPACKING INDUSTRY. SUPPLEMENTARY
DATA SYSTEM. 1982-1984

Sody Part 4
Finger . ‘ 22.5
Back 15.5
Arm 1.7
Leg/hip {excluding knee) 9.4
Hand 8.6
Neist 1.2
Shoulder 5.2
Multiple 4.6
Abdomen/ trunk 3.6
Knee - . 2.8
Eye 2.6
Head/brain (exacluding eye} 2.3
Chest v .2.2 -
Neck : 11
Hot classified/other 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. In 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). Of all injured
workers, 44% are struck by or against an
object and 33% are injured by lifting, pull-
ing, throwing, or overexertion. The “source
of injury” also varies. Hand tools are asso-
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- ciated with 47% of injuries with known

sources; knives {a type of handtool) alone
account for about 19% of all injuries. Over
6% of injuries are associated with the “floor
or ground™. “Animals and their products”
are involved in over 6% of all injuries.

DISCUSSION

The occupations associated with 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. The majority 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 with their job tasks —us-
ing hand tools, especially knives, and mani-
pulating large animal carcasses. This
information suggests preventive efforts
should be targeted at decreasing injury oc-
currence among these workers. -

In the meatpacking industry, contact

TABLE 4
PERCENTAGE DISTRIBUTION OF ACCIDENT
TYPE REPORTED BY WDRKERS IN THE
MEATPACKING INDUSTRY, SUPPLEMENTARY
DATA SYSTEM, 1982-1984

Accident Type 4

Struck by/agatnst object 4“*.4
Overesertion/11fting/pulling/throwing . 32.6
‘Working surface 5.0
Caught n/under collapsing materisl v 2.3
Falls 2.2
Temperature (hot or cold) . 1.6
Notor-vehicle-related : 0.8
Electricity 0.1
fot classified/other : 11.0
¥ Total 100.0
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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 limitation 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.

In the meatpacking industry, the e.xtemal
cause associated with 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 with motor vehicle-related
injuries, resulting in more severe injuries not
compatible with life. Motor vehicle-related
deaths may even be underreported in the
NTOF 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.
The 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 OSHA 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 OSHA

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-
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porting criteria, compensation criteria, and
information collected over time. It 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. If 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. In. the
meatpacking industry, during 1982-1984,
only 25% of.injury claims had this informa-
tion. Second, extent of disability is not an
fluenced by the worker's job reqmrements
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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tems (Klauche, Buehler, Thacker et al.,
1988) are needed to further study workers at
risk and evaluate preventive efforts.
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HOW TO

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 wom out after a
hard day’s work, like you've wom
2z yourself to the bone? If you're like
3 most people, you'll answer yes. But
chances are that 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
known as repetitive strain injuries (RSI),
cumulative trauma disorders {(CTD), and
cervico-brachial disorders — is a generic term
used to describe a whole family of soft tissue
disorders. Although the collective terms leave
the impression that there is a single disease
with a single cause and cure, nothing could be
further from the truth. Ranging from tennis
efbow to carpal tunnel syndrome, these painful
and often debilitating ailments manifest them-
selves in many parts of the body, most com-
monly in the neck, shoulder, hand, wrist and
forearm, as well as in the back and legs.

Overuse conditions should not be confused
with overexertion injuries. Overexenion oc-
curs when the body or body part is not ade-
quately conditioned to perform or sustiain a
task. Overexertioncan occur beciuseof chianges
in method or rate of work, or simply becausc an
employee returns (o the same job after an
cxtended absence.

Overuse, on the other hand, 18 usually a
chronic condition caused by the wearing down
or deterioration of tissues that aid inthe body's

30 = OHA&S CANADA'S TEN HOW-TO PROGRAMS

movement. This wear and deterioration ts
brought about by the prolonged holding of an
unnatural position or by repetitive and stress-
ful motions over long periods of time. Improp-
erly designed tools, inadequate working space,
anatomically unsuitable work practices and
poor workstation design are known causes of
occupational overuse. Other conditions, such
as cold and vibration, will promote the devel-
opment of overuse symptoms, ‘as will less
concrete factors like psychological and emo-
tional stresses.

<~ Because ofthese intangible stresses, overuse
sympioms may appear in one worker while
another, performing the same tasks, expen-
ences none. This has led to complaints symp-

"tomatic of these disorders being treated as

hypochondria, neurosis, and even malinger-
ing. Often misdiagnosed as arthritis or muscle
strain, occupational overuse went practically
unnoticed for decades.

But in the last 10 years, reported incidences
of the condition have risen sharply. Indeed,
occupational overuse appears 10 be ‘fashion-
able.” There arc some good reasons for the
incrcase. There is a greater awareness that
many of these painful conditions can be attrib-
uted (o work; conditions that were previously
diagnosed as sprains or arthritis arc now being
more accurately assessed; a poor cconomic
climate and changing technology are putting
increased demands on people and proaductiv-
ity: and limited job opportunitics are dissuad-



ing occupational overuse sufferers from seck-
ing alicrnative employment? -

The increase in reported incidences of occu-
pational overuse has brought with it an increase
in rescarch. Light is now beginning 10 be shed
on the proper treatment and prevention of this
very real and very scrious workplace disorder.

Counlless workers valnerable

Proper preventive mcasures for occupational
overuse must begin with a basic understanding
of the disorder from a clinical point of view.
Overusc conditions usually arise from 1he in-
Nammation and swelling of tendons, tendon
.sheaths, ligaments, epicondyles or bursae (sce
Sigure on page 32). Symptoms include chronic
pain, numbness, tingling, weakness and prob-
lems holding and grasping objecis.

Put simply, 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 of tendons can cause
the inflammation of the tendons andfor syn-
ovial sheath, resulting in tendinitis or tenosyn-
ovitis. Epicondyles are two boney bumps found
at the lower comers of the humerus bone at the
elbow. Overuse of these tissues is called epi-
condylitis, more popularly known as tennis
elbow. Bursitis, another condition caused by
occupational overuse, is the swelling or dete-
rioration of the bursae — protective cushions
or smooth lubricating sacs found at the shoul-
der joint 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 are bound together with a large band of
tissuc. This bundle of fibres runs from the wrist

"o the hand through a route bordered by several
small bones. These arc called the carpal bones
and the route is called the carpal twanel. Carpal
tunnel syndrome is & common overuse disorder
thin devclops when repetitive motions cause
excessive and protonged compression of (he
median nerve that runs through the carpal tun-
ncl. Other common averuse conditions include
ganglions (fluid-fitled lumps over tendan
sheaths or joints) and non-specilic conditions
such as “process workers arm.”

Workers from a wide array of occupations
fall victim to these disorders. Particularly sus-
ceptible are those who perform repetitive tasks
or tasks involving closc or delicate work. Vic-
tims of occupational overuse arc frequently
clerical workers, data process operators, and
clothing, textile and clectrical workers.

Four factors determine occurrence

There are a number of factors that can contrib-
ute 1o the development and severity of overuse
conditions. These factors are ergonomic, cnvi-
rotunental, administrative and personal.

Ergonomic factors. These reler 1o those
elements of the workstation, tools, equipment,
machines or the task itself that can influence
the occurrence of overuse conditions. Some of
the more important workstation factors include
the height, area, angle and adjustability of work
surfaces, and the shape and contour of supports
such as chairs and footrests.

Problems also arise from static (holding)
work caused by work surfaces that are too high
or workstations that are poorly designed with
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 10 adopt
several different forward-facing postures with
head and -trunk upright or with the head in-
clined slightly forward. The weight of the body
should be well distributed and work should not
be performed above heart level without sup-
port.

Although some manufacturers have made
greal strides in the area of ergonomics, many
still make tools, equipment and machines that
rcquire workers to adopt poor posturcs, or
force their hands and arms into extreme angles.
“Fit the task to the man™ and *Bend the tool, not
the hand™ are classic adages that often fail 10
get the point across. Conventional hand tools
such as screwdrivers and plicrs are fundumen-
tally unsuited for the function of the forcann
because they foree the worker (0 operate with
clbow up and out, and with the wrist bent ag an
unnatural angle.
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Work should be

arranged so that
it can be
performed sitting
or standing
comfortably.
Ideally, the
worker should be
able to adopt
several different
fﬁnrvard-facing
postures with
head and trunk
upright or with
the head inclined

slightly forward.
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Poor placement
of switches and
t;ontrols, and
illegible,
inaccessible or
poorly lit
instrument
displays force
console workers
to maintain
yostures 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 o main-
tain postures that can lead 1o overuse condi-
tions. particularly in the neck and shoulder.
The classic typewriting and word provessing
positions force the hands im0 extremes of
movement with no support for wrists and tore-
arm. Conscquently. in addition to neck and
shoulder problems. VDT aperators expenence
tenosynovitis and elbow problems.

Work tasks ave largely govemed by the
design of the workstation and equipment.
Nevertheless. when designing 3 task. consid-
eration must be given to avoiding (v herever
feasible) actions thai induce overuse condi-
tions. Of paricular impanance arc the fre-
quency and total number of repetitive move-
ments and the foree. speed. and direction of
movements, The work does not neczssanly
have (o be heavy 1o Cause AN everuse condition.
There is cuough strain in the static postion of
an unsupported hand. cven without the stress
added by typewriting or other repetitn @ ks,

Tasks should be designed to faves: mnie-
nance of good posture and limb positios and w
avoid, or at least minnize. repelitive Tiotion.
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Joints should operate within mid-range angles.
Bending, deviation, full extension and full
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 if there are repeated impacts or vibra-
tion. Avoid the need for cxcessive force when
using squeeze grips, as is the case with a
caulking gun. Replace pinch grips (fingers
only) with power grips (hand). Where muscu-
lar force must be exeried, it should be done by
the largest appropriate muscle groups. If a
force has 10 be exened repeatedly, cither of the
anns or legs should perform the action.

The vse of muscular effort should be re-
duced if needed to overcome momentum.
Momentumn, however, should be used to assist
the worker when possible in concert with con-
linuous ballistic or curved motions. These are
preferable to motions that follow straight lines
and result in sudden and sharp changes in
dircction.

In assembly work. or other types ol very
repetitive work. the hands should stant simulta-



neously at an appropriste heighe and perdfonn
wark i apposite and svinmetrical directions.,
The hands shoeld linish cach assembly sk or
sub-task together atthe sumie tine, Ty 1o limit
motions 1o the lowestarder lor assembly work,
That is, try to design the work so that only the
lingers. with good sapport, need o repeat the
movements vver and over. Only mvolve the
higherorders whenabsolutely necessiry —ie.
first the wrist. then the forcarm. then upper arm
and then body.,

Environmental factars. Qveruse condiiions
occur carlier and become maore severe in the
presence o cold and vibration, particularly
when coupled with the use of hand tools. Hand
1ools that vibrate 1 the 100-150 herz (Hz)
range can easily influence the onsetand scever-
ity of overuse conditions. These vibration
problems are also associated with white linger
discase or Raynaud’s phenomenon.

Adminisirative factors. Production rates in
industry have increased markedly because of
improvements in technology. These improve-

ments, however, have nol always heen consid-
crate ol the human clement. Maclines could
only vo o fast prior (o the intraduction of the
microchip and associated clectronies, Taday.
speeds of production are greater than ever and
workers are calied upon 1o do imore repetitive
work and at Taster rates, The accent von per-
(ormance :nd productivity can only go so lar
before people begin to break.

EZxcessive work rates, whether smposed by
supervisors or the magnetism ol fnuncial bonas
and inceative systems, may force workers 1o
perform beyond their physicad olesanee. Lony
waork periads without breaks fead 10 overuse
conditions and tend 1o rellect poor workplace
management.

[ndividuals also come under psychological
and cmotional stresses thin exacerbate wension
and muscle loading. These stressors can stem
{from poor workplace relations or social unrest
within organizations. .

Because-these factors are difficult 10 pin-
point, all cmployees should be trained 10 iden-

buc

“OVERUSE:INDUCING MOVEMEN

v

reduced or even eliminated.

i;;:s .

. By Svoiding extremes of movement, like the ones shown above, the risk of overuse can be
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Excessive work
rates, whether
imposed by
supervisors or
the magnetism 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.




zarly reporting of
overuse is
absolutely critical
if recovery is to
be successful.
More detailed
health
surveillance
information may
be obtained from
properly trained
health
professionals
who can
recognize the

different overuse

conditions.
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tify signs and symptoms of overuse disorders,
The Department of Industrial Relations in New
South Wales, Austratia. has defined five grades
of discomfortihat reflect the severity ol overuse
sytiptoms and the probability of the sufferer
retuming to work (see table helow).

Personal factors. Faclors such as age and
sex scem relatively unimportant when cons-
pared with the ergonomic and administrative
factors. These factors do, nonetheless, merit
discussion. Overuse conditions are morc preva-
lem among female process workers, particu-
larly if they are migratory and unskilled.
However, this is thought to occur largely be-
causc women hold proportionately morc
overuse-producing jobs. Of greater importance
is the stress associated with these jobs, and the
tendency of workers to ignore early waming
signs for fear that bringing attention to symp-
toms could lose them their jobs.

There has also been some suggestion that
the occurrence of overuse is greater in middle-
aged women and in those individuals with poor

nutritional status, but the evidence is limited.
Personal recrcation or leisure activitics rang-
ing from racquet sports Lo gardening may also
apgravale occupational overuse conditions if
they involve repetitive movements that are
similar to those perfonmed on the job.

Identifying problem the first step
The first step toward clumination of overuse in
any workplace is accuralely determining the
extent to which it is present. Tlhis can be
achicved by discussions with workers, super-
visors, health profcssionals, health and satety
comuwiittce members and personnel managers.
Other clues as 1o the extent of occupational
overuse in a workplace can be found on injury
claims records and in absentceism stalisucs.
Once it has been determined that overuse is
present, the next step is to identify the types of
overuse that are occurring. If a worker is suf-
fering from overuse, the severily of the condi-
tion should be noted immediately, using a
method such as the grading scale below.
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L e Suﬂ'erers with njunm ofGrades of2can usually be maintained at work wnh appropnate;:
. modification of duties. Bul wod(plaoc asscssments should be done by an ergonomnst and any:
recommended modxf' catlons to cqulpmcnl or lnsks carried out by the worker should be 1mpte-
mented promptly. | - N S .
- Grade 3 sevérily requires abscncc from cmploymenl cmcpt in‘fnost favoumble c-mmnstanocs
The length of absence will depend on recovery and the extent of job modification. Usuall y many
weeks away from work are necessary.
= Waorkers with Grade 4 injurics can seldom retum to the jOb without many momhs ‘of recovery.
« Suffcrers of Grade 5 injuries rarely retum to the workforce at all.

* Source: Department of lnduStrinl Relations, New South Wiales, Australia
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Early reporting of overuscisabsolutely criti- — First and foremost, he or she must stop per-
cal if recovery is to be successful. More de-  forming the actions that are causing the overuse
tailed health surveillance information may be  condition,
obtainced from properly trained health profes- Successful treatment of occupational overuse
sionals who canrecognize thedifferentoveruse  has traditionally taken the form of various
conditions. An carly reporting systcm should  types of splints and braces used in combination
be established, health and safety assessments  with other physical treatments and therapy.
and inspections should be conducted regularly,  However, muscle wasting due_to prolonged
and rchabilitation services, physiotherapy and  immobilization caused by splints can be a
occupational therapy should be provided. problem. Allsplints should bespecifically suited  §
Before any action can be taken to eliminate  to the type of injury and applied by a medical i S AR g SRR
the ovcruse conditions, the exact causes of  practitioner who is a specialist in treating
these conditions must be'identified. This often  overuse. (The use of homemade braces and
involves a detailed job analysis or modified splints by workers — a common sight insome  While many
methods-time-measurement (MTM) analysis workplaces — is a tell-tale sign of serious .
of tasks and sub-tasks by a trained observer. overuse problems.) surgical
Ultimatcly, administrative reforms andfor The need for cortisone injections or other
engineering controls should be introduced. analgesic drugs is often suggestive of advanced
Administratively, it may be prudent to re-  problems from which recovery is difficuli. S0 met with
duce the pace of the work, increase rest pauses, 100 is the need for surgery. While many surgi-
improve training or introduce job rotation to  cal procedures have met with success, some, SUCCesSS, some,
shift the load of an overuse-inducing task. If  such as the release of pressure on the median
implemented properly, these changes canhave  nerve for carpal tunnel syndrome, resultin only
a positive influence on job satisfaction and limited recovery.
workermorale without any significant decrease
in production.levels. pressure on the
Simple procedural changes can also have Education is vital .
profound effects and with little capital outlay.  Education is a vital part of any program de- median nerve for
Changes in the methods of material handling, signed to prevent occupational overuse. Edu-
for example, can eliminate some of the unde- cation should be directed at outlining the re-
sirable actions that induce overuse problems. sponsibilities of labour and management for syndrome, result
Daily exercise programs have also proven thecontrol and eventual eliminationofoveruse.-
highly successful as a means of cutting the Programscanbeconductedin-housebyknowl- in only limited
number of people suffering from overuse. edgeable instructors or advantage can be taken
Exercises have been developed for the head, of courses offered by health and safety centres
neck, shoulders, hands, wrists, feet, ankies,and  or associations.
even eyes (for VDT operators). Occupational overuse is t0o serious and too
Engineering controls such as partial or full  insidious an injury to be ignored or dismissed
automation, redesign of workstations, and the by employers any longer. A healthy workforce
use of powered lifts may be complex and means more productivity, lower absentecism
expensive, but they can be very beneficial. and lower compensation costs. It also means
But what about the injured worker — the less wear and tear on your company's most im-
individual with greater than Grade | injury?  postant and irreplaceable resource — people.

procedures have

such as.the

release of

carpal tunnel

recovery.
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The Effects of Repeated Mechanical Trauma in the
Meat Industry

Madelon Lubin Finkel, PhD

Meat handlers are more prone to traumatic hand lesions and wound infections than most
other occupational groups. This paper deals with the carpal tunnel syndrome (CTS),
which is thought to be a major occupationally related condition affecting thousands of
workers engaged in repetitive hand motion tasks. The literature reveals a high prevalence

of CTS among meat handlers. Additional epidemiological research is needed. Further,
it is important to-educate workers about the signs, symptorns, and causes of CTS., .

Key words: carpal.tunnel syndrome, occupationally related disorders, meat handlers

INTRODUCTION i

Meat and poultry handlers are at high risk of developing traumatic hand lesions
and wound infections, more so than most other occupational groups [SACCH, 1978].
Dermatologic lesions, cuts, abrasions, -and various mechanical injuries are frequent,
unwanted by-products of the tools of their trade—knives, cleavers, shears, scissors,
drills, and the like. Also, sharp bits of broken chicken and animal bones easily
puncture the skin, inciting inflammation. Warts are rather common among meat
handlers as well as rashes of varying kinds [Litt, 1969; Cohen, 1974; Taylor._1980;
Mergler et al, 1982}. The object of this paper is to discuss another condition that has =~ -~
an unusually high prevalence in this occupational group, the “carpal tunnel syn-
drome” (CTS).

WHAT 1S-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 will compress the
median nerve. The signs and symptoms consist of sensory and motor changes in 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 [1854] first described the syndrome in a

Depaniment of Public Health. Cornell University Medical College, New York.
Address reprint requests to Madelon Lubin Finkel, PhD, Clinical Assistant Professor of Public Health,
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 uatil 1947 [Brian et al, 1947].

CLINICAL MANIFESTATIONS

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 oo
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 museles
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 B4
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]. i

i
The major signs of CTS are (1) tingling and numbness in the long finger or in L l
|

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 ‘anti-inflamma-...
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 are 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]. . e

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 workers’ 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
UFCW 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 LTS. Arm-
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strong estimated that the average worker at this plant would develop a cumulauve
trauma disorder aﬂer only 38 wecks on the job.

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 hcxght of work
tables and providing platforms for workers to stand on; (3) rotating jobs; (4) redesign-

“ing tools to eliminate bent hand and wrist posmons (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

M. Glenn Harrington est
président de Human Factor
Inc.

Le probléme est évident ;

= Dansune émission de la série américaine
"20/20" 1élévisée A lautomne 1989, on a
présenté le désossement des cuisses de
poulet comme élant <<le travail le plus
dangereux en Amérique>>.

* Lebureaudes statistiques du département
du travail des Etats-Unis a déclaré que
lindustrie de I'emballage des viandes avait
la plus haute incidence de blessures au
pays. Selon leurs statistiques, cetteincidence
est trois fois plus élevée pour I'emballage
des viandes (y compris la votaille) que pour
les autres induslries manufacturidres.

» Le conseil national de la sécurité des
Etals-Unis estime que les usines de
transformation et d'emballage des viandes
dépensent prés de 140 millions de dollars
par année pour des accidents du travail
entrainant une période d'invalidité.

* Ceprintemps, 'OSHA (Occupational Health
and Salety Administration) a présenté a
lindustrie 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 entrainent une incidence
¢levée de blessures et de maladies
professionnelles.

Lésions attribuables au travail
répétitif (LATR) dans
les abattoirs de volaille

Geénéralités

Le désossement est une tiche oU de
nombreux travailleurs effectuent des
mouvements trés coordonnés {le nombre
exact varie selon la vitesse de la chaine de
montage et le procédé de désossement).
Dansune chainededésossement, les votailles
arrivent devant les travailleurs pendues dans
des enlraves ou placées sur un cone de
hauteur fixe. A mesure quelles passent
mécaniquement d'un travailleur a lautre,
ceux-ci effectuent une série de coupes et de
parures pour enlever systématiquement la
viande. On oblient ainsi des poitrines et des
cuisses ainsi que des filets, en plus des ailes,
des pattes et de la peau qui restent.

L'undes réles essentiels de I'ergonomiste
est d'identifier les facteurs de risque que
comporte une tache. Les facteurs de risque
sont des conditions ou des éléments d'une
tache, d'unmilieudetravail ou d'un équipement
susceptibles de _causer des Iésions 6u de
linconfort pour le travailleur. Bien que les
facteurs de lésions aftribuables au_travail
répétitif soient nombreux, les plus courants
dansles abattoirs de volaille soritiarépétition,
laforce. laposture. les gants et la température.

Facteurs de risque

Répétition -

A cause de la petite taille des volailles et
de la courte durée de chaque coupe, la
vitesse des chaines de montage est
ordinairement élevée partoutdans lindustrie.
Pour produire desgrandes quantités de viande
désossée, on passe souvent de 19 a 21
volailles a la minute. Les coupes effecluées
par un seul tavailleur prennent environ
trois secondes. Lorsque les coupes sont
plus difficiles ou prennent plus de temps,
deux ou lrois travailleurs sont affectés a la
tache, 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 el
20 000 mouvements répétitits par quart de

Jravail,
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Force

On se préoccupe ausside lanécessité
d'exercer une force excessive. Il est
essentiel que les couteaux et les ciseaux
qui _servent _au_désossement__soient
tloujours trés tranchants pour éviter la
nécessité_d'exercer trop de_force. I
faudrait aiguiser les couteaux et ciseaux
tout au long de la journée de travail.
L'importance d'un programme d'entretien
des couteaux et ciseaux bien organisé
est_critique; il devrait comprendre une
Tormation 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 et le
portde gants. Le désossement est ainsi
congu que le travailleur doit
continuellement toucher les volailles de
1a 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 {a viande, la peau et le gras
sont extrémement glissants. Cette
réduction de la friction fait qu'une plus
grande force est nécessaire pour bien
maintenir I'objet.

Posture

La posture du travailleur est elle aussi
cause de préoccupation, surtout dans le
casdes mains etdes membres supérieurs.
La conception du couteau et du poste de
travail sont des facteurs importants a
- considérerlorsqu'il estquestion de posiure.

Plusieurs coupes exigent souvent que
le travaitleur adopte une posture anormale
ouinconfortable des membres supérieurs.
Les poignets sont particulierement
vulnérables 3 une déviationdeleur posture
neutre. Dans certains postes de travail,
il serait plus approprie d'avoir des couteaux
présentant divers angles entre le manche
et la lame; de la le concept d'un couteau
particulier pour chaque.tache. Ce concept
risque de provoquer une certaine
résistance de 1a pant des gérants et des
acheteurs. Malheureusement, ce genre
de couteau n'est pas trés répandu et on
ne fait pas assez de recherche et de
vérilication des prototypes. il y a donc
lieu de procéder a une analyse plus
approfondie.

Un aulre aspect insatisfaisant de Ja
conception des couteaux et ciseaux est
I'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'esi que récemment que les fabricants
ont commencé a offrir des couteaux
dotés de cette -caraciéristique.
Malheureusement, les ciseaux inadaptés
aux mains sont encore trés répandus
dans l'industrie.

En matiére de posture au travail,
mentionnons aussi I'emploi des
marchepieds. Comme c'est le cas dans
plusieurs industries, 1outes les taches
s'effectuent debout. Il existe une
documentation abondante sur les effets
nuisibles de la station prolongée (par ex.
travail musculaire statique entrainantdes
douleurs aux jambes et au bas du dos
ainsiqu'une circulationinadéquate), mais
le cas des abattoirs de volaille est aggravé
pariabasse température (huita 10 degrés
Celsius) etles planchers mouillés. L'emploi
de marchepieds avecgrillage antidérapant
s'estavéré trés utile pour plusieurs raisons.
Premiérement. on peut ainsi réduire

lincommodité des postes de travail de
hauteur fixe pour les travailleurs plus

courls et ameéliorer |a posture de travail
de leurs membres supérieurs,
Deuxiémement, 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'hygiéne rigoureusement
appliquées par Agriculture Canada exigent
que la température des volailles soit
maintenue A& 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 porle pas le
couteau) doit pour sa part étre recouverte
d'un gant en toile métallique pour éviter
les coupures.

I arrive souvent que les travailleurs
portent des gants mal ajustés. Tout en
admettant que le port de gants entraine
généralement une réduction de force, il
faut_retenir_que les gants doivent étre
_bien ajustés lorsqu'il est nécessaire d'en
porter. Les gants mal ajustés, qu'ils
soient trop laches ou trop serrés,

contribuent a lincidence de LATR. Les .

ganis trop laches se ramassent dans la
paume et entravent la sensibilité tactite,
ce qui pousse le travailleur 3 empoigner

le couteau plus fermement. Un gant trop

serré limite le mouvement des muscles

et entrave la circulation sanguine_ainsi

quelaconductionnerveuse. Enl'absence
de gants, e refroidissement des mains
entrainera une réduction de la circulation

sanguine.

Il est évident que les abattoirs de
volaille présentent un défi pour
I'ergonomiste. Par sa nature, cette
industrie exige 'exécution de mouvements
trés répétitifs en contact avec un produit
froid et glissant, dans un environnement
froid et & I'aide d'outils qui ne sont pas
congus pour chaque tache pariculiére.
Jusqu'a présent, les stratégies
d'intervention ergonomique visant les
facteurs de risque reliés aux LATR ont
connudiversdegrésde succés. Letravait
Se poursuit en ce qui a trait & I'élaboration
de protolypes de couteaux_et de_gants
pouvant favoriser une meslreure posture,
réduire la q quamnte de force 2 nécessaire et
conserver la chaleur. On continue les

_essais d'outils mécaniques destinés a

remplacer les couteaux manuels et a
réduire la répétition tout en maintenant
une rentabilité acceptable. Il estvrai que

‘les changements ne se sont pas produits

assez rapidement, mais les
caracténistiques qui font des abattoirs de
volaille une industrie unique enson genre
sont précisément celles qui rendent
ies changements ergonomiques
conventionnels difficiles a effectuer. Ces
problémes ne sontpas présd'étre résolus,
mais avec le travail qui se poursuit et
I'adoption de diverses solutions’
ergonomiques a court et a long terme,
llindustrie des abattoirs de volaille s'engage
cenainement dans la bonne direction. ®
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Investigation of optimal table
height and surface angle in
meatcutting

M. Magnusson® and R. Ortengren’

*Department of Orthopaedic Surgery 1, Sahigren Hospital, S- 413 45 Goteborg, Sweden.
fDepartmem of Industrial Ergonomics, LinkSping Institute of Technology, S-581 83 Linkdping, Sweden,

Butchers have a high frequency of occupational disorders or pain localised to their hands,
shoulders, low back and neck, compared with 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 find
out if a tilted surface would improve the working postures and be accepted by the
butchers. The evaluations were made by biomechanical calculations from photos, ergonomic
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 {oad on both back and shoulders at the-same
time; {2) a table height of 17 to 22 cm below etbow height-resulted in low loadings on
both the low back and the shoulders and was ranked as the most comfortable height;
(3) tilting 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

Introduction Cutting meat is done either with the meat hanging on
hooks or lying on a table. A great deal of the cutting and

B * worki it \ inte L .
utchers” working conditions have been of great interet trimming is actually done at tables, particularly when

lately in Scandinavia. Butchering is hard and strenuous work

performed in cold rooms; it is risky and demands great skill. cutting pork.

The workload is illustrated by the fact that many butchers At many places several butchers of various heights are
develop disorders or pain in their muscles and joints at an working at a large common table, meaning that the table is
carly age, that all butchers are men, and that few remain cither too high or too low for each one working there. The
butchers after 40 to 50 years of age. 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 whete the butchers have a table of their own, it is

Butchers wha are cutting meat have a high frequency of
occupational disorders compared with other occupational
groups (Ronquist and Hansson, 1979; Jonsson and

Ouchtedlony-Jonsson, 1980; Viikari-Juntura, 1983). The often difficult to adjust the table to a proper height because
disorders are mainly l;)cali sed to their low ba'ck shc;ul ders the adjustment is tedious and usually requires help and tools
and neck. These body parts are also subjected 10 high from the maintenance department. Thus, the height of the

tables will be a compromise to suit some of the butchers

loadi i i inl t
oadings during work which are mainly caused by factors but will be 0o high of 100 low for others.

such as inappropriate working postures, heavy materials
handling and high knife forces due to the cutting resistance Working 2t 2 table that is too low requires a forward bent
of the meat (Magnusson er al, 1981, 1987). 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 em above the fioor.
The angle of the tabie surface could be varied from
~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 bady the load increases even more
(Nachemson, 1966; Andersson er al, 1977; Schultz et al,
1982). When the work is performed at a table that is too
high, 2 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
cvaluated (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 {urther away {rom, the body. The ergonomic effect
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 takle must not zlso function as storage
area. :

The aim of this study was (1) 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 wable surface and if possible give
recommendation about the angle.

Materiat 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 labocatory 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 S 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 7 8 (9] 10 1
viz[ala 2] s[2a1]2] [« [s] o] 21 3] «ls] ]2 sfalsis]r|eri2{o{1]2{2]s]|2]|3]{e{s]6]7{8{o

straight ]

tlex, < 20° D]

Back flex, > 20° P
ot. IX]

straight X

NECK tiex. il
rot. x|

raised right X

SHOULDERS telt ”
close X]

RIGHT ARM | fiex/abd l
+ ]

close | [r HEEELET fal

LEFT ARM flex/abd | i HESERE X
v 1 1 } [ENREE X

Fig. 2 The scheme used for the videotape analyses. The numbers 1 to 11 represent the different tasks when cuttingup a
half-pig. The figures betow these denote work moments selected {or evaluation. The number differs for the different
tasks as they vary in time duration and complexity. At 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 four 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 demascated areas, which were ranked in order from
the tmost 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
tepresentative of the work performed considering both
load and time. At cach event the positions of the back, the
necck, 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 numbec
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 buichers 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 1: Results of toad evaluation using the seven point
comfort-discomfort scale for each test person {Tp).
X denates the self-chosen height, and O denotes
distance between elbow and 1able. For the
tilted table, the previous most comfortable height
was chosen individually for each test-person.

