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1. Préambule 

Ce document présente les commentaires de l'Équipe de santé publique de Montréal sur 
les valeurs d'exposition admissibles (VEA) des contaminants de l'air publiées dans la 
Gazette Officielle du Québec le 1er décembre 1993 (pages 8205-8251). 

Nous critiquons essentiellement: 1) le fondement "scientifique'' des valeurs d'exposition 
admissibles publiées par la Commission de la Santé et de la Sécurité du Travail du 
Québec (CSST), et 2) le processus par lequel la CSST établie de telles valeurs 
d'exposition admissibles. 

On met en évidence tant quantitativement que qualitativement les limites des valeurs 
d'exposition admissibles et des classifications cancérogènes avancées dans la Gazette 
Officielle du Québec le 1er décembre 1993. 

On présente également d'autres méthodologies d'élaboration de telles limites 
d'exposition, dont en particulier celle adoptée par un comité de VAmerican Public Health 
Association ("Health Based Exposure Limits Subcommittee", président Dr. Grace Ziem), 
et ayant conduit à estimer des valeurs limites d'exposition dites "Health Based Exposure 
Limits" (HBEL). De telles méthodes, basées sur les principes d'analyse du risque, sont 
en effet des alternatives possibles par rapport à des méthodes telles que celles de 
{'American Conference of Governmental Industrial Hygienists (ACGIH). Car force est de 
constater que les valeurs d'exposition admissibles promulguées par la CSST sont pour 
le moins très similaires aux valeurs d'exposition publiées par l'ACGIH. 

2. Analyse des nouvelles valeurs d'exposition admissibles proposées 

Nous avons fait une comparaison des valeurs d'exposition admissibles pour les 
substances répertoriées par ces deux organismes (CSST et ACGIH). Au total 674 
substances sont présentes dans la liste de la CSST, et 667 dans la documentation relative 
aux TLV ("Threshold Umit Values") de ACGIH (1992-1993). Sur les 674 normes de la 
CSST, 378 sont exprimées en ppm et 645 en mg/m3. Ce qui signifie que certaines 
substances disposent de deux valeurs (l'une en ppm et l'autre en mg/m3, en fait 376), 
tandis que d'autres disposeront le plus souvent que d'une seule norme exprimée en 
mg/m3. Notons qu'une dose en mg/m3 peut très facilement être convertie en ppm (et 
réciproquement). Elles sont donc "équivalentes0. C'est seulement l'unité qui diffère. 

2.1. Comparaison des valeurs d'exposition admissibles de la CSST 
avec celles de l'ACGIH 

Nous avons étudié comment se comportaient les valeurs d'exposition admissibles 
promulguées par la CSST (VEA) par rapport aux threshold limit values publiées par 
l'ACGIH (TLV). Sont-elles inférieures, égales ou supérieures ?. La distribution des valeurs 



d'exposition moyenne pondérée est présentée sur la figure 1 (uniquement pour les 
valeurs d'exposition exprimées en mg/m3). 

On peut constater sur cette figure, que 90.4% de ces valeurs d'exposition (soit 538 sur 
un total de 595 valeurs, exprimées en mg/m3, comparées) sont strictement égales à 
celles de l'ACGIH, tandis que 4.2% de ces valeurs d'exposition (soit 25) sont supérieures 
à celles de l'ACGIH, et que 5.4% (soit 32) sont inférieures à celles de l'ACGIH. 

En considérant non plus les valeurs d'exposition admissibles exprimées en mg/m3 mais 
celles exprimées en ppm, les résultats sont très comparables, avec 91.7% (n=330/360) 
des valeurs d'exposition ainsi exprimées strictement égaies à celles de l'ACGIH. 

Nous nous sommes également intéressés au comportement du ratio entre la valeur 
d'exposition admissible proposée par la CSST et celle publiée par l'ACGIH. On s'intéresse 
donc ici à la valeur du rapport (ou ratio) obtenu lorsque l'on divise la valeur d'exposition 
proposée par la CSST par celle publiée par l'ACGIH. Rappelons qu'un tel ratio lorsqu'il 
est inférieur à 1 met en évidence que la valeur d'exposition proposée par la CSST est 
plus "sévère", d'un facteur égal à la valeur du ratio, à celle publiée par l'ACGIH, tandis 
qu'un ratio supérieur à 1 met en évidence que la valeur d'exposition admissible proposée 
par la CSST est moins "sévère0, d'un facteur égal à la valeur du ratio, à celle publiée par 
l'ACGIH. En considérant pour cette analyse les résultats des ratios issus des valeurs 
d'exposition admissibles exprimées en mg/m3, nous avons donc observé un total de 25 
ratios supérieurs à 1 et un total de 32 ratios inférieurs à 1. 

Donc dans 25 situations le rapport (valeur CSST/valeur ACGIH) est supérieur à 1, ce qui 
traduit donc que 25 niveaux d'exposition promulgués par la CSST sont "moins sévères" 
(car plus élevés) que ceux de l'ACGIH. Or qui dit niveaux d'exposition plus élevés dit plus 
grand risque de survenu d'effets toxiques ou autres chez les travailleurs. Notons que sur 
l'ensemble des 25 ratios déterminés (valeur CSST/valeur ACGIH), le ratio minimum 
obtenu est de 1.002 tandis que le ratio maximum est de 40.5 (cf. figure 2). Ce qui 
signifie, dans ce dernier cas, un niveau d'exposition admissible pour la CSST 40 fois 
supérieur à celui publié par l'ACGIH. Enfin signalons que la moyenne arithmétique des 
25 ratios est de 5.1. Ce qui signifie que lorsque une valeur d'exposition admissible CSST 
est supérieure à une valeur d'exposition ACGIH, elle l'est en moyenne (sur 25 
comparaisons) d'un facteur 5. 

Mais il y a aussi quelques ratios inférieurs à 1. En fait 32 ratios (ou rapports entre la 
valeur CSST et la valeur ACGIH) sont inférieurs à 1. Pour ces 32 ratios inférieurs à 1 
signalons une valeur moyenne du rapport des deux niveaux d'exposition admissibles de 
0.47 (soit un niveau d'exposition admissible CSST en moyenne 2 fois plus faible que celui 
de r ACGIH), avec un minimum de 0.001 (niveau d'exposition CSST 1000 fois plus faible 
que celui de l'ACGIH) et un maximum de 0.99 (soit un niveau d'exposition CSST quasi 
identique à celui de l'ACGIH). 
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Figure 1 

Pourcentage des VEA de la CSST inférieures, égales 

ou supérieures aux TLV de l 'ACGIH 

VEA < TLV V E A = TLV V E A > TLV 

VEA : Valeur d'Exposition Admissible (proposée par la CSST) 
TLV : Valeur proposée par l'ACGIH 
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Figure 2 

Distribution du ratio CSST versus ACGIH 

lorsque VEA > TLV 
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Cependant, alors que la majorité des valeurs limites d'exposition promulguées par la 
CSST s'avèrent être similaires à celles de l'ACGIH (pour environ 91% de l'ensemble des 
valeurs d'exposition admissibles proposées), on aimerait connaître les raisons ayant 
amené la CSST à définir un niveau d'exposition plus sévère que celui de l'ACGIH (dans 
au moins 32 cas), mais aussi est surtout les raisons l'ayant conduit à réévaluer à la 
hausse (par rapport aux TLV de l'ACGIH) 25 niveaux d'exposition. 

La liste des substances dont les niveaux d'exposition CSST sont moins sévères que 
ceux de l'ACGIH (n = 25) est fournie dans le tableau 1, tandis que la liste des substances 
dont les niveaux d'exposition CSST sont plus sévères que ceux de l'ACGIH (n=32) est 
fournie dans le tableau 2. Il serait donc nécessaire que la CSST explicite en détail les 
raisons l'ayant conduit à réévaluer à la baisse (n=32), voire même à la hausse (n=25), 
57 niveaux d'exposition. 

Tableau 1. Liste des 25 substances dont les niveaux d'exposition proposés par la 
CSST (VEA) sont supérieurs à ceux de l'ACGIH (TLV), et ratio correspondant. 