Te D X +Scm -5cm 8
1 22 2 5 6 1
2 27 3 2 S 6
3 18 1 5 7 7
4 22 1 3 7 2
S 27 1 3 5 3
Rank 2 3 4 1
2 1 3 4
1 2 35 35
1 3 4 2
] 2-5 4 25
z 7 115 185 13
1 2 4 3
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Results

. On the comfort-discarffort sqale, three of the five
butchers judged the self<chosen height as the most
comfortable. This height varied between 18 and 27 cm
below elbow height. One butcher judged the tilted table at
22 cm below elbow height as the most comfortable and one
butcher found thai the higher table, meaning 22 cm below
elbow height, was the best. The lowest table was considered
10 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 load a table
height was causing fos 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 tilted table, the previous most
comfortable height was chosen individually for
each test person (see Table 1}

Te D X +Scm —Sem 8’
1 22 3 2 1 2
2 27 S 4 6 4
3 18 3 6 4 6
4 22 2 3 3 2
5 27 6 6 5 2
Rank 4 25 1 25
3 1-5 4q 1-5
1 ‘35 2 35
15 35 35 1-5
35 35 2 1
z 13 145 126 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 “Ip4




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 D dengsas no foad, 1 denotes lowest foad, 2 denotes second lowest load, etc
1

Table Domin  Non domin Thoracic Lumbar Domin 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 i) 0 0 1 0 0 0 2 0 0 3
5 0 5 0 0 6 4 0 3 2 1 2
Sum 1 13 0 1 13 6 0 9 5 3 51
+5cm
1 i) 0 1 0 2 0 0 -0 0 0o 3
2 1 4 0 0 0 3 0 2 0 o 10
3 0 6 5 0 0 a 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 2
Sum 6 13 8 3 8 7 6 6 3 1 61
—5cm
1 0 0 0 0 1 0 0 0 0 0o 1
2 3 6 o 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 83
8° tile
1 0 2 0 0 1 0 0 0 0 0 3
2 1 4 0 0 0 3 ) 2 0 0 10
3 0 45 45 0 6 2 0 3 0 121
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 a5 0 10 5 0 7 0 1 40

all butchers was lowest for each burcher. 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 1he inverse ranks calculated over all butchers
was used to indicate the overall load. The smallest sum ~—
meaning the lowest load — was obtained for the tilted table
and thereafter followed the self-chosen height. The largest
sum was obtained for work at the highest 1able (Table 4).

From the videotapes, two analyses at cach table height
were made for each of the two butchess 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 buxchers 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 1able for both the butchers. None of
the table adjustments yi¢lded 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 fowest 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 to 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 em 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
serics, 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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Table §: Distribution of body postures in percent of the working time as evaluated from video recordings of two test-persons
engaged in cutting up one half of a pig each. The percentage values are averages of two successive evaluations

Self-chosen height +5cm —5cm &
Back Tp Tp2 Tp 1 Tp 2 Tp 1 Tp2 Te | Tp 2
straight 275 226 24 306 15 7 333 205
little bent 365 49 495 49 335 516 517 568
much bent 36 285 285 204 515 414 15 227
rotated 285 15 185 125 198 115 103 7
Neck
straight 0 45 2 7 0 2 2 0
bent 100 955 98 a3 100 98 98 100
rotated 14 216 1 9 14 18 17 135
Shoulder .
raised right - 32 24 28 24 21 145 35 225
raised left 22 225 16 7 16 195 a7

Table 6: Results of load evaluation during one day of
production work using the comfort-discomfort
scale {first test series}

Yable 7: Number of 1oaded parts on the body map during
production work (first test series)

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 etbow

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 $ ¢cm — between
17 and 22 cm below elbow height — in which the loads on
both shouldc(s 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 duc 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
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22 cm 17 cm 22 cm 17 cm
22em 17cm below below 22cm 17cm  below below
below below  elbow elbow below below elbow elbow .

" Table elbow elbow  height ‘height  Varied ‘Table elbow eilbow height height  Varied
height  height height +95 tlt + 5%ttt  heights height  height height +5° tlt  + S Glt  heights
Tp 1 6 1-2 5 3 1-2 Tp 1 3 0 3 3 4
Tp 2 6 4 6 4 3 Tp2 6 1 1 1 B ]

Tp 3 3 4 2-3 3 3 Tp 3 3 1 3 1 1
Tp 4 6 0 7 1 S Tp4 6 1 6 3 ‘0
Tp S 5 3 7 5 4 Tp5 3 0 6 3 6
Sum 26 13 28 16 17 Sum 21 3 19 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 em and the range is 16—24 cm

Tp D {cm} Tp D {cm)
1 17 6 20-24
2 24 7 , 20
3 17-20 8 185
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



k.

heights for standing work have been given by Grandjean
(1979). He used the elbow height as reference level and
recommended three difffrent height ranges depending on
whether the working task is demanding precision or if it is
*light® 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 1asks at the table are both light and
heavy and the materials they handle vary 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 S 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 1o, 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 sutface was the best.
The body map evaluation, on the other hand, showed that
the number of loaded body areas was least with the tilted
surface, when summed over all 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 toad 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 concem 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 100 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.

(b)

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 sirain and fatigue in the
shoulder muscles

[(b] When the table is 0o iow the posture will 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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An ergonomic study of work
methods and physical disorders
among professional butchers
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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 ergonomic 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

P

that it could be the main reason for the high frequency of disorders amongst them. The
strain on them was 1o 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

{ nt(oduction

Previous studies have indicated that butchers suffer from
pain in the neck-shoulder area, arms, hands and the low back
{Romaquist and Hansson, 1979; Jonsson and Quchterfony-
Jonsson, 1980; Viikari-Juntura, 1983). These problems
seem to have increased in Sweden since the introduction of
a new law about temperalure of the meat and in the room
where the meat is being cut. Butchers consider their work to
be heavier after 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 ergonomic improvements.

0003-6870/87/01 004308 $03.00 © 1987 Butterworth & Co {Publishers) Lid

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 after 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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they considered to cause these loads. The butchers were
instructed to judge the loads 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 occastons
in order to investigate the working tasks and to make an
ergonomic 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 distcibutions of disorders
and discomfort were compared with the subjectively
experienced loading on different parts of the body, and with
the type of work — i ¢, dynamic or static work, repetitive
movements and transpostation 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 ergonomic 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%).
Pzin from the elbows occurred in 40%. Almost 80% had pain
from more than one area of the body, and the most {requent
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 heavily 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 passibility of slipping or
stumbling and, of coursc, also the risk of injuring oneself
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Fig. 1 Age distribution of 73 butchers in western Sweden
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Fig. 2 Distribution of bodily disorders among 73 butchers
in western Sweden 1981

with the knife were factars 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 difTesent tasks and the
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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 thé 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 shoulderjoint 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 2 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 ffom
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

Fig.8 Unhooking of a large piece implies swetching of
the arm, extension of the neck and a heavy burden
to carry

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 obviou'sly increases the risk
for stumbling or slipping accidents.

Sawing at 2 bandsaw is a task which implies unnecessarily
high loads on the low back. The construction of the saw
inhibils the butcher from getting closer to the work area

Fig. 9 Cutting at a table. The cutting is associated with
high dynamic loading of the shoulder muscles 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 ke, are lifted and carried frequently
(Fig. 12). Containers on wheels are used for bulk
transportation of meat. The containers weigh up to and
above 100 kg when filled and require high forces to
manoeuvre, especialty 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 {requency of discomfort and pain was
highest in the arms, shoulders and the low back. The
troubles had led to sick leave for more than haif of the
butchers and many of them had been forced to reduce their
rate of work during some petiod of time. There were no

48 Applied Ergonomics  March 1987
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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 expericnce 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 — ¢ g, temperature, age, dryness — and
to the history of the animals — ¢ g, 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 cuttingis 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

—



(b)

Fig. 12 Lifting and carrying meat and boxes is frequent.
Manual lifting of 78 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 clbow.

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 carrving 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 1o 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. Oaly 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.
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[t appears from our study that the workload on the
butchers is unnecessarily high and that it can be the main
reason for the large frequency of disorders among them. By ;
reducing the workload, the incidence of overload troubles 4 _
would decrease and the possibility for the butchers to carry t
out their work until their pensionable age would probably i‘
increase. i’ii :

A desirable way of reducing the workload in a work-
intensive job like meat cutting is to introduce a2 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. {t has
been found that a small increase in temperature is not
sufficient, however. In hot boning — i e, cutting the meat
immediately afier the staughtering and before it has been
refrigerated — the resistance of the meat is favourably reduced
{Romquist and Hansson, 1979), but the method demandsa
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 Jarge 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.
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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
tiltable. By tilting the table sucface the neck can be kept in.
a more upright position, meaning decrease of load. When
cutting hanging meat, the cutting leve! 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 (o 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.

Acknowledgements

This work has been supported financially by the Swedish
Work Environment Fund and Swedish Trade Union
Movement.

References

Jonsson, B., and Quchterlony-Jonsson, E.
1980 ASS. Besvar frin rdrelseorganen bland styckare och
slaktare vid Norrlands Slakteriforening i Umed.

Jonsson, B. .

1984 Standardised questionnaires for the analysis of
musculoskeletal complaints. Abstracts of 2ist .
Intemational Congress on Occupational Health, p 378,
Dublin, Ireland.

Nachemson, A.

1966 Clin Orthop. 45, 107. The load on lumbar discs in
different positions of the body. Nordiska
Ministerradets projekt nr 170. 21-1.15. Yrkesrelaterade
muskuloskeletala sjukdomar och deras prevention.

Romaquist, S., and Hansson, 3-E.

1979 Occupational disorders among butchers. Investigation
on butchers’ working conditions. Arbetarskydsstyrelsen
Report, Stockholm (in Swedish). .

Vikari-Juntura, E.
1983 Scand J Work Environ Health, 9, 283—-290. Neck and
upper limb disorders among slaughterhouse workers.

arranged.

Mrs. C. Barlow,
Ergonomics Research Unit,
Robens Institute,
University of Surrey,

MUSCULOSKELETAL DISORDERS AT WORK
, 13-15 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 SXH

The themes of the conference will be Repeutive 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

For a copy of the full programme and ‘booking details, please contact:

Guildford, Surrey GU2 5XH  Tel: (0483) 509213

50 Applied Ergonomics  March 1987



Titre

Localisation
Cote
Auteur

Méménto de 1'artisan boucher et charcutier: qualité-sécurité

Malakoff, France: Editions Jacques Lanore, 1989. 64 p-
MTL

MO-013425 :
Caisse nationale de l'assurance maladie des travailleurs salariés.

Résumé

Conseils de sécurité a lintention des personnes travaillant dans les secteurs de

la boucherie et de la charcuterie. Ils concernent notamment:
les machines,

prévention.

les couteaux,

la manutention, I'entretien, 'organisation du travail et de la
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COMPARAISON DES RISQUES

ACTIVITES
INDUSTRIELLES

INDICE DE FREQUENCE
DES ACCIDENTS
AVEC ARRET (1)

| 271

EXEMPLES DE COMMER-
CES ET SERVICES
ALIMENTAIRES

Abattoirs

Jl 185 Commerce de gros des viandes
Batiment menuiserie
métallerie batiment

166 ||
164 [
159 ]|

Batiment et gros oeuvre
Chaudronnerie lourde et construction navale
Travaux publics, génie civil

Entrepéts frigorifiques

A Transports frigorifiques
Al 127 Charcuterie - conserverie

Batiment second oeuvie 125 _J| '
Transport et manutention de marchandises 120 _]

Fonderie de métaux, bitiment platerie 117 _|

Conserverie de poissons

Volailles, Gibiers
{abattage & commerce de gros}

Découpage, Emboutissage, Estampage, Forge 108

Pierres & terres a feu (veres, briques, tuiles ...} 101 _||.
Industrie du bois 98
Mécanique moyenne 93

. . , . ..
B wond et e vt

91 Cantines - Traiteurs
Transport de personnes et marchandises 87
86 Plats cuisinés
79 Epicerie
Aleliers mécanique moyenne 78
77 Hyper et supermarchés
Caoutchouc - papier - carton 74
73 Industrie lait, fromages
67 Boyauderie - salaisonnerie
65 Reslaurants
Automobile 61

- . R
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Fabrications mécaniques diverses 55
Textile 54
Sidérurgie 48
Industries chimie - Pétrochimie 46

42 Commerce de gros
Transports terre - air - mer 40
Aéronautique, cuirs, peaux 38
Livre 36

31 Santé - Hétellerie

Vétement 29

B Bureaux - Activités administratives

)
{1) Lindice de fréquence des accidents avec amré! corm au nombre annuel d'acddents avec amét pour 1000 salanés.

Exemple : 98 salariés sur 1000 ou 9,8 % de salariés ont é18 victimes d'un accident avec amét dans le secteur Commerce de détail
des viandes au cours de fannée 1984. - )



POURQUOI CE MEMENTO ?

Comme vous pouvez le constater sur Péchelle ci-contre, le a.aubere dov i 70 e
:ravaii dans votre profession est .i:voouala-i Ml i, comparativement a certaines
activités industrielles. 1l est 3 noter que la fréquence des accidents est de deux a trois
fois plus élevée dans la tranche des 16-24 ans.

La CNAMTS a donc congu ce mémento pour aider la boucherie de détail a résoudre

elle-méme les problémes d’hygiéne et de sécurité qui se posent actuellement. De trés .

bons niveaux de qualité et de service lui seront indispensables pour étre présente sur le
marché communautaire, en 1992. Il faut, dés maintenant, prendre conscience de F'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 régles d’hygiéne est nécessaire pour
assurer ceite qualité.

La CNAMTS pense que rendre un bon service a une profession, ce n’est pas se substi-
tuer 3 P'un ou lautre de ses rouages, c’est lui apporter les outils et méthodes nécessaires
pour qu'elle assure elle-méme 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 houcherie et de la bovcheric-chircuterie

Les conseils indiqués dans ce mémento vont vous aider, dés maintenant, aadeie
le nombre des accidents du travail et les c..irto qui en résultent.

DES ACCIDENTS TROP NOMBREUX

En 1984, on dénombrait, en effet, dans le commerce de détail de la viande, ;5 . - -
ceprs du rraenil sour 1Y) aatnriés, 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 méme que
dans les années 1970, aprés avoir atteint un maximum de 103 accidents pour 1000 sala-
riés en 1981,

On observe notamment que, depuis 1985, I'ndice de fréquence des accidents dans la
boucherie est supérieur 2 celui des industries du bois, de I'automobile et de la sidérurgie,
par exemple.

TR

.v;_‘;.
B34S




mwmmwm&%

Lot e

St

-"'3Elemgnt5 {:nagnelsg longme des accndents
e AT

Peia

N ey,

S

_‘(Materiel ou tache dlrectement liés 3 lacc:dent)

;7 .-..;': ’3'-ﬂ°'( [ o) _.f4. Iy

st

O ui\._"_ R

T Rve Ny ‘.‘ubw..‘ [ SR SPALSe) e W ribimd e 2 b

v-a-:-_.-r-~

e Autr&s

typas d accidenls@

.AL‘:{!}‘ A e A g PR ey Ot

Installahons ou‘vapparells de manutenhon Roll-conteneuxs,

n"pamcuher les mcalxels

s A'gaz, produ:ts chauds ..

Le blam-pled et notarnment les ghssades sur lesol....c.o.e..
) Machmés coupantes,— dont ‘hotamment: tranche- ;ambon ‘scies - ru

.z:(c,;;u!anres et a rul_)an} dénerveusgs hachoirs.. .. o epeeesd 9%

TSNP

Nature des lesxons i

-J.“

S 1z

LR

'?Equre§...'...;...:.......;,,....6 %
~Entorses ......" .S
. L'me'agés..'..f. RS

. Fractures felures . 3 %
-é:dihr'és.....,......f ......... 2%
“Autres............ ... 10 %




JESPRIT QUALITE - SECURITE

~’ast par des aclions élémentaires et quotidiennes que vous développerez I' - . .- de

vaiite et de ~feuris: dans votre commerce.

En définissant des procédures simples, vous conserverez la qualité de vos viandes.
~ 15 procédures intégreront naturellement les exigences d’hygizne, de sécurité et amélio-
‘ont les conditions de travail.

Clest en donnantvous-méme .- - :i+ du respect scrupuleux de ces procédures que
,us obtiendrez les meilleurs résultats. Ainsi votre employé ne portera son tablier que
vous portez le voire.

_a qualité des produits ainsi que les services rendus 3 la clientéle renforceront votre image
: marque. Faites savoir & votre clientéle que vous, et vos employés, respectez les régles
hygiéne et de sécurité qui assurent la qualité. Le port du tablier en permanence et méme

1 I'étal en est une preuve.

>ur atteindre ces objectifs, il n’est pas nécessaire d'effectuer des modifications impor-
ntes de vos installations.

ES ORIGINES DES ACCIDENTS DU TRAVAIL

es origines matérielles des accidents les plus courants dans volre profession sont réper-
riées dans le tableau-ci-contre.

On observe Vimportance des v: .:.-.--., notamment a la main.

T es accidents liés a Putilisation du - -: - :-: représentent 45% de la totalité des accidents
+u travail.
' es machines coupantes interviennent dans 9% des cas.

Sur ces 9%, citons le trarnshe. ot qui 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.

«lais il existe d'autres causes de coupures {cerclage d’emballages, tole mal ébavurée, débris
coupants, etc.). La totalité des blessures par coupure atteint 63 %.

‘e constat est important au regard de hygiéne des matériels et des viandes car il pose
we probléme de la contamination et de la transmission de maladies par le sang.
| es porteurs sains, c’est-3-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, - )
ciite T s. - . pour les éviter.
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LES COUTEAUX

Le choix

Le . - 1. est I'instrument privilégié qui vous permet d’--=. -+ - -..er.- ot Il faut donc
le choisir avec soin en fonction de la tache précise a effectuer.

Lors de 'achat, assurez-vous que la qualité de la lame correspond aux normes frangaises

NF A 35-595 ou A 35-596.

De nombreux accidents sont liés a la forme des manches. En effet, ceux-ci sont glissants,
provoquent des cals et des compressions du réseau veineux de la main entrainant une
fatigue précoce.

De plus, la plupart des manches ne sont pas conformes aux impératifs de la réglementa-
tion européenne concernant lhygiéne. Les couteaux doivent étre fabriqués avec des maté-
riaux autorisés au contact alimentaire et doivent étre faciles a nettoyer et & désinfecter.
De ce fait, les :iv::i- apparents sont v .ecir.

1l est rappelé que I'usage des manches en i-»is est interiiis par les réglementations com-
munautaire et frangaise.

Deux fabricants ont eu Jinitiative de faire évoluer les couteaux de fagon 3 améliorer les

conditions de travail et la rapidité des taches. Les soucenux inotidies ont élé congus

en collaboration avec des spécialistes de la prévention des accidents du travail, et 11>
* les principes de :>c: ‘- ainsi que les exigences internationales d’21-:id::

Ces deux fournisseurs sont:
» Pour les couteaux de découpe notamment:

Charles Ménidre S.A. - 67, rue Joseph Claussat - B.P.86 - 63307 Thiers Cedex - Tél. (16) 738041 98

» Pour les couteaux de désossage et de dénervage:
Pernot & Cie - Lanques-sur-Rognon - 52800 Nogent - Tél. (16) 25 31 93 02
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#2 CARRELAGES POUVANT ETRE RETENUS (GRES

Selon les disponibilités actuelles du maxché europlen’ ST wu‘

- iEvge Mpxqug Lo Ll 'I‘ype SN
e T caracterlstiquw-~
Héganas (Sudde) - Type: 500 GK (1)
Partek Hadganas Céramlquec France Dim: 150 X150: .. ..
99, rue Henri Gauthier ~-* -+ - ép: 20 mm - -
93000 Bobigny : L Couleur beige
Té: (l)48‘{66767 - S Type: 560 FK (1)
: : «.+ | Dim: 150 X 150+
i ;v ép. 16 mm: ;"
Couleur: beige =+ a3

Decize (France) ' S B FVDN
128, avenue | Emde Zola v .
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- ép. 12 mrn'

Co;xleut' blanc + 2,

ype: Carborandum (2) -
Dim: 100 X 100 ;-".".."
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Ostara (RFA) oo
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Type: SIC mgueux (2)
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Cotlleurs: porphyré gns 23
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£ép. 14 mm 7T

Couleur: blanc 01
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Agrob France S.A.R.L
2.1 Gena-Revomon :
rue des Fréres l.umlére
69740 Genas™$.; Y+ {--
Tél: (16) 7890 67 44

Type: Mocarbo rache (2)-"-‘
Dim:. 150 X 150 .-
oo €p. 12 3 13 mm.
Couleurs: grispmphyré4 -
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Villeroy et Boch (RFA) ; i P
A77320 LaFerté Gaucher § - - .. 1:
S(1) 6420 200075750 5l
oLt AnertEl

Type: Granifloor-Corindon ¥-¥; | 53535
: Pt

Dim: 150 x,«]SO
.+ép. 12 mm

.Cou!ems blant‘:"gns chxﬁ*’

"';BESINES POUVANT ETRE RETEN

Monile France S.A.R.l.,;
67/69, route de Paris .o/ . .
95310 St-Ouen FAumone ™ ~*
Tél (1) 30370024~ _ .,

Type: Monoquam

Résine oayﬁque et granuhl

dequartz ¢
ép. 102 12 mm

EERTRE

Yoes

Couleurs : Chamais, bran < R K 3

rouge, gris platmmm vert

amande

"/f

Goaldschmidt (RFA) =¥ - - -
Goldschmidt France S.A. o

3, avenue des Chauines -: o F
78180 Monugny-le-Bretonnm

'Tél (1}30434444'77. : e

Type: Prodoral EW 99 ,-+<
Résine époxydlque et granu-

lat de quartz -
ép. 334 mm

Couleurs: gris; brun rouge
vert, jaune sable ..

e

»

Locaux : utilisations types, 3 titre indicatif.

: abattoirs, hall de saignée, chaines d’habillage,

: chambres de resuage, chambres froides.
: réserves, locaux d’entreposage.
{1) Grains de carbure noyés dans lo masse.

{2) Grains de carbure sur 3 3 4 mm d'épaisseur,
{3) Saul roulage intense chariots 3 roues métaliiques.

TTMOO>P

{4) Le sol est d'autant moins glissant que le coeflicient d'adhérence
le terain en milieu de travail) montrent que 0,30 est un minimum exigible.

locaux & forte sollicitation mécanique.
: ateliers de découpe et similaires, charcuteries, salaisonneries, boyauderies, Iriperies.
: cuisines (locaux de préparation, cuisson, lavage) ef laboratoires similaires (trailcurs, palisse

“INRS"™ est élevé. Les résultats expltmentias K

SOrcE, t\\uCW‘
..'.3
. ﬂ
m“‘ >



LES GLISSADES ET LES CHUTES
DE PLAIN-PIED

Les ii.-in' ~ etles chutes de plain-pied représentent 11% des accidents du travail de

la profession.

Les - - les plus fréquentes tiennent a la nature, au naiiayane et 3 Pevrretion des
. ainsi qu'au port de i -+ - - - inadaptées.

Le sol-support

1l est généralement constitué d'une dalle qui doit avoir les qualités de résistance, d'indé-
formabilité et d'isolement aux remontées dhumidité.

La chappe de ciment qui recouvre cette dalle aura les pentes nécessaires pour I'écoule-
ment facile de I'eau de lavage (1 3 2%).

Le plan d’exécution doit préciser les points *scoulement et les canalisations d’évacuation.
D’une fagon générale, il faut éviter les percements du sol pour le passage des canalisa-
tions d’alimentation. Si cela n'est pas possible, des fourreaux en matériau inoxydable seront
nécessaires et déborderont du sol d’au moins 15 c¢m.

" Le revétement de sol

1l est indispensable de faire respecter par le poseur les conditions précisées dans le DTU
52-1 d’octobre 1985.

Les joints en mortier époxydique constituent un élément essentiel de I'étanchéité. -
Les grilles et les rigoles d'écoulement doivent étre disposées au méme niveau que le
carrelage. '

Il existe des siphons adaptés et compatibles avec les dimensions de carrelage qui évitent

les découpes. '

L’ensemble de ces travaux sera réalisé par des professionnels avertis:

Le revétement de sol:doit étre: antidérapant, facile a nettoyer et 2 désinfecter, résistant

aux chocs, imperméable et imputrescible, exempt de porosité, non inflammable.
Choisissez, de préférence, le grés cérame antiglissant ou les résines & charges de quartz
présentés dans le tabieau ci-contre. Ces revétements ont &té examinés et testés au CNER-
PAC (1) pour 'hygiéne et 3 'INRS (2) pour 'adhérence.

D’'une maniére générale, les résines époxydiques ont une moins bonne résistance aux
chocs thermiques et au roulement intensif de chariots que les camrelages en grés cérame
d'épaisseur suffisante. En 'absence de telles contraintes, les résines époxydiques sont plus
économiques.

1’épaisseur minimale exigée pour les carrelages est de 12 mm. Les faiences et grés émaillés
sont & proscrire.

Les raccordements plinthe-sol sont 3 gorge arrondie et étanches.

Prévoir une interdiction de circulation pendant les huit jours qui succédent & la pose.

(1) CNERPAC - Service du ministére de I'Agriculture chargé de recherches en matiére d hygiéne alimentaire
- Voir adresse page 60.
{2} INRS - Organisme dépendant de la Sécurité sociale chargé de recherches en matiére de sécurité du travaif
- Voir adresse page 60.
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LE NETTOYAGE DES SOLS

Un bon nettoyage permet de limiter les risques de glissade, de contamination des maté-
riels et de la viande.

Avant toute opération de nettoyage, veillez 3 ce que la viande soit & I'abri de toute
éclaboussure.

le -i. oo a~ve etlépandagedetout - o - o (r - et minéraux) sont
- par la réglementation.

L'épandage de certains produits “absorbants - antidérapants” est cependant encore toléré

3 condition que ceux-ci aient requ un agrément du CNERPAC (1}. Ce sont essentielle-

ment des produits de nature mindrale, & 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 chlores (essentxellement 'eau de Javel) sont les plus utilisés pour la désin-
fection. L’+:1ivi i o] est sensible 3 la lumigre, la chaleur, au contact avec les métaux.
1! faut utiliser et :+ .-+:" ;- 1-+ ces produits A1 - wation, Le personnel qui procede
au nettoyage don étre lorme a cet effet et étre muni de gants adaptés.
Etiquetter correctement les bouteilles contenant des produits dangereux. Des étiquettes
autocollantes peuvent étre obtenues a la Fédération nationale des entreprises de nettoyage
(2).

Tt s retiiisers de onteithes Lousaos alioaentaie pour stocker ces produits,
ni de venires @ boite pour leur dosage.

_|#Dose deau;de‘Javel '3, 6% de?
] -»QwCl’actjf ou-12°. Chl @)
TR ;.«;:«:5 ajbuter a ..{
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' a\»'a désinfecter vgci <
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{1) CNERPAC Serwce du ministére de [’ Agncul!ure 5 rue Mazet - 75006 Pans Tél. (1) 43 25 97 46
(2) Fédération nationale des entreprises de nettoyage - 3 et 5, rue de Metz - 75010 Paris - Tél. (1} 4246 82 12
{3) Chambre Syndicale de I'eau de Javel et des produits connexes - 10, avenue de Messine 75008 Paris

Teél. (1) 4562 29 60
f4) Chi = degré chiorométrique
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LES INSTALLATIONS D’HYGIENE
ET LE MATERIEL SANITAIRE

Les mslallatlons generales d hyglene comprennent divers postes d’eau permettant le
cetla it ooyt utilisé par le personnel:

4 Des lavabos stenlrsateurs pour le nettoyage, la désinfection des couteaux et du maté-
riel de travail.

Ces i.:. .15, coOnstruits en acier inoxydable, sontd ¢ «:vvin o ver 0 oL et sont

équipés d un melangeur 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 3 82°C.

De maniére 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 3 I'écart
des denrées alimentaires.

Elle est équipée d’'une douchette ou d'un pistolet laveur monté sur flexible avec eau chaude

et eau [roide.

LES LOCAUX SANITAIRES
DESTINES AU PERSONNEL

Les sanitaires

Les sanitairzs homme et femme sont distincts et ¢ conmmmuniguan: fangais directe-

ment avec les laciuy de travi:di ou de stockage.

Il est rappelé, pour les cabinets d’aisances avec chasse d'eau, que:

¢ Les cabinets “a la turque” sont interdits (transport de microbes par les semelles des
chaussures).

¢ Les portes s'ouvrent vers Pextérieur et sont a décondamnation extérieure (secours d'une
personne en difficulté).

« Un ou plusieurs lavabos sont placés immédiatement a la sortie de ces cabinets (1).

Ces lavabos sont 3 commande non manuelle. 1l existe différents types de commande:

par détection magnétique ou optique, commande au pied (au moins & 15 cm du sol)

Ou au genou. .

Un distributeur de savon a action antiseptique, une brosse & ongles souple et un essuie-

mains a usage unique sont prévus.

Si des essuie-mains en papier jetable sont installés, prévoir une poubelle 3 proximité.

Veiller & 'approvisionnement et au bon fonctionnement de ces équipements.

Les vestiaires

Lesventini s ae connvuniqirent na:  directement avece lesincany ae rvigeil .
Chaque personne dispose d’une :imaiie i denx compartiments, 'un pour les véte-
ments personnels, 'autre pour les vétements de travail.

Les vestiaires homme et femme sont séparés et situés, de préférence, prés de I'entrée
du personnel.

Les douches

Elles ne sont pas obligatoires mais conseillées pour un effectif supérieur a huit personnes.
les cabines individuelles seront distinctes pour hommes et femmes et aménagées dans
des locaux chauffés et ventilés.

{1) Exemple d'un matériel agréé CNERPAC: PROCI - Z1. - 89110 Aiflant-sur-Tholon - Tél 86 91 51 29
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L’HYGIENE DU PERSONNEL

Le personnel est tenu 3 la plus . - -+ . +.llportedes -+ . :cni:
" etune - - : . Cette couﬂe enveloppe Ia totalité de la chevelure et
son port est obligatoire.

Les vétements et les chaussures de travail sont lavés et désinfectés quotidiennement. s
ne comportent pas de revers {manches et bas de pantalon). En effet, les revers sont des
nids & poussiére et 3 microbes. Préférez les manches courtes.

Ne pas oublier de . .+ alaprise et & la fin du travail. En effet, les
chaussures de ville sont porteuses des microbes de la voie publique.

Le T -+ - et sa manipulation sont ;:.1. ...:+ 3 toute personne portant un

el . sauf s'il s’agit d'un pansement étanche et si la blessure n’est
pas purulente ll 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 & chaque reprise ou changement de travail.
Les -+ . sontcourset - .--.:.

Il est formellement . - - == & il sur le lieu du travail,

‘e wmcams abes 1’ N AW A STRR]
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SHORTER COMMUNICATIONS

Scand ] Wark Environ Health 10 (1984) 201—20%

Prevalence of epicondylitis and tenosynovitis among meatcutters

by Pekka Rolo, MD, pertti Kivi. MD'

ROTO P. KINI P. Prevalence of epicondylitis and Ienosvnovitis among meatcutters. Scand J Work

Environ Healih 10 (1984) 202—205. The

prevalence of epicondylitis and lenosynovitis was assessed

among 90 meatcutters and 77 relerents (construction foremen). Alt the participants fitled out a seif-
administered questionnaire about subjective symproms of the upper extremities. The questionnaire was
part of the Nordic standardized questionnaire for rheumatic sympioms. The subjects were examined by
the authots. wha did not have prior knowledge of the subjects” occupations. The prevalence of epicon-

dvlitis and 1enosynovitis among the meat
epicondylitis. and none suffered from tcn

cutters was 8.9 and 4.5 %, respectively. One referent had
osvnovitis. The resulis indicate that the meatcuiters had a

higher rish for epicondylitis in comparison with the referents. The risk increased with age and number

of exposure yvears.

Nev terms: slaughierhouse workers, meat-processing workers.

The charactier of meatcutting has not changed as
much as that of oiher types of werk as the result of
automatization. The major such modification (¢
occur in this occupation has been the shifiing of the
physical load from general physical sirain to local
muscle work. The lifiing and moving of slaughtered
animals have been mechanized, but the cutting and
separation procedurcs have remained physical work
that loads the upper extremities and shoulders.

In Finland the daily amount of meat handled by

“one cutier has doubled during the las1 10 years be-

cause of the demand for efficiency and because of the
pavroll system used by -the meat industry in this
country. The increasing local phvsical work load on
the upper extremities of meatculiers, together with
our observation thai meatcutiers often complain of
uppel -extremity and shoulder symptoms. was the im-
petus for the present study. In addition there were no
other studies available concerning the presalence of
epicondylitis and tenosynovitis among meatcullers.
Even the occurrence of these diseases in 2 normal
population is poorly known (6). The relatively short
duration of sympioms and the lach of epidemiologic
diagnostic criteria have limited the possibilities for
research on thete diseases (121

The purpose of ihe present stud: was 1o determine
the prevalence of epicondylitis and tenosvnovitis
among meatcutiers 2nd 10 evaluats a possible asse-
ciation beiween mzatcuitng and epicondsiinis and
1ENOSYNOVITA.

Tamne:¢ Keztenal Ipaiui o Qorupaiona Healit:.
E -

QF-32101 Tampere., Fandara!

Reprini segquesisie: D: F Roie, Jampyie Reponal Instioie
of Qccupationa!
Finland.

cuhb. PO Bos S8, SF-32U00 Tampere,

Subjects and methods

The study population of 90 meatcutiers, all men, was
selected from 250 workers examined in a project
aimed a1 revealing the prevalence of epicondylitis and
tenosynovitis among workers of meat-processing
enterprises in and around the city of Tampere. Two
of-the companies had more than 200 workers, 1wo
about 100 workers, and'tfie rest employed less than
50. There were two slaughierhouses, and the rest
were firms producing different types of processed
meats, eg, frankfurters, bologna. and other 1ypes of
sausages. All the meatcutters employed by the com- ‘
panies took part in the study. They had all worked
more than one vear in the food indusiry, and none of
them: currently had tasks other than meatcutting in
their dailyv work.

The reference group was formed of 77 foremen
from 1he construction industry. The foremen were
selected as the referents because they had not been ex-
posed 1o repetitive movemenis of the upper exiremi-
ties in their work.

We chose the following commonly used signs for
the derermination of epicondylitis (12): local tender-
ness. pain during resisied extension/flexion of the
wrist and fingers. and decreased hand grip power in
comparison to that of the opposite hand. The diap-
nosit of tenosynovitis required the following symp-
toms: locai pain during mavement, swelling, and
weakness of finger movements.

All the participants filled out a self-administered
guestionnaire ahout subjective svmptoms of the
upper extremiies and locared the painful areas on a
pictute representing the upper part of the body. The
questionnaire wa¢ 2 parl of the Nordiw standardized
questionraire for theumaiic symproms (). The sub-
jects came to the physical examination with the ques
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tionnaire already filled out. They were then checked
by onc of us, neither of whom had any prior knowl-
edge of the subjects’ occupation because, at the time
of the examination. the subjects were part of the
larger group of 250 meat-processing workers. Every
other worker was assigned (o one of the authors in
turn. All of the workers in whom abjective symptoms
were found were referred for serologic laboraiory
tests for rheumatic arthritis (the latex test and sedi-
mentation rate). The physical examination was per-
formed about 12 h after the beginning of the work-
day.

Seventy-two of the 77 referems participated in the
physical examination. The healih records of the five
nonparticipating referents were checked. They did
not participate in the examination because they were
traveling on business. There was no indication that
they would have had either epicondylitis or tenosvno-
vilis. .

The Mantel-Haenszel chi square (7) for several
2-x-2 frequency tables. stratified by confounder (in
this study: age), and the associated risk ratio estimate
(7) were calculated. Test-based confidence limits for
the risk ratio were obtained through the application
of the method iniroduced by Miettinen (8).

Resulis

Objective sympioms. Eight meatcutiers (8.9 %) met
the criteria for epicondylitis, and four (4.5 %) were
- diagnosed -as having tenosynovitis {table 1). There
was -one case of epicondylitis and no cases of 1eno-
synovitis among the referems. The cases of epicon-
dvlitis occurred in the older age groups, whereas the
" few cases of tenosynovitis occurred in younger work-
ers. The one referent with epicondylitis was S8 vears
old. Three of the meatcutters were referred directly
from the examination 10 therapy and sick leave.
The risk estimate for epicondylitic among the
meatcutiers was 6.4 (x; = 3.81, p = 0.05: 95 %
confidence interval 0.99—30.9).

Table 1. Occurrence ¢! epicondyhtis among 90 Finnish
meatcutlers ang 77 referents

Occurrence of
Age group epicondylitis

(years)

Numper
o' subjects

N €y

Meoicutters tmean ape 39.2. SD 11.4;

= 30 22 - -~
31—40 3 M 6
£41—50 18 2 L2
S1-—65 1€ & :
Total or 4 1
Relerents (mean age 38.4; SD %.2;

< 30 1V - -
31—ap 2 - -
&1—-50 £ - -
&1—h5 & 1 —
Tola 72 ] -
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In addition to the diagnosed cases. seven meay.
cutiers (7.8 %) showed some objective SIENS in the
upper extremities. eg. local tenderness in the region
of the epicondyli, in the physical examinailion,

All the meatcutters with epicondylitis had worked
mare than 15 yvears in their curreny occupation. The
average length of the mearcutiers” work ke was I
ycars.

Subjective symproms. During the week before the

subjects compleied the questionnaire, 29 9 of the:

meatcutiers and 7 % of the referents had fely pain in
the region of the epicondyli. whercas 43 and 16 9, of
the meaicutiers and referents. respectively, had fel
pain in the same location during the last |12 monihy
before the study. Thirty percent of the meatcutiers
and 10 % of the referents had felt discomfort or pain
in their wrisis or hands during the week before the
study. During the vear preceding the study 54 % of
the meatcutiers and 17 % of the referents had fel
pain in their wrists or hands.

All the reporied sympioms were associated with
increasing age, as well as with the dominant hand of
the meatcutter.. The results of the latex iests were
negative. The sedimentation raies were within the
normal range (< 10 mm ‘h).

Discussion .
There iy still controversy about the etiology and diag.
nostic criteria of epicondvlitis and tenosynovitis (5. 9,
10). Many authors agree that the exiernal cause of
epicondyilitis is overexertian of the finger and wrist
extensors (6). Grip and playing technique have been
suspected to play some role as causative agents in the
occurrence of tennis elbow (9. 10). I is possible that
the etiology-of the meatcutiers’ epicondylitis is asso-
ciated with local muscle-tendon load. A meatcutier
must, eg. overstrain the extensors and flexors of the
wrist and fingers of his work hand. especially when
he is cutting frozen meat. The individuzal work meth-
ods of meazcutiers have 10 be taken into account also
as a possible individual risk facior of epicondylitis.

Epicondvlitis does nat seem to be connecied with
repetitive or monotonous work movemenis so clea rlv
as tenosvnovitis, but the risk of epicondylitis is more
associated with ageing than the risk of tenosynoviiis
(4. 5). Meaicutiers do nol use the small muscles of the
hand and forcarm in a repetitive monoonous way;
instead they use the whols powsriul muscclature of
the upper arm and shoulders in their work.

We chose relatnels siricr diagnastic criteria for ous
study in ordes (¢ 2-0id false pesitive cases. Bath
authors derected almos: the sam: number of case:
tihree and five), Thereiore we believe thai there wa.
no sigmficant olneriationa! bias.
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ties is about 9 0. and (or the region of the hands and
wrists the corresponding figure is 11 % (11). For the
same age group of 1he referents of the present investi-
gation the corresponding prevalence was 0 % in
both cases. Although one must be cautious in com-
paring questionnaire data (rom different studies, the
magnitude of discomfort symptoms seems 10 be
clearly higher among meatcutters than among worh-
ers who arc not exposed to repetitive movements of
the upper extremities.

The use of self-adminisiered guestionnaires may
cause some overreporting of subjective symptoms,
However the fact that there were separate clinical
svmpionts in the clinical examination for almost § %
of the meaicutters who did nat meet the criteria for
epicondylitis favors the hypothesis that the meat-
cutiers actually had more subjective symptoms of the
upper extremities than the reference group. )

In a receni report about the musculoskeletal com-
plaints of meatcutters Hapberg et al (2) were able to
show that local muscle sirain increases the sesum
level of creatine kinase. a finding which indicates
local overloading of muscles among meatcutters.
Their observation ahout the localization and suscep-
tibiliny facrors of musculoskeletal complaints paral-
lele our abservations.

In another recent study about musculoskeletal dis-
orders and complaints among workers in sltaughter-
houses, Wiikari-Juniura was not able 1o show epi-
condylitis amonge buichers and meat industiry workers
{13). The mean age of her study population was clear-
Iv Jower than ours. )

We are fully aware of the difficuities of iner-
preting cross-sectional data in favor of the hypothesis
that meatcutting increases the rish of epicondylitis.
However our observation that meaicuters with epi-
condvlitic had been exposed, on the average. fire
vears longer than the other meatcutiers leads us 10 the
conclusion thar cpicondylitis is probably associated
with meaicutiing. The overreporting of local muy-
culpcheleral ssmpioms among meaicutiers also sup-
ports the view tha: meatcutting causes lacal muscle-
tendon load. which mav cause epicondylitis in older
meatcuiers,

There «eem- 10 tw a strong tendency 1owards early
pensioning of change of work after the age about 50
vears amone <laughierhouse workers (3). If the same
tvpe of early retirement also occurs among meatcut-
ters. aur figures are probably underestimations. Dur-
ing the lasi seven vears the Finnith unemployment
rate has heen 9— 10 %% Therefore the opportunities

" W s — s ATt it

for changing jobs have diminished dramatically since
the carly 70s. We think that this phenomenon has
stabilized the study population, and selection due to
discomfort sympioms is not a factor to be consid-
ered. More precise inferences on the assaciation
beiween meatcutting and epicondylitis would be pos-
sible in the context of an incidence type of study.
Qur figures for tenosynovitis were low. Therefore
it is not possible 1o make inferences aboul any asso:
ciation bctween meatcutting and venosynovitis. The
cases were more prevalent among the vounger work-
ers, and it is already generally known that tenosyno-
vitis accurs more often in younger people (12).
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Neck and upper limb disorders among
slaughterhouse workers

An epidemiologic and clinicél study

by Eira Viikari-Juntura, MD?

VIIKARI-JJUNTURA E. Neck and upper limb disorders among slaughterhouse workers:
An epidemiologic and clinical study. Scand j work environ health 9 (1983) 283-290.
The aim of the study was twofold. (i) to detect neck and upper limb disorders in slaugh-
terhouse workers and (ii} to develop methods for the epidemiologic screening of these
disorders. A total of 117 shaughterhouse workers underwent a physical examination of the
neck and upper extremities and were intecviewed for their subjective symptoms. In
addition o 3 prestructured screening diagnosis, 3 clinical diagnosis was made. The
prevalence of tension neck syndrome was 6.2 <. and that of tenosynovilis and peri-
tendinitis of 1he wrist and forearm 4.4 %. The screening diagnoses were not always the
same as the clinical diagnoses obtained in more-detailed examinations. However,
nine disorders in the screening method fairly well represented the disorders detected

in the clinical examination.

Key tevns: carpal ganglion. cervicobrachial disorder, occupation, peritendinitis.

rheumatic diseases. screening method, tenosynovitis. tension neck.

-

The Finnish Occupational Disease Regis- The diagnosis of musculoskeletal
ter has reported high incidences of oc- disorders is often difficult and confusing.
cupational musculoskeletal disorders both at clinics and in epidemiologic set-
(including enosynovitis and perilcndinilis tings. Generally accepted and used diag-
of the wrist and forearm region and hu- nostic criteria exist for a few disorders
meral epicondylius) among slaughter- only. whereas the criteria for such com-
house workers (17). However no epidemio- mon disorders.as tension neck syndrome.
logic studies with clinical examinations cervical syndrome, humeral epicondylitis.
have been done for the detection of neck .and tenosynovitis and peritendinitis of
and upper limb disorders in slaughter- the wrist and forearm vary widely (18).
house workers. The subjective musculo- Diagnostic criteria for these disorders
skeletal symploms of these workers have would be of value in the comparison of

been screened in queslionnaire studies research results.
(5. 9.
Suggested causative [factlors of the
disorders include repetitive work in meat  Subjects and methods
cutting. fast work paces. and high resist-.

ance. especially of beef (9. In some slaugh- The slaughterhouse under study in the
terhouses the temperature of the meat to presem investigation employed a total of
be ¢ut is low, and low temperatures in- 119 buichers. mealcutiers. and meat by-
crease both the resistance of the ‘meat and product workers. Two were on sick leave
the stress of the work. because of linesses nol related to the
study. Of the 117 workers examined.

' Department. of Physiology. 1nstitute of four wer¢ excluded from closer analysis.
Occupational Health, Helsinki, Finland. three because of a recent injury and one
because of recent surgery for a habitual

R e of Occupational Health, Laajaniityntie humeral dislocation. No one _reported
1, 01620 Vantaa 62, Finland. active rheumatoid arthritis. Eighty-two of
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the remaining 113 workers were men and
31 women; there were 52 cutters, 38 butch-
ers. and 23 meat by-product workers.
Twelve cutters and eleven butchers were
trainces who did the same work as their
more experienced workmates,

The temperature of the meat to be cut
varied between 0 and 7°C. and the tem-
perature of the workplace was 10°C.

The slaughterhouse hacl been operating
only seven yvears. At the beginning many
young trainees were hired. and therefore
the workers were very yvoung. Their mean
age was 31.8 (SD 9.3) years. 30.1 Years for
the men and 36.1 vears for the women,.
The mean length of employment was 5.5
{(SD 5.4) years. The work pace was reported
to have been reduced by approximately
25 ‘% for the two weeks preceding the
examinations because of salary disputes;
the reduced work Pace was used through-
out the study,

The screening method used in this
study (18) was also used in two earlier epi-
demiologic 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 by a predeter-
mined set of criteria. The disorders and
the criteria for the disorders. as well as the
tests used and the symptoms recorded. are
presented in table I.

In the present study the subjects were
asked. at the end of the interview. o make
a drawing of the pain experienced during

Tabte 1.

the last 24 b. The screening diagnosis way

approved if it did not confict with the

Pain drawiny.

All the workers were examined by the
author. A neurological examination of
the upper arms was added 1o the standard
set of tests. The neurvlogical examina.
tion tested for brachioradial and triceps
deep tendon reflexes: shoulder cleva
tion; and deltoid. biceps. triceps. lumbricy
and interosseus functions (strength. with
special reference to the difference be-
tween the sides). Sensitivity to light touch
and pain in the upper arms was tested,
as was sensitivity to vibration at the ulnar
styloid processes and the lateral malleoli.
Roos’ elevated arm stress test for thoracic
outlet syndrome {14) was also included in
the standard set of tests. The subjective
component of pecforming and judging
each test was reduced by the procedure o;
first examining the subjects and then
interviewing them.

The examination procedure was con-
tinued so that a clinical diagnosis could
be obtained if the diagnosis based on the
screening method conflicted with the pain
drawing_ if there was marked pain and no
screening diagnosis was made. and ift here
was localized paresthesia, numbness, or a
disturbed sensitivity to light louch or pain.
At this stage other forms ol the men-
tioned pain syndromes and differential
diagnostics were also taken into considera.
tion. as were some other common painful
conditions and the most common distal

Criteria lor screening diagnoses of neck and upper limb disorders (18).

Disorder Criteria

Tension neck syndrome

Feeling of fatigue or stiftness in the neck

. neck pain or headache radiating from

the neck: at least two tender Spots or palpable hardenings: muscle pain or tightness

upon neck movement
Cervical syndrome

Thoracic outlel syndrome Pain radialing to an u

or drooping shoulder
Supraspinous tendinitis

Bicipital tendinitis
Frozen shoulder syndrome

Acromioclavicutar syndrome Pain in the shoulder re

the joint
Epicondylitis syndrome

Tenosynovitis-and peri-
lendinitis gt the wrist and
torearm

Pain radiating trom the neck
tadiating pain provoked by test movements

Pper extremily. positive Morley's sign. positive Adson’s test,
Pain in the shoulder region,
arch; fimited active abduction
Pain in the shoulder 1egion, local tenderness

Progressive pain and shoulder stiftness duri
and passive outward rotation limited

Local pain during rest and/or
epicondyle. pain during resisted extension/flexion of the wrist ang tingers

Local ache. pain during movement, tenderness along th
muscle-tendon junction, swelling. weakness in gripping

10 the upper extremity. limited neck movement,

lacal tenderness. pain during abduction, or painful

ng the 1ast three to tour months, aclive

gion, local tenderness during patpation or percusion of

. local tenderness at the lateral/medial

e course of the tendon or,
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nerve entrapments of the upper arm. The
procedure followed in making the diag.
nosis is shown in fig 1. and the criteria

for clinical diagnoses are presented in
table 2.

‘ Tabie 2.

So that the repeatability of the tests of

the screening mc

thod could be checked., 33

persons were e¢xamined by a specially

trained physiotherapis

Critesia lor clinical diagnoses of neck and upper limb disorders.

L

Disarder Criteria -

A Disorders contained in the screening method presented in tadle

Tension neck syndrome

Cervical syndrome
ness in the hand, limit

Same as the criteria tor the scr

upon neck movement not necessary (cases that alsg
diagnasis of cervical syndtome classif

Pain radiafing from the neck t

Thoracic outleq syndrome

entrapmenis excluded)
Supraspinous tendinitis (18)

Bicipital tendinitis {18)

Frozen shoulder syndrome
Acromioclavicutar syndrome
(18)

Epicondylitis syndrome
Tenosynovitis and peri-
tendinitis of the wrist and
forearm .

8. Other disorders

Intraspinous tendinitis (3}

Olecranon bursitis

Carpat ganglion Dorsat or volar ganglion detected
Painfu) first-carpometa- Paintul joint at palpation, pain in the joint when moved
carpat joint

Osteocarthritis of finger joints

Carpal wnnel syndrome
(10, 12)

examination normal)
Pronator syndrome
(1. 11, 18)

forearm and tlexion

of the middle finger at the pr
ihree and a hait fingers on
weakness of the short abd
ctervical syndrome, and fie

torearm excluded)
Posterious interosseus
nerve entrapment (Frohse's
syndrome) (4, 15, 19)

Same as the criteria for the screenin,
lion not necessary. pain i

Heberden's nodes noticeg

Pain or paresthesia in the median dist,
the carpal tunnet or positive Phalen's wri
touch or pain in three and a haif fingers on the
strength of the short abductor of the thumb
at the pronator tevel and cervical syndrome exclt

Pain in the proximat volar as
the volar side of the forearm;

side of the hand possible; symptoms i
of

Same as the Screening diagnasis (table 1)
Same as the screening diagnosis (table 1
at the end of abduction or in adduction,
Same as the screening diagnosis (table 1}
Local ache or pain during m,
or muscle-lendon junction, i

Pain in the shoutder region. local tenderness, pain
rotation ot the humerus, paintul arch possible

Palpable paintyl olecranon bursa*

the radial side of the
uctor of the thumd
XOr tenosynovilis a

eening diagnosis (table §

ied as cervicas

0 the upper extremi
d neck mo t. pain in
{peripheral entsapment neuropathy of the upper

Pain radialing to an upper extremity. positive e

ovemeny, tenderness
| other diagnoses excluded

). muscle pain or tightness
meet criteria for the clinical
syndrome)
Iy or pain in the neck and nurmb-
e neck during neck movement
arm excluded)

evated arm stress test {distal nerve

g diagnosis (table 1), but limited aclive abdyc-
n resisted isometric abduction possible

). also pain in the shoulder segion and pain
alt other shoulder diagnoses excluded

aloag the eourse of the tendon

in resisted isometric outward

ribution of the hand, positive Tinel's sign at
ist flexion test: diminished sensitivity to
radial side of the hand and diminished
possible {median nerve entrapment
uded. and the rest of the heurglogical

paresthesia in three and a half fingers on the radial
ncreased by resistance to pronation of the
1ha wrist, toreanm supination 3and elbow tiexion or Hlexion

imal interphalangeat joint; diminished sensation in
hand. the thenar eminence, and
possible (carpal tunnel syndrome,
nd peritendinitis of the wrist and

Ulnar nerve entrapment
at the elbow (1)

Ulnar nerve entrapment
at Guyon's tunnel (1)

of the neurological examination normal)

Pain, paresthesia or numbness in the fourth and lifth fingers, tenderness to patpa-
tion at the cubital tunnel, Tinel's sign at the cubital tynnel passibly present;
diminished sensation in 1he lourth ang titin lingers and weakness of the interossei
and the third and fourth lumbricales possible (ulnar nerve entrapment at the Guyon's
tunnel, cervical syndrome, and thoracic outtet syndrome exluded)

Pain. paresthesia, numbness and/or weakness of 1he fifth Singer, tenderness to
Ppatpation at the Guyon's tunnel possible, Tinel's sign at the Guyon’s tunnel possible:
diminished sensation in the fourth and fitth fingers or weak abduction ot the lifth

finger (ulnar nerve enirapment at the cubital tunnel. cervical syndrome, ang
thoracic outlet Syndrome excluded)
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Results

Screening and clinical dragnoses

The results arc presented as screening
diagnoses and clinical diagnoses intable 3.
According o 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 mee! the
criteria of the screening method. Four
were on the extensor side, one was on the
flexor side, and one worker had peri-
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 cutters. and they were inthe
dominant hand. Three of these cutlers
were men, and one was a woman. Three
cases were residual afler earlier surgery.
Two workers with a volar ganglion had
noé¢turnal 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. test 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 of
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 resulls
than the palpation tests administered by
the author. )

Table 3. Distribution of the screening diagnoses
and clinical diagnoses among 113 slaughter-
house workers.

Screening Clinical
diagnosis  diagnosis

Tension neck syndrome
Cervical syndrome

Thoracic outlet syndrome
Supraspinous tendinitis
Bicipital tendinitis

frozen shoulder syndrome
Acromioclavicular syndrome
Epicondylitis syndrome
Teaosynavitis and peri-
tendinitis of the wrist and
forearm -
infraspinous tendinitis )
Olecranon bursitis

Carpal ganglion

Paintul tirs1-carpometacarpal

joint

Osteoarthritis of tinger

ioints

Carpal tunnel syndrome

Pronator syndrome

Posterior interossevs

nerve enirapment . -
Ulnar nerve entrapment B

at the elbow - -
Uinar nerve entrapment

a1 Guyon's tunnel . -

11 =t =
1) Aty mBD

nllw»

-

Table 4. Cases of lorearm and wrisl tenosynovilis and peritendinitis.

Age

Duration ol Other lactors

Other disorders

Diagnosis Sex {years) Occupation employment {screening of
{years) clinical diagnosis)
Peritendinitis Male 22 Cutler 2 Aeturned from None
of the long {uainee) sich teave
abductor ot t d before
the thumb the examination
Peritendinitis Male 21 Buicher 35 Returned from Bicipital
ol the wrist (trainee) military tendinilis
ex{ensars service six weeks
belore the
examination
Peritendinitis Male 18 Butcher 0.1 - None
ol the wrist {trainee)
extensors
Peritendinilis Female 32 Mest by-producl 45 Returned from None
of the wrist worker maternity leave :
entensors and two weeks before
tiexors the examination
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Symptoms reported by the subject

In addition to their present symptoms the
workers were also asked about pain or
trouble in the neck and shoulders, the
back. and the arms and hands during the
Past 12 months. Table 5 shows that neck
and shoulder trouble was more commaon
among women than men and. in both
Sexes. more common than back trouble.
There were no appreciable differences
between the. sexes concerning 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 tenosynovitis or periten-
dinitis of the wrist or forearm or humeral
‘epicondylitis during the past 12 months.
There were 15(13.3 %) subjects who had
had 18 (15.9 %) cases of tenosynovitis or
peritendinitis and four (3.5 %) who hag
had epicondylitis. One worker had had
both lateral epicondylitis and fNexor
tenosynovitis at the same time. Three
workers had had tenosynovitis twice

during the past year. Two workers who
had expericnced peritendinitis carlier
also had peritendinitis at the time of the
examination. All 15 workers who had
previously had  tenosynovitis  or peri-
tendinitis were men, cutters or butchers by
occupation, and 12 of them were under 30
years of age. The workers with epicon-
dylitis were 30 years or older.

Discussion
Results

As shown in table 6. the prevalences of
both tension neck syndrome and teno-
s¥novitis and peritendinitis of the wrist
and forearm were very low when com-
pared with the corresponding values of
three groups of “predominantly female
subjects examined by the same method.
However. the five cases (4.4 %) of current
peritendinitis agreed with the reported
18 clinical cases (15.9 %} of tenosynovitis
or peritendinitis that had occurred during
the past 12 months,

Table S. Occurrence (%) of pain or trouble {reported symploms) in the neck and shoulders, ihe back,
and the arms and hands in two groups of slaughterhouse workers during the past 12 months.

Body region where- pain

Staughterhouse workers
of present study

Swedish slaughterhouse

or trouble was experienced

Men Women Total

workers in report of
Jonsson et al (5)2

(N=82 (N=31) (N=13) (N =53)
Neck and the shoulders 457 58.1 49.1 45
Back . 39.5 452 a7 42
Arms and hands 59.3 613 59.8 36

2 Al the subjects were men.

Table 6. Occurrence
worker groups.

(%) of neck and upper limb disorders in staughterhouse workers and three other

e

Occupationat groupss

Disorder of neck

Slaughterhouse Scissor Shop Factory
or upper limb workers makers assistants workers
(N=113) {N =93) (N = 143) {N = 152)
Tension neck syndrome 6.2 61.3 278 375
Tenosynovitis and peritendinitis
of the wrist and torearm 4.4 18.3 13.5 S5.9
Other disorders 1.8° 4.3 0.6 19.0

2 Slaughterhouse workers trom the present study, scissor makers from 1
Koskinen (6) and shop assistants and tactory workers from the stud
® One cervical syndrome and one bicipita) tendinitis.
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The fact that cases of tenosynovitis or
peritendinitis were encountered during
the past 12 months only among cutlers and
butchers and predominantly among young
workers supported the concept that
overexertion and lack of experience are
its important causative factors (7). Fur-
thermore. a recently terminated absence
was the triggering factor in most current
cases of peritendinitis.

The low prevalence of tension neck
syndrome and peritendinitis of the fore-
arm can most likely be attributed to two
factors. (i) high selection and (i} reduced
work pace. The seven years that the
slaughterhouse had been operating pro-
vided a suitable time for selection. Young.
unfit workers had lefi the workplace. and
the remaining workers became skillful in
their work. The reduced work pace evi-
dently had a direct effect on such signs
as tenderness and swelling of the muscles
and tendons. which were the objective
criteria for tenosynovitis and peritendinitis.

The higher prevalence of neck and
shoulder trouble in women (table 5) has
been noticed also in other studies of
working populations (3). The trend was
the same in the “normal population™ ac-
cording to the preliminary reports of a
recent Finnish study called Mini-
Finland.” However the relatively high
prevalence of neck and shoulder trouble
also in men. which was higher than the
prevalence of back trouble. is noteworthy.
The situation was the reverse in -the
normal Mini-Finland~ population. for
which back trouble was far more common
in men than neck and shoulder trouble.
Comparison of the frequencies ofneck and
shoulder trouble. back trouble. and arm
and hand trouble among the men of this
study with thosc among 3 group of Swed-
ish slaughterhouse workers in similar
occupations (table 3) showed that the
frequencies for neck and shoulder trouble
and for back trouble were approximalely
the same. whereas trouble in the arms
and hands was more common among the
Finnish slaughterhouse workers.

The occurrences of  painful carpal
ganglia. most of which were on the volar
side of the wrist. should be noted. The
carpal ganglion in itself does not oflen
cause problems. All five ganglia found
were painful. probably because of the
work demands on the wrist.

The method

The validity of the screening method used
for this study is unknown. nor can it be
directly tested by this study. as the clinical
and screening diagnoses were based partly
on the same iests.

However the thorough physical examina-
tions did not reveal many cases of disor-
ders not contained in the epidemiologic
screening method. The cases of carpal
ganglia were an exception. Much has
been iritten lately about entrapment
neuropathies and their relation 10 work (2).
Two workers in this study group had
svmptoms that suggested carpal tunnel
syndrome. and one worker had symptoms
of a more proximal median nerve entrap-
ment. No other symptoms or signs indi-
cating entrapment neuropathy were
encountered. .

There were five cases of cervical syn-
drome. one case of thoracic outlet syn-
drome. three cases of supraspinous ten-
dinitis. and five cases of peritendinitis of
the wrist that could be diagnosed clinically
(table 3). But these cases did not meet the
set of crileria in the corresponding screen-
ing diagnoses of the method. Thus the
criteria are soft” for some disorders (eg.
tension neck syndrome and bicipital
tendinitis) and *“hard” for most other
disorders teg. cervical syndrome. supra-
spinous tendinitis. tenosynovitis. and
peritendinitis of the wrist and forearm).
Cases diagnosed according to the ~hard™
criteria are very likely lo be remarkably
painful conditions not often encounitered
at workplaces. For epidemiologic purposes
it would be more appropriate 1o use
-sofler” criteria so that disorders are
detected in their early stages.

Testing the repeatabiliiy of the tests ol
the physical examination by having two
persons examine the same individual
contains many sources of error. As most of
the test results rely on the subject's an-
nouncement of pain. paresthesise. dis-
turbed sensitivity. etc. il is probable that
the subject learns the results of the test.
the objectivity of the examination thercby
being reduced.

Opinions differ about the value of
physical examinations in epidemiologic
studies. Comparisons between different
groups of workers can be made on the
level of subjective svimploms., objective
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signs. or complexes of symptoms and
signs. The “diagnoses™ of the screening
method used in the present study are an
example of the last-mentioned type.

Some evidence has been found which

indicates the predictive value of certain
symptoms and signs. Riihimiki et al (13)
found that current neck pain better pre.
dicted the experiencing of neck pain after
five years had passed than did findings of
degeneration in cervical radiographs.
Tenderness upon palpation of the brachial
Plexus was predictive of neck pain five
Yyears later at a statistically significant
level. Nothing is known about the pre-
dictive value of the symptom complexes of
the screening method used in the present
study. as no follow-up studies using this
method have been published.

The screening method used in this study
is time-consuming and hard for both the
subject and the examiner. especially when
examinations are performed individually
for. each worker. Both this study and
another unpublished study by the author
rarely found objective signs  without
subjective symptoms. Consequently it
could be thought that only persons with
subjective symptoms should be chosen for
physical examination.