Substance CAS VEA (mg/m3) TLV (mg/m3) VEA/TLV 

Alcool Isopropylique 67-63-0 985 983 1.002 
Dichloro-1,2 propane 78-87-5 350 347 1.009 
Chlorure de thionyle 7719-09-7 5 4.9 1.02 
Azoture de sodium 26628-22-8 0.3 0.29 1.034 
Amino-2 pyridine 504-29-0 2 1.9 1.053 
Graphite naturel (poussière) 7782-42-5 2.5 2 1.25 
Monoxyde de carbone 630-08-0 40 29 1.379 
Talc (non fibreux) 14807-96-6 3 2 1.5 
Dlméthylamlne 124-40-3 18 9.2 1.957 
Triméthylamine 75-50-3 24 12 2 
Chlore 7782-50-5 3 1.5 2 
Toluène 108-88-3 377 188 2.005 
o-DIchlorobenzène 95-50-1 301 150 2.007 
Méthylamine 74-89-5 13 6.4 2.031 
Coton brut (poussière) xxxxx-xx-x 0.5 0.2 2.5 
Formaldéhyde 50-00-0 1.2 0.37 3.243 
Dlnttrate d'éthylène glycole 628-96-6 1.24 0.31 4 
Nitroglycérine 55-63-0 1.86 0.46 4.043 
Acide acrylique 79-10-7 29 5.9 4.915 
Kaolin 1332-58-7 10 2 5 
Thlram 137-26-8 5 1 5 
Chlorobenzène 108-90-7 345 46 7.5 
TEPP 107-49-3 0.47 0.047 10 
Dinrtrotoluène 25321-14-6 1.5 0.15 10 
Bromoéthane 74-96-4 891 22 40.5 

CAS : Chemical Abstract Service 
VEA : Valeur d'Exposition Admissible 
TLV : Threshold Limit Value 
xxxxx-xx-x : substance sans numéro de CAS 



Tableau 2. Liste des 32 substances dont les niveaux d'exposition proposés par la 
CSST (VEA) sont inférieurs à ceux de l'ACGIH (TLV), et ratio correspondant. 

Substance CAS VEA (mg/m3) TLV (mg/m3) VEA/TLV 

Rhodium (composés solubles) 7440-16-6 0.001 1 0.001 
Nickel carbonyle 13463-39-3 0.007 0.12 0.058 
Benzène 71-43-2 3 32 0.094 
Phosphate de tributyle normal 126-73-8 0.22 2.2 0.1 
Dlchloro-1,2 ôthane 107-06-2 4 40 0.1 
Fluor 7782-41-4 0.2 1.6 0.125 
Chlorure de vlnyle (monomère) 75-01-4 2.5 13 0.192 
Pentane normal 109-66-0 350 1770 0.198 
Dlchloro-1,1 éthylène 75-35-4 4 20 0.2 
Fibre de laine isolante (laine de verre) XXXXX-XX-X 2 10 0.2 
Méthyl éthyi cétone 78-93-3 150 590 0.254 
Tétraméthyle de plomb 75-74-1 0.05 0.15 0.333 
Disulfure de carbone 75-15-0 12 31 0.387 
Amosite (amiante) 12172-73-5 0.2 0.5 0.4 
Chloroforme 67-66-3 24.4 49 0.498 
Chrysotile (amiante) 12001-29-5 1 2 0.5 
Tétraéthyle de plomb 78-00-2 0.05 0.1 0.5 
Tétrahydrofurane 109-99-9 300 590 0.508 
Silice amorphe (précipité) 1343-98-2 6 10 0.6 
SUIce amorphe (terre diatomèe) 61790-53-2 6 10 0.6 
Silice amorphe (gel) 63231-67-4 6 10 0.6 
Oxyde de mésityle 141-79-7 40 60 0.667 
Méthyl propyl cétone 107-87-9 530 705 , 0.752 
Caprolactame (vapeur) 105-60-2 20 23 0.87 
p-Dlchlorobenzène 106-46-7 405 451 0.898 
Tétrafluorure de soufre 7783-60-0 0.4 0.44 0.909 
Terphényles 26140-60-3 4.7 5 0.940 
Cyclohexalamine 108-91-8 40 41 • 0.976 
Phosdrin 7786-34-7 0.09 0.092 0.978 
Solvant de caoutchouc 8030-30-6 1570 1590 0.987 
Dichloro-1,1 éthane 75-34-3 400 405 0.988 
Chlorobromométhane 74-97-5 1058 1060 0.998 

CAS : Chemical Abstract Service 
VEA : Valeur d'Exposition Admissible 
TLV : Threshold Limit Value 
xxxxx-xx-x : substance sans numéro de CAS 

2.2. Le cas particulier des substances cancérogènes 

Chacun des deux organismes dispose d'une classification qualitative du potentiel 
cancérogène d'une substance chimique. La classification CSST comporte trois niveaux 
(C1, C2 et C3), tandis que la classification ACGIH en comporte deux (A1 et A2). Les 
niveaux strictement comparables sont: C1-A1, et C2-A2. 
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Sur les 674 substances répertoriées par la CSST, 90 ont fait l'objet d'une classification 
C1-C2-C3, tandis que sur les 667 substances répertoriées par l'ACGIH, 72 ont fait l'objet 
d'une classification A1-A2. La répartition de ces nombres de substances classifiées en 
fonction des catégories correspondantes est fournie dans le tableau 3. 

labjeaLLg. Répartition des substances classifiées pour leur potentiel cancérogène 

Classification qualitative 
du potentiel cancérogène 

CSST ACGIH 

Cancérogène confirmé chez l'homme (C1-A1) 21 21 
Cancérogène suspecté chez l'homme (C2-A2) 53 51 

Cancérogène confirmé chez l'animal (C3) 16 sans objet 

Total 90 72 

Ce tableau semblerait donc indiquer une relative similarité de classification entre ces deux 
organismes. Mais analysons ces mêmes résultats dans le tableau 4 qui permet une 
comparaison plus précise. 

Sur ce tableau on peut observer que sur un total de 716 substances (pour l'ensemble 
des deux organismes): i) la CSST répertorie 49 substances que l'ACGIH ne considère pas 
(cf. annexe 1), ii) l'ACGIH répertorie 42 substances que la CSST ne considère pas (cf. 
annexe 2)), et iii) 539 n'ont pas fait l'objet d'une telle classification, ni par l'un ni par 
l'autre de ces deux organismes. 

Tableau 4. Analyse comparative des classifications cancérogènes CSST et ACGIH 

ACGIH 
CSST 

Total ACGIH Total 
C1 C2 C3 Sans classification Non considérée 

A1 16 5 21 
A2 2 38 1 â 7 51 
Sans classification . 13 13 539 30 595 
Non considérée 3 2 2 42 . 49 

Total 21 53 16 584 42 716 

. : valeur manquante 

Parmi ces 716 substances, 16 ont été classées C1 par la CSST et A1 par l'ACGIH 
(classification qualitative similaire qui signifie: substance cancérogène confirmé chez 
l'homme). Mais que l'ACGIH a dans sa liste 5 substances classées A1 qui ne sont pas 
présentes dans la liste proposée par la CSST. 

Par contre on peut remarquer que 2 substances classées C1 par la CSST ne sont 



classées que A2 (cancérogène suspecté chez l'homme) par l'ACGIH, tandis que 38 ont 
une classification qualitative similaire pour ces deux organismes (C2-A2). Mais on peut 
également observer sur ce tableau qu'une substance classée A2 par l'ACGIH 
(cancérogène humain suspecté) n'a été classée que C3 par la CSST (cancérogène 
animal confirmé), que trois autres substances classées A2 par l'ACGIH n'ont pas fait 
l'objet d'une classification par la CSST, et que 7 substances classées A2 par l'ACGIH ne 
sont pas présentes dans la liste promulguées par la CSST. 

Les quatre substances non classifiées pour leur potentiel cancérogène par la CSST (mais 
classées A2 par l'ACGIH) sont: le dinitrotoluène, l'hexacftloroéthane, le bromoéthane, 
et l'acrylate d'éthyie. Notons d'ailleurs pour cette dernière substance que le Centre 
International de Recherche sur le Cancer (CIRC, 1987) la classe dans le groupe 2B soit 
une substance possiblement cancérogène chez l'homme. 

De plus deux de ces quatres substances ont une valeur d'exposition admissible CSST 
supérieure à celle de l'ACGIH (cf. bas du tableau 1): 

- le dinitrotoluène a une valeur limite d'exposition admissible CSST de 1.5 mg/m3, 
soit 10 fois plus élevée que celle de l'ACGIH (avec 0.15 mg/m3), 
- le bromoéthane a une valeur d'exposition admissible CSST de 891 mg/m3, soit 40.5 
fois plus élevée que celle publiée par l'ACGIH (avec 22 mg/3). 