In middle-age and older study groups
degenerative - changes cause symptoms
and signs that cannot be singled out in a
physical examination. Thus the method
would probably be more valuable when
relatively young populations are screened.
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ABSTRACT
The purpose of this research was to asacas workplace factora
identified a3 contributing to cumulative trauma disorders amang 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 occypational
health problems experienced by the various occupational groups were
examined and.the Impact on upper 1imb disorders of 2 number of
workplace factors, including knife design, environmental conditions arld
work procedures, was assessed, The causes of occupational health
prablems appear to differ among sectors of the industry, although the
problems are similar. Thus, solutions such as work breaks, equipment
modification, worker tralntnq. and limiting weight of matertals handled
manuatlly must be applied according to the requirements of cach industry
sector. The range of possible causes and solutions indicates that much

further research is needed.
INTRODUCTION

The production of meat and it many
byproducts represeants 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
expericnced & wide range of technological
changes in the past fifty years, from sausage
making machines to assembty-ltne cutting and
packaging meat. Despite 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 technolegical developments in

the meatcutting sector has affected the
overall employment picture of meat cutters,
and has also resulted in incressed 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.

tos

obccupational discases such as tendonitis
have been reported in a number-of
occupations which use hand knives

. (Armstrong et al, 1982; Hall, 1984;

Yarlqvist, 1984). Recent studics from Sweden
and Finland (Magnusson et al, 1985; Flack and
Aarino, 1983) reported that butcllers are
experseriencing a high frequency of
occupational disorders. Factors identified as
contributing to these disorders include job
activites, workstation layout, the

psycho~saclal 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 obtatn an-overall
understanding of industry problems,
questionnaire surveys of retail and wholesaie
warkers were carried out. To determine
whether cold environmental temperatures
were 3 contributing factor in the incidence of
upper limb disorders in wholesale meat
cutters, hand skin surface temperatures
were monitored.

v ——— -



Proceedings of the Annuai Conference of the Human Factors Assaociation of Canada

Comptes-rendus du congras

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 pzin in 2 specific
body part (hand/wrist/finger, elbow,
shoulder, back, leg). Subjects reporting
fractures, arthritia, or rheumetism were
cemoved from the analysis.

Finger and wrist temperatures of the knife
holding hand were measured for an entire
work day of 15 beef cutters (cight healthy,
seven with sore wrists) and 10 park cutters
(five healthy, five with sore wrists). The
same workers whose hand temperaturcs were
monitored were aiso measured for wrist and
nand dimenstons and grip strength.

Three subjects were filmed cutting & beef
joint with a standard knife.

RESULTS
Retail

Jobs in the retail sector are meatcutters,
who divide larger pieces of meat into smatl
pieces for sale: meat wrappers, who wrap and
price the pieces: deli workers, who slice, 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 (29%) and hand problems
(22X). Meat wrappers experienced back pain
(70%), hand disorders (52X), and shoulder
discomfort ¢38%) — the highest incidence of
these problems of all retall workers.

Back pain was also reparted by deli
workers (581) and fish workers (s50X).

Beef

Jobs in the beef sector are skinners, who
cemove 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 smaller cuts and remove
fat: and packers, who cover pisces with fibre
wax reinforced material. Floaters.fill in
wherever cxtra warkers are needed.

Skinners reported pain only in hands (50%)
and shoulders (33%). Sawyers reported back
pain (50%), and packers experienced
problems mostly 1a shoulders (36%). The
most hand and shoulder disorders werse
axnerienced by boners (72X and 45%) and
cutters also had a high incidence of hand
problems (672). Flosters ail roported elbow,
shoulder, and hand problems, and had the
highest incidence of back problems (7).

| da FA
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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 {trimmers),

bonarse, and cutters, who trim, debone and
remove fat from pieces: and packers, who
package the pieces. Wizard knife users use
rotating power—driven knife blades to trim fat

and salvage any remaining meat on the'bones. '

Toska in the pork industry are generally lesa
well defined than in other sectors.

As in the beef sector, sawyers reported
hand (67%) and back (67%) problems. Pork
boners, trimmers, and packers experienced
problems in the same body parts. The highest
inctdence of problems was experienced by
wizard knife users, who suffered hand (71%),
shoulder (712) and back (70%) problems.

in the pork plant, unlike the beef plant,
there were no significant finger temperature
differénces between subjects and controls.

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 indicsted that
approximately 70X of the time the knife
cutting hand was flexed at the wrist and that
the hand deviated to the radial aspect 49X of
the observed time.

01SCUSSION

Occupational health problems of workers in
the meat processing industry are diverse and
occupation specific. Problems may arise from
work procedures performed, equipment and
tool design, workstation characteristics, and
the environment. Since cach of these factors
differs within the industry sectors discussed,
each sector will be addressed Individually.

Retail

In retail stores excessive worksurface
dimensions (size of disolay cases), cold
drafts, and work procedures, including lifting
of heavy boxes and meat trays, were the
primary factors assocfated with back and
upper limb disorders in retail workers.
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A 1arge number of retall workers (28%)
were excluded from the study because of
self—reported arthritis or rheumatism.
Further study of this problem may be
warranted.

Beef and Pork

Ia the beef industry, hand/wrist disorders
were most prevalent amongst beef boners and
cutters. Workplaca factors associated with
these disorders included cold hands, wearing
a mix of cotton and rubber glaves on the
knife-holding hand, and interaction between
the knife and the cut wnich 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
Despite the eimilacity in the occupational

health problems in the different meat
processing sectors, it is evident that the

_ differente workplaces tnust apply different

solutions in order to properly solve thelr
problems. This approach will reduce
industry costs in addressing the problems
and will ensure prompter worker rellef.

Both beef and pork workers frequently
assumed static work postures for
protonged periods of time, repeatedly
stressing the same joints;
mini-stretch/massage pauses and job
rotation are therefore recommended.
Other suggestions include reconstdering 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
avold, rotating workers amongst different
jobs so that the joints most used arc ]
stressed in different ways, and limiting the
welght of boxes handled manuaily.

This study is the first in North America
to examine the musculoskeletal prodblems
of meat processing workers from an
ergonomic perspective. in addition, it is
obvious 12t many prablems are site
specific. Hence, much more in-depth
investigation.is needed.

the Human Factors Association of Canada
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ZOONOSES

Les zoonoses sont des maladies causées par des agents infectieux communs aux
animaux et A I’homme. Ce sont surtout les travailleurs agricoles, les vétérinaires,
les €leveurs et les vendeurs de bétes qui sont les plus exposés A des infections
provenant des animaux. En alimentation, 1’hygiéne publique s’occupe de ce que
I’animal soit sain bien avant qu'il n’atteigne la chaine alimentaire. Cependant dans
une liste' assez élaborée publiée en 1985, certains genres de travail dans
I’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 a la salmonellose, aux staphylocoques, aux streptocoques,
aux colibacilles, 2 la listériose, a la grippe, a 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 1’humain.

Suq?yeillance médicale et prévention

La surveillance médicale se basera sur une documentation des cas d’infection avec
culture A I’appui et en procédant A des cultures sériées dans le milieu de travail.
Parfons, le support des véténnalres et des microbiologistes pourra s’avérer
essentiel.

La présence d’une infirmire est trés importante pour assurer un contrble quotidien
adéquat des travailleurs présentant des signes d’infection. Présentement dans les
petites entreprises, ce rdle est rempli par le secouriste, mais la qualité du suivi
n’est.pas garantie vu 1’absence de formation adéquate. Les mesures d’ hygitne

‘ doxvent étre 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 étre 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" Intemational Journal of Zoonoses, 12, 1985, 163 - 191
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ZOONOTIC DISEASES OF OCCUPATIONAL
SIGNIFICANCE IN AGRICULTURE: A REVIEW
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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) general concepts, (including definitions, classifications and ecological concepis),
and 2) a description of selected agricultural zoonotic diseases. C

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 of 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,' with at least 40 having significance as occupational diseases in agriculture.? 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

In 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.’® 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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164 Zoonotic Diseases in Agriculture

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 of zoonoses in humans. For
example, 15 million dollars are spent arnually in the United States for administering rabies
post-exposure prophylaxis to approximately 30,000 people.'® 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.'® However, in developing countries, infectious diseases in general
are more important than chronic diseases; and zoonoses remain a major cause of acute human
illness. In addition to acute health problems, zaonoses 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 '

Although zoonoses are generilly recognized as significant world-wide health problems,
the actual prevalence and incidence of 2oonotic infections is difficult to determine. Many
of these diseases remain uncounted.'® 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 of physician
awareness and of appropriate diagnostic support further increases the. rate of 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.”

Incorrect counts of zoonotic infections also result from lack of 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 of 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 occurring annually is not known, general
changes in incidence or trends can be traced.’® As a country moves from developing to de-
veloped status, the trend in disease pattemn 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 of human cases of
certain zoonoses, such as brucellosis and bovine tuberculosis, in those countries having active
control or eradication programs. Vast epidemics are not likely as more countrics 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's, . allowed year-round irrigation in several provinces of Egypt. The resulting changes in
ecology and agriculture caused a 60 percent increase in the incidence of schistosomiasis. 7.18
Another future trend may be the recognition of even more zoonoses as having occupational
significance in agriculture. For example, influenza, campylobacteriosis, and leukemia may
emerge 2s important occupational problems in agriculture as more is learned about the animal-
human relationships involved." -

DEFINITIONS AND CLASSIFICATIONS

Zoonotic diseases may be classified in three ways: '®
— according to the major reservoir of the infectious agent,
according to the mode of transmission of 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 of these diseases and 2id in their diagnosis and control.

Classification based on the major reservoir of the infectious agent categorizes zoonoses
by lhe following de(initions

A zooanthroponosis is a zoonotic disease for which humans are” the natural hosts of
the infectious agent. Other vertcbrate 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 2 vertebrate animal specics
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 8 discase of 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 discase 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, Strepio-
coccus, E. coli and Satmonella that are not host-specific.

Classifications of zoonotic diseases according to the primary mode of transmission
‘are as follows:

Direct-zoonoses tequire 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-200noses requise two or more vertebrate hosts for maintenance of 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 of 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-z00noses 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 disease.?-%-19-12.16,22

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 catrle 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 occupatidnal 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 of the total
environment — that is, by understanding the discase as part of an ecological system, or eco-
system. An ccosystem 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 abjotic environment that surrounds them all and the interactions
among the organisms and with the environment. !

in natural, undistrubed ecosystems — those in which all inhabitants have evolved balanced
interrelationships with each other and their envitonment over thousands of years — infectious
agents typically maintain a steady, low rate of infection in the host population. Infection and
sporadic discase 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-
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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 cither 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 1o 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 catile, 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 sails has
improved. Snails have increased, providing an intermediary host for the blood fluke Schisto-
soma.” The incidence of schistosomiasis in humans has increased dramatically in this area.
Similar problems are anticipated in Ghana, Jvory Coast Mali, Nigeria, Sudan, Prazil 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; 1316
Zoonoses often cause severe economic burdens because of loss of diseased animals. and

il
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because of the cost of preventing and treating infections in animals and humans.

Many zoonotic infections in humans aze never diagnosed. Reasons are numerous, such
as the protcan and nonpathognomonic symptoms. the lack of physician awareness and the
lack of adequate diagnostic support. Thus, accurate fi 1gures on the rate of zoonotic disease are
not available, .

Human infections generally occur sporadically rather than in epidemics. This is because
humans are accidental, dead-end hosts for infectious agents and do not transmit infections
to other people.

The majority of zoonoses are anthropozoonoses, being maintained primarily by verte.
brate species other than humans.

There ate 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-

sis, which causes tularemia, has been isolated in over 100 mammalian spécies and numerous °

other vertebrates. However, many of these species are infected only by accident and are not
significant in perpetuation of 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
local 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 awaseness 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 resvlt 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 zoonoscs in their individual localities. )
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Table 1. Bacterial Infections

P g

Discase
(Common
names)

Etiologic
Agents

Health Effects
(A) Human
(B) Animal

Animal Hosts
(A) 1. Zooanthtoponosis
. 2. Anthropozoonosis
3. Amphixcnosis
(B) Specific Animals
infected

Mechanisms of
Transmission

{A) Reservoir

(B) 1. Disect-zoonosis
2. Meta-zoonosis
3. Sapro-zoonosis |
4, Cyclo-zoonusis

(C) Specific mechanisms

-Epidemioiogy

(A} Papulations
ot Risk .

(B) Geographic
Distribution

Prevention ot
Control

Anthrax
(Matignant
pustule,
wool
sorter's
disecase)

Bacillus
anthrocl

(A) Muman—Localized .

skin lesions usually on
hands or arms
~Pulmanary form less
common but much more
severe with fairly high
case (atality rate
—gastro-intestinal
form is least common
(B) Animal—-usually
overwhelming .
bacteremia and
septicemia with rapid .
death in cattle, sheep
and goats

=~less acute in horse,
pigs and dogs

(A) |,
(B) Cattle-sheep-goats-.
horse-pig<dog B

" (A)=Soil

~Water (stagnant ponds
ncar incubator areds)
(B) 1,3,

{C)~Direct contact with
infected animals of their
carcasses or bgdy parts
or unimal fertilizers or
fecds

- —1nhalation of spores

from hair or hide of
infected animals
~Consumption of
improgerly cooked meat
of infected animals

(A)}-Sheep and goat
producers

—Cattle producers
—Vetcrinarians and
other animal health
watkers

—Hair and hide
proccssors

—Abattoir workers
(B) Worlwide in
endemic foci

~May be transported
to distant locations
with hair and hide
from infecied animals

—Vaccination of
animals in endemic.
areas
~Personal

totection when

andling potentially
infected animals or
tissues )
=Deep burial and
covering with lime
of infected animal
carcasses
~Vaccination of
humans at high risk-

weyuoq I A1aM

Brucellosis
(undulent

fever,

Malta
fever,
Pangs
disease)

Brucells
obortus

B. suls

B. melatensts

8 canls

(A) Human-generalized .

prolonged influenza-
tike illncss, spiking
{cvers, myalgia, malaise
—occasional chronic
forms include lesions
of heart valves,
abcesses of bone,

lives, ot other body
parts

(B) Anima—Abortions
—possible chronic
infections of R.E.,
urogenital, Bone and
other tissues

(A) 1.

(B)—Cattle-swine
—~Sheet-goats

~Less common are dogs,
camcls, deer, buffalo,
and others

(A)-Cattle, swine,
goats, dogs mainly
-Othet susceptible
animals less important
8 1.

{C)-Direct contact with

: infected animals or their

tissues especially

placenta and abortion

products

-Ingestion of milk

praducts from infected

animals

~Possible air borne
transmission

(A)—Sheep, goats,
cattle and swine
producess primarily
—~Abattoir workers
(8) Worldwide,
especially in dairying
areas

~Eradication of
disease in the
primoary livestock
species (several
countries have
established such
programs)
-Personal
protection when
handling infected
animals, especially
following abostion
«sanitation of the
animal cpvironment
—pasteurization of
milk produgts

691



Table 1. Bacterial Infections (Continued)

Etiologic Heslth Effects Animal Hosts Mechanisms of Epidemiology Prevention or
Agenis (A) Human (A) 1. Zooanthroponosis Transmission (A) Populations .Control
(B) Animal 2. Anthropozoonosis (A) Reservolr at Risk
3. Amphixennsis (B) 1. Direct-zoonosis (B) Gceographic
(B) Specific Animals 2, Meta-zoonosis Distribution
Infected 3. Sapro-zoonosis
4, Cyclo-zoonosis
) (C) Specific mechanisms
Leptospira {A)—-Generalized (A) 1. - (A)=Cotlle, swine, rats (A)-Persons working =Control infection «
{nterrogans febrile, influcnaz-tike {B)—Cattle, swine, arc the mainly, but most other with cattle or swine in livestock with
-many {itness of variable the main livestock susceptibie animals also —Persons working In good environmental
different severity species infected. —water,-muddy soil rice paddles sanitation,
serovars ~mild cases malaise, ~Sheep and goats, less (B) land3 contaminated from immunization and
involved " myalgia, symptoms of common (C)-Direct and indlrect urine of infected proper veterinary
meningltis, vomiting -Dogs-Rats contact with urine from animals care
=severe cases, —~Wildlife Including infected animals —~Abaltoir workers —Prevent infected
hepatorenal involvement squirtels, racoons, ~Contact with abortion ~Persons swimming In animals from
jaundleed, case-fatality mice, shrew,-bandicoot products of infected contaminatcd water urinating in water
ratio 20%-40% fox, Jackals, hedgehog animals ~Hunters and rappers where humans have
(B)~Abortion and others -Contact with water (B)-Worldwide, contact
~Hepto-renal contaminated with urine specific scrovars —Personal
involvemen? with from infected animals vary with locality protection of
jaundice, possible workers- when
kindey failute handling Infected
animals or tissues
—Rat control
Qostridium (A)=Tonic Clonic (A) L. {A)~Soil (A)~-Most agricultural —In humans-propes
tetent Convulsions (B)-Sheep and horscs —Large Intestine of | workers who are subject  treatement of open
-Spastic contraction of mainly herbivozesand 10 a 10 punciures ot cuts, wounds to prevent

skeletal muscles
—Respiratory failure
—death
(B)-Hyperlrritability of
central nervous system
~Tanic clonic
convulsions

~Spastic paralysis
=Dcath

-o}her animals more
resistant

lesser exicnt carnivores
(B) 3.

(C)~Wound contamina-
tion with soll or feces
containing spores,
anaeiobic conditions in
wound required for
organism to germinate
and produce toxin

especially in arcas
where herbivore
animals are raiscd
{B) Worldwide

infection
~!mmunization
with tetanus toxoid

(1724
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Table 1. Bacterial Infections (Continued)

Discase Etlotogic Hezlth Effects Animal Hosts Mechanisms of Epidemiology Prevention or
(Common Agents (A) Human (A) 1. Zooanthroponosls Transmission (A) Populutions Contiol
names) (B) Animal 2. Anthropozoonosis (A) Reservolr at Risk
3. Amphixenosis (B) 1. Direci-zoonosis (B) Geographic
{B) Specific Animals 2. Meta zoonosis Distribution
Infected 3. Sapto-zoonosis
4, Cyclo-zoonosis
(C) Specilic mechanisms
Tuberculosis  Mycobacter (A)-M. tuberculosis and  (A) M. Tuberculosis-2 (A)-M. bovis-cattle (A)-M. bovis-Dairy —Eradication
fum tuber- M. bovis-granulomatous M. bovis-1 ~M. tuberculvsis-man farmers cattle programs based on
culosis lesions of lungs, M, avium-| cattle producers, meat testing herds & -
M. bovis intestine, or other (B) M. bovis cattlc =M. avium-chickens, soil  cuttees, abattoir removal of infected
M. avlum tissue-Long standing mainly, especially dairy. (B} 1, possibly 3 workers animals have
debilitating lesions, vatile (C)-Inhalation of ~M. avium-genceal reduced the disease
unless treated ~M, tuberculosis-humans infected droplets furm workers in many arcas
~M. avium-uncommon -M, aviumechickens =Dircct contact with especiully il chickens —Good sanitation in
wound infections and ; infected snimals have been on the pluce the enimal environ x
lymphadenitis mainty, —Consumption of (B) Worldwide but ment, Including %
pulmonary infections rare unpasteurized milk M. bovis nearly ventilation <
{B) Granulomatous -Dircet contact with eradicuted in several -Personal protec- - .
lesions of lungs, tissuvs of infevted western countries _tion when handling g
inestines, bones and animals infevted animals or 3 =
other tissues Lissucs & -
~Proper cleansing 3
and treatment of
. wounds
—Pastcurization of
milk
% -BCG immuniza-
tion of persons in
“high incidence
countrics
Tularemia Fracisella (A) Vourforms: (A) 1. (A)—Shecp (A)=Sheep runchers, ~Personal protec-
tularensis =Ulceroglandular-most (B)~Infections found in =Infe¢ied mammals

most commen form,
localized wound inflec-
tion with generslized
symptoms, cellulitis with
regional lymphadcenitis
—Qculoglandular, serve
conjunctivitis with
regional lymphadenitis

125 species of
vertebrates. 101
spevies of
invertebrates ticks,
mosguijtars, decr flics
horse {Tics, fleas
—Most importaat (or
agricultural exposure

~Ticks and other blood
-sucking arthropods
—contamined water

(B) 1 2,and 3
(C)~Hanlding infected
sheep

=Bites from bilood
suvking urthrapods

sheep shearers and
sheep hundlers
—Quidoor accupation
or recreation where
cxposure to blood
sucking arthropods

is cummen
{B)-Nogh Amuericy
~-Mexiva

tion (gloves and
dust mask) when
handling potentielly
infected shecp or
wile mammats
—Avoid drinking
untreated surlace
wauter from ponds
and slycams

1Ll
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Table 1. Bacterial Infections (Continued)

—.
Discase Etiologic Health Effects Animal Hosts Mechanizms of Epidemiology Prevention or
(Common Agents (A) Human (A) 1. Zooanthroponosls Transmission (A) Populations Contro]
names) (B} Animal 2. Anthropozoonosis {A) Reservoir at Risk
3. Amphixenosis " (B) ). Dlrect-zoonosis (B) Geographic
(B) Specific Animals 2. Meta-zoonosiy Disiribution
Infected 3. Sapro-zoonosls
. 4. Cyclo-zoonosis
(C) Specific mechanisms

~Pulmdnary-pneumonia are sheep and arthorpods ~Haondling Infected —-Europesn Continent ~Thoroughly cook

with severe generalized =Other important rodents, Lagomorphs ~Tutkey meat from small

symptoms exposures are Lagomorphs (hunters an: trappers) =lran wild mammals

~Typhoidal-gastro- rodents, water In’ —Consumption of water ~China consumption

enteritis, fever, toxemia, an endemic area from a stream or pond ~Japan ~Wear gloves when

ulcers tn mouth, —Possibly inhslation handling or cleaning

pharynx and esophagus ~cat bitcs small wild mammals

(B)=Varies according to

specles, some rodents

and lagomorphs are most

suseeplible, prolonged

genetalized Ulness fatal

septicemia, Sheep,

other rodents and birdy

have intermediate |

susceptibility with non

fatal generalized illness.

Carnlvores, heve low

susceptibility, usually

with subclinical infection
' .
Glanders Pseudomonas (A)-Variable-acute, {A)-1. (A) Hose (A)-Persons handling ~Most important
(Farcy, mallef chronic and subclinical (B)~Horse-Muyles (B) 1. horses, mules, or conuol is eradics-
Malleus) infections ‘ -Donkeys (C) Direet or Indirect donkeys tion of the infection

-Pneumonia, pulmonary contact skin, mucous (B)-Brazi! East Africa in the equine

abcesses, plural effusions membranes of nose and Asia Eradicated from populatior

=Fever
—Mucopurulant nasal
discharge

~0Oral, mucosl ulcers
—Skin lesions
{B)-Hotses-Chronic,
three forms-pulmonary
upper respiratary tract,

sKin H

eye, from lesion dis-
¢harge of infected
animals

.Europe and North

America

~Environmental
hygiene of horse
stables
~Detection and
proper treaiment
of humsan cases

Lt
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Table 1. Bacterial Infections (Continued)

Distase Etlologic Health Effects Antmal Hoats Mechanizsms of Epidemiology Prevention or
{Common Agents (A) Human (A) 1. Zooanthroponosis Transmission, (A) Populations -Control
names) (B) Animal 2. A ithropozoonosis (A) Rescrvoir at Risk
3. Amphixenosis (B) 1. Dircet-zoonosis (B) Geographic
(B) Specific Animals 2. Mcta-zoonosis Distribution
Infected: 3. Sapro-zoonosis
. 4, Cyclo-zoonosis
_(C) Specilic mechanisms
~Mules, donkeys-acute
severe systemic illness,
pneumonia, diarshea,
death 1.3 weeks
Melioidosis Pseudomonas  (A)-Pneumonia and ) 1. (A)-Most susueptible (A)-Workers in rice =Use of bools
(Whitmores pseudomallel  gastroenteritis with fever, (B)-Epizootics occur mammals swing, sweep -fields and oil palm for ticelleld
disease, visceral sbeesses in sheep swine and goats goats Elnnution of South and plantation
pseudo- —~Chronlc cases-necrotic —Less susceptible —Surface water and soil ast Asla worKers =
glanders) and granulomatous animals include horse, - especially rice paddies {B)~Tropical and —~Drainage of '%
lesions of bone and cow, dogs, cats and oil palm plantations subtopical sreas, low-lying areas -
soft tissues non-human primate. | (B) 3, possibly | und 2 mainly in Americas, o
(B)—Shecp-Multipte rats, robbits : N (C)-Direct contact with and Southeast Asia b1
aboess of viscera, joints \ contaminated wates and 3
and lymph nodes, may soil g
be ccspiratory involve- —Skin abrasions assist
ment, case (atality infection
ratio around 50%
—Swine-scvere
respiratory illness with
generalized symptoms,
and arthritls
Erysipeloid Erysipelo- (A)-Skin Sesions (A) 1. (A)-Animals-Swinc, (A)-People raising (A)=Control in
otk thrix mainly with swelling (B)-Swine mainly sheep. chickens. or handling-swine, swine vaccination,
snger, {ish rhusiopath- —Possible local spread —Also chickens, turkeys sheep, or poultry adding onl
finger, swine  lae’ of lesions from turkeys, and sheep —Environment-soil, ~Abatioir workers erysipelas free-
erysipelas) primary site —~Also found in slime slime layer on fish and meat cutters animals to the herd
—Possible encocarditis layer on fish (B) 1,3 ~Fish processing ~-Humans-proper
(B)-Acute-septicemia (C)-Direct contact- workers treatment of cuts
with high fever, skin contamination ol u cut (B) Worldwide and wounds
lesions and moderate ot breuk in skin with ~Environmentel
death fosy soil or infections sanitution
~Chronic-polyarthritis, materials from animal ~Abattolr workets,
myocarditis or lissues protective gloves, =
w
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Table 1. Bacterial Infections (Continued)

-3
&
~ ic Health Effects Animal Hosts Mechanisms of Epidemiology Prevention or
(%;.n::on E‘zﬁ‘, {(A) Human (A) 1. Zooanthroponosis Transmission (A) Populstions Control
names) (B) Anrimal 2. Anthtopozoonosis (A) Reservolr at Risk
i 3. Amphixenosis {B) 1. Direct-zoonosis (B) Geographic
(B} Speclfic Animals 2. Meta-zoonosis Distribution
Infected 3. Sapto-zoonosis
4. Cyclo-zoonosis
(C) Specific mechanisms
propet treatment of
culs, environmental
sanitation
. rella A)=P. multocida (A) L (A)-P. multocida is part  (A)-People working ~Proper cleansing
r::i',w“l ﬁ.ﬁfgmg f:ri)mully animal bite (B)=Primarlly catile, of normal flora of most with cattle and treatment of
P, hemaly- wound and other wound chickens, rabbits and livestock and poultry chickens, end other bite wounds §'
tico Infectsion, occaslonally rodents species and domestic livestock specles ~Good sonitation ]
P. phenmo- respleatory Infections =Most domestic and ogs and cats ~Peaple at risk of in the animal &
tropice ~P. hemolyiica, wild enimals can be ~P. hemolytica-pri- being bitten by dogs environment put
P. mrea —F. pneumorrapica & infected however marily ruminants ot cats ~Avoidance of E
P. urea rasely causes ~p. prewmoiropica. (B) Worldwide infection source
disease in man rodents for persons who 8
(B)-P. multocida. —~P. urea-man have immune 5
timarly secondary (B) 1. deficiency >
nvader in resplratory {C)—For P. mulitoctda R
‘disease eg. “shipping bite wound Infections a
feves” In cattle and most common =
snuffles In rabbits- -Contamination of other s
causes scvere wounds also important
generalized illness —Inhalation of infectlous
with high death loss in droplets from animals
chicken “fowl chlotea" -Direct contact with
=P. hemolytica-causes infected animals
hemorrhagic septicemia
in ruminants )
Plague Yersiniz (A)~Sproadic form (A) 1. (A) Wild rodents and (A) Persons working —-Rodent control in
(bubonic pestis usually localized wound (B)~Over 200 species of thelr fleas in endemic arcas combination with
lague, infection, generalized of wild rodents, rats {B) land?2 where they may pesticides to kil
lack death, symptoms, regional primarily but small (C) Bites.of feas from contacl infected MNeas
pneumonic lymph nodes swell and ground rodents such as. an inflected animal animals of their fleas —Education-avoid
plague) became inflamed chipmunks and ground ~Disect contact and (BY-Natursl foci of handling dead
(bubos), whith severe squirrels

generalized symptoms

—Dogs and cats also,

wound infection from
handling or being

plague in wild animals

on all continents

rodents in endemic
areas without pro
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Table 1. Bacterial Infections {(Continucd)
Disease Etiologic Health Effects Animal Hosts ‘ Mcchanisms of Epidemiology Prevention or
(Common Agents {A) Human (A) 1. Zooanthroponosis Transmission (A) Populations Control
names) (B) Anima 2. Anthropozoonasis (A) Rescrvolr at Risk
3. Amphixcnosis (B) 1. Direct-zoonosis (B) Gedgraphic
(B) Specific Animals 2. Mcta-zoonosis Distribution

Infected

3. Sapro-zo0nosis
4. Cyclo-zoonosis
(C) Specific mechanisms

—Eneumonla may occur
which is usually very
severe and involved

in epidemic form
(B)-Chronic generalized
iliness, usually results

in death

but less common

bitten by an infected
animal

except Australia and
New Zelind

tective equipment

Salmoncllosds Salmonells
cholerasuis
S tvphi
S. enteriditis
(2000 sero-
types of
enteriditis)

(A)~Gastroenteritis
of variable severeity
depending on dose and
virulence of specilic
organism

~May produce
bacteremia and
septicemis
(B)-Castroenteritis
—Bacteremin and
septeicemia pssible

in severe cases

(A) 1,2,0r 3 depending
on the specific organism
(B)-All livestock and
poultry species

-Most domestic and
wild mammals ’

{A)=S. typli-man

~S. cholerasuis and

S. enterjtidis-primarily
animal hosts-important
in livestock and poultry,
but there are muny
domestic and feral
anmiul hosts

{(B) 1and3d

(C)—Most inlections are
food borne or milk
botne

=Direct or indirect
conlac! (via ingestion)
with animuls and their
environment

‘(A)—Livcsloc!& end

Eoul:ty workers who
ave direct or indirect
contuct with enimals
end their cnvisonments
~Consumption of
snimu} food products
that is improperly
pseparcd or stored

(B) Worldwide

—Practice sound
hygiene in the
animul environment
=Pructice sound
personal hygicne
—-Avoid overusc of
antibiotics in
animals to prevent
development
resistant strains
-Hygienic practices
in the abattoir
~Education on
proper preparation
end storage of
animal food
produycts
~Sterilization of
animal products
that go into animal
feeds

weyuog “f AN

Staphyloc. Staphylo

occal coceus

infections {(many)
differeat
straing)

{A)-Castroenteritis-skin
infection
(B)—Gastroenteritls
-mastitis-skin infections

{A) 1,2and 3 (depending
on the strain)

(B)—-Dairy unimals are
particularly important

in agricullure

(A)~Dairy animals, in
milk or normal tlora of
respiratory iract and skin
-Respiratory tract, skin,
G.1. tract of most

(A)=Livestock
woskers-partivularly
dairy

~'Those who drink
unpasteurized mitk or

=Practice sound
animal hygiene and
meanagement
—Detection and
eradication of

SLY



Tablé 1. Bacteria) Infections (Continued)

)
&
Diz=pse Etiologic Health Effects Anima} Hasts Mechanisms of Epidemjo " Prevention or
: (Comman Agents (A) Human (A) 1. Zooenthtoponosis Transmission " (A) Pogulallons " Cantrol
i names) (B) Animal 2. Anthropozoonosis (A) Reservoly . at Risk
: 3. Amphixenosis (n) i, Direct-zoanosis (B) Geographie
N (B) Specific Anjma)s 2. Mcla-200noss , Distribution
. Infeeied 3 Sapro-zoonasis
' 4. Cyclo-zoonosis
¢ (C) Specific mechanisms
: =AM livestock and livestock species consume impropc:ly mastitls in dairy
: mamalian species may —Man-rcspkogory tract, Prepared or stored herds
: o be-{nfected skin, or G.1. 1ract animal food products ~Ptoper detection
: (B) lor3 (B) Worldwide. and treatment of
. - {C)-Direct or inditect ubiquitous skin lesions of
: contact with infected animal handiers §'
animal or their envirop. -Pasteurization S
ment of milk g
~Constumption of ~Sanitary prepara. 3
Unpasteurized miik tion and storage of [~
~Animal food products animal food E
. ) products 3
: - ~Prudent yse of -
- : - antibiotics to pre. 5
: . vent resistant >
i infection 'g
1 i i 5 i . s
; 0. Streplococ A)-Gastroenteritis (A) 1,20:3 (depending (A)-Dairy cattic, (A)=Dairy workers . =Practice excellent =
: i"cfgf cus P -(Ph)uyngilis on the strain) especlally milk from ~Other livestock livestock manage- §
Iffections (Various (B)-Gastrocnteritjs {B)-Dairy cattfe mainly, €ow with-streptocogeal workers ment including good
species and ~Skin infections but most Tivestock mastitis ~Those consuming environmental
strains) ~Mastitis and other domestic —Most othet species, unpasicurized milk op sanitation
: ~Subclinjcal and feral specjes from skin infections or improperiy prepared ~Dectec and
i fecal shedders Of stored animat specifically treat
| (B) lor3d | food products infected dairy
R | (C)-Disect or indirect (B} Worldwide. animals with
et contact with infected ubiquitous mastitis
i animals and theiy ~Pasteurize mjjk
! envizonment ~Proper preparation
~Consumption or unpas. and storage of
| teurized mjlk or impro- animal food
' perly prepared or stored _ products

animal food products
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Table |. Bacterial Infections (Continued)

LEranad bl AN

Disesse
(Common
names)

Etlologle
Agents

Health Effects
(A) Human
(B} Animat

Animal Hosts

(A) 1, Zooanthroponosls
2. Anthropozoonosis
3. Amphixenasis

(B) Specific Animals
Infected

Mechanisms of
Transmission
{A) Reservoir
(B) 1. Discct-zoonosis
2. Mela-zoonosls
3. Sapro-zoonuosis
4, Cyclo-zoonosis

. (C) Speifk mechunisms

Epidemiology
(A) Poaulzuions
at Risk
(B) Geogruphlc

Distribution

Prevention or
Control

Coljbaci- Esherlchia
llosis colt

(A)~Gastroenteritis
mainly

«Possible wound
infections or abcess
<y stitis
(B)-Gastroenteritis
mainly

~Possible wound
infections or abcess

Ay 1,2,01d,
depending on specific
steain

(B) Al livestock
species, most mammals
feral or domestic

{A)—Animals are the
seservoir for some
strains man for others
and both mon and
animals for other strains
(B) 1.

(C)-Direct or indirect
contact with infected
unima! and waste
—Accidenial ingestion
of ofgunism via hand to
mouth ¢ontact ot
ingestion of
contaminated food

(A)-Livestock and
poullry formers
~General publie
food and water
(B) Worldwide

~Excellent
personal and
environmental
sanitation

Listeriosis Listeria
{Leukocyt. monocyto-
osis genes
Mononucle-

ois,

Listerlasis}

{A)~Abottion and
perinatal discase
primarily
—Inappatent
—Encephalitis or
meningiocncephalitis
(B)-Abortion and
perinatal disease
—polyarthritis
~cnuephalitis with
brain abcesses

(A) 1.

(B)~Cattle and sheep
mainly

—Goats, chickens and
wurkeys also
-Wildbirds

{A)-Intected onimuls
~Environemnt decayed
vegetable matter, siluge,
soil

(B) land3

(C) Unknown- possible
direct contact with
mucous membranes -
ingestion, or skin
penetration at abrasion
ot luceration

(A)-Sporadic-oficn
immunodelicicnt
persons of pregnant
women wotk around
animals or decayed
vegetable material

(B) Worldwide, more
common in temperate
climates

weyuoq [ AlON

Avoldance of
reservoirs by
pregnsnt women
for immunode-
Ilcient persons
~Practive good
environmentul
hygicne
-pasteurize milk

Argentine
hemorthagic
fever

(Junin
disease,

mal de
resttojas,
O'Higgins

Arenavirus

{A)-Iebrile illness

with varying severity
-Mild cases-malaise,
fatigue, dizziness,
nausea, vomitting which
last up to 6 days
~Severe illness, hem-
orrhage from nose,

(A) 1.
(B) Various wild
1odents

(A)-Various wild

rodents

(B8)-1,2

(C)-Ditcct or indirect
contact with infected
todents or their
exorely

{(A) Primarily larm
workess involved in
harvest of corn and
other gruin crops

(B) Atrgentina,
specilically ureas
where corn and other
Rr3inS are grown

-Witd rodent
cantrol by change
in habitat through
uste of herbicides
~Vacelnes ure in
developmental
slages -

Ll
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Table 1. Bacterial Infections (Continued)

Jnynardy w sa58381( JloucoyZ

Disease Etiologic Health Effects Animal Hosts Mechanisms of Epidemiology Prevention ar
(Common Agents (A) Human (A) L. Zooan_t.h:oponosl.s _Transmission (A) PqRulnlions Control
names) (B) Animal 2. Anthrépozoanosis (A) Reservoie at Risk
3. Amrphi\enosls (B) 1. Direct-z00nosis (B) Geographic
(B) Specific Animals 2. Meta-zoonosis Distribution
{nfected 3. Sapro-zoonosis
4. Cycido-zoonosis
(C) Specific mechanisms

disease) gum, G.1. 1ract with

nervous system

involvement, case

fatality ratio 10%.

{B)-Asymptomatic
Bovine Pox virus (A)~Rare in humans (B) Cattle (A)-Cattle {A)-People working —Isofate
papular -pagule‘or'wa:l-like ' (B)-1. v with cattle, infected animals
stomatitis nodules an hands or arms (C)=Direct contact with particularly dalry cattle -Use protective

-Possible inflamation of infected cattlc, of'ten {B)~North America, gloves when

regional lymph nodes contracted by examining Europe, Kenya, Nigeria handling or

{B)~-Proliferative lesions witoul use of Austratia, possibly examining
' wart-like lesions around protective gloves: other countries .infected anima!

mouth and teals

~No a common disease

of cattle .
Contagious Pox virus (A)-~Skin lesions on {(A)-1. (A)-Sheep (A)-People raising ~Isolation of
ecthyma hands and arms (B)-Sheep mainly ~Goats of hundling sheep ar infected animals
torf) ~5tart out as small —Goats also ~The unimal environ- goats —~Wearing protec-

) papules, progress to (eg.) animal sheds, feed (B)-Worldwide, where tive gloves when
lasge vesicles which - bunks, etc: wherc.cver sheép ure handling ot treat.
then ulcerate “{B)-I1'and 3 raised ing infected animaly
—Last 4-8'weeks (C)~Direct contact with or working in their
(B)-Vesicular lesions infected animals or environment
in the mouth and on their environment, ~Pyactive excellem
the lips especially handling und sanitation of the

examining infected animal environment .
animals
Footand Picorna- (A)~Not highly (A)-1. (A)~Cattle, their tissyes (A)~Dairy and beer ~Eradicution pro:
mouth virus, inleclions for humans (B)~Cattle mainly also cow hundlers gram which con-
disease rhinovirus —May cause mild ~Sheep and goats (B}-1. {B)-Erudicated from sisted of quarantine,
(Apthous subgroup influenze-like iliness (C)-Direct contacl with most ol North identirication and
fever, ) ~Vesicles in mouth

infected animal or their

Amecrica and Western

destruciion and

8Lt
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Table 1: Bacterial Infections (Continued)
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cows

~Hand milking of
waghing the udder and
teats priof to machine
milking are primaty
exposures

Discase Etiologic Health Effects Animal Hosts Mechanisms of Epidemiology Prevention of
(Common Agents {A) Human (A) 1. Zooanthroponosis ‘Transmission (A) Populations Control
names) (B) Animal 2. Anthropozoonosis (A) Reservoir at Risk
3. Amphixenosis (B) 1. Direct-zoonosis (B} Geogsaphic
(B) Specific Animals -2, Mcla-zoonosis Distribution
{nfected 3. Sapro-zoonosis
4, Cyclo-zoonosis
(C) Specific mechanisms
aphtosis) and on lips and hands cnvironment, especlally and Central Europe, sanitary disposal of
(B)-Highly contagious during handling or Austrolia, New Zeland infected animsls
in animals examination, or milking and Mexico und cnvironmental
—Vesicles in mouth on —Present in South clean up
lips, treats and American, Eastern ~Personal pro-
udders and between Europe, Asia, some tective gloves
the toes African countrics when handling
infected animels
or tissues
influenza Myxovirus (A)-Variable effects (A) 1, 2,0r3(the (A)—Intected animals {A)-Swine hundlers Provide exceltent
(Grippe) depending on virulence various interelationships =The specific roles of primarily sanilation in the
of the specific strain are nol completely swine, horses, und ~Possibly persons animal environment,
—The swine strain i3 the undersiood yet) birds as reservoiss of working with poultry including ventilation
primaty virus where (D) Swine, horses, influenza for man ure or horscs -Vaccinute horses
thete is good evidence poultry, domestic and yet to be determined (B) Worldwide ~Swine vaccing hus
fot direct transmission wild avian species (B) 1, possibly 4 beun successiul
to man (rom an {C) Direct contuct, in one European
animal source peimarily respitutory Country
(B)-Mild to severe upper droplet from infecied
respiratory illncss wilh animuls
generalized symploms ¢
1
Milker's Paravaccinia (A)-Wart-like noudles (A)-1. i (A)-Infected cattle (A)-Dairy cow milkers —Separution of
Nodules subgroup on the skin of hands (B)-Cattle! (8)-1. und hundlers infected animals
(pasavae- of pox and forearms (C)~Direct contact With - {B)-Europe und the ~Water protective
cinia) (B)-Nodules on the teuts and uddersof United States gloves when mitking
vius teaty and udders of ' cows with uctive lesions

or treating
infected cuttle

[NV -
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Table 1. Bacterial Infections (Continued)

Discase Etiologic Health Effects Anima! Hosts Mechanisms of Epidemiology Prevention or
{Common Agents (A) Human (A} ). Zooanthropanasis Transmission {A) Populations Control
names) (B) Animal 2. Anthropozoonosis (A) Reservoir . 2t Risk
3.Amphlxenosls (B) 1. Direct-zoonosis (B) Geographic
(B) Specific Animals 2, Meta-zoonosis Distribution
Infected . 3. Sapro-zaonosis
4. Cyclo-zoonosis
(C) Specific mechanisms
‘New Castle Patamyxovi- (A)=Conjunctivitis (A)-1. (A)-Infected avian {A)-Poultry workers Most developed
Discase rus . —Qccasionally mild (B)-Chickens primarily, species, domestic or wild ~Thosc who administer countries have
(in pouliry influenza-like illness turkeys also (B)-1, ) acraso! vuccines to eradicated the
synonyms (B)~Disease varies =May other avian (C)~Direct or indirect ¢hicken flocks severe form and
are pseudo depending oa the species may be cantact with infected ~Poultry processing ¥C Programs to
fowl pest, specific virus steain infected but are birds, thels environmenl,  plant workers keep jt out of
pneumoenc. ~3 mein forms; primazity asymptomatic or their-tissues (B) Worldwide the country
cphalitis) —mid respiratory ilines ~Direct contact with -Ourtdbreuks do
—respiratory. form with acrosolized vaccines otcur and a test
nervous involvemient in for chickens and slgughter
chicks. ‘ program is invoked
—severe highly fatal -Effective vacines
pneumonencephalitis are avialbe, but
vaution must be
used with these
. becouse they can
i infect man. Protec-
: tive clothing and
full face respirators
should be used with
these
-Practice good sanj-
tation and personal
hygiene in poultry
. processing plants
Animal Pox Pox virus (A} Vesicular lesions on (A)-1. {A)-Infected animals (A) =Persons handling ~Personal protec-
owpox hands and arms (B)-Most domestic (B)-~1. and especially milking tion and petsonal
~Goatpox (B)_ Vesicular lesion mammals have their (C)-Disect contact with animals hygiene when
~Camclpox in mouth, lips,

-Buffalo-pox

teats, udders, and other
hairless parts of the body

specific pox virus
—Buffalopox is scen in
Indian Buifaloes

with infected animals,
particularly during
milking

(B)-Cowpox Canada
Latin American” Africa,
Asia, Australia
-Goztpox-Africa
Middl¢ East, Europe
~Cumelpox-Northern