On recommande donc d'évaluer tant la possibilité de reconnaître ces substances comme 
cancérogènes (ou suspectées de l'être), en envisageant une classification de type C2 
voire au minimum C3 (d'après les définitions données à ces catégories par la CSST), que 
les niveaux d'exposition admissibles promulgués par la CSST. 

Cependant l'algorithme décisionnel de la classification qualitative du potentiel 
cancérogène de la CSST n'est pas explicité. On sait juste qu'il comporte trois niveaux 
(C1-C2-C3) et à quoi ces niveaux correspondent (cancérogène humain confirmé (C1), 
cancérogène humain suspecté (C2) et cancérogène animal confirmé (C3)). La 
classification ACGIH présente d'ailleurs le même problème (cet organisme refusant même 
de considérer une substance comme le benzène "cancérogène humain confirmé" malgré 
les nombreuses études épidémiologiques existantes, ayant démontré une association 
entre survenue de cancer et exposition au benzène). 

Nous avons donc envisagé, une comparaison de la classification qualitative CSST avec 
celle du CIRC (Centre International de Recherche sur le Cancer) qui dispose d'une 
méthodologie très bien explicitée. 

La classification du CIRC, qui comporte 5 niveaux, peut être résumée comme suit: 
Groupe 1 = substance cancérogène chez l'homme, Groupe 2A = substance probablement 
cancérogène chez l'homme, Groupe 2B= substance possiblement cancérogène chez 
l'homme, Groupe 3 = substance inclassable en regard de son potentiel cancérogène chez 
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l'homme, et Groupe 4= substance probablement non cancérogène pour l'homme. Et les 
méthodologies de détermination et d'établissement de cette classification sont très 
clairement explicitées dans les documents publiés par le CIRC (CIRC, 1987). 

Le tableau 5 présente la répartition croisée des deux systèmes de classification 
qualitative du CIRC (1987) et de la CSST (01/12/1993). 

Dans cette analyse on peut donc voir qu'au moins 7 à 8 substances (ou procédés) 
présentent une classification qualitative CSST qui sous estime celle du CIRC, qui a de 
plus été établie en 1987, alors que les données CSST datent de décembre 1993. 

Il est donc fortement probable que cette analyse croisée ne reflète que partiellement les 
divergences existantes (actualisation des études du CIRC depuis 1987), et il serait 
nécessaire de l'approfondir. 

Tableau 5. Analyse comparative des classifications cancérogènes 
CSST (01/12/1993) et CIRC (1987) 

Classification du 
CIRC (1987) 

Classification de la CSST (01/12/1993) 
Total Classification du 

CIRC (1987) C1 C2 C3 Sans classification 
Total 

Groupe 1 15 1 1 17 
Groupe 2A . 19 • 3 22 
Groupe 2B 17 11 2 30 
Groupe 3 1 5 . 49 55 
Groupe 4 . 2 2 

# 6 6 
Sans classification 5 i i 5 521 542 

Total 21 53 16 584 674 

: valeur manquante 
1 : substance cancérogène chez l'homme 
2A : substance probablement cancérogène chez l'homme 
2B : substance possiblement cancérogène chez l'homme 
3 : substance non classifiable 
4 : substance probablement non cancérogène chez l'homme 
* : le CIRC considère la production d'aluminium cancérogène chez l'homme, or 6 

composés d'aluminium sont présentés par la CSST sans aucune mention sur la 
production d'aluminium. 

C1 : cancérogène confirmé chez l'homme 
C2 : cancérogène suspecté chez l'homme 
C3 : cancérogène confirmé chez l'animal . 

Néanmoins parmi les substances (ou procédés) dont la classification CSST sous estime 
celle du CIRC, notons: l'arsenic et le trioxide d'arsenic (reconnus cancérogènes chez 
l'homme par le CIRC sur la base de données épidémiologiques adéquates), trois formes 



de silice cristalline sans classification CSST - tripoii, cristobalite et tridymite - et 
pourtant considérées comme probablement cancérogènes chez l'homme par le CIRC 
(1987) sur la base de données épidémiologiques limitées et de données animales 
suffisantes, le plomb et ses composés inorganiques sans classification CSST alors que 
le CIRC (1987) le considérait possiblement cancérogène chez l'homme sur la base de 
données épidémiologiques inadéquates et de données animales suffisantes, ainsi que le 
noir de carbone lui aussi sans classification CSST alors que le CIRC (1987) le 
considérait, tout comme le plomb et ses composés inorganiques, possiblement 
cancérogène chez l'homme sur la base de données épidémiologiques inadéquates et de 
données animales suffisantes. Mais dans ce dernier cas la CSST considère-t-elle dans sa 
classification les extraits de noir de carbone, ou le noir de carbone en générale ?. 

Cette analyse, même si elle n'est que très préliminaire et très certainement incomplète, 
met en évidence qu'il semble y avoir quelques problèmes sur la classification du potentiel 
cancérogène adoptée par la CSST, dont certains majeurs si on pense à l'arsenic et à 
l'aluminium. De plus, la problématique propre à ces deux dernières substances met en 
évidence que la non-inclusion, dans une telle proposition, de "catégories" du type 
production ou procédé propre à une substance donnée, est une lacune grave. 

3. "Fondement scientifique" des normes proposées et alternatives possibles 

Nous avons donc mis en évidence dans nos analyses que les niveaux d'exposition 
admissibles promulgués par la CSST sont pour environ 95% d'entre-eux supérieures ou 
égaux à ceux publiés par l'ACGIH. 

Or ces normes (ou niveaux) d'exposition sont: 

1) très critiquées: de nombreux auteurs se sont intéressés à ces niveaux d'exposition 
ces dernières années. Certains ont discuté de l'influence de l'industrie dans le 
processus de détermination des normes de l'ACGIH - en particulier lorsque l'industriel 
est producteur d'une substance et suggère un niveau d'exposition à celle-ci, ainsi que 
leur déficience par rapport à des critères de santé (Castleman et Ziem, 1988; Ziem et 
Castleman, 1989 - cf. annexes 3 et 4 respectivement). D'autres ont critiqué les 
niveaux d'exposition publiés par l'ACGIH, qui se veulent être des niveaux d'exposition 
protégeant la quasi-totalité des travailleurs exposés, en mettant en évidence que les 
sources d'information de l'ACGIH étaient incorrectes et ne traduisaient aucunement 
le fait qu'une grande proportion de travailleurs puissent être malades aux niveaux 
d'exposition retenus. Sur 158 substances analysées par ces auteurs, seules les 
données de 11 d'entre elles se sont avérées supporter la TLV publié (absence d'effet 
adverse à ou au dessous de la TLV), pour les autres, soit 147, il apparaissait qu'au 
niveau d'exposition correspondant à la TLV, jusqu'à 100% des individus exposés 
pouvaient être affectés (Roach et Rappaport, 1990 - cf. annexe 5). 



2) très critiquables: elles ne sont aucunement explicitées clairement, elles supposent 
en particulier le recours à des facteurs de sécurité dont les valeurs sont très 
difficilement retrouvables dans la documentation pourtant exhaustive publiée par cet 
organisme, et dans le cas des substances cancérogènes le recours à des facteurs de 
sécurité qui suppose l'existence d'un seuil dans la relation exposition-réponse est 
parfois injustifiable biologiquement parlant. 

Ce sont les faits et constats essentiels qui ont conduit certains à "repenser0 les 
méthodologies d'établissement de valeurs "limites" ou "acceptables" d'exposition en milieu 
professionnel. 

La méthodologie alternative que nous présentons ici est celle des limites d'exposition 
basées sur la santé (Health-Based Exposure Limits ou HBEL) développée par le comité 
Health Based Exposure Limits Subcommittee de YAmerican Public Health Association. Ce 
comité a publié (cf. annexe 6) des valeurs limites d'exposition alternatives à celles de 
l'ACGIH, niveaux d'exposition dont nous avons montré qu'ils inspiraient fortement ceux 
proposés par la CSST. 

Nous tenons à souligner ici qu'il s'agit d'une méthodologie, parmi d'autres méthodologies 
scientifiques et valides, qui seraient susceptibles d'être envisagées, voire adaptées ou 
développées pour ce contexte précis de niveaux d'exposition admissibles en milieu 
professionnel. Nous la présentons en effet essentiellement à des fins démonstratives. 

Les calculs nécessaires à la détermination des HBEL ont été faits par le Dr. Kathleen 
Cunningham, une toxicologue qui travaille pour Abt Associates Inc, Cambridge, MA, E-U. 
La méthode utilisée est le suivante (Dr.K.Cunningham, communication personnelle; cf. 
annexe 7): 

Les données: elles proviennent pour l'essentiel de la banque de données Integrated Risk 
Information System (IRIS) de Environmental Protection Agency (EPA) des États-Unis. 
Cette banque de données contient des informations toxicologiques actualisées et revues 
par des pairs. IRIS fournie principalement deux types d'information: des doses de 
référence (issues de l'étude d'effets toxicologiques aigus, chroniques non-cancérogènes, 
etc., et qui correspondent aux niveaux d'exposition journaliers maximums pour lesquels 
aucun effet systémique n'est supposé survenir) et des doses dites "virtuellement sûres" 
(issues de l'étude des effets cancérogènes). Pour certaines de ces doses les données 
pourront être de nature épidémiologique (humaine) ou de nature expérimentale (animale). 

La détermination des niveaux d'exposition: Pour les substances non-cancérogènes 
aucun effet sur la santé ne doit être observé si l'exposition est au sous-dessous de la 
health based limit. Pour les substances cancérogènes, les coefficients de risque (ou 
plus exactement excès de risque) ont été utilisés (Q/ en (mg/kg.jour)"1) dans la 
détermination des health based limit. Ces Q / sont issus de la procédure de linéarisation 
du modèle multistage de l'US.EPA et ont été déterminés par l'US.EPA pour un excès de 
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risque de cancer vie-entière de 10"6 (1 excès de cas de cancer pour 1 million d'individus 
exposés). 

Pour toutes les substances chimiques (cancérogènes ou non) étudiées par ce comité de 
l'APHA, les paramètres décrivant l'exposition ont été modifiés afin de refléter ceux 
observées en milieu professionnel (les valeurs fournies dans IRIS étant développées dans 
un contexte d'exposition environnementale vie entière - au sens sol, air, eau - il est donc 
nécessaire de les ajuster ne serait-ce que sur des paramètres tels que la durée 
d'exposition). 

Seuls les résultats de notre analyse comparative des valeurs d'exposition admissibles dé 
la CSST par rapport aux HBEL (décrites au paragraphe précédent) et uniquement pour 
les substances cancérogènes ou suspectées de l'être sont rapportés ici. 

Nous avons là aussi (comme lors de la comparaison des valeurs d'exposition admissibles 
de la CSST avec les TLV de l'ACGIH) analysé le comportement du ratio (ou rapport) de 
la VEA-CSST et de la HBEL proposée par ce comité de l'American Public Health 
Association. 

Seules 50 substances cancérogènes (ou suspectées de l'être) ont pu faire l'objet de cette 
comparaison entre leur VEA-CSST et leur HBEL Ces 50 substances sélectionnées 
correspondent en fait aux 50 substances que nous avons facilement pu identifier avec 
leur numéro de CAS (Chemical Abstract Service). L'ensemble des 50 ratios (VEA-CSST 
divisée par la HBEL correspondante) se sont avérés être supérieur à 1 et ceci très 
nettement dans la majorité des cas. Ce qui signifie donc que toutes les valeurs 
d'exposition admissibles de ces 50 substances cancérogènes (ou suspectées de l'être) 
promulguées par la CSST sont nettement supérieures à celles susceptibles d'être 
obtenues par la méthodologie HBEL qui repose sur des critères de santé. En fait les 
valeurs d'exposition admissibles promulguées par la CSST apparaissent être, pour 
ces 50 substances, de 7 à 18.000.000 fois moins sévères (18 millions de fois) que 
celles obtenues par la méthodologie HBEL 

La figure 3 de ce document présente la distribution du ratio (soit: la VEA-CSST divisée 
par la HBEL correspondante) de l'ensemble des 50 substances cancérogènes 
sélectionnées. 



Figure 3 
Distribution du ratio CSST versus HBEL 
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4. Résumé 

Nous avons démontré que 538 valeurs d'exposition admissibles CSST (90.4%) sont 
similaires à celles de l'ACGIH (1992-1993). Il nous semble donc raisonable d'assumer que 
la CSST recopie quasi directement les niveaux d'exposition de l'ACGIH. Or de nombreux 
articles, critiquant ces niveaux d'exposition tant qualitativement que quantitativement (en 
particulier d'un point de vue santé), ont mis en évidence leur peu de valeur. Ces niveaux 
d'exposition sont en effet loin de protéger la santé de la majorité des travailleurs 
(contrairement à ce qu'en dit l'ACGIH) (cf. annexe 5, article de Roach et Rappaport, 
1990). 

Pour l'ensemble de ces substances et tout particulièrement pour les cancérogènes, il est 
nécessaire de réviser à la baisse les valeurs publiées dans la Gazette Officielle du 
Québec, et ce en utilisant toutes les données scientifiques disponibles. Nous croyons, 
préférable le recours à des méthodes d'évaluation de risque "risk assessment' pour définir 
de nouvelles valeurs d'exposition admissibles. 

5. Recommandations 

Compte tenu de tout ce que nous avons dit précédemment, nous recommandons donc: 

1) dès maintenant des ajustements de la classification en terme de potentiel 
cancérogène des substances suivantes: dinitrotoluène, hexachloroéthane, 
bromoéthane, acrylate d'éthyle, arsenic ettrioxide d'arsenic, silice cristalline (tripoli, 
cristobalite et tridymite), plomb et ses composés inorganiques, ainsi que le noir de 
carbone, et l'introduction de catégorie "particulière" permettant d'intégrer des procédés 
industriels dans leur ensemble. Sur ce point notons l'absence notable d'une classification 
propre à la production d'aluminium. Cette absence est d'autant plus grave que le CIRC 
considère l'Aluminium production comme cancérogène chez l'homme (soit une 
classification identique à celle du benzène ou de l'arsenic). 

2) dans une perspective de moven terme, une réévaluation de l'ensemble de ces 
valeurs d'exposition admissibles dans un but de protection de la santé des travailleurs. 

Processus suggéré: 

Tant dans une perspective de réévaluation des valeurs d'exposition admissibles actuelles 
que dans la perspective d'élaboration de valeurs d'exposition admissibles pour de 
nouvelles substances, il nous semble qu'il y aurait lieu de développer un processus 
permettant réévaluations et élaborations dans lequel les principaux intéressés pourraient 
intervenir. 
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Un tel processus permettrait à la CSST de se mettre, d'une certaine manière, à l'avant-
garde de ce qui pourrait être fait en matière de normalisation des expositions en milieu 
professionnel. 

Les suggestions suivantès s'inscrivent dans une telle perspective, et l'élaboration d'une 
telle démarche nécessiterait que les éléments indiqués ici soient pris en compte: 

A. La CSST devrait créer un comité scientifique et technique en charge de la réalisation 
des tâches suivantes: 

a) Définir les méthodes scientifiques d'évaluation de risque acceptables dans 
une perspective d'élaboration de normes d'exposition en milieu 
professionnel. 
Le comité scientifique et technique devrait, en particulier et dans un premier temps, 
analyser les méthodes utilisées par le sous comité de YAmerican Public Health 
Association (expliquées dans ce document) pour déterminer si de telles méthodes 
seraient susceptibles d'être adoptées au Québec. Mais il devra également évaluer 
d'autres méthodologies, également fondées sur les principes de l'évaluation des 
risques, et aussi valables scientifiquement que la méthode proposée par le comité 
de l'APHA. 

b) Revoir toutes les normes. 
. De par l'ampleur d'un tel travail et les réponses nécessaires à plus ou moins 
court terme sur les niveaux d'exposition actuels, le comité scientifique et technique 
devrait examiner les normes développées dans d'autres juridictions ou pays et 
dont les méthodologies de détermination apparaîtraient acceptables par ce comité. 
. Toutes les normes issues de méthodes n'intégrant pas de méthodologie 
scientifique basée sur les principes de l'évaluation des risques (telles que celles de 
l'ACGIH) seront exclues. 

c) Évaluer les autres substances ou procédés industriels susceptibles d'être 
inclus, ainsi que réévaluer et définir une méthodologie appropriée en ce qui 
concerne le potentiel cancérogène des substances. 
Nous avons en effet montré au tableau 3 de ce document que la classification 
CSST pose problème. La CSST devrait donc adopter des classifications 
qualitatives en terme de potentiel cancérogène telles que celles utilisées par le 
CIRC et l'EPA. Le comité scientifique et technique devrait également être en 
charge de l'analyse des nouvelles monographies du CIRC, rapports techniques et 
banque de données de l'EPA, afin de déterminer si de nouvelles substances ou 
procédés industriels doivent être classifiées en regard de leur potentiel. 