handling or milking
infected animals

- Vaccination
immunization
seems to limit
extent of disease

08}
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Table 1. Bacterial lnfecti;)ns {Continued)
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Discase Etblogic Health Effects Anims] Hosts Mechanisms of Epidemiology Prevention or -
(Common Agents (A) Human (A) 1. Zooanthroponosis Transmission (A) Populutions ‘Control
names) (B) Animal 2. Anthropozoonosis (A) Reservoir at Risk
3. Amphixenosis (B) 1. Direct-zoonosis (B) Geogruphic
(B) Specific Animals 2. Mcia-zo0nosis Distribution
Infected 3. Sapro-zoonosis
4. Cyclo-zoonosis
(C) Specitic mechunising
Alricy, Asia
-ButTalopox-India
Pakistun, 1taly
USSR, Egypt
Rabics Rhabdovisrus  (A)-~Progressive (A)~1. ) {A) Rcservolrs vary (A)=Animal hundlers ~VYaccination of
: encephalitis with per.- (B)-Many species ol depending on geographic working with bovine removal of reservoir
' sonolity changes-and domestic and wild location, include spucivs host,
- hyperactivity to external mammuls spevics of vanidag, —Agricultural workers ~Vaccination of .
stimuli resulting in spastic muslclidae, viverridae in ouldoor areus whese people ut high risk e
~~~~~ contractions of skeletal {(9)-1. discase is enduinic in —Postexposure b
LA muscley, usitally resulting (C)—Direct contuct via wild unimal population immuniution for :
‘e in dysphagia, respiratory bite wound or contamina-  (B)-Occurs in most exposed E
’ : failure and death tion of pre exisling arvas of the, world —~Through wushing =8
} (B)-Variable encephalitis wound with saliva except-Ausiralia of bitc woundswith &
depending on species, ~Acroso! trunsmission is most istands in the soup und water 3
but usually behavior rare Carribeun and Hawaii . .
changes, paralysis of
muscles of
masticalion, death
Rint Arbovirus (A)~Fever, headaches, (A)-~1. {A)-Possibly todents or (A)-Farmecrs ond -Vaccination of
Valley muscle and joint pain, (B)-Sheep; goats, cattle ' wild ruminants involved onimul hundlers who animals
Fever dizziness, nausea, vomit- —Possibly wild ruminants with.mosquito vector contuct infecled —Strict use of
(Enzootic ing, prostration, vision (8) lund2 animals protective clothing,
Hepatitis) changes (C)—Direct contact with —Vetcrinarians gloves, and resplru-
~Most people recover infected animals or their (B)-Southern and tor when handling
completely in a few tissues, with entry Central Africa animals or their
weeks through skin and mucous  —Egypt fissues -
(B)-Petiodic outbreaks membranes ~Personal hygicne
in sheep, goats and catlle —Acrosol transimssion when handling or
l -Highly fatal in young is possible working in the
] animals, generalized environmenl of
] ‘_I-lg:;’sz';';gflll’g:"’m infected animals :
. L]
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Table 1. Bacteria) Infections (Continued)
Disease Etiologic Health Effects - Animal Hosts Mechanisms of Epidemiology Prevention of
(Common .Agents (A) Human (A) 1. Zooamhroponosls Transmission (A} Populations Controt
naes) (B) Animal 2. Anthropozoonosis (A) Reservolr at Risk
3. Amph ixenosis (B) 1. Dircet-zo0nosis (B) Geographic
(8) Specific Animals - Meta:zoonosis Distribytion
Infected 3. Sapro-zoonosiy ’
4, Cyclo-zoonosis
(C) Specific mechanisms

Vesicylar Rhabdovirus {A)-Incidence unknown {A)-1. {A) Cattle (A)~Priinarity people =lsolate
Stomatiils -Fever, influcnza-like (B)-Cattle mainly ( B)-l., possibly 2 handling dairy cattle infected animals
(sore mouth) symptoms —Horses . C)-Direct contact with and secondarily beef ~Use of protective

~Possible vesicylar + —Possible swine and infected znimals or cattle gloves whep handling

leslons In moyth lips other wild anima)s their environment, (B)- Norih ang South Or examining

and hands _ expecially when America, Asfa, Africa infected animals

(B)-Cattle have vesicles exantining infected ~Mosquito

in thelr mouth and animals controf

bétween the digits ~Possibly sandnjes

and on udder angd mosquitoes o7 other

teats biting arthropods
Jungle Flavivirys (A)=Vasiable form (A)-1 (A)-Maintenunw (A)=Farmeys ~Vaccination of
yellow inappart to fata] iliness (A)-Various species of mechanism involyes ~Rubber plantatlon persons at risk
fever =mild cases ore new world gnd old monkeys ag the workers ~Mosquito contzro]
(Black Influenzg.like world monkeys . Teservolr apd ~Hunters ~{nsect
vomit) ~-Serve cases-acute high ~Forest worke;s tepellants and

fever wigh ‘headache,
nNausea, vomiting,
prostration, fevey s
dlphasie, kidney and
liver involvemem.
hemmothages. Jaundice
(B)~Symptoms and
signs similer 1o man
=highly fatal in
American monkeys
~African monkeys
ususlly survive the
infection

mosquitoes as the vector
(B)-2

(C)-Bites from several
difl'crgnt Specics of
mosquito.vectors

=Public road workers
)-Latin America
-Altica

mosquito protective
clothing

[4]]
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Table 1. Bacterial Infections (Continued)

Discase Etlologic Health Effects Animal Hosis Mechanismeof ‘ Epidemiology Prevention ot
(Common Agents (A} Human (A) 1. Zooanthroponosis Transmission (A) Populations Controt
names) (B) Animat 2. Anthropozoonosis {A) Reservoie at Risk
J. Amphixenosis (B) 1. Directl-zoonosls {B) Geogruphic
(B) Specitic Animals 2. Meta.zoonosis Distribution
[nlected 3. Sapro-zoonosis
| 4. Cyclo-zoonosis
! (C) Spexific mechanisms
! Q Fever Coxtelia (A)-Generalized (A)-1. {A)-Cullle, sheep, gouls (A)-Farmers farm —Personal protec
St (Query bumerti febrile illness with (B)-Cattle, shsep, pouts =Ticks workers in contagt with  tion when handling
A Fever) preumonitis —Many small witd =Scverul species of small  animals, or cleaning up infected unimals
N - possible onimals wild mammals the animal environ: (especially during
1 endocarditis (8)-1,3 ment or assiting at partuition)
4 -casc fatality rate (C)—Inhalution of uir- bhithing of claves ~Respirntory
! <10% borne organisms in dust or lhmbs protection when
! (B)-Often inapparent ~Direct contact with ~-Abatioir workers working in u dusty
i -May cause abortion infected animals, par- (B) Worldwide cavitonment cons =
| especially in sheep ticulusrly placenta and tuminated wilh =
i placental MNMuids the orgunism <
I —Consumption ol raw ~Immunization -
1 milk s
- N - a
Psittacosis Chlsmydia (A)-Verible depending (A)-1. (A)~Subcliniculy infveted  (A)~Pursons ruising ~Personat pro- £
N i (ornithosis, psittaci on strain (B)-Turkeys primarily ﬂoullry.J)sillqcinc and handling poultry tection when 8
3 fow! —Generalized febrile ~Ducks, geese, and irds und many specics particularly turkeys handling infected
- ! chlamydiosis) illness with headache, chicken also of wild birds —Poultry processing birds thelr environ.
' constipation and =Psittaclne birds (m-1. plant workers ment, or their
pneumonitus ~Many specics of wild (C)-Dircet contact with —People hundling Carcuss
(B)-Genesal latent birds infected bisds, their puittacine birds ~Eliminate cerricr
or subclinical tissues or fecal materlal (B)-Worldwide stute by leeding
=Under stress symptoms via penetration of skin birds tetracycline
may be scen including orf mutous muembranes, ~Screen anlmals
depression, emaciation, or inhalation before- they enter
tespiratory distress processing plant
~Personal protec-
tion tor pouliry
processing
Rocky Ricketisia (A)-Acute lebrile (A)-). (A)-Tickx (A)~Occupationul ~Personal protec-
Mountain rickettsi illness with headache, {B)-Squirrcls, -Small wild rodents and hazurd For agrivuliural lion sgainst ticks,
Spotted muscle aches, and several olher specics olher mamimals workers und othess including prolective
IFever prostration ol small rodents -2, whose work pluce clothing, use of
(tick borne —A characteristic skin —Rubbits (C)-Bitw 1'Tom inlected chstvaches on repellanis -
" ®
-
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Table 1. Bacteria) Infections (Continued)

Discage Etiologic Health Effecys Animal Hosts Mecchanisms of Epidemlo!ogy Prevention of
(Common Agents (A) Human {a) 1, Zoonmhmponos;’s Transmission (A) Poguhtions Control -
names) (B) Anima 2, Anthropozoonosis (A) Reservoir at Risk
3. Amphixenosis (B) 1. Direet-zoonosis {B) Geographig
(B) Specific Animals i Meta-2o00nosis Distribution
Infected J. Sapra-zoonosis
4. Cyclo-zaonosfs
{C) Spc‘ci!’icvmechnnlsms
typhus Tash starts on patms -Dogs ticks endemic areas in nature (diethyltoluamide)
fever, new ol hands'and soles =Contamination of skin —Also a hazard fo, ~Inspection of
world of feet a few days wourd or mucgys mem. 1ural tesidents jn Y twice daily
spotted alter onset of fever, brane by foces or endemlc aress for ticks, and
fever, then spreads over internal contents from {B)-United States removal of attached
spolted entire body a crushed tick anada, Mexico ticks by cateful,
fever, ~Case fatality ratio Brazit, Cotumbig gentle traction on
tehial is 20% anama the tick, being
ever, (B)~Usually inapparent careful not (o
macular fupture the body
fever) ~IT feasible uge of
- licicides in ang
around localized
work places
~-Vaccines gre
dvailable for persons
a! high risk
Serub Ricketrsta (A)~Acute febrite Utness  (A)-). (A)-Malintenance mech. {A)=Occupetional illness  —Arca application
lyphus Isutsugamy. with headache and (B)-Small wild radenis 8nism invaives g mite. for farm workers ang of miticides in
(Tsutsuga. At muscle aches and other mommals of small wild mammg| cycle  others whose work places of
mushj =A skin rash may be soen various species ~Mites are vectors and place encroaches on agricultura) work
discase, ~complications may teservoirs endemicfoci in Rature ~Protective tlothing
mite borne involve the-pulmonary, (B)-2. (B) Southeastern Asla, imprcgnaled-with Fl
typhus cardiac or centra) (Cy=Bites from mijtes islands of the Eastern miticide
Lopical nervous symptom Pacific, Northern (bcnzylbmzoalc)
typhus) ~Case (otality ratjo Australia, India, —-wear repellants

ranges from 0-35%
depending on virulence
of Infected strain
(B)-Usuauy
tnapparent or mid
ilness tn animals

Pakistun

(dle(hloluamide)

IR
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Table 1. Bacterial Infections (Continued)

Disease

(Common
names)

Etlologic
Agents

Health Effects
iA) Human
B) Animal

Antmal Hosts

(A) 1. Zooanthroponosis
2. Anthropozoonosis
3. Amphixenosis

(B) Specific Anlmals
Infected ~

Mechanisms of”
Transmission
(A) Reservoir
(B) 1. Dlrect-zoonosls
2. Meta-zoonozis
3. Sapro-zoonosis
4. Cyclo-zoonosis
(C) Specific mechanisms

Epidemiology
(A) Populations
at Risk
(B) Geographic

Distribution

Prevention or
Control

Balantidlasis

Balantidium
coli

(A)-Chranic enteritic
with dlarrhes
=Ulceratlve colitis
(B)-Usually subclinical
—~May cause diarrhea and
welght foss In stressed
animals

(A)-1.

(B)-Swine primarily are
infected with the strains
that may Infect humans
~Non-human primate
~Rats

(A) Swine
(B)-1.
(C)--fecal-oral route

(A)-Agtlcultural
workers |n New Guinea
have been the notable
population at risk. as
the swine are kept in
close association

with the living quarters
—Swelne producers and
handlers worldwide are
at risk especially if
environmental and pet-
sonal sanitation is poor
{B)~The infectious
orgunism is worldwide
but the agricultural
zoonotic problem has
been positively
tecognized only in
New Guinea

~Sepatation of
human tivi
quarters an

animal housing
—practice excellent
eavironmentat and
personal hygiene

Toxoplasm-
osis

Toxoplasma
gondil

(A)-Most infections
subclinical

~Three {orms:
~Acquired form is
variable febrile disease
with geners!
tymphsdenopathy
specific symptoms
depend on primary
affected organs
—~Congenital form s
most common, resulting
in abortian, still birth,
ot brain damage
~Qcular form is a
chorioretinitis

(A)-1.
{B)—-Extremely wide
host range
~Carnivores and
omnivores primarily
-Any migsmmalian or
avian species may be
infected

~Felines are the only
animals in which the
otganism will sexually
reproduce :

(A)-Soil contaminated
with feces of domestic
or wild fcline species
feces of feline species
—-Improperly.cooked
meat of sheep, swine,
cow, poultry-ond

many other species
(B)-12nd 3
(C)~-Ingestion of
oocysts by hand-mouth
contact or wates and
food contamination
—Ingestion of .
improperly cooked meat
—Congenilul

(A)-Farmers who
have a high degree of
soil contact, cspecially
in warm moist
climates

{B) Worldwide more
prevalent in warm,
moist climates

" —Practice excellent

personal & enviton
menta) hygiene
~Avoid contamin-
atlon with cat
feces of soll to be
tilled for agriculture
-Sanitary disposal
of cat {eccs
-Avoid consup-
tion of uncooked
meal

Bt Erad .
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Table 1. Bacteria] Infections (Continued)
|

Disease Etiologic Health Effects Anlmal Hosts Mechanizms of Epldemiology . Prevention or
{(Common Agents (A) Humen {A) 1. Zooamhroponosls ransmission (A) Populations Control
names) (B) Anima - Anthropozoonosis (A) Reservolr at Risk
3. Amphixenosis (B) 1. Direct-zoonosjs (B) Geographic
(B) Specific Animals 2. Meta-zoonosis Distribution
Infected 3. Sapro-zoonosis
4. Cyclo-zoonosis
(C) Specific mechanisms

(B)~Most infections ~Alrborne possible

are subclinical ;

~Abortion and central

nervous system.invol-

yément most common

—-Symptoms vary with

specific'organ

involvement

Table 1. Parasitic Infections

Echinococ- Echinococ. (A)-Cllronic-ptogrgssivc (A)~1. {A)-Malntenance depends (A)-Sheep herders, ~Contro! depends
cosus cus gressive sface-occupying (B)-Sheep, goats, and o on transmission cycle shecp handlers, on breaking the
(hydatid &ranulosus lesions of (he liver, lung, few wild ruminants ate between sheep and dog especially those dog-sheep cycle
disease) or other body organ secondary hosts, B)-4, that keep dogs ~Eliminate

-Symgloms vary —Scveral species of (C)-Dag cats fnfected (B)~Western Unijted parasite from dogs

depending on type and candiae are primary tissue of sheep-ady States i

extent of tissue
involvement
~Anaphylactic shock
may oceur if Lthe
echinococcus cyst
ruptures

(B)-Sheep, goais-space
occupying lesion of lives,
lung, brain, or other
tissue. Usually fatg) over
a long period.

=Dog (primary host)-
asymptomatic or mild
entertis

hosts

tapeworin developy in
Ut of dap- cggs shed

in dog feces- man picks.
up cgas via fecal-oral
Toute

—Latin Amcrican
—Mediterrancan coast
countries

—Southern Russia
~Middle Enst
~Kenya

~Austialia

~New Zeiland

with parasitacides
~Avoid dogs with
possible infections
-Avold fecding
tissues of

infected sheep

10 dogs by Sanitary
disposal of dead
sheep and offa)

981
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Table 1. Parasitic Infections (Continued)

Diccase Etiologic Health Effects Animal Hosts " Mechanisms of Epidemiology Prevention or -
(Common Agents (A) Human (A) 1. Zooanthroponosis Transmission {A) Populutions Control
names) (B) Animal 2. Anthropozoonosis (A) Reseevoir at Risk
3. Amphixenosis (B) 1. Direct-zoonosis {B) Geogruphic
(B) Specific’Animals 2. Meta-zoonosis Distribution
Iniceted 3. Sapro-zoonosis
4. Cyclo-zoonpsis
(C) Specific mechanisms
Nematodiasts -Hookworms (A)-Hookworms with (A)-1. primarily (A)-Intestinal tracts of (A)=The zoonotic —Personal protec-
(Ancylost- -Ancylos. nonhuman hosts may (B)-Hookwurm-cat.dog infecied animuls and signilicance of animal tion ¢.g boots and
omiasis, toma cause s self-limiting -Roundworm-swine, canine, swinc mun ncmatodes in agricul. gloves when work-
Ascarissis, ceylanbum dermatitis as 2 result horse, cow, dog, cal =Soil ture is questionable king In soil con-
Visceral -A brazil. of skin penetzationb (B)-1and 3 —The most significant taminated with
larval fense larval forms . (C)-Roundworm or problem is soil con: animal or human
migiany, -A. caninum  -Anima hookworm's hook-worm Ingestion of tamination with feces feces
cutanencs -A. duod- rarely establish intestinal ova in foces or soil from persons infected -Avoid use of night
Larval engle infection-Human hook- {hand-mouth contuct) with human parasitic s0il for fertilizer =
migzans =Necalor worms cause intestinal ~Hookworm ot fice nematodes -Avoid use of )
americanus infections, toss of blood, living forins =Agticultural workers animal manure from E
—Others and general debilitation- —Skin penctralion by exposed to this soif infected animals as ‘
~Intestinal ~Animal zoundworms larvae would be exposed (o fertilizer if close: S
Roundworms  may csuse gencralized human parasite direct soif contact B
~Ascaris iliness from immature infections by unprolected H
suum forms mlgrating through —Close direct contact workers Is required
=Parascaris the viscera (larval mig- by agricultural workers ~Practice excellent
equorum rans) This is a self- in ficlds fertilized by sanitation in the
~Neaascaris limiting Infection, feces of livestock dogs  animal environment
vitulorum Complications may rc- o1 cats could result —Practice excellent
~Toxocare sull from cye, brain, in visceral larval personal hygiene
canls or heart damage-Only migrans or intestinal =Treat livestock
=T catl one animal round worm infection with dogs, cats man
~A. Lumbdri-  (from swine) is known A. summ-Close dleect for parasites
coldes lo cause an intestinal contact with llvestock
~Others infection in man, which and their environment
-Nematodes  is avague-mild could result in larvel
with a free gastroenteritis migrans or intestinal
living soil {B) Hookworm causes infections
stage anemia and general (B) Worldwide main-
~Stronglyo- debilitation-Rovndworms ly in warn, tnoist
ides cause enteritis and climates
stercoralis
=
-y
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Table 1. Parasitic Infections (Continued)

chronic urinary

animals species serve g¢
reservoiss for §,

(B)-S. mansoni.
Alticu, South Amcrica,

™
-
Disease Etiologic Heslth Effects Animal Hosts Mechanisms of Epidemiotogy Prevention or
(Common Agents (A) Human (A} 1. Zooenthroponosis Transmission (A) Populations Control
names) (B) Animal 2. Anthropozoonosis (A) Reservor at Risk
3. Amphixenosis (B) 1. Direct zoonosis (B) Geographic
(B} Specific Animals 2. Mets-zoonosis Distzibution
Infected 3. Sapro-zoenosis
4. Cyclo-zoonosis
(C) Specific mechanisms
American Leishmania (A)=Nodules in the skin (A)-1. (A)-Malntained in (A)-Agricullura] —~Ates Insecticides
Leishmani- mexicana of exposed aress (B)-rice rat, two natuze by varlous smal] workers whose around temporary
asiy L. brasil. ~The number of nod- toed sloth, domestic mammal reservolts and activitles. brings them in camps or work
(Cutaneous lengs ules, location and dog, various othee Phlebotomus fly vectors . contact with the endemic locations
Leishmani- L. peruviana tendency to metastasize wild mammals -$pecific reservois cycle in nature (eg) —Protective clathing
asis) L. tropica delpend on the with specific organism forest workers, chicle =Insect repellants Iy
infecting specics (B)-2 Bum tappers, cattle- ~Control of g
~Mucocutaneous form (C) Bites from men other farm domestic dogs for e
(caused by L. mexicong phlebotomus flies wotkers the form that &
Pifanod) is most severe {B)-Southern Mexico,  occurs in Peru =)
form, with tendency to Central America, (Uta) 5
spread to mucous mem- Ttainidad, and most %
branes of nose, mouth countries of S. America “
rectum, and genitalia ~Each species of g
(B)-Skin ulcerations Lelshmania has its >
own rather limited 'E
geographic location e
Schistoso- ~Schisto- (A)~Chronic debilitating  (A) 1,2 and 3, (A)- The infection is (A)-Ag:icullural ~Development of 5
miasis soma disease causing lowered depending on specific maintained by cycling workers who have irrigation systems,
(Bilharzi- haemato- capacily for work, species and strain of between varfous species dlrect and prolonged migration and
esls) bium absenteism, increasing schistsome of snails (intermediate skin contact with population concen-
S. manson{ vulnerability to other (B)~Varles with. specific host) and man and contaminated water tration that exceeds
S. faponicum infections species of and strain of various other mammals (cg ) rice paddy sanilary services
several ~Adult ferms of the schistosome and (primary host- Man is workers, sgricultyral are all factors to
other, parasite lodge in the geographic location the only teservoir for workers willy irrigated contend with
snimal mesenteric vessels of -Many species of wild S. haemaro tum ~Man ¢rops, or working -Environmental
pathogenic the colon and rectum and domestic mammals primarily, and possibly with the irrigation sanitation is
speties (S. mansonf and S including rodents, wild rodents and baboons  —The discase is not critical (ic) sanitary
Japonicum) or urinary marsupials, non-human serve as secondary entirely agricultyral, di?onw utine
bladder (S primates, cattle, and reservoir for §. mansont because it can occur and feces (eg.)
haemorobium) swine ~Man and various by rccreational or other tovision of
-ComElications include =Various wild and domestic and wild lypes of water contact trines for workers
liver fibrosis and domestic avian specicy

-provide sanitary
water for personal
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Table 1. Parasitic Infections (Coﬁtinued)

Disease Etiologic Health Effects Animal Hosts Mechanisms of Epidemiology Prevention ot
(Common Agenta (A) Human (A) 1. Zooanthroponosis Transmission {A) Populations Control -
names) (B) Anima) 2. Anthropozoonosis (A) Rescrvoir at Risk
3. Amphixenosis (B) 1. Dircet-zoonosis (B) Geographic
(D) Specific Animals 2. Meta-zoonosis Distribution
Infected 3. Sapro-zoonesis
4. Cyclo-zoonasis
(C) Specific mechanisms
bladder infection Japonicum -Various Carribbean Islunds use-control snuils
~Non-human enimal domestic and wild =$. faponicum-China, by ecological
schistosome specics animal species are Japan, Phillipincs, changes, biological
cause either a mild or reservoiss for the several Indonesia, Laos, chemical methods
non-patent {nfection in animal schistosome Cambodia and ~Mass exumination
man chcics ~S. liaematobium, and trcatment of
—~Avian schistosome (B)-4 Africa, Middle exposed populations
species cause only (C)-Cercaria cscape from  East, Indis —Preemployment
dermatitis in exposed snuil and penetrate skin examinutions and =
individuals of the primary. host, The treatment of [
(B) Health effects for arasite localizes in smatl infected persons. <
animals are variable lood vesscls of the before hiring -
but generally similar intestine or bludder -Public [~
toman —Eggs are then shed in 3
feces or urine-Snails are -4
infected to starl the s
cycle over again,
Table 1. Fungal Infections
Dermatoph- —Trichaphy-  (A)-Skin Infection of (A)~1. (A)-T. verrucosum- . (A)=1urmers and ~Practice excellent -
ytosis ton variable severity (B)—Most animal specics (cattle mainly, sheep fivestock handlers animal heelth
(Ringworm, - verrucosum =Crusty inflamed lesions  have thelr own fungal and goats also possible —Persons who milk programs (cg.)
@enia, —T. equinum  that tend to cleas agents which cause skin -7, equinum - horse infected animals are sound nutrition,
dermatomy- ~7T. mentagro  centrally-pustules may infections. The infecied ~T. mentagrophytes particularly at risk cxcellent environ-
cosis) phytes develop in the active animal specics important (Rat) =Children are at grester  mental sanitation,
—Microspor. portion of the lesion in agricutture includes; ~M. canis - (Dog, cal) risk than adults prevent over-
um cenis -lesions usually catile, goats, sheep, ~M. nanum - (Swine) (B) Worldwide crowding
-M. nanum occut-on face, arms, hotse, rat, swine, and =M. gallingciae {Chicken) . —Isolate infected
M. gallin. and head chicken (B)-The environment animals
aclae (B)--Similar to man © (barns, feed bunks, —Weur protective
excep! lesions corals, ctc} may also gloves and clothing
usually much less serve as a reservoir, when handling
o
-]
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Table 1. Fungal Infections (Continued)

Disease Etlologic Health Effects Animal Hosts Mechanisms of Epidemiology Prevention or
(Common Agenis (A) Human (A) 1. Zooanthroponosis Tranamission (A) Populations Congol
names) (B) Animal 2. Anthropozoonosis (A) Reservolr at Risk
3. Amphixenosis (B} 1. Direct-zoonosis (B) Geographic
(B) Specific Anlmals 2. Mcta-zoonosis Distribution
Infected 3. Sapro-zoonosis
4. Cyclo-zoonosls
(C) Specific mechanisms
inNlamed and dry becouse the organism infected enimals
=May be patches of lives for long periods -practice good
halr loss of time off the host. personal-hyglene
=May be subclinical (C) Close direct i
infections contact of bare skin to
infected animals or
thelr environment
Histoplas- Histoplasma (A)-Often sublinical (A)~-None of above. (A)-Soil-particularly (A)-Farmers as well —Wetting down
mosis capsuletum —Variable, dependingon Animal relationship to

dose and Immune
response of the
{ndividual

=Usually a febrlle
illness with Influenze-
llke symptoms, cough,
pneumonitls, usua_llz
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)-0Often subclinical
~Similar to human
illness

humens comes from the
fact that the organism
grows particularly well
in soil contaminated
with fecal material of
blrds or bats. These
species may also act 1o
distribute the organism
in nature

(B)—Most animals have
subelinical {nfections
~Dogs are the primary
anlmal specles that
develop iliness

that contaminated by

as other persons who
aged feces of birds ot

live and work in

bats. endemic areas of the
(B)~3 infection
(C)=Inhalation by pro- (B) Worldwide, in

ducing acrosols of the
organism during
distusbance of soil

that contains the
organism (eg.) cleaning
or tazing old chicken
coops, working in arcas
where old bird roosts
have been

specllic localities
whert soil and
cllmatic conditions
are favorable for
growth of the
organism

soil and wearing

a good patticle
filtering resplrator
when working in
dusty envlronment
conductive for
growth of the
organism (eg.)

old bird roosts.
old poultry

house, ete.

061
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Chapter 12
Occupational Injuries and Infections

INJURIES

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 while using knives.
Excessive force with a sharp knife or a slip
when 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 down 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 during 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
with by the Factories Act 1961. In areas where
knives are used, especially boning-out-depart-
ments, adequate protection against knife
injuries-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 down 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 UK meat indus-
try (over 1000 in 1981) inspectors in the Health
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 with 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 slapghterers
were involved in about one-third of the total
instances.

It is a sad reflection that injury 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-knife hand,
wrist and forearm together with the use of
an apron of chainmail are essentia} items for
protecting butcher/boners. Many personne!
resist the use of gloves and aprons because
of their weight and awkwardness in use. A
lightweight glove made of high-strength
aramid and nylon with a steel core and which
is Washable 75 iow available, but although
extremely cut-resistani, 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 trcatment
at the time of the injury. -
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A survey of meat handlers affected with skin
s¢psis in North Yorkshire over a period of Tive
vears (1979-84) showed that out of a total of
467 cases the lesions included septic cuts and
scratches, paronychia (inflammation. of the
skin fold at the side of a nail), abscess and
associated lymphadenitis as well as infections
of ‘pierced ears and tattoos. Organisms iso-
lated included beta-haemolytic streptococci
(Str. pyogenes in 203 episodes) and Staphy-
lococcus aunreus in 170 episodes.

A condition of acute erythema of the hands
and wrists sometimes occurs in persons
engaged in the handling and trimming of pan-
creas. Susceptible individuals are affected
when no protection is worn and the lesion is
an extremely painful one, marked reddening
of the skin occurring.

A well equipped first-aid room with a quali-
fied nurse is essential, especially in the larger
establishment. An industrial nurse can also
make a significant contribution to the stan-
dards of hygiene in a meat plant. Close liaison
with the medical profession can lead to a high
standard of preventive medicine materially
benéfiting staff welfare and working con-
ditions.

Especially in cutting and boning rooms,
safety gloves and aprons made of chain mail
or similar material are necessary. There should
be a high standard of cleanliness and-tidiness
of working, with no organic or other material
lying on floors to cause falls. Machinery
should always be efficiently maintained and
dangerous working parts should be
adequately encased. Since it is not unusual
for carcases or trolleys to fall off overhead
round or flat bars it is wise to provide staff
with safety helmets. Equipment must be prop-
erly handled by staff and frequent advice
about safety and the necessity for clean, tidy
working conditions should be an essential
part of all meat-trade activities. Plastic water-~
proof footwear with microcellular soles is of
great value in preventing slipping on wet
floors, and well designed protective clothing
changed at least daily is essential.

ZOONOSES

Whule.m;unes of varigus types including elec-
trocution are common, workers in the meat
industry, especially in the slaughtering sector,
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are at particular risk in acquiring certain zoo-

noses (diseases and infections which are nat-.

urally transmitted between vertebrate animals
and man). These include anthrax, brucgllosis,
contagious pustular dermatitis, erysipelas,
leptospirosis, listeriosis, louping-ill, orni-
thosis, psittacosis, Q-fever, ringworm, sal-
monellosis, streptococcal meningitis, TB and
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 with
four deaths while in the years 1976-80 only 14
cases were reported, with no deaths.

The disease was made natifiable under the
Public Health Act in December 1960 and the
decline in incidence was most noticeable in
those persons employed in the wool, hair and
bristle trades. This was mainly due to the
introduction in 1965 of vaccination and ‘in
1978 1o labelling of the unsterilized product.

However, workers in these particular trades,
those handling bone flour and even those not
in associated occupational trades are still at
risk. The fact that anthrax is not necessarily
associated with sudden death in the animal
means that great vigilance is required and that
veterinary ante-mortem inspection_is..essen-
tial,

" Cutaneous anthrax appears to occur more

often on the hands and arms of meat handlers -

while the face and neck are more often affec-
ted in workers employed in other industries
(Fig. 12.1).

Brucellosis

While personnel engaged in the actual hand-
ling of livestock, dressing of carcases, gut and
tripe and disposal of rejected material and
hides are at greatest risk, all abattoir staff are
at hazard, especially when many reactor ani-
mals are slaughtered as in an eradication
scheme. In some instances of human infection
the actual mode of infection has been difficult
to explain.

In 1966, a study in Edinburgh revealed anti-
bodies to Brucella abortus in 12.5% of tested
abattoir workers and (presumably from drink-
ing unpasteurized milk from infected herds)
in 1% of the population there.
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Fig. 12.1 Anthrax. Malignant
pustule on a human hand. (By
courtesy of Dr J. 5. Matthews,
Royal! Victoria Hospital, Belfast)

In the UK 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 bruceilosis
with a parallel reduction in the human infec-
tion. i »

Nevertheless pockets of animal infection
remain, as they do in tuberculosis, with 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 who had failed to provide him with
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.

Known Brucella reactor stock must be han-
dled with care from reception onwards, with
strict attention to hygiene at all stages. The
uteri and udders should not be handled with
bare hands, but with hooks or other suitable
instruments. They must not be incised but
consigned immediately as rejected offal and
disposed of with 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 dermatitis
(Plate |, Fig. 1)

Also called contagious ecthyma or ‘orf’,
lesions of contagious pustular dermatitis occur
fairly frequently in abattoir workers mainly
on the hands, wrists, forearms and sometimes
the face. The early vesicle stage is seldom
seen, however, and the presentation is a
chronic, raised circular weal very red .in
colour, often found on the ulnar border of the
hands. The actual handling or slaughtering
of Tivestock is not necessarily the cause; the
condition has been reported in engineering
staff concerned with equipment maintenance.
Although orf in sheep is most prevalent in
spring and ’ e‘ﬁly—‘ﬁfn'%ner, cases have been
recorded in abattoir workers in mid-winter,
suggesting a virus carrier state in s
Contagious pustular dermatitis in sheep
and goats is a disease worldwide in dis-
tribution caused by DNA virus of the Para-
poxvirus genus of poxvnruses Lesions of the
lips of lambs (mostly up'to one ycar old) and
udders of ewes are usually seen, but a more
serious form with 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
fntractable 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 ingestion. The disease
ISTmost common in abattoir_workers, fish
handlers and those in the fish-meal industry
(the bacilli, probably originating from sewage,
have been found on the skin of many salt-
water fish).

Several forms of the condition may occur:
a mild, localized, cutaneous infection usually
involving the fingers, with or without arthritic
symptoms (erysipeloid of Rosenbach); a dif-
fuse or generalized skin eruption with
arthritic and constitutional symptoms; and a
septicaemic form with endocarditis which
may or may not be accompanied by skin and
arthritic lesions. Arthritis, ‘'meningitis and
brain abscesses have also been associated
with Erysipelothrix insidiosa (rhusiopathiae)
infection.

The localized skin lesion, or erysipeloid, is
characterized by swelling, erythema and pain
al the site of inoculation. The erythema is
reddish-purple in colour and possesses a well
defined raised zone which extends peri-
pherally as the central portion subsides.
Haemorrhagic vesicles may occur on occasions
at the site. Similar erythematous lesions may
appear elsewhere on the hands and wrists
with the disappearance of the original lesion.
Alternatively the lesions may spread by con-
tiguity. The duration of the disease is about
three weeks. The severe diffuse or generalized
skin eruption has been known to last for many
months and even as fong as two years. The
septicaemic form, usually of shorter duration,

possesses symptoms similar to those occur-

ring in the septicaemic condition in pjgs -

skin eruption, arthritis and endocarditis.

Leptospirosis (haemorrhagic jaundice,
canicola fever, Weil’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 always
associated with rats, in whose urine the lep-
tospires are shed. Hedgehogs, voles, shrews,
skunks, opossums, bandicoots, certain
reptiles, amphibians and.fish also act as natu-
ral reservoirs of infection.

In addition to abattoir workers, livestock
handlers, veterinary surgeons, poultry and

LTINS LR AN B ATy U S B e Vb A Y 4T e ?

fisF_ handlers, sewer and canal workers,. etc.,..
are liable to infection. At least 103 different

serotypes of leptospire have been recorded in
livestock, occurring in two main complexes:
Leptospira interrogans including most of the
mammalian strains and L. biflexa including
the non-pathogenic saprophytic types.

Of the 120 cases of human leptospirosis
occurring in England and Wales during 1983
most were of the icterohaemorrhagine sero-
group, followed by hebdomadis and canicola
infections, with 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 with ‘Au-like ill-
ness occurring in farm personnel.

The reservoir of infection includes farm_and._

pet_animals (cattle, horses, sheep, pigs and
dogs} and a wide range of wild anir%i%‘, 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 during the
late summer and autumn months. Warm

humid conditions tend to favour the growth

of/léptospires.

though ~infection usually takes place
through the skin with the urine 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 intcresting to note that because of
improved personal and environmental
hygiene standards leptospirosis is not now
common in miners, sewer workers and fish
cleaners who 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_monocytogeies is a ubiquitous organ-

ism. It can be shed from the intestine in ani-
mals (domestic and wild) and man without
any apparent clinical symptoms. Most human
cases are associated with sources other than
animals. infection is mainly neonatal, but
direct contact with 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 résult of eating
infected meat. The organism has been more
frequently isolated from the faeces of abattoir
workers 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 akortion, occurring in
adults and in the neonatal period. Mortality
rates may be as high as 42%.

Louping ill

An incidence of louping ill infection of 8.3%
was detected in Scottish abattoir workers in
sions sustained by abattoir staff undoubtedly
predisposes to this infection. It is caused by
an arbovirus and transmitted by ticks ({xodes
ricinus, lIpersalcatus, 1. cookei, Rhipicephalus
appendiculatus). Louping ill is an acute en-
cephalomyelitis of sheep which is occasionally
transmitted to man Dy the bite of an infective
tick or by the consumption of milk from
infected animals.

Avian psittacosis and ornithosis
(chlamydiosis) (parrot fever)

Both diseases are transmissible to man, psit-
tacosis from birds of the psittacine order

(parakeels, parrots, etc.) and ornithosis from
birds other than psittacines. The disease is
world wide in distribution and affects a wide
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, while the disease is usually.mild,
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
pouliry 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 with 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 resuits 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 instaliation
of extractor fans had solved the problem.

While 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 vomiting, headache,
insomnia and pneumonia. Mild 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 with chlor-
tetracycline is advocated for the control of the
disease. Satisfactory standards of ventilation

and the 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 with dis-
infectant.

Q Fever (query fever)
In the 1966 study of Scottish abattoir workers

28.1% had antibodics to phase 2 antigen of

Couxiella 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% of veterinarians, although there had
been no_evidence of Q fever in animals_pr
humans 10 years previously.

Q fever was first officially recognized in the
United Kingdom in 1949 and is now routinely
tested for in the differential diagnosis of casés
of pneumonia and pyrexia of unknown origin
in man. Between 1975 and 1980 an average of
100 cases annually were reported to the Public
Health Laboratory Service in England and
Wales. Outbreaks are rare, but often the
source of infection is difficult to estabiish. 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-
sonriel was tried. 924 non-immune volunteers
were inoculated with a Coxiclla burnetii phase
1 vaccine and while 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 man_is an_acute febrile dis-
ease with sudden onset, malaise, anorexia.and
weakness [asting 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 with age.
Infections without symptoms are sometimes
observed.

In some countries the discase is officially
classified as occupational. [t is transmitted by
the bites of ticks and by the inhalation of
infected dust, but rarely by the ingestion of
contaminated meat and milk. 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
wild animals as well as farm stock may act as
reservoirs.

C. burnetii can multiply in the genital tract
and mammary gland of cattle, sheep and
goats, and apparently healthy stock are known
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 without ill-
effects. although cases of bronchopneumonia
and abortion due to Q fever have been
occasionally recorded.

Ringworm (tinea capitis, kerion, 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 duging the winter

when animals are normally affected (Plate I, -
Fig. 2).

Diagnosis is best carried out by the_micro-
scopi¢_examination of affected hairs when
fungal hyphae and arthrospores will be seen
after the hairs have been treated with 20-30%
potassium hydroxide.

As with contagious pustular dermatitis,
infection is most commonly by direct contact
with infected animals but may also occur
through indirect contact. Since ringworm
spores can exist on animals’ skins without
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 ringworm in cattle
are Trichophyton_ verrucosum and less com-
monly T. mentagrophytes.

Streptococcal meningitis

A disease of pigs caused by Streptococcns suis
type 2 and characterized by meningitis has
been recognized in the United Kingdom and
the Netherlands since 1973. Recent surveys

have shown that the disease is widesgread in

pigs in the United Kingdom, especially in the
south and east,

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)

tigation 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 Ireland. 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
meningitis, other symptoms being bac-
teraemia 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
condition with severe headache, numbness of
the fingers, foot pain, rigors and erythema,
but usually no symptoms of meningitis. The
condition responds slowly to treatment with
antibiotics over a period of several days.

Streptococcal skin infection
Outbreaks of a skin infection due to Strep-

tococcus () ave occurred among wor-

kers in meat processing factories, the first ane
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 voultry processing
factory.

Meat _handlers appear to be particularly_sus-
ceptible to streptococcal skin sepsis which

takes the Torm of impefigenous or eczematous | v

lesions, "infection round the nail fold and/
infected lacerations. Sécond, and even third,