Notons qu'un tel comité scientifique et technique devrait être composé d'experts en 
toxicologie, épidémiologie, biostatistiques, évaluation de risque, hygiène industrielle 
et santé publique. 
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B. La CSST devrait créer un second comité chargé de passer en revue les 
recommandations du comité scientifique et technique et de la mise en place des 
normes après consultation des personnes et organismes intéressés, soit un comité 
de gestion des risques. Ce second comité devrait en particulier être en charge de: 
Vérifier que les niveaux d'exposition définis à partir de critères de santé soient 
applicables selon des critères relevant de la gestion des risques, soit, par 
exemple, la faisabilité technique et économique. 
En effet, même si des valeurs d'exposition admissibles réduisant les risques sur la 
santé des travailleurs peuvent être déterminées pour de nombreuses substances en 
utilisant des principes scientifiques reconnus, il se peut qu'en pratique il soit 
nécessaire de modifier ces valeurs afin qu'elles tiennent compte de ce qui est 
raisonnablement faisable ou atteignable dans l'industrie selon les technologies 
disponibles.Cette notion rejoint en quelque sorte la détermination et la définition de ce 
qu'est un risque "acceptable". Nous pensons qu'un processus public ouvert pourrait, 
en vue de répondre à ces questions (définition et détermination d'un risque 
"acceptable"), être mis en place afin qu'un certain consensus soit atteint sur cette 
question. Une fois cette question "résolue" ne serait-ce que consensuellement par ce 
comité, il serait alors possible d'analyser les niveaux d'exposition admissibles établis 
sur des critères de santé en intégrant les dimensions de faisabilité technique, de 
critères économiques (par exemple étude du type coûts-bénéfices) et de risque 
"acceptable". 

La composition de ce second comité (comité de gestion des risques) devrait inclure 
les experts des universités québécoises, la santé publique, l'IRSST, le CSST, les 

. syndicats, des représentants du patronnat, ainsi que des représentants du comité 
scientifique et technique, des ingénieurs, des économistes de la santé, et des 
spécialistes sur les questions d'éthique. 

C. Les recommandations suivantes devraient également être prises en considération par 
la CSST lors de la mise en place d'un tel processus scientifique et technique: 
Le processus d'élaboration des normes d'exposition se doit d'être transparent au 
public (communité scientifique et des personnes) et aux parties concernées (i-©- les 
travailleurs et les employeurs). Lors de chaque révision des normes les deux comités 
devraient avoir des audiences publiques et devraient publier un rapport décrivant tout 
changement éventuel, en explicitant les méthodologies scientifiques et techniques 
utilisés, les données, hypothèses, et critères (santé, technique, économique,...) à la 
base du processus de détermination du niveau d'exposition retenu. 
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ANNEXES 



ANNEXE N°1 

Liste des 49 substances non considérées par l'ACGIH 
mais présentes dans la liste de la CSST 



Substances considérées par la CSST, non considérées par l'ACGIH CAS Classe 

GYPSE poussières totales 10101-41-4 
GYPSE poussières resplrables 10101-41-4 
p-ANISIDINE 104-94-9 
SODIUM, TETRABORATE DE (pentahydrate) 12045-88-4 
AMIANTE actinollte 12172-67-7 C1 
FIBRES MINERALES NATURELLES attapulgite 12174-11-7 C1 
EMERI 12415-34-8 
MANGANESE, TETROXYDE DE 1317-35-7 
SODIUM, TETRABORATE DE (anhydre) 1330-43-4 
FIBRES MINERALES NATURELLES wollastonlte 13983-17-0 
AMIANTE anthophylltte 17068-78-9 C1 
DIISOCYANATE DE TOLUENE mélange d'Isomères {TDI} 26471-62-5 
PLATRE DE PARIS poussière totale 26499-65-0 
PLATRE DE PARIS poussière respirable 26499-65-0 
PLOMB. ARSENIATE DE 3687-31-8 
POUSSIERES CHARBONNEUSES (<5% de silice cristalline) 53570-85-7 
POUSSIERES CHARBONNEUSES (>5% de silice cristalline) 53570-85-7 
ZINC, STEREATE DE 557-05-1 
CIMENT PORTLAND poussière totale 65997-15-1 
CIMENT PORTLAND poussière respirable 65997-15-1 
FIBRES MINERALES NATURELLES érionrte 66733-21-9 
PLÂT1NË métal 7440-06-4 
PLATINE sels solubles 7440-06-4 
RHODIUM métal et composés insolubles 7440-16-6 
URANIUM NATUREL composés insolubles 7440-61-1 
URANIUM NATUREL composés solubles 7440-61-1 
ZIRCONIUM ET COMPOSES 7440-67-7 
BARYUM, SULFATE DE poussière totale 7727-43-7 
BARYUM, SULFATE DE poussière respirable 7727-43-7 
CALCIUM. SULFATE DE poussière totale 7778-18-9 
CALCIUM, SULFATE DE poussière respirable 7778-18-9 
PERLJTE (poussière totale) 83969-76-0 
PERL1TE (poussière respirable) 83969-76-0 
NITROTOLUENE 88-72-9 
o-ANISIDINE 90-04-0 C3 
POLYTETRAFLUOROETHYLENE 9002-84-0 
BOIS DE CEDRE ROUGE WESTERN, poussière de xxxxx-xx-x 
BOIS DUR ET MOU A L'EXCEPTION DU CEDRE ROUGE, poussière de xxxxx-xx-x 
FIBRE DE LAINE ISOLANTE laine de laitier xxxxx-xx-x C2 
FIBRE DE LAINE ISOLANTE laine de roche xxxxx-xx-x C2 
FIBRE DE VERRE EN FILAMENT CONTINU xxxxx-xx-x 
FIBRES REFRACTAIRES (céramique ou autres) xxxxx-xx-x C3 
MICROFIBRES DE VERRE xxxxx-xx-x 
FIBRES SYNTHETIQUES ORGANIQUES carbone & graphite (tot) xxxxx-xx-x 
FIBRES SYNTHETIQUES ORGANIQUES carbone & graphite (resp) xxxxx-xx-x 
FIBRES SYNTHETIQUES ORGANIQUES para-aramldes (kevlar.taron) xxxxx-xx-x 
FIBRES SYNTHETIQUES ORGANIQUES polyoléfines xxxxx-xx-x 
GRAPHITE (synthetique sauf fibres) poussière totale xxxxx-xx-x -

TREMOUTE 

xxxxx-xx-x: substance sans numéro de CAS 



ANNEXE N°2 

Liste des 42 substances non considérées par la CSST 
mais présentes dans la liste de l'ACGIH 



Substances considérées par l'ACGIH, non considérées par la CSST CAS Classe 

4-VINYL CYCLOHEXENE 100-40-3 A2 
m-PHENYLENEDIAMINE 108*45-2 
DIPROPYL KETONE 123-19-3 
1,6-HEXANEDIAMINE 124-09-4 
BORATES, TETRA, SODIUM SALTS anhydrous 1303-96-4 
BORATES. TETRA, SODIUM SALTS decahydrate 1303-96-4 
BORATES. TETRA, SODIUM SALTS pentahydrate 1303-96-4 
TANTALUM oxide dusts 1314-61-0 
CALCIUM CHROMATE .13765-19-0 A2 
BENZO(B)FLUORANTHENE 205-99-2 A2 
DIBUTYL PHENYL PHOSPHATE 2528-36-1 
ANISIDINE (o-,p- isomers) 29191-52-4 
DIPROPYLENE GLYCOL METHYL ETHER 34590-94-8 
PERFLUOROISOBUTYLENE 382-21-8 
PARAQUAT total dust 4685-14-7 
PARAQUAT respirabie fraction 4685-14-7 
TOLUENE-2,4-DIISOCYANATE {TDI} 584-84-9 
2-CHLOROPROPIONIC ACID 598-78-7 
SILICA AMORPHOUS silica, fume 69012-64-2 
PLATINUM metal 7440-06-4 
PLATINUM soluble salts 7440-06-4 
RHODIUM metal 7440-16-6 
RHODIUM soluble compounds 7440-16-6 
LEAD CHROMATE as Pb 7758-97-6 A2 
LEAD CHROMATE as Cr 7758-97-6 A2 
LEAD ARSENATE 7784-40-9 
STRONTIUM CHROMATE 7789-06-2 A2 
PENTACHLORONITROBENZENE 82-68-8 
NITROTOLUENE 88-72-2 
PERUTE 93763-70-3 
O-PHENYLENEDIAMINE 95-54-5 A2 
TALC containing AMOSITE fiber P25 A1 
TALC containing CHRYSOTILE fiber P25 A1 
TALC containing CROCIDOUTE fiber P25 A1 
TALC containing OTHER FORMS of ASBESTOS fiber P25 A1 
COAL DUST P27 
MINERAL WOOL FIBER P28 
POLYTETRAFLUOROETHYLENE DECOMPOSITION PRODUCTS P29 
STEARATES P30 
WOOD DUST certain hard woods as beech & oak P31 
WOOD DUST soft wood P32 
ASBESTOS other forms P33 A1 
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Corporate Influence on Threshold Limit Values 

Barry I. Castleman, SCD, and Grace E. Ziem, MD, DrPH 

Investigations into the historical development of specific Threshold Limit Values (TLVs) 
for many substances have revealed serious shortcomings in the process followed by the 
American Conference of Governmental Industrial Hygienists. Unpublished corporate 
communications were important in developing TLVs for 104 substances: for 15 of these, 
the TLV documentation was based solely on such information. Efforts to obtain written 
copies of this unpublished material were mostly unsuccessful. Case studies on the TLV 
Committee's handling of lead and seven carcinogens illustrate various aspects of corpo-
rate influence and interaction with the committee. Corporate representatives listed 
officially as "consultants" since 1970 were given primary responsibility for developing 
TLVs on proprietary chemicals of the companies that employed them (Dow, DuPorit). It 
is concluded that an ongoing international effort is needed to develop scientifically based 
guidelines to replace the TXVs in a climate of openness and without manipulation by 
vested interests. 

Key words: unpublished corporate communications, TLV committee, carcinogen, conflict of 
interest, industrial experience, OSHA standards 

INTRODUCTION 

Hie Threshold Limit Values (TLVs) published by (he American Conference of 
Government Industrial Hygienists (ACGIH) have been widely adopted as workplace 
exposure standards. The ACGIH values have been very influential over the past 40 
years in Belgium, West Germany, Austria, Italy, The Netherlands, Portugal, Den-
mark, Sweden, Finland, Norway, Spain, Switzerland, the United Kingdom, and Japan 
[Toyama, 1985; Vigliani et al.v 1977]. In the developing countries as well, the TLVs 
have been relied upon by governmental occupational health authorities [Noweir, 
1986]. 

However, it has nonetheless been widely recognized that the TLVs for chemical 
substances are in most cases poorly supported by scientific evidence. Thisis clear 
from even a casual review of the Documentation of the Threshold Limit Values and 
Biological Exposure Limits (5th Edition, 1986). West Germany adopted the ACGIH 
values in 1955 and has been influenced by the ACGIH in setting exposure limits ever 
since. But the German authorities,, upon review of the documentary adequacy of their 
MAKs, concluded that less than 10 percent of the limits were based on "sufficient 
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animal tests and/or field experience" (Hcnschler. 1984]. This finding, based initially 
on a review of 150 substances, has been more recently corroborated by review of 300 
more substances on the German MAK list [Henschlcr, 1985], ACGIH's TLVs have 
been directly criticized by both industry and labor representatives for scientific 
inadequacy [Henderson, 1975; Samuels. 1981]. 

This report examines the historic role of industry in the development of the 
TLVs. 

Role of Industry In TLV Process 
The American Conference of Governmental Industrial Hygienists established a 

Committee on Threshold Limits which issued annual reports starting in 1946. ACGIH 
was and continues to be a voluntary organization with no formal ties to the U.S. 
government despite its name. Its members were initially federal, state, and local 
officials, and within a few years, academics and well-taiown industry consultants 
were also included. 

From the beginning, the TLVs were acknowledged to involve a balancing of 
health considerations and cost to industry [Report, 1948]. Industry data were invited. 
In order to understand this interaction, it is necessary to appreciate the dependence of 
the TLV committee on information from industry, especially prior to the 1970s. 

In the United States, government toxicologists and industrial hygienists of this 
era had very limited access to knowledge of dose-effect relationships in industry. 
There was no federal regulation of general industry workplace hazards until 1971; 
and state and local agencies were thinly staffed and minimally funded. These agencies 
had little if any regulatory power and lacked laboratory and other technical resources 
so vital to the surveillance of hazards in industry. 

At U.S. universities, faculty occupational health professionals depended upon 
industry goodwill for research funding, consulting, and field experience and jobs for 
their students. Government funding for occupational health research was virtually 
nonexistent. 

Dr. John Knox, medical officer for Turner and Newall, an asbestos-based 
multinational corporation headquartered in Britain, recorded his impressions in notes 
of a 1960 visit to his company's U.S. subsidiary [Knox, i960]: 

"The legislative framework under which industries operate in the U.S.A. 
makes it difficult for me here to follow the lines of thought which prompt 
action over there in the matter of standards of industrial practice. In many 
industries, the employers seem so far in front of legislation as to have 
created a special code of practice for themselves." 

It was well recognized that, to the extent that data existed on exposures to toxic 
agents and ill health in industry, they had been mostly developed by industry. 
Industrial concerns in the U.S. were in no way compelled to share what they knew. 

Under the chairmanship of toxicologist Herbert Stokinger, the TLV committee 
first tried the approach of prodding industry by issuing a "Notice of Intent" to change 
some TLVs in 1964. A number of companies responded, supplying data, leading to 9 
of 23 new additions that year [Notice of Intent, 1965]. Stokinger wrote to the 
Manufacturing Chemists' Association (now Chemical Manufacturers Association) 
[Stokinger, 1964]: 
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"This was particularly encouraging in view of the fact that the committee 
has never had a significant amount of voluntary contributions from (indus-
trial sources) as long as I can recall (13 years), despite annual exhortations 
welcoming such information." 

By 1966, a committee of the Industrial Medical Association (now American 
Occupational Medical Association) expressed concern over the growing impact of the 
TLVs on industry. At the same time, it was acknowledged that industry had data on 
file and the means to develop more data that could "contribute constructively to the 
establishment of realistic TLVs" [Golz et al., 1966]. 

Over the years, Stokinger had had a number of meetings with industry groups 
at the Mellon Institute/Industrial Hygiene Foundation to discuss proposed changes in 
TLVs. The TLV committee's 1968 "Notice of Intent" even invited industry data via 
the Industrial Hygiene Foundation "Repository of Anonymous Occupational Health 
Data" [Committee, 1968]. However, little if anything of value was ever obtained in 
this way [Stokinger, 1986-87]. From the time the idea was first suggested, the 
Industrial Medical Association had apprehensively observed that documents in a data 
repository might be subject to subpoena in damage suits [Minutes, 1967]. 

In 1969, Stokinger described the lack of appropriate industrial hygiene data as 
the greatest problem facing the TLV Committee. Describing the American chemical 
industry's contribution of data on new substances to the TLV committee'as "pathetic", 
Stokinger, who was employed at the U.S. Public Health Service, addressed industry's 
responsibility directly [Stokinger, 1969]: 

"The TLVs are industry's values. . . industry has the sole responsibility 
to develop data on its own products; government is not in a position to 
develop the facilities to handle the problem in total, nor. should it, when 
reliable toxicologic consultants are now available." (Original emphasis) 

Regarding chronic animal exposure data, Stokinger commented [Stokinger, 1969]: 

"The data are in short supply because industries either do not develop 
long-term studies, or if they do, more often than not, do not see fit to 
release the data in the open literature. Various reasons are given for this: 
legal protection of their products, lack of staff time to put data in publish* 
able form. Whatever the reason, the data are not forthcoming." 