episodés 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)

While 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 penctrating ones, occur, the possi-
bility of tetanus occurring is a very rcal one.

There were 19 notifications of tetanus in
England and Wales in 1969 and 18 in 1980,

.
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the annual fluctuations ranging from 15 to 24
in the intervening years. Deaths due to teta-
nus ranged from 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.

Tularaemia (rabbit fever, deerfly fever)

In addition 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, wool shearers,
rabbit butchers, fur trappers and those in
related occupations may become infected. The
cause is Francisella (Pasteurella} tularensis.

Since the infection occurs naturally in hares,
ground squirrels, rabbits (especially the cot-
tontail), voles and muskrats, with 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 boiling of water. .

The disease in man takes two main forms,
a glandular or ulceroglandular form and, less
commonly, typhoidal and pneumonic form.
The first sign'is usually a papule at the site of
initial 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. Mortality rates are generally less than
5% and mainly associated with the typhoidal
and pneumonic forms, which are the more
serious and are accompanied by an exhaus-
ting feverish illness.
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Some 2000 cases of tularaemia are reported
cach year in the United States. The disease
responds well to treatment with streptomycin,
tetracycline or chloramphenicol. (See also
Pasteurcllosis.)

Miscellaneous conditions

Animal-related allergies, in which rhinitis,
asthma and skin rashes are the commonest
Symptoms, may occur in susceptible indi-
viduals working with livestock, or with
fodder, e.g. farmer’s lung due to exposure to
mouldy hay.

More recently in the United States it has
been shown that exposure to faecal bacteria
and Gram-negative bacterial endotoxins
found in dust may cause eye and nose irri-
tation, productive cough, breathlessness,
chest tightness, headache and nausea.

& Prevention of occupational diseases

1 Where possible, the elimination of the dis-
ease in domestic animals.

2. Efficient veterinary ante-mortem inspec-
tion, especially with casualties, and the
immedate alerting of staff to all disease haz-
ards.

3 High standards of personal and environ-
mental hygiene. .

4 Vaccination of staff where ‘appropriate.

5 Prompt and effective treatment of cuts and
bruises. .

6 Proper abattoir construction and layout
with good staff facilities and ventilation,

7 Education of workers as to the nature of
zoonoses and how to minimize the risk of
infection by the careful handling of potentially
infected stock, carcases and offal.

8 Close liaison with medical expertise.
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production delays and condemnations.
To develop an effective sanitation program-
me it is necessary to:

1 identify needs and defects;

2 establish detailed cleaning instructions for
all areas and equipment;

3 set up a working programme;

4 ensure that all personnel receive proper
training in hygiene, environmental and per-
sonal;

5 evaluate efficiency.

Inspection by a responsible and competent
individual should include a pre-operations
and an operational inspection. The ultimate
aim 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
and the use of efficient cleaning machinery
and detergents/sanitizers. '

An 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 imanufacturers, espe-
cially in the United States, has produced
several automated systems to cope with what
is probably the most important problem in the
food industry — sanitation. Three main_types
of these automatéd cleaning systems have
been developed: cleaning-in-place system
(CIP), central cleaning system {CCS) and self-
contained cleaning system (SCCS).

The 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

Meat Hygiene | )

to the components to be cleansed. Although it
can be tapped for external cléaning it is basi-
cally designed for cleaning internal surfaces
only. At present it has a limited 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.

Central cleaning 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/cm? 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 with the high-
pressure’ water system as required and used
through a cleaning gun. With these two sepa-
rate lines, which are, of course, more costly,
both pressure wash and pressure rinse can be
carried out.

The self-contained system has the pumping
source and chemical spray systems contained
in one unit and may or may not have facilities
for foam production. Some units produce hot
water while 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 remole 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 with edible
material is another essential task.

EMPLOYEES

Important though the plant layout design and
facilities are, they must be combined with a

- mn o ma—— e e s

-
‘&

- eem M e ww wm A A e

-— - . A



-

- USanmitation . T T T 117

high standard of personal hygienc and re-
sponsibility towards cleanliness in the em-
ployees themselves. Most countries require
food plant employces to have periodic medical
examinations and to report the occurrence of
certain diseascs whichwmlc
for the 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 necessary facilities
to achieve a high standard of personal cleanli-
ness and a clean, workmanlike job.

Training in the various techniques associ-
ated with meat plant operations is essential for
efficient, humane treatment of animals and for
carcase meat of high 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 with elaborate equipment if
it is not matched by efficient staff able and

willing to adopt good practices designed to ..

prevent contamination and deterioration of
meat as well as ill-health in themselves and
the consuming public.

The responsibility for meat hygiene in an
abattoir rests with top management, although
In many areas, e.g. local authorities in Britain,
this is not well designated. If control of the
abattoir is divided between those responsible
for operatives and those concerned with meat
inspection there is often a hiatus between the
two which can result in low hygiene standards.
While productivity is important it must be
secondary to the demands of hygiene. All too
often, however, production managers are con-
cerned with 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 who are in immediate control of opera-
tives. While it is essential to have a hygiene
section and a hygiene officer possessing
adequate authority, the essentials of hygiene
must be inherent in all members of staff.

All managers need to be fully familiar with
current meat hygiene legislation and up to
date with new innovations, especially those
immediately concerned with 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 qualified nurse and
a properly equipped first-aid room can assist
materially in achieving high hygience stan-
dards, as can the use of a laboratory.

Use may be made of suitable posters, sup-
plemented by lectures, films, suggestion
schemes, competitions, discussion groups,
etc. Each employee should be given a hygiene
booklet (which may be combined with one on
safety) when he begins employment.

While modular training schemes initiated
by the Food, Drink and Tobacco Industry
Training 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 with the important areas of
animal welfare, specialized techniques, skills,
occupational hazards, machinery, equipment
and premises, commodity value, food poison-
ing, etc. Different levels of training in the
various functions listed abave are required for
different staff members in a meat plant, but in

.+elation 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 would
incm%ﬁﬁégf hygiene; how 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 new employee in which the nature of
viruses, bacteria, yeasts and moulds is ex-
plained, along with occupational hazards.

Qu1_the job training can deal with the use of
equipment and tools and their sterilization;
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 viewed through the microscope and their
growth observed on culture media, with an
explanation of their basic physiology.

On-going training programmes are con-
cerned mainly with furthering awareness of
the need for good hygicne 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 necd for
personal hygiene, hair and hand care, toilet,
general cleanliness and prompt treatment. of
cuts, abrasions and other skin lesions must be
stressed. -
= - - - -
The elements of- sanitation, refrigeration

'Me_a ¢t Hygieue-

{with temperature, relative humidity and cold
air speed) and the awareness of hazards for
consumers (e.g. mctallic objects and other
foreign bodies in carcase or processed meat),
reporting procedures and responsibilities also
have to be communicated to employees.
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l. L'HYGIENE DES VIANDES

Vaste secteur de la santé communautaire, 1'hygi®ne des aliments a pour
objet 1'étude des moyens propres a assurer au consommateur des aliments dont
la qualité répond le mieux 3 ses besoins, ou du moins satisfait aux normes con-
sidérées comme acceptables au point de vue sanitaire. Elle englobe 1'hygidne
des viandes qui par 1'importance, 1la multiplicité et souvent le caractdre par-
. ticulier de ses variables a conguis sa propre identité. En effet, les méthodes
3 suivre pour qu'elle atteigne ses objectifs varient considérablement de celles
jugées adéquates pour la plupart des autres aliments. Les animaux étant sujets
a certaines affections qui les rendent impropres a 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 1'abattage et qu'elle soit produite dans
des conditions qui assurent 1'élimination du matériel non acceptable pour la
consommation de méme que la prévention de sa contamination et de son adultéra-
- tion. De 13 ce caractdre particulier 3 1'hygi’ne des viandes. :

1.1, Principaux éléments de l'hygiéne‘des viandes

1.1.1. Examen_ante-mortem des animaux destinés 3 1'abattage

. Buts: - Autoriser 1'abattage des animaux sains.

-++:-+ o - Prohiber 1'abattage des animaux malades, s'il y a

: ‘ lieu les classer comme "retenus" { suspects) d'od
-une attention spéciale portée 3 1'examen post-mortem.
Hater 1'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
contrdle des conditions sanitaires des opérations durant 1'abat-
tage et 1'habillage ( dressing ) c'est-a-dire l'ensemble des
opérations que subit la carcasse dans le but de préparer la
viande. '

1.1.3. Hygidne de 1'environnement ( Sanitation )

Cet élément intéresse d'abord les environs de 1'établissement
( cour, batiments destinds d abriter remporairement les animaux,
etc. ), puis 1'établissement lui-méme ( situation, construction
des divers locaux, eau, égout, équipement ). La santé, 1'hygitne
du personnel et les facilités A sa disposition sont incluses dans
cet élément. :

Pendant longtemps, ces contrdles eurent comme objectif de
garantir que les produits étaient propres 3 la consommation, que



1.1.3.

1.1.4.

l.ll5.

" 1.1.6.

2.

( suite )

la disposition des déchets ne mettait pas en danger la

'santé publique et que les établissements ne g@naient en

rlen 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 travallleurs contre

les risques auxquels ils sont exposés dans les abattoirs.
L'hygitne de 1'environnement est précisément 1'élément

dans lequel s'est développé et sur lequel s'est greffé ce
nouvel aspect. Il est inclus dans la " santé du travailleur ".

Disposition du matériel impropre 3 la consommation

Tout ce qui est condamné par l'inspecteur doit &tre
détruit promptement ou utilisé & des fins jugées acceptables
autres que la consommation humaine { fondoirs { rendering )
tel Lomex Inc. )} et cela sous la surveillance de 1'autorité

responsable { fédérale, provinciale, etc.).

Réinspection

En quittant le département de 1'abattage, la viande ne fait
que démarrer sur la voie qui la conduit au consommateur.  Pen-
dant tout son trajét, elle doit demeurer constamment sous obser-
vation ( conditions salubres durant les transformations, 1l'en-
treposage, le transport, etc. ).

-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 3 redouter. Il en
va de méme pour 1l'addition en excds de certaines substances de
peu de valeur ( eau, gras, produits farineux, etc. ). La
possibilité d'ajouter des ingrédients toxiques 3 la viande ou
3 ses produits n'est pas 3 rejeter. Il est évident que cette

pratique altdre sa qualité, voire son inocuité ( C.E.C.0.).

I1 arrive que l'acheteur soit induit en erreur par une étiquette
portant des indications fausses ou vagues, par l'apparence

méme du produit ou encore par le contenant dans lequel il est
empaqueté ( origine, identité, composition, qualité, quantité,
etc. }. Un contrBle rigoureux s'lmpose ici comme ailleurs si

on veut assurer au consommateur la protection 3 laquelle il

a droit.



1.1.7. Législation

La réallsation d'un programme d'hygi®ne des vian-
des n'est possible que moyennant une législation adéquate
sur 1'inspection des viandes et des produits carnés que
complte une rdglementatlon précise, facile d'application
et congue avec prévoyance.

.

On voit que le terme "Protection du consommateur"
appliqué & l'identification des objectifs d'un programme
d'hygi®ne des viandes doit avoir une signification qui en-
globe tous les aspects inclus dans 1'intéradt que lui porte
le consommateur. Si 1l'on s'en tenait au cBté 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. Oréanismes responsables de 1'hygidne des viandes au Québec

1.2.1. Fédéraux A Lo

a) Ministdre de 1'agriculture: Direction de 1'hygigne
vétérinaire,

: . . R . .. *
- Division de 1'inspection des viandes
--Division des laboratoires
- Division des maladies contagieuses

N.B. Contrdle plus de 90% des viandes sur le marché
canadien. Proportion semblable au Québec.

*Loi et reglements: sur "1'inspection des viandes " ( Ch. 36, 1955 )
et sur 1'abattage sans cruauté des animaux destinés A 1'ali-
mentation ( Ch. 44, 1959 ).

) b)'Ministére de la santé et du bien-2tre social

~ Directorat des aliments et drogues.
. ( Loi des aliments et drogues )

1.2.2. Provincial

Ministdre de 1l'agriculture: Division des produits carnés.

En voie de réerganisation.
Loi 43, Ch. 35 ( rdglements ) 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'assalnissement de l'air et de 1'inspection -
des aliments. Responsabilités limitées & son territoire.

Reéglement No. 32, 1972, relatif aux aliments.

1.3. Les établissements

1.3.1. ABATTOIRS

Au sens légal du mot ( lol 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 sexrvices d'ins-
pection du ministere sous le régime des présents
réglements.

Au Québec, on distingue des établissements ol l'on procide

3 1'abattage des animaux et ol on transforme la viande de

ces derniers. C'est le cas des établissements que nous visi-
terons demain et qui bénéficient du systdme fédéral:

Canada Packers: Animaux abattus: veaux, porcs, moutons.
Transformations: des plus variées.

Abattoix du Nord: Animaux abattus: Boeuf
Transformations: plus limitées.

D'autres établissements ne procddent qu'a 1'une ou 1'autre

de ces deux grandes opérations. De plus, il y a des

abattoirs spéciaux pour les équidés de méme 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 2 la consomma-.
tion humaine mais 3 la préparation d'aliments pour chiens,
chats ou d'autres prod01ts.

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 batiments 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 attirxe
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les rongeurs et les mouches. Au Québec on cbmpte actuellement
plus de 300 petits abattoirs qui sont soumis & 1 ou 2 inspections
sanitaires par mois, la viande en provenant n'étant pas inspectée.
En général le personnel y est trd¥s restreint. ;

Les grands abatt01rs 'sont généralement situés dans
les villes et les régions urbanisées ol ils sont soumis 3 une
réglementation stricte qui les place sous 1a surveillance de
1*autorité municipale et dans plusieurs cas { Montréal ) d'un
ou plusieurs ministdres. Dans ces établissements le travail est

 beaucoup plus spécialisé, c'est la chaine de production ou chaque
travailleur n'exécute qu'une seule opération. On tend de plus
_en plus 3 ratlonallser et & automatiser le travail des abattoirs.

1.3.3. Types de bitiments

 Plusieurs rdglementations fixent en détail les caracté-
ristiques des établissements. :

Elles concernent: o

a) le site de 1'établissement

b) les enclos et s'il y a lieu les batiments de recept1on
et d'attente des animaux vivants

¢) la construction elle-méme de 1'abattoir
- particularités des.dlvers locaux, leur agence-

ment
-~ les matériaux utilisés ( plancher, murs, pla—
fond, etc.

- l'allmentatlon en eau potable-

~ la disposition des eaux usées, des produ1ts
non comestibles.

- 1'éclairage naturel, artificiel

- la ventilation, le chauffage, etc.

- les commodités (sanitaires) 3 la disposition
des travailleurs

-~ 1l'appareillage et 1'équipement nécessaires 2
la' bonne conduite des opérations

~ la construction et 1a capac1té des chambres
de refr19erat1on ( 340 3 360 F ou 1.10 3 2.2 C)
ete. etc.. <o

Certaines normes ( d1tes générales ) sont applicables 3
tous les établissements, d'autres sont particulidres aux abattoirs
de bétail, de volaille, aux salles de transformations, etc.-

En somme 1'établissement doit &tre construit, aménagé et
équipé selon les rigles de. 1'art et de 1'hygi®ne pour assurer des
conditions d'hygiéne et de sécurité irréprochables. La tendance
actuelle est aux abattoirs sans étage. Les anciens abattoirs étaient
le plus souvent des édifices i plusieurs étages, 1'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 Technlques d'abattage_et d'habillage

L'abattage ou la mise A mort des animaux de boucherie doit &tre
effectué suivant une méthode rationnelle et humaine 1 L'opéra-
tion doit @&tre facile a réaliser et ne présentera pas de risques
de danger pour le travailleur. Tout en étant économique, la méthode
visera a atténuer au maximum les souffrances de l'animal. Le sang
étant particuli®rement réceptif & la contamination, les microorganis-
mes sont beaucoup plus aptes 3 pénétrer et 3 se multiplier avec rapi—
dité dans un tissu gorge de sang. Une bonne technique d'abattage vi-
sera donc une saignée aussi parfaite que possible de 1'animal ( 72%
% 75% du sang éliminé.).

1.4.1. Méthodes d'abattage

1.4.11. Abattage sans étourdissement préalable 3 la saignée
de 1'animal ( Shechita, Kosher }:
- 1%animal est ‘tout simplement saigné dans la caisse
d'abattage, selon le rite israélite ou musulman. '

l.4.1.2. Abattage avec etourdlssement de 1'animal avant la
saignée;
~ 1'animal est rendu inconscient
- masse ( usage interdit dans les grands
abattoirs )
—~ maillet ( veaux etc.)
et . - pistolet 3 percuteur ( projectile captif)
appareil électrique
gaz carbonique ( air + 55¥% de co, )

1.4.1.3. Abattage par énervation: Stylet plongé. entre
. .- "1*occipital et la premidre verttbre cervicale.
Le ‘bulbe rachidien est touché, 1'animal s'effon-
dre sur le coup.

"1.4.2. Technique de l'habillaqe et de 1'inspection post-mortem

L'hab111age est 1'ensenble 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 3 un monorail quand

1*animal a été étourdi ).

Tate détachée de la carcasse, identifide, lavée

et préparée pour 1'inspection.

Examen: propreté, anomalies, incisions répétées
des ganglions lymphatiques, des masséters,
examen de la langue (pélpation, etc.) La
tete est retenue jusqu'a ce que 1l'inspec-
tion de la carcasse correspondante soit
terminee'

!
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- Eviscération, inspection des viscires

~ La peav est enlevée mécaniquement de la
carcasse et dirigée & la salle de traite-
ment des cuilrs.

~ 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
gangllons lymphatiques superficiels ( préscapulaires,
precruraux, inguinaux superfisiels etc. ), reins,
cavité pelvienne, etc.

Clest 1'1nspectionAd1te'de routine.

Dans le cas des animaux classés "retenus” 3 1'anté-
mortem et des reacteurs & la tuberculine, la carcasse
est dirigée sur un monorail d’évitement ol 1'on
procede 3 un examen plus complet { ganglions superfi-
ciels et profonds incisés, etc. etc.).

- Les animaux positifs 3 la brucellose sont groupés
et abattus a la fin de chaque période d'abattage

- ce qui facilite leur identification et par consé-
quent la prévention. .Ils sont soumis 3 1'examen
de routine avec les précautions qui s'imposent.

- Les carcasses normales sont lavées, estamplllees
- ( coupes de gros ) et recouvertes d'un drap humide.
~ Mise en .chambre froide ( 340 % 38° F,1.1 % 3.30C)
N.B. La viande gkle 3 29.50 F.

1.4.2.2. VEAUX

Etourdissement ( oumon )

Saignée ( sur le rail):

Habillage avec ou sans 1a peau. Identification.
Téte enlevée et inspectée.

Lavage de la carcasse. . -
Eviscération. Examen de la carcasse et des
visceres

Lavage final et mise en chambre froide.

1

N.B. La vente de veaux immaturesest défendue. Leur vian-
‘de contient trop d'eau, trop d'os, a peu
de valeur calorifique et un goOt fade.
La Loi prévoit 3 semaines d'ige et un dévelop-
pement satisfaisant de la carcasse.

1.4.2.3. PORCS -

- Etourdissement (électricité, Co,, etc.)
. -~ Saignée sur le rail.
~ Echaudage ( 59° 3 630 C ) ( 1380 3 1450 F )

Cuve vidée quotidiennement, bien lavée. Plus
souvent si nécessaire.

Epilation mécanique, poils restant brules, douche,
rasage final au besoin.



1.4.2.3. (suite)

Inspection: Propreté généralé, anomaliés, etc.
Téte: incisions des ganglions sous-maxillaires

~ Eviscération: Rectum dégagé, ligaturé, ouverture ventrale
de la carcasse.

Inspection des visctres, de la‘carcasse sur le rail.
- Estampillage et mise en chambre froide.

1.4.2.4. MOUION

Etourdissement ou non.

Saignée

Peau enlevée avec beaucoup de precautions ( laine colle)
Eviscération

Inspection des viscdres, de la carcasse sur le rail

Lavage final, t&te détachée de la carcasse.

Durant les opérations, les parties destinées 3 la consommation sont achemindes

vers les chambres de réfrigération ou les départements ol elles doivent subir

des transformations. Les produits non consommables sont évacués vers le servi-
ce destiné 3 leur traitement, section qui ‘doit &tre totalement séparée des autres
services de l'abatt01r.

1.5..

2 e

Riﬁques pour le travailleur

1.5.1.

Le MICROCLIMAT

Les abattoirs sont des locaux trds humides ob la tem-
pérature varie fortement d'un endroit 3 l'autre. Ces condi-
tions résultent de 1'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 tre¢s chaud alors qu'i 1'autre extréme on

a les chambres froides ( 0 & 5° C). Dans les salles de

grandes dimensions et le plus souvent sans cloisons 1'air est
trds turbulent d'ou-plusieurs zones de travail présentent les
unes par rapport aux autres des différences de température
importantes. Une odeur caractéristiques régne dans les abattoirs
( sang, vomissures, visceres, urine, excréments d'animaux, etc.).
Elle peut envahir tout 1'établissement et se répandre aux en-
virons si des mesures pour la réduire ne sont pas prises.

L*'élimination rapide des résidus et des dechets, leur entrepo-

sage dans des conditions convenables de méme qu'un-systime
de ventilation adéquat et la propreté des locaux contribuent 3
1*amélioration du mlcrocllmat.
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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
a la salle d'abattage, au moment ou peu aprds
1'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 deébitage 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, 1'eau répandue et parfois les déchets
qui les jonchent s'y prétent trop souvent admirable-
ment. '

1.5.2.6. BrOlures, échaudures, 1% ol 1'on emploi de la vapeur
( conduites) ou encore des cuves chauffées 3 la vapeur;
ol_on procdde a la fonte des graisses, etc.

1.5.2.7. Accidents résultants d'un systdme électrique défec- .
tueux (isolation défectueuse, etc.)

1.5.3. Les ZOONOSES

En dépit du grand nombre d'snimaux abattus et con-
séquemment de carcasses ‘habillées, les cas de zoonoses
semblent plutdt rares. Je dis semble parce qu'a mon
avis la déclaration des cas fait trop souvent défaut. N

* Al

- . \uﬁgi*
. “#asiwSerait la plus courante dans les pays ol le cheptel
est affecté. Au Canada on procdde présentement X
1'éradication de cette maladie. Trois cas de fibvre
‘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 i la fin
de chaque période d’abattage ce qui facilite la
prévention.

a) Brucellose

b) Tuberculose

Risque grave dans certains pays.

Au Canada: éradication.

Les animaux dgés sont les plus souvent atteints
( vaches ).

c) Ornithose

Risque dans les abattoirs de volaille, principa-
lement 3 la réception des.oiseaux ( poussidres.
contaminées, etc.). Le travailleur contracte la
maladie 3 partir des oiseaux vivants malades
plutbt que de leur carcasse. '
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d) Pasteurellose ( Tularémie )

Rare dans les abattoirs.

Se transmet surtout a la faveur d'une blessure de la
peau ou par la piqQre d'un tique. C'ést 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 2

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) Fidévre charbonneuse (Charbon) .

Trds rare au Canada et au Québec, et on peut dire

absente dans les grands abattoirs.

Dans' les pays ol l'incidence de la maladie chez les
animaux est plus élevée, les ouvriers des petits abattoirs
Yy sont plus exposés que ceux des grands établissements.:
L*évolution de la maladie étant trés rapide, les animaux
affectés n'atteignent pas ces établissements.. ‘

. h) Fidvre Q ( "query fever" ) Fidvre de Queensland.

Quelques cas furent rapportés au Québec chez des ouvriers
d'abattoirs ( voie aérienne ). '

En fait si 1'on donne au terme "maniptilations™ une signification
suffisamment large, il est possible de classer un grand nombre de zoonoses par-
mi les maladies susceptibles d'é&tre transmises 3 1'homme par les viandes. Lors
des opérations d'zbattage, d*habillage ou d'apprét des animaux pour la table,
les microorganismes infectieux ont toutes sortes de possibilités pour se trans-
mettre 3 1'homme par des voies autres que le tube gastro-intestinal, notamment
par 1l'arbre respiratoire ( gouttelettes, poussidres infectées ) ou par la peau
( inoculation directe, piqgfre d'insecte; etc.). Il nous semble que les infec-
tions professionnelles contractées par les manipulateurs de viande doivent &tre
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 trés fréquents.

b) Dermatoses f réquentes.
¢) Pemphigus des bouchers. Rare dans les grands abattoirs.

d) Fbllipulite: Occasionnelle chez les travailleurs expo-
.8és 3 la grande chaleur. :
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1.5.5. PREVENTION PRIMAIRE

1.5.5.1. Prévention des accidents

1-5650 20

. 1.5.5.3.

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, 13 ou ¢a
s'impose .(salle d'abattage, etc.).

b) Manutention des charges lourdes par des moyens
mecaniques.

c) Installations électriques conformes aux normes
prévues par la rdglementation.

d) Durant la découpe de la viande, la main qui ne tient
pas le couteau doit 2tre 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 3 1'utilisation des
instruments tranchants qui conviennent A chaque
opération et instruit de leur algu1sage et leur
entretien, '

g) Toutes les scies mécaniques utilisées doivent &tre
pourvues du type de protecteur adéquat. L'ouvrier
doit connaitre 3 fond les méthodes qui permettent
leur utilisation sans risque.

h) Protection adéquate de la machinerie employée
(hachoir, échaudoirs, machlne 3 dépiler les porcs,
etc. etc. ).

Vétemeﬁts 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 3 la scie, traite-
ment des cuirs par les acides, etc.).

c) Les bouchers qui désossent 3 la main en tirant le
couteau vers eux porteront un tablier abdominal
spécial ( cuir trds épais, cuir renforcé de mail-
les d'acier, matiere plastique trés épaisse et
souple.

Hygidne

Dans 1l'abattoir, l'hygidne et la propreté doivent
atteindre un niveau qui satisfait tant aux conditions
sévéres que doit remplir la viande pour &tre reconnue
propre 3 la consommation qu'au point de vue protection
des travailleurs.
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1.5.5.3. (suite)

a) Parois intérieures faciles 3 laver. Le revétement des

1.5.5.4.

© 1.5.5.5.

1.5.5’6.

planchers doit. &étre imputrescible, résistant au sang,

3 1'eau, au dégats mécaniques, et antidérapant.

Le lavage au jet des planchers et des murs avec de l'eau

sous pression doit 2tre fait 3 la fin du travaill,

( entrecoupé de lavages intermédiaires chaque fois que
nécessaire ).

11 faut utiliser de 1'eau chaude 1 ol il y 2 des dépdts

graisseux { salle d'abattage, etc.). '

L*addition d'un désinfectant 2 l'eau est recommandé

périodiquement.

b) Evacuation des déchets et des eaux usées suivant une
méthode sanitaire ( mini-usine d'épuration, etc.).

Installations sanitaires et services sociaux

Le caractére exceptionnellement salissant des travaux
exécutés dans les abattoirs exige des installations sani-
taires de premier ordre.

- Lavabos 3 pédale, eau chaude, froide, distributeur de
savon liquide, serviettes individuelles, en nombre suffi-
sant. ’ ’

— Douches - Cabinetsde toilette bien ventilés, 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.

Services médicaux

- Examen médicaux d'embauchage et périodiques obliga-
toires pour tous les travailleurs.

_ Médecin chargé de visiter fréquemment 1'abattoir,
infirmidre plein-temps, etc.

N.B. Faute d'une infirmidre chargée d’'administrer les
premier soins, il est indispensable que des tra-
vailleurs aient regu une bonne formation de secou-
riste. C'est surtout le cas des petits abattoirs.

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. Trds souvent, les dispositions de sécurité et
d'hygitne du code du travail s'appliquent aussi aux abat-
toirs. Le trafic international des viandes est important
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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 & ce que. les normes exigées
par son pays soient respectées ( France - Canada ).

Dans la plupart des pays, la rdglementation des
abattoirs touche tous les aspects des travaux exécutés
et s'accompagne de contr8les trds stricts. En général
les établissements sont declares et enreg1stres sous
licence.

1.5.5.7.. L'éducation sanitaire des travailleurs

Comme dans beaucoup d'autres secteurs de 1'industrie
(et aussi le grand public) l'éducation sanitaire des
travailleurs d'abattoirs reste & faire. C'est un aspect
essentiel A la réussite d'un programme d*hygitne indus-
trielle ou de médecine du travail. On doit viser non
seulement & informer le travailleur -mais aussi 3 influer
sur son- comportement de mani2re 2 ce qu'une fois instruit
il approuve les recommandations qui lui sont faites et
agisse de fagon a jouir d'une protection maximale.

HRARRR ***x******% HUFRFBRRAURE



Infections Due to Erysipelothrix

Infections caused by the gram-positive bacillus Ery-
sipelotiirix insidiosa (also called E. rhusiopathiae) consist of
a distinctive skin lesion (crysipeloid) and, in rare cases,
endocarditis. The etiologic agent morphologically resem-
bles L. monocytogenes and diphtheroids.

EPIDEMIOLOGY AND PATHOGENESIS

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.%®
Human infections have been observed among agricultur-
al workers, slaughterhouse workers, fish handlers and
fishermen, kitchen workers, and veterinarians. Most in-
fections attributable to E. insidiosa occur in the summer
and early fall. Infection results when the organism enters
through an abrasion while the individual is handling
contaminated animals or organic materials.

MANIFESTATIONS

Erysipeloid

The erysipeloid lesion, which is characteristically pain-
ful, raised, and violaceous, develops-two to seven days
after injury. It usually appears on a finger or on the
hand.® The margin of the lesion is sharply defined and
tends to spread peripherally at a slow pace as the central
portion fades. Swelling and stiffness of adjacent joints
may occur. Occasionally, vesicles containing serosan-
guineous fluid are present in the area of spreading
‘inflammation. Neither suppuration nor desquamation
occurs. Usually, there is no fever or systemic symptoms.
Lymphangitis and lymphadenitis are uncommon.

Septicemia and Endocarditis

Septicemia and endocatditis are very uncommon. In
one study, for example, no cases were observed among
500 patients with erysipeloid.® 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.” About 40 percent of patients
with Erysipelothrix endocarditis have erysipeloid of the
-hand. Septic shock is rare.”

DIAGNOSIS

The clinical features and the proper epidemiological
setting provide the provisional diagnosis. Erysipeloid
must be distinguished from erysipelas; the latter usually
is more erythematous and progresses much faster. Cul-

ture of the erysipeloid lesion surface or of a simple
aspirate generally does not yield E. insidiosa, but culture of
a small skin punch biopsy taken from the advancing edge
of the lesion will often reveal the organism. A morpho-
logically similar lesion of unknown etiology termed seal
finger has been described among aquarium workers.”

TREATMENT

Usually, erysipeloid is self-limited and resolves in
about three weeks. Treatment with 600,000 units [.M. of
procaine penicillin G daily for seven days or one injection
of 1.2 million units LM. of benzathine penicillin G will
produce improvement in 48 hours. In contrast, seal finger
responds best to tetracycline.” {n 'the penicillin-allergic
patient, 0.25 to 0.50 g of erythromycin given orally four
times daily for seven days is a satisfactory altemative.

Treatment of Erysipelotiirix endocarditis with six to 20
million units 1.V_ of penicillin G d: iy f¢- four to six weeks
has been generally successful. ~  ~

Source: SIMON, H.B., “"Infections due to Erysipelothrix

Scientific American Medicine, chap. 7,

p.8, (199I).
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6 - LISTERIOSE Kh

La bactérie Listeria monocytogenes peut se retrouver dans des produits laitiers, les
végétaux, les poissons et les produits de la viande. Elle croit bien dans la
nourriture réfrigérée et est plus résistante a la chaleur que la plupart des bactéries.
Les personnes les plus 2 risque sont les immunodéprimés, les femmes enceintes et
leur foetus. La méningite, ’avortement spontané et la septicémie sont les
manifestations primaires de la maladie.

La transmission au foetus survient dans la deuxieéme 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 I'ingestion et il semble que les contaminations au
Canada auraient €té 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 77% des travailleurs de laboratoire de
santé portaient dans leurs selles le L. monocytogenes.

Les sources sont variées : ensilage de mauvaise qualité, végétation, sol, rividres,
vase, déchet d’abattoir, lait de vaches normales ou infectées et excréments
humains. L’organisme a aussi ét€ 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 A risque, des prélévements et des cultures
devront étre faits au besoin. Les décisions pour le retrait préventif de la travailleuse
enceinte ou qui allaite devront étre basées sur ces évaluations si-on désire retirer
la travailleuse avec preuve a 1'appui.

-



Listériose
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1 Current Review

Listeria monocytogenes.

a foodborne pathogen

Jeffrey M. Farber, MSc, PhD
Joe Z. Losos, MD, DECH, FRCPC, FACPM

Listeriosis, catised 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

found in a variety of dairy products, leafy
vegetables fish and meat producls. 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.

ogenes est en augmentation apparente dans le
monde entier et'inquiete fort l'industrie alimen-
taire. Une épidémie récente en Californie, de
plus de 300 cas dont 30% mortels, était reliée a
lingestion d’un fromage a pate molle de type
mexicain, Ce microbe se trouve dans nombre de
produits laitiers, de 1égumes dont on consomme

From the Bureau of Microbial Hazards, Food Directorate, and
the Bureau of Communicable Disease Epidemiology. Laboratory
Centre for Disease Control, Health Protection Branch, Depart-
ment of National Health and Welfare, Ottawa

Reprint requests to: Dr. Jeffrey M. Farber, Bureau of Microbial
Hazards, Food Directorate, Health Protection Branch, Depart-
ment of National Health and Weifare, Tunneys Pasture,
Ottawa, Ont. KIA OL2

which were fatal. L. monocytogenes can be

La fréquence des infections a Listeria monocyt-

les feuilleés, de poissons et de viandes. Il peut se
multiplier sous réfrigération et se montre plus
résistant a 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 prédispose’s a 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 premidre importance
pour le succés du traitement, qui se fait de
préférence par I'ampicilline. I1 faut penser 2 une
listériose devant tout malade fiévreux qui
présente des symptomes neurologiques de cause
inconnue et chez toute femme accusant des
fausses-couches, des naissances prématurées ou
des morts-nés a répétition et inexpliqués. Que le
cas soit isolé ou qu’il s"agisse d'une épidémie, il
faut chercher surtout du c¢dté d'une contamina-
tion alimentaire.

t least four outbreaks of listeriosis have

been associated with food within the last 7

years.!" Listeria monocytogenes, first iden-
tified in 1926, by Murray and associates, 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 consumptlon 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 béen in the country for
1 year after emigrating from Russia.®? Since then
reported cases in Canada have been sporadic
excep!t for an outbreak of 41 cases in Nova Scotia
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in 19814 A totai of 381 cases have now been
documented in Canada (Laboratory Centre for
Disease Control 4#€DC], Department of National
Health and Welfare, Ottawa: unpublished data).¢-¢
Infections are reported throughout the year but
occur more frequently in the summer. Some re-
ports have suggested an increased incidence rate
among people who are immunocompromised,? 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
(LCDC: 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 colleagues* have
suggested that L. monocytogenes is carried by 5%
of the general population. Fecal carriage has been
reported in 29% of poultry workers and in 77% of
public health laboratory workers involved in L
monocytogenes isolation.® The public health im-
portance of human fecal carriage is not known.

Biologic features

L. monocytogenes is a gram-positive, micro-
aerophilic, asporogenic_bacillus that has a charac-
teristic tumbling motility between 20°C and 25°C
and that produces slight g-hemolysis on sheep-
blood agar. It can grow at a variety of tempera-
tures, from 1°C to 45°C,!® and thus can thrive in
foods kept at refrigeration temperatures.

In the laboratory Listeria can frequently be
missed or misidentified.''? One must be careful
not to overlook Listeria as a contaminating organ-
ism, especially when symptoms and conditions
suggest listeriosis. The characteristics that dis-
tinguish Listeria from other morphologically simi-
lar organisms are listed in Table 1.

There are 16 recognized serotypes,'¥ given
that there are at least 15 different O’ (or somatic)
antigens and 5 “H"” (or flagellar) antigens. Sero-
types 1/2a, 1/2b and 4b account for more than
90% of the cases reported worldwide.!

A phage-typing system has helped in the
epidemiologic investigations of foodborne out-
breaks of listeriosis. The major system now used
allows identification of 54% of the serogroup 1/2
strains and 77% of the serogroup 4 strains of L.
monocytogenes.'> However, a recent report has
suggested that the phage type of a given Listeria
strain can change with time.’ Thus, the current
phage-typing system must be modified, 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 from 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 addition, the organism has
been isolated from at least 37 species of mammals
and 17 species of fowl, flies, ticks, fish and
crustaceans. 9.4

Pathogenicity

The tests for pathogenicity include the ability
to cause keratoconjunctivitis in guinea pigs (An-
ton’s test), toxicity in chick embryos and death in
mice."?

Virulence factors

Many potential virulence factors have been
identified in the literature; these may or may not
be important to the overall pathogenicity of L.
monocytogenes.’® The more important factors ap-
pear to be a monocytosis-producing agent,>'® a
lipopolysaccharide-like material,29-2* hemoly-
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si;r(s)’""' and oxygen species such as hydrogen
peroxide and superoxide.?’2*

Heat resistance

An early study by Bearns and Girard® showed
that L. monocytogenes may be able to survive
pasteurization if present in fresh milk at concentra-
tions of more than 5 X 10* 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 " Conversely, Bradshaw and collabora-
tors’? 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;® 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);** this appears to be one of the first
documented reports of listeriosis linked to food
consumption.

From 1979 to 1985 four food-assodated out-
breaks were reported in North America (Table II).
Of the 23 patients described by Ho and coworkers?
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 1981 had been grown in fields
fertilized with compost and raw manure from a
flock of sheep known to have had listeriosis.

% Table I} — Documented outbreaks of listeriosis associ-

‘ated with food in North America - 1+7 © i ri =t

year . ST Croad™ 7 "and deaths) ¢

Boston, 1979 " Lettuce, celery 23" {5)
tomatoes’ - e Rl

Nova Scotia, 1981* Coleslaw < 41 (18)

Massachusetts, 1983 . Pastewrized milk - 49 (14)

California, 1985' Maxican-style - 314 {105)
soft checsea '

A

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.!
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.?

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.’* 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.’’
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,>** cheeses, 3 jce cream,
sherbet, chocolate milk and ice-milk products,-®
leafy vegetables,>* fish,* raw meats and chicken,’
and fermented sausage.*?

Listeriosis in humans

People predisposed to Listeria infection in-