The following year, (1970), the Occupational Safety and Health Act was passed by 
the U.S. Congress, and virtually the entire 1968 list of TLVs became enforceable 
federal standards. In future OSHA standards development, the TLV committee could 
well have been expected to have a considerable influence. 

In (he chemical industry, the Dow Chemical Company had developed some 
rapport with the TLV committee in the 1960s. Dow had provided unpublished data 
on at least 5-10 products, commented on the committee's documentation for specific 
TLVs, and discussed work published by Dow toxicologists and others around the 
world. In 1970, this relationship deepened, with the enlistment of Dow toxicologist 
V.K. Rowe as a "liaison member" of the TLV committee and his co-worker Theodore 
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TABLE 1. TLV Documentation Alignments 

Substance Year first 
grade name) Person assigned assigned 

2.4 J - T Rowe 1970 
ethylene glycol Tor kelson 
vinyl chloride Tor kelson 1971 
methyl bromide 
propylene glycol methyl ether ("Dowanol PM") 
methyl chloride . Torkelson 1972 
1.2 dibremoethane (ethylene dibromide) 
1.2 dichloroethane 
o-chlorosryrene 
methylene chloride 
1.2.4 trichlorebenzenë -
vinviidine chloride 
dicyclopentadiene 
clopidol ("Coyden") 
tricydohexyltin hydroxide ("Pliciran") 
chJorpyrifos ("Dursban'*) 
picloram ("Tordon") 
dimethojate 
3 J dinitro-o-tolamide ("ZoaJene") 
dimethyl sulfate Morgan 1972 
tris(2.3-dibromopropyl phosphate! Morgan and Torkelson 1973 
styrene Torkelson 
bis-chloroethyl ether 
1,2.3 trichlorobenzene 
chloroform 
dipropylene glycol methyl ether ("Dowanol 

DPM") 
ethanolamine 
2-chloro-6-trichIoromeihyl pyridine ("N-Serve") 
cnifomate (*'Ruelene") 
chlorodifluoromethane Morgan 1973 
chromâtes 
methomyl ("Lannate") 
perfluoroalkancg 
cydopeuane 
m-xylene, a.a' -diamine 
bromacil ("Hyvar X*') 
diuron ("Karmex") 
dioxane • Torkelson 1974 
calcium hydroxide 
cydopemadiene 
dtbnnnochloropropane 
cyanamide . Morgan 1974 
n o d n n Zavoa 1975 
dicRXophos ("Bidria") 
m-phthalodinitrile 
isophthalomtrile 

Torkelson 1975 
(amtinutd) 
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TABLE !. TLV Documentatiun Assignments (Continued) 

Substance Y c a r r , r s t 

(trade name! Penon aligned assigned 

phosgene Morgan 1975 
m-toluene diamine 
hexamethyl phosphoramide 
formamide Morgan 1976 
dimethyl sulfoxide 
dichloromonoftuoromethane 
4.4'-methylene bis (2-chIoroaniline) ("MOCA") 
tetramethyl thiourea Zavon 1976 
hexachlorobutadiene Torkelson 1976 
3-imino. 1.2.4 triazole ("Aminol") 
deodorized kerosene 
toluene concentrate 
acrvlonitrile . _ _ _ _ 

Torkelson as alternate industry liaison member. Dupont industrial hygienist James 
Morgan joined the committee in 1972, and together with Torkelson, he played an 
active role in the work of the committee for the rest of the 1970s and into the present 
decade. Torkelson and Morgan became two of the four members of the new subcom-
mittee on carcinogenic substances established in 1972 [Minutes. 1972]. 

The minutes of the TLV committee in 1972-1976 show that primary responsi-
bility for reviewing documentation in developing TLVs was borne by corporate 
representatives for major products of their own companies and new products about 
which little or nothing had been published. 

Torkelson was well situated to know about the toxicity of Dow Chemical's 
halogenated hydrocarbons and pesticides ("Tordon", "Ruelene", "Dursban", and 
"Plictnm"). By the same token, Morgan would appear to have been well placed to 
know about DuPont's carcinogenic products (dimethyl sulfate, lead chromate, 
"Moca", hexamethyl phosphoramide), chlorofluorocarbons ("Freon" products), and 
pesticides ("Lannate", "Hyvar X", and "Kannex"). Dow and DuPont also had 
substantial economic reasons for wanting to influence the TLV committee on these 
and other products. But these economic considerations were adverse to the free and 
full flow of information from the companies. 

The 1970s would see government regulators charged with the protection of 
workers, the environment, and consumers very busy with some of the chemicals in 
Table I. The demonstration of vinyl chloride's carcinogenicity cast a shadow over a 
large number of halogenated hydrocarbons. A reference point for regulators in every 
rare would be the currently accepted limit for maximum human exposure, namely 
workplace exposure. And since most of OSHA's limits were from the aging 1968 list 
of TLVs, regulators looked to the current TLV lists and designations of carcinogen-
icity by the TLV committee for guidance. The chemical companies and trade associ-
ations contesting standards at OSHA, thé Environmental Protection Agency» and the 
Consumer Product Safety Commission included Dow and DuPont. High TLVs tended 
to reduce the costs of regulation to the chemical industry. 

Moreover, there were liability considerations in addition to regulatory ones. 
Manufacturers of products involved in damage suits before juries readily resort to the 
claim that the use of the product was not expected to exceed the TLV and was thus 
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considered "safe." Thr "TLV defense" offers manufacturers the plausible deniabilitv 
that any harm sustained was foreseeable. Where a manufacturer has evidence that the 
exposure involved was in fact below the TLV. this may even be used to support a 
denial that the product caused health impairment. 

Duplicity of corporate representatives clearly angered longtime Massachusetts 
occupational health official and TLV committee member Hervey Elkins. who, writing 
a letter of retirement to Chairman Stokinger in 1975 [Elkins, 1975], stated: 

"In looking over the new documentation I was taken aback by that for 
ethylene glycol; the limit of 100 ppm was found intolerable by sedentary 
volunteers in a few minutes (or seconds). I believe that {industry represen-
tative} recommended this figure. In spite of his knowledae he seems to 
come up with some recommendations for TLVs that are way too high, in 
my judgment. The same can be said for most of the other industry 
representatives we have had. In many cases they recommend a TLV much 
above the action levels used in their own plants." 

By the time of Elkins* complaint, Dow Chemical had long been assigning 
internal corporate exposure limits for toxic substances. Other firms, indudine Rohm 
and Haas, had also decided to adopt this practice. Corporate workplace exposure 
limits have served as a managerial tool both for substances with assigned TLVs and 
others for which TLVs had not been adopted [Paustenbach and Langner, 1986]. 
Regulatory and liability concerns appear to have deterred corporate management from 
publishing these lists and supporting rationaies-despite their obvious practical value 
and potential importance in preventing occupational disease. 

MATERIALS AND METHODS 

The 1986 Documentation of the Threshold Limit Values and Biological Exposure 
Indices was reviewed for all chemical substances. Where reference appeared in the 
text to unpublished communications and internal corporate reports, etc., a determi-
nation was made as to whether such information had been important in setting the 
TLV or classifying the substance's carcinogenic status. This was a matter of judge-
ment based on the full text for each chemical substance listed. Due to the wide 
variation m type and quantity of information used as a basis for the various TLVs, 
rigid criteria could not be used; it is presumed that different experts conducting such 
a review would come up with slightly different lists of TLVs for which unpublished 
corporate communications would be judged important 

The important communications can be generally described as animal data, data 
from tests on human volunteer subjects, and "industrial experience. " 

Communications coming from corporations and trade associations are in many 
cases so identified in the Documentation. However, in many other cases only the 
names of individuals are published in the Documentation. The institutional affiliations 
of these people at the times they sent information to the Committee on Threshold 
Limits have been investigated in various ways. The sources checked included: con-
temporary publications by the same people; past directories of professional associa-
tions (American Industrial Hygiene Association. American Occupational Medical 



Corporate Influence on TI.Ys 537 

Association. ACGIH): and retired members of the TLV committee contacted by 
telephone for their recollections. 

Attempts were made in several ways to obtain copies of unpublished material 
cited in the Documentation. The New Jersey Department of Health requested copies 
of specific references on 67 substances in 1985 from ACGIH and companies named 
in the Documentation for the purpose of developing chemical fact sheets (later, as a 
pattern of irretrievable unpublished corporate statements emerged, the information 
was reanalyzed for this paper). An examination was also made of the historic TLV 
Committee files at the National Institute for Occupational Safety and Health (NIOSH) 
in Cincinnati. The surviving files kept there by United States government employees 
who had served on the TLV Committee, covering years from the late 1950s through 
the 1970s, contained a small number of letters and répons cited in the Documentation. 