clude pregnant women and their fetuses, new-
borns, recipients of immunosuppressive or cortico-
steroid therapy, those with underlying diseases
such as cancer, hepatitis and alcoholism, and those
undergoing long-term hemodialysis.*' Neonatal lis-
teriosis accounts for the largest recognized group
of infections due to L. monocytogenes.*?

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 reponed-l‘.ﬁ.ﬂ.«

Pregnant women with listeriosis present with

a mild illness that resembles influenza. The fetus is
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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 stillbori or the
newbomn 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.*?

CDC has now classified listeriosis as a reporta-
ble disease; LCDC 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.® The inci-
dence rate is increasing worldwide,!84145 passibly
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, ampicillin, with or
without an aminoglycoside, is still recommended.*¢
Trimethoprim-sulfamethoxazole was found to be
effective in controlling meningitis due to L. mon-
ocytogenes.*

Immune response

Protection against listeriosis clearly seems to
rely on cellular rather than humoral immunity.*¢ In
mice resistance against infection is regulated genet-
ically and can be divided into three phases.** The
first phase depends on the presence of fixed or
resident macrophages in the tissue. Studies have
shown that the macrophages will destroy about
90% of the organisms that are present initiaily; 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.3

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.®!

The third phase of resistance results in the
elimination of the organism and depends on the
accumulation of immunologically activated macro-
phages.5*3

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.>*-%¢
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 bacteria®’~%
{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, IgM
cannot be used as an indicator of recent.infection.’®

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.¥5%-¢2 The
cold enrichment procedure,®® 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
provindial 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 surveillance 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 will be established to assist
with identification of the organism and with 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 foodborne
transmission in humans is now quite convincing.




The organisms’ chances of survival increase if the
gastric acidity is reduced because of antacids or if
the food provides some protection against the
gastric acid.>* Once in -the intestine the bacteria
possibly are taken up by M cells (membranous
epithelial cells) and transported to the underlying
lymphoid tissue, where they are destroyed by
monocytes.®% The ability of an organism to be
transported by M cells has been considered to be a
positive virulence factor, as it allows easy entry
into the body.

Only a few people actually acquire listeriosis;

in healthy people the infection is apparently con-
trolled by activated macrophages, but occasionally
illness develops.

of

Because of the lack of information on the rate
contamination of foods and on the risk of

invasive disease among susceptible people exposed
to the organism, it is difficult to recommend the
avoidance of particular foods by high-risk groups.
However, the often fatal consequences in these
groups, the ability of L. monocytogenes to grow in
refrigerated foods and the possible survival of
organisms in some heat-treated products should be
of serious concern to health professionals.
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ABSTRACT

Processing plant air is a source of post-pasteurization con-
(amination of dairy products. Little is known about the exient (0
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 acrosols, leam how to control their occus-
rence, and discover practical and valid monitoring methods.
Methods used for monitoring viable particles in air include the
use of sedimentation plates, impingers, slit and sicve impactors,
filters, and centrifugal samplers. Each of these methods has
limitations on its usefulness for dairy plant air monitoring.
Microorganisms are often injured duc 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 (0 additional stress may cause suf-
ficient injury to prevent growth on non-sclective media. How-
ever, gentler collection methods such as centrifugal samplers
may not generate cnough force to collect the smallest viable
particies. 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 arca will aid in controlling biological
acrosols in new dairy processing plants.

Air has been recognized as a source of microbial
contamination in dairy processing plants since the early
1900’s. Recently, increased emphasis is being given 0
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 monitoring air
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
effectivencss depends to a great exient on (he monitoring
methods used and the nature of the aerosol present. Al-

‘Animal and Dairy Science Depariment

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 making 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 fiquid 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 um. 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, inential force and thermal gradients are taken
advantage of in aerosol sampling. Behavior of microbio-
logical aerosols is govemed 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 imponant roles as does humidity. Inertial forces
and fluid dynamics arc 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 resuliing from the aerosol condition
“The most imporant biological auribute of an aerosol is
the degrec of sublethal or lethal damage to the biological
particles dispersed in the air. Biological stresses occur during
aerosol generation (artificial or natural), acrosol 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 aersosolized under various condi-
tions. Distilled water dissemination in the first 20 min
resulted in D-values ranging from-41 min a1 21°C and 30%
relative humidity (RH) to 206 min at 10°C and 90% RH.
Skim milk dissemination a1 10°C resulied in D-values rang-
ing from 245 min 10 404 min at 90% and 30% RH and at
21°C from 164 to 470 min. Acrosolization is stressful for
most vegelative cells so additional siresses from collection
procedures and growth media must be minimized. Aerosol-
ized organisms have been subjecied 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 airbome 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 10 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 airbome 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 overalt 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 both 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 acrosols often inciudes gen-
cration, storing and collection of aerosols. Some factors in
addition to sublethal injury which will influence experi-
mental results are as (ollows: Swrain of microorganism.
Vegetative cells are more susceptible than spores to acrosol
stress. There may be substantial strain variation for any
given species. Growth conditions. The growth medium and
growth phase influence suscepiibility of the microorganism
to aerosol stress. Aerosol generation. The degree of shear
stress influences viability, especially for vegetative cells. If
high viability aerosols are 10 be generated anificially. 2 low
shear force aerosol generator such as spinning top, vibrat-
ing needle, or Berglund-Liu vibrating orifice aerosol gen-

erator should be chosen (20). Two fluid (air-liquid) atom-
izers (e.g. Collision atomizas(79)) were first choice dis-
persers in the pasi, but they impose high shear stress.
Aerosols behave differently when generated by wet and dry
methods. Aerosol particle size. Particle sizc 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 Saimonella which were aecrosolized from skim milk
had greater D-values than those aerosolized from distilled
water. Acrosolization of coliforms with skim mitk 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 acrosol generated forces
(20). Aerosol storage. In order 1o 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 (51}, or rotating drum (30) are required. Aerosol
collection methods. Collection methods greatly influence
the recovery of viable particles. A discussion of the prin-
ciples applications, advantages and limitations of these
methods follows.

AEROSOL SAMPLING METHODS

Methods for sampling airbome microorganisms are
basically the same as the methods used to sample dust and
other airbome 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) state “Ideally,
an acrosol sampler for microbiological assay should be
capable of counting the total number of living airbome
particles in a unit volume of air, as well as determining the
number of viable units per panticle and the size of the
particles containing such units. However, this presupposes
that 100% of the airbome 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
cxhaust must be isolated from the area being sampled, as it
may cause erroncous results. Seven types of commercially
avatlable acroso! samplers are listed in Table 1.

Sedimentation methods

The exposure agar plate and microscopic slide expo-
sure methods rely on the force of gravity (if the microor-
ganism containing panticles are greater than 10 pm) and
air currents (all sizes by random chance) to deposit par-
ticles on a non-selective or selective agar surface. Results
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TABLE |. Commercial sources of aerosel samplers.

lmpingers

All-Glass Impinger 30 and Pre-lmpinger; Acc Glass, Inc., PO.
Box 688, Vineland, NJ 08360.

Midget Impinger with Personal Air Sampler; Supelco Inc.,
Supclco Park,.Bellcfonte, PA 16823-0048.

May 3-stage Glass Impinger; A. W. Dixon Co., 30 Anerly Station
Road, London S.E.20, England.

Impaciors (slit type)

Casclla single slit and four slit sampler; BGI Incorporated, Air
Sampling Instruments, 58 Guinan Street, Waltham, MA 02154.

Mattson-Garvin air sampler; Mattson Garvin Company, 130
Atlantic Drive, Maitland, FL 32751,

New Bruaswick STA Air Sampler; New Brunswick Scientific
Company, Inc., P.O. Box 986, 44 Talmadge Road, Edison, NI
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 Coltector; SKC Inc., 334
Valley View Road, Eighty Four, PA 15330.

Filiration samplers

Millipore membrane filterfield monitor; Millipore Corporation,
Bedford, MA 01730.

Gelman membrane filter air sampler; Gelman Sciences Inc.,
600 S. Wagner Road, Ann Arbor, MI 48106.

MSF 37 monitor; Micro Filtration Systems, 6800 Sierra Court,
Dublin, CA 94568.

Satorius MD8 Air Sampler; Satorius Filters Inc., 30940 San
Clemente St., Bldg., D, Hayward, CA 94544,

Centrifugal samplers
RCS Centrifugal sampler; Folex-Biotest-Schieussner, Inc., 6
Daniel Road East, Fairfield, NJ 07006.

Elecirostatic precipitation samplers

LVS sampler; Sci-Med Environmental Systems Inc., 8050 Wallace
Road, Eden Prairie, MN 55344,

General Electric clectrostatic air sampter; General Electric
Co., Lamp Components & Technical Products Div.. 21800
Tungsten Road, Cleveland, OH 44117.

Thermal precipitation samplers
Thermal precipitator, hot wire; Casella London Lid., Regent
House, Britannia Walk, London NI 7ND.

are obtained as cfu or particles/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 (/4) 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 coated 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 collect particles in their original state. The major dis-
advantages are their inability to mecasure airbome micro-
organisms quantitatively, i.e. number of viable particles/
cu ft, and the rclatively long sampling period that is required.
Viable acrosol counts by this method are not at all, or only
weakly corvelated with the counts determined by other
quantitative methods (6/). Air movement will influence
the deposition of the particles so that particle-size distri-
bution may indicate a greater number of large pariicles
than is actually present.

Impinger methods. lmpinger 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 impinger-30 sampler. The All 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 airhorne microorganisms.
The usual sampling rate.is 12.5 L/min."When it is used for
recovering total airborme microorganisms from the envi-
ronment, the curved inlet tube should be washed with a
known amount of collecting fluid afier sampling since larger
particles (i.e. over 15 um diam) are collected on the tube
wall by inertial force.

Impingement methods are highly efficient for panticles
greater than | pm 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 (/4).

Limitations. The impinger is incxpensive and simple to
operate, but viability loss may occur due (0 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; howcver, this condition tends to cause the de-
struction of vegetative cells (/) or may result in overesti-
mation due to the dispersion of dusi 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 casily broken.
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Figure 1. The All Glass Impinger-30 (AGI-30).

~ Impaction methods. Impaction usually involves the collec-
tion of microbial aerosols on an agar surface, but dry or
coated surfaces may be used for special purposes such as
particle size determination. An tmpactor 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 impaciors, slit samplers (e.g. Casella slit
sampler) and sieve samplers (e.g. Andersen multistage sicve
sampler, Fig. 2).
This is also a Class B method in the 15th edition of
Standard Methods for the Examination of Dairy Products
(14).

Slit sampler. The slit sampler usually has a tapered slit
which produces a jet stream when the air is sampled by
vacuum.  The slit sampler may have a wm-table for ro-
tating the agar plate so that aerosol particles are distrib-
uted evenly on the agar surface. Some slit samplers have
a timing device on the tum-table which allows continuous
monitoring of airbome viable particles count (c.g. New
Brunswick STA sampler). These samplers will collect
particles which are greater than 0.5 um an size (44).

Figure 2. A. Andersen Multistage Sieve Sampler. B. Schematic
cross-section of the 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. Andersen
sampler). A multisiage 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
acceleraled sufficiently to impact at 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 10 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 niethod 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 1o the Perri
plates. This count is converted 1o a viable particle count by
the use of the “positive holc™ conversion tables (4,47).

The multistage sieve sampler provides particle size
distribution information. The usefulness of this information
in plant sanitation programs has yel 1o be determined.

Limitations. Usually, impaction methods give highcr par-
ticle recovery than other methods {27.69.70). 1mpaction
resulis in low sampling stresses and afier 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
s0 that the gap betwceen the sieve and agar surface meets
the manufacturer’s specification, The inside of the sam-
pler and even the outside of pre-poured agar plates should
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be maintained sterile until sampling, as they can contrib-
ute to contamination.

Filtration methods. Fillers are widely used for aerosol
sampting due to low cost and simplicity of operation. The
air filtration apparatus consists of cellulose fiber, sodium
alginaie, glass fiber, gelatin membrane filier (GMF, pore
size 3 pm) or synthetic membrane filters (pore size 0.45
or 0.22 pm) 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
hlter or a section of it is agitated in a suitable liquid until
the particles are uniformly dispersed. Aliquots of the
suspension are then assayed by appropriate bacteriological
techniques. Membrane filters can either be treated similar
to fiber filters 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 top of a nutrient medium resulting
in bacteria colonies that are easily counted. However, this
hygroscopic propersty causes difficulties in sampling due
to swelling of the membrane when the relative humidity
is over 90% (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/cm?/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 1o 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 nol gencrate sufficient
centrifugal force 10 propel small panticles onto the collec-
tion surface. The recovery efficiency of these samplers
depends on the panicle size being sampled and the amouni
of centrifugal force generated.

Biotest Reuter centrifugal air sampler. The Reuter cen-
irifugal air sampler (RCS sampler, Biotest Diagnostics Co.)
is battery opcratcd, portable, light in weight (2.5 1b.) and

convenient 1o 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 acrosol impacted by centrifugal forcc onto the
agar surface. Air then leaves the sampling drum in a spirai
outside the conc 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 L/min. However, the
manufacturer has published an effective sampling rate or
separation volume of 40 L/min for 4 um panticles, a value
derived from an atiempt 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. (/8) 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 particle size.
Particles larger than 15 pum are almost 100% collected,
those in the 4 to 6 um range are collected at 55 - 75%
efficiency and particles smaller than 1 um 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 panticles can be ionized and collected on either
a positively or negatively charged surface. Electrostatic
precipilators employ various solid collection surfaces such
as agar or glass. During ionization of the air sample, oxides

Figure 3. The Biotest RCS sumpler.
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of nitrogen and ozone are produced which may be toxic
10 microorganisms. These samplers have a high sampling
rate, high collection efficiency, and low resistance to air
flow. They are mechanically complex and must be handled
carefully. Although several clectrostatic precipitators are
manufactured specifically for sampling microbial acrosols,
they are not widely used for this purpose (74).

Thermal precipitation methods

Thermal precipitation methods recover particles based
on thermophoresis principles in which particles move away
from a hot surface toward a colder surface by a force
proportional to the iémperature gradient. These samplers
can be used for the determination of panticle size distribu-
tion, though they are more effective when collecting small
panicles (less than 1 pm). However, they are not in com-
mon use since precise adjustments are required and air
sampling rates are quite low (300-400 ml/min). The aerosol
particles 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 (1.3.2023.31,35,50,69,74).

Comparison studies on aerosol samplers

Miltipore and absorbent cotton samplers more efficiently
recovered mold spores than the AGI-30 sampler (65). Fields
et al. (27) recommended the use of the membrane filter
field (MF) monitor for estimating airbome 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 MF
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 (/7) concluded that .4 um Millipore filter as an
air sampler of small panticles may be somewhat more effi-
cient than the AGI-30 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 10 70% as efficient as the AGI-30
sampler, but it has a sampling rate approximately 100 times
greater than the AGI-30 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).
Cuntis et al. (2/) 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 airbome bacterial colony-forming particles than
did the 8-stage viable air sampler in either a swine barn or
2 classroom. When Lembke et al. {46) tried to devise a
method to determine the precision of the AG1-30 sampler
and the Andersen 6-s1age 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 stageé 1o an-
other stage, particle fragmentation or agglomeration, and
wall losses in Andersen 6-stage air sampler, and process-
ing technique in AGI-30 sumpler may account for some of
the vaniance. An Andersen 6-stage sampler, a Casclla slit
sampler, an AGI-30 sampler, and a filter sampler with
gelatin membrane filters or ordinary membrane filters were
tested 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 stgnificantly lower counts
only in the aerosol experiments and in one of the freld
experiments. The filters performed efficient sampling in skin
fragment expefiments only.

Radmore and Liick (67) compared exposure plate, liquid
impinger and gelatin membrane filtration {(GMF) 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 GMF methods were also not very consistent
(r=0.75). At levels above 1000 microorganisms/m?, the
impinger method yielded counts up to 6 times higher than
the GMF 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 airbomne microbial recovery
rate (22,58.59), the RCS sampler was found to be signift-
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 fi--representing an air volume of
about 1.2 cu fi versus only 0.5 cu fi 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 multislage sieve sampler such as the Andersen
may be most efficient at viable panicle recovery bult 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-
tion, a vacuum source is required. The RCS sampler is con-
venient to use, creales iis own air flow and recovers bacte-
ria as well as molds. Even though the RCS sampler does
not recover the smallest viable particles, it is still 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 s required. How-
ever, slit samplers are more cfficient at recovering small
particles.

SAMPLING AND MEASUREMENT STANDARDS

Standard Methods for the Examination of Dairy Producis
The I5th 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 arc methods desig-
nated as Class D and B. Favero et 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 sumpling at any
level is required. If it is, then quantitative and qualitative
guidelines should be established which relate numbers and
types of microorganisms per volume of air to critical levels
of product contamination.

NASA air cleanliness standards

Favcro et al. {26) also suggested that the NASA air
cleanliness standards may be used as a reference point after
experiments to determine suitability. The “NASA 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 (NHB
5340.1 or revisions thereof)” which specifies use of a slit
sampler.

Federal standard 209C

Federal standard 209C for “Clean Rooms and Work
Station Regquirements, Controlled Environment” establishes
standard classes of air cleanliness for airbome 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

Brachmian 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

TABLE 2. NASA air cleanliness classes’.

Tesh Class, English (Mctric) Syslem
100 10,000 104.000

(3.5) (350} (3500)

Max. No. of .5 pym and larger 100 10,000 100,000
Particles per cu ft (per liter) (3.5) (350) (3500)
Max. No. of 5 pm and larger 2 65 700
Particles per cu fi (per liter) 2.3) (25)
Max. No. of Viable Particles 0.1 0.5 2.5
per cu. ft. (per liler) (0.0035) 0.0176)  (0.0884)
Avg. No. of Viable Panicles 1,200 6,000 30.000

per sq. fi. {(per M?) per week (12900) (64600) (323000}
'NASA standards for clean rooms and work stations for the
microbially controlled environment (54).

3Statistically unrefiable except when a large number of samplings
is taken.

Hygienists Committee on Bioaerosols (2) used the An-
dersen multistage air sampler as the-veference sampler for
its committee activilies and reports. In the pharmaceutical
industry, the slit sampler is the most widely used device for
monitoring sterile manufacturing and quality control
cnvironments (1).

BIOLOGICAL AEROSOLS IN DAIRY PROCESSING
PLANTS

Research on the importance of biological aerosols in
food processing environments is limited and has dealt pri-
marily with the dairy industry. Mast research since Olson
and Hammer’s (56) initial contribution has been related to
the numbers, types, and sources of airbome microorgan-
isms in the dairy plant (12,16,37,38,39,45.55,57.70). Liutle
research has been reported on the relationship of product
quality to air quality (5,/1.13.57) or control of airborne
microorganisms (8,36,38,39.40.56,67). 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 10 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 par to differences in facility design,
air flow, personnel activity and degree of environmental
sanitation,

Sunga et al. (70) used both a Casella stit sampler and
an Andersen (6-stage sieve) sampler 10 test dairy processing
areas. Both samplers produced similar results with about
68% of the total determinations producing bactenal counts
of over 30 organisms/5 cu ft and a very low population of
probable Sraphylococcus spp.. coliforms and yeasts.

TABLE 3. Levels of microorganisms found in air of dairy plants
by exposure agar plate method using 90mm plate (data adjusted
1o 15 min exposure).

Bacieria Ycasis Molds Ref.
Locations range range range No.
(mcan) (mcan) {mcan)
T
Market milk areas  1.8-1858 0-6.3 0.8-64 56
(46.5) a.n (13.8)
Butter arcas 4.5-129 0-5.3 0.5-75.5
{41.6) (1.1) (15.1)
Cheese areas 3-1ns 0-10.8 0.8-71.5
(36.2) (.3 (12.1)
3 dairies 1.5-825 N.D! N.D. 16
Dairy factorics >4500° ND. N.D. 45

'No data available.
IMaximum counts.
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TABLE 4. Levels of microorganisms found in air of pasteurized
milk processing areas using quuntiiative sompling methods.

Bacteria Yeasis Molds Rcf.
Sampler. rangc range range No.
{mcan) (mean) {mcan)
------------ cfu per m? of aif------—-----
Casctla 66-334 12-181 51-293 33
(195) (70} (145)
Casella 141-3143 0-4462" 34
(10s) - {1088)
Casella ! (-141 0-127 70
@) (30)
Andcrsen »2 0-7 92-205
6) (138)
Andersen (3260+5283)* (1812+3814)*12
Andersen (3200 {1400) 13
GMP? (953) ' (258)' 61

'Yeasts and molds count.

2Low levels of Staphylococcus spp. and coliforms detected.
3Non-molds count.

“Expressed as meanz+standard deviation.

5Gelatin membrane filtration method.

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 (/3) sampled the air in
the milk processing arcas of 10 dairy plants and found an
average of 32 non-molds and 14 molds/t0 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-
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Figure 4. Viable particle size distribution of total bacteriatl counts
from various food packaging arcas (70). The ranges of particle
size collected on eaéh stage are: stage 1; > 9.2'um stage 2: 5.5-
9.2 um stage 3; 3.3-5.5 pm stage 4; 2.0-3.3 pm stage 5. 1.0-2.0
W stage 6; <1.0 wm.

five percent of the isolates grew at 10°C in 5 d indicating
refriperated spoilage potential.

Radmore and Liick (6/) 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. '
- --Qlson and Hammer (56), and Cannon (/2) 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

TABLE 5. Levels of microorganisms found in air of cheese processing areas using guantitative sampling methods.

Bacleria Yeasts Molds Y&M! Ref.
Locations Sampler ange range. range range No,
{mcan) {mcan) (mean) {mcan)
cermeromeesanannnna-cfu per m? Of Alf---oo-memmnooee
Cottage cheese areas Casclla 109-242 13-212 133-2361 33
(62) (786)
Casella 0-7 7-318 70
(1.4) (57)
Andersen 0-113 7-127
an (126)
Andersen 565-3037° N.D. N.D. 11
Cheese areas slit sampler 24.7-2354* N.D. N.D. 57
Casella 106-24791 35-3496 34
(4086) (1056)
overall GMPF (986) (396) 61
production (1683) (649)
packaging (2244) (881)
store (33 (172)
starter room {701) (35)

'"Yeasts and molds count,
INo data available.
*Total viable particles count.

*Lactobacilli on 2% plain agar. over which a layer of selective acetate ugar medium.

5Gelatin membrane filtration method.
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TABLE 6. Levels_of microorganisms found in_air of ather dairy processing areas using titative sampling methods.

KANG AND FRANK

Bactcria Ycasis Molds Y&M' Refl.
Laocations Sampler range fange range range, No.
{immcan) (mcan) {mcan} (mean)
cemmcemmmimememiee €f0 PEr MY OF AIF —omooomimcameeeeeen
Butter arca Casella 102-371 10-182 119-1951 33
(218) (895) - (486)
Casella 388-4662 141-918 34
(1596) (434)
) Casella 2 0-28 7-388 70
7.8) (88)
Andersen .2 0-14 106-212
‘ (8.5) (131
GMP? (5902) (611) 61
Dry milk areas Casella 2832119 106-2966 34
(1095) ‘ 1021)
overall GMP (1766) (802) 61
production ‘ (2911) (542)
packaging (1274) ) (589)
other areas (2296) (802)
Ice cream areas Casella 353-883 141-565 34
579 (297)
Casella *? : 0-14 0-42.4 70
: » .1 (25.4)
Andersen *2 0-14 14-113
4.2) (65.0)
Condensed GMF® {221) ) (94.6) T o6l
milk areas
production any (925)
packaging (13.0) ’ )
storage tank . {50.5) (20.5) -
Dairy factories slit sampler 18000** 45
RCS* 10-15000° 63

'Yeasts and molds count.

2 ow levels of Staphylococcus spp. and coliforms detected.
3Gelatin membrane filtration count.

“Maximum counts.

STotal viable particles count.

sBiotest RCS centrifugal air sampler.

(12,16.56,70), and on a day to day basis within the same
plant (37).

Rossmoore et al. (63) frequently isolated species of
Pseudomonas, Serratia, Klebsiella, Sarcina; Micrococcus,
Staphylococcus, Fusarium, Aspergillus, Rhisopus, Penicil-
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-
bome bacieria were in the particle size range of 2.0-5.5
pm. Fifty-eight percent of the molds werce 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 | pm. It is apparent from these
data that samplers which do not recover the smallest par-
ticles (i.e. RCS sumpler) will often underestimate the total

amount of air contamination. Whether this underestima-
tion is of quality control significance has not been deter-
mined.

Faciors affecting airborne microbial types and populations

The airborne microbial population within a dairy plant
exhibits no distinct seasonal variation in type or number
(16,56). Also machine activity has no apparent effect on
airborne microbial counts (37).

Cerna (16) concluded that the major factor affecting
airbome microbial populations in different daines 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 that a medium sized man con-
fined t0 a 5 cu fi area and inactive, shed, with a uniform
soiled by 4 h of nonmal wear, 110 bacteria colonies/ 5 cu -
fti: without clothes, 20 colonies; and immediately after a
shower (without clothes), 3 colonies. Additional -human
contributions to airborne populations may bé attributed to
couphing, sneczing, 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 overmight
(33). The general quality of plant sanitation, the location of
the dairy. quality of ventilation and degree of personal
hygiene were found by Cemna (/6) 10 be important factors
in dctermining processing plant air quality. Hedrick ct al.
(33) indicatcd that the cleanliness of the storage area and
precautions of unpacking supplies in processing and pack-
aging arcas are also important.

Perry et al. (57) swudied airbome contamination of
cheese with lactobacilli. They selectively isolated and iden-
tificd similar lactobacilli from the air and cheeses. “Cheese
types™ of lactobacilli were found in the air some months
before and afier the cheese was made, which indicates
contamination of the air from other sources within the dairy.
Naylor and Sharpe (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 varation in
shelf-life (11).

Cannon (/3) did not find a relationship between air-
bome 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-Cell-O Co., Walled Lake, Ml), encloses
the filling chamber with fitted fiber glass covers and 'is
designed to eliminate the need for a defoamer. This system
protects products from airbome coniamination 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 airbome 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 airbome contamination. Air for mixing raw milk
held in silos and for removing product from pipelines is
often a source of contamination (4{). Exposure of products
at the filler and via vacuum defoamers are also important
sources (/5). 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.//). Ripened

cheeses are exposed by using open cheese vats and during
packaging. Whenever product comes into contact with large
volumes of air, the air sHould be filtesed. Often, these filters

are not properly maintained resulting in reduced effective-
ness.

Proposed guidelines of air qualiry in dairy processing and
packaging arcas

Mossel (53) developed the following formuta for cal-
culating accepuble viable panicle levels:

Limit (microorganisms per cu ft) = P/100 x N/V
where I is what one regards as a significant percentage
increase in the count of microorganisms being considered;
N is the geometric mean of the acceptable level of micro-
organisms in the food per g. and V is total volume of air
(cu ) passing over or through | g of the food in the
course of processing. The usefulness of this formula has
not been determined.

Hedrick (32) recommended the maximum levels of
viable panicles for air in various processing situations based
on feasibility us well as desirability (Table 7).

Radmore ¢t al. (62) proposed air quality guidelines
based on data collected from a simulated fitling operation.
This approach may be valuable, but the usefulness of the
guidelines has not been demonstrated. In addition, these
proposed guidclines 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 contamiration.
Potential sources of post-pasteurization contamination in-
clude air, the filling machine, improperly cleaned equip-
ment and wom equipment as important possibilities. Air is
usually considered the least important of these sources.
Hedrick and Heldman (34) concluded that airbome 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 (28) recently issued guidelines for controlling
environmental contamination in dairy plants. They indicate

TABLE 7. Recommended maximum levels for air in various
processing sitwustions based on data from a Casella slit sampler.

(32).

Types of produogt Swuandard Piawc Ycast & Mold
Coumt per 10 L Count per 10 L
Milk and cream 1.8 0.7
Butter 36 i.8
Dricd milk 28 1.8
Cultured milk and cream
and cottage cheese 1.8 14
+ Ripened cheese 3.6 43
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that airbome contamination is strongly suspected as a vehicle
for pathogens entering into products.

An important pan of the FDA Dairy Initiative Inspec-
tions has been the sampling of finished products for the
presence of Listeria, Yersinia, Salmonella, and Campylo-
hacter. None of these 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 (/2), about 25% of non-mold colonies
from the air of a fluid milk ptant were Gram negalive 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
airbome dissemination.

Controlling air quality in food processing areas

Aerosols of bactericidal or viricidal agents have been
used in dairy industry for controlling airbome bacteria and
bacteriophage. These agents have included various forms of
chlorine, glycol, alcohols and quatermary ammonium
compounds (8,/0). Fogging must be limited because of
potential health effects on exposed workers. For example, a
chlorine fog of 500 ppm will reduce airbome 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 (35,36,40). HEPA flters remove 100% of
paricles 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 acrosolized microorgan-
isms. They found that a field of 14K 10 20K volis reduced
the mean airborne population by 31 to 59% during regular
forced ventilation, depending upon the microbial species.

Vickers (73} concluded thal the adoption of design
conditions used in ‘clean air’ rooms and cnvironmentally
controlled work stations for dairy packaging and other
critical hygiene arcas is required 10 ensure production of
safe dairy products with long shelf-life. These design con-
ditions include physical scparation of critical and non-
critical hygiene areas, the adoption of air-locks, pressuri-
zation of crivical hygiene areas, and vse of HEPA filiers.
also heating, ventilating and air conditioning (HVAC)
systems should be designed for casy 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 concepits (42).

Considering the potential importance of the problem,
there is little published research on air quality in modem
food processing plants. Additional study is necded to pro-
pose reasonable air quality guidelinres 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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Listeriosis

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.

ETIOLOGCY AND EPIDEMIOLOGY

L. monocytogenes, a thin gram-positive bacillus, grows
readily under aerobic conditions on the usual laboratory
media. Colonies are weakly B-hemolytic and therefore
may resemble colonies of streptococci. On a Gram's stain
of exudates or spinal ftuid, listerias may be confused with
diphtheroids; they may even be confused with pneumo-
cocci or streptococci because listerias exist in coccoid
forms. There are seven serotypes, of which types 1b 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; it is also present in the intestinal tract
of many species of animals and birds.” 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 nonsporulating
microbes. Several outbreaks suggest that food-bome
transmission of listeriosis may be the most common route
of human infection; contaminated dairy products are
particularly suspect. An outbreak affecting more than 140
persons in California in 1985 was traced to the consump-
tion of a Mexican-style cheese that was contaminated
with L. monocytogenes type 4b: 48 deaths and stillbirths
occurred.®® Other large outbreaks of epidemic listeriosis
have been linked to the ingestion of cabbage® or pasteur-
ized milk" contaminated with this organism. Listeria can
be cultured from about five percent of unpasteurized milk
samples and from two percent of pasteurized milk sam-
ples."? Decreased gastric acidity may facilitate infection by
ingested listerias.*’ :
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Occasionally, direct transmission from secretions of an
infected animal occurs; for example, a veterinarian re-
portedly acquired listeriosis after attending an aborting
dairy cow.* The prevalence of L. monocytogenes in human
feces, which is about one percent in a random population
but as high as 26 percent among household contacts of
patients with listeriosis, does not suggest feces as a major
source of the organism.*

PATHOGENESIS

Despite the ubiquity of Listcria 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, with an overall mortality of 19.1
percent.* Host factors are of major importance in deter-
mining susceptibility to listeriosis. There are two peak
age groups for Listeria infections: infants during the first
month of life and persons older than 70 years. Transmis-
sion of infection from mother to fetus may occur during
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 abortion, stillbirth, or an
acutely ill neonate with pneumonia or disseminated
infection during the first few days of life. Listeriosis may
also be acquired during 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. Such factors
include neoplasm, particularly leukemia or lymphoma; a
history of renal transplantation; a disease that has been
treated with corticosteroids or cytotoxic drugs; a disease
associated with impaired cell-mediated immunity, such
as sarcoidosis; and cirrhosis of the liver.* Listeriosis has
been surprisingly uncommon in patients infected with
the human immunodeficiency virus (HIV), but 20 cases
have been reported.”

CLINICAL FEATURES

Listeriosis during Pregnancy

In pregnant women, listeriosis most often occurs dur-
ing the third trimester. It can produce a flulike syndrome
charactecized by fever, myalgias, and headache, often
accompanied by abdominal cramps and diarrhea. Preg-
nant women with listeriosis usually recover fully, even
without therapy. However, amnionitis, premature labor,
and septic abortion may result from bacteremic infection
of the placenta and fetus. Listeriosis is estimated to cause
100 stillbicths each year in the United States.

Neonatal Listeriosts

Neonatal listeriosis accounts for one fourth to one
third of cases of listeriosis and is estimated to affect one in
20,000 births.*' Onset may occur early or late in neonatal
life. Infants may be acutely ill at birth and may die within
hours as a result of disseminated listeriosis, which is also
called granulomatosis infantiseptica. This condition is

Source : SIMON, H.B., “Infections due to gram-positive bacilli,
Scientific American Medicine, chap 7 (IV}, pp. 6-7, (oct 1991).
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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 badilli, 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),5? accounting for five to 15 percent of the cases.”” The
CSF shows variable cell counts of 100 to 9,000/mm’;
commonly, polymorphonuclear leukocytes predominate,
but in 30 percent of patients, a relative lymphocytosis is
noted.%

Listeriosis in Older. Children and Adults

Listeriosts 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, occucring 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.*® 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.®

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. Endocarditis*® and myocarditis* may occur.

Miscellaneous infections Septic arthritis,* osteomye-
litis,*" peritonitis, cholecystitis, and localized abscesses
caused by L. moanocytogenes 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.®

DIAGNOSIS

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 ctiologic 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 serodiagnostic test for listeriosis.

MANACEMENT

Ampicillin is the treatment of choice for listerial infec-
tions, including meningitis.* In vitro data have shown
that ampicillin and aminoglycosides have a synergistic
bactericidal effect against L. monocytogenes, 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 L.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. It
has been used successfully in treating penicillin-allergic
patients with listeriosis,* but clinical experience is scant.
Vancomycin has on occasion been used successfully to
treat cases of listerial bacteremia.”’

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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