Though ACGIH has copies of TLV committee minutes for the last 10 years, the 
Board of Directors would not grant access to them [Kelly, 1986-87]. 

RESULTS 

For a total of 89 substances, the 1986 TLV Documentation placed important ' 
reliance on unpublished corporate communicadons (Table II). Another 15 substances 
were assigned TLVs solely on the basis of unpublished corporate studies and reports 
(Table HI). This investigation was able to locate written copies of far less than half of 
the above unpublished corporate material from the NIOSH files, ACGIH, and the 
corporations. 

Of the 89 substances in the first group above, corporate affiliation of the 
referenced source person was not published for 25. For the 15 TLVs based solely on 
unpublished corporate communications, the companies providing information were 
all identified in the Documentation. 

There was thus a total of 104 substances for which important or total reliance 
was placed on unpublished corporate communications. This accounts for over one 
sixth of the number of (less than 600) chemical substances listed in the 1986 Docu-
mentation. 

Of the 17 corporations asked for documentation they had provided to the TLV 
committee, nine sent old documentation or commented on their work to the New 
Jersey Department of Health. The unpublished documentation in most cases was 
unobtainable from the companies (Table IV) and the historic TLV committee records 
in NIOSH files. There were no files available from ACGIH itself; nor did former 
longtime committee members (Stokinger, Elkins) have personal files on the chemi-
cals. Stokinger admits that some of the information was never conveyed in writing 
but came over the telephone [Stokinger, 1986-87]. In any event, most of these 
important unpublished corporate communications are now unobtainable in written 
form for independent scientific examination. 

Industrial Experience 
The TLV committee's reliance upon unpublished corporate communications 

included reports of "industrial experience" on dozens of chemical substances. The 
content of these reports rendered in the Documentation often appears in just the space 
of a sentence or two (Table V). The scientific community is left unable to determine 
whether there was more information originally conveyed; and where there was, no 
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TAK..K 11. TI.Vs for Which lii|wl>IMu-d Cnr|n»rjic Dutu wus Important 
Substance 
acrylic acid 
acrylonithlc 
asphalt nime** 
benomyl 
benzene4 

n-butyl acrylate 
sec-butyl alcohol3 

n-bwyt glycidyl ether 
caprolactam3 

carbon disulfide2 

catechol 
chlorinated camphene (605) 
chlorinated diphenyl oxide 
chloracetaldehyde 
chloracetyl chloride 
chloredi fluoromethane* 
o-chlorostyrene 
o-chlorotoluene 
chlorpyrifos 
copper* 
cyclopentadiene 
cyhexatin 
dibutyl phthalaie 
dichlorodifluoromethane 
dichloroethylene 
dichlorotluoromethane 
2.2 dichioropropionic acid 
dichlorotetrafluoroethane 
dicmtophos 
dicylopemadienyl iron 
diethyl phthalaie 
diglycidyl ether 
dimethyl acetamide 
dimethy lamine 
dimethyl formamide 
dimethyl sulfate 
dipheny lamine1 

di-sec-octyl phthalaie 
endrin* 
ethion 
ethylene dichloride* 
ethylenimine 
n-ethyl morphoiine 
fenamiphos* 

fnnol'os 
hydroquinone 
isooctyl alcohol* 
isophorone 
2-isopropoxyethanol 
lead chromate 
manganese and compounds 
manganese teuoxide 
methacrylic acid 
methomyl 
4-methoxyphenol 
methyl n-butyl ketone 
methyl chloride 
methyl 2-cyanaacrylate 
methylene bis-J-cyclohexyl-isocyanate* 
methylene bisphenyl isocyanate 
methylene chloride 
4.4' methylene dianiline 
methyl isocyanate 
metribuzin* 
monocrotophos 
paraquat* 
piperazine dihydrochloride 
propionic acid 
quinone* 
resorcinol 
rosin core solder pyrolysis products* 
silicon tetrahydride 
silver and compounds* 
sulfuryl fluoride 
sulprofos1 

letraethyl lead1 

tetramethyl lead* 
tetrahydrofuran* 
thioglycolic acid 
1.2.4 trichlorobenzene' 
irichlorofiuoromethane 
1.1.2 trichloro 1.2.2 trifluoroethane 
trimethyl phosphite 
tungsten compounds* 
vinylcydohexene dioxide 
xylidine* 
zinc stéarate 

* Includes substances' assigned carcinogenicity status. Does not include papers presented at scientific 
conferences. 
*Corporaic affiliation of correspondent nut published in Documentation of TLVs. 
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TABLE ML Dm.u mentation «if TLVs Solely hv Unpublished Curporine Ctimmunicaiinns 

Subxunce 

Animal 
data, 
acute 

Animal data, 
subacute or 

chronic 
Humnn 

(Uua 
Source, 

year 

n^butyl luctate 

o-sec-buiylphenol 
clopidol 
dinitolmide 
divinylbenzene 
ethyl amyl 

ketone* 
2-hydroxypropyl 

aery late 
isophorone 

diisocyanate 
n-isopropyl 

aniline 
methyl acetylene-

propadiene 
mixture 

ni ira pyrin 
phenylphosphine 

tetnsodium 
pyrophosphate 

triphenyl amine 

m-xylene a . a ' 
diamine 

x (2 yrs: tentoh 
x (2 yn: teraol ) 

x <30 da.) 

x t4 wks) 

x (4 nos . ) 

x (93 days | 
x (90 day) 

Philips En-
doven 
1969 

•British Pe-
troleum 
1972 

Dow/1977 
Dow/1973 
Dow/1973 
Dow/19T7 
Shell/1958. 

1965 
Dow/1977 

Veni-
Chemic 

Dow/1977 

Dow/1964 

Dow 
DuPoni/ 

1970 
Dow/1977 

Kodak/ 
1973 

Dupont/ 
1973 

Sherwin-
Williams 
1978 

"Includes an industrial hygiene bulletin by Shell Chemical Corporation claiming no systemic effects in 
workers exposed to concentrations above the TLV recommended by the company. 

wayexists to look up the original source and resolve questions about the basis of 
statements published in the Documentation, including methodology utilized and 
whether the statement was based on any study or merely an impression. 

. Because of the weight given to these reports and the great value of studies 
industry could perform on the workers exposed to these agents, special attention to 
these communications is warranted. 

The information provided by companies and published by ACGIH in the Docu-
mentation raises obvious and. fundamental questions. What exactly did Dow*s "rou-
tine** medical examinations and any analysis performed on them show to establish 
that "no evidence of over-exposure'* occurred at the reported concentrations of methyl 
chloride? What tests were conducted and what analysis was carried out by Dow? 
What was the scientific content and methodology of the unpublished, negative mortal-
ity studies on acrylonitrile, benzene, dimethyl sulfate, and ethylenimine? What were 
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TABLE IV. Requests of Data frtim Corporations 

Corporation 
Number of 
Chemicals Results 

Dow 
Hooker 

Hercules 

33 
2 

Crown Zellerbach 

FMC 
Rohm and Haas 

American 
Cyanamid 

DuPont 

No information received. 
The company provided a report for one (chlorotoluene) of the 

two requested chemicals. Study methods and results were 
described (animal study). 

For one chemical (chlorinated camphene). Hercules stated 
they had sold the operation to Nor-Am and stated any 
toxicologic information "must now come from Nor-Am." 
(Hercules did not say they no longer had the information.) 
Nor-Am stated they bo longer produced it. and thai much 
of the correspondence and reports had been discarded. For 
the other chemical (Rosin core solder pyrolysis products), 
the study was provided with detailed methods and results. 
However, inflammation and hyperemia in multiple organs 
for both controls and exposed animals causes one to 
wonder about (inadvertent) exposure of "controls ." 

The Documentation slates, "industrial experience has been 
good over the years." Crown Zellerbach's correspondence 
describes 3 yr experience manufacturing the chemical 
(catechol), with only "a few mild toxic reactions." CZ 
noies "no physical abnormalities . . . noted by 
observation" (not stated whether all workers had physical 
exams) or in "multichannel blood tests" (type, frequency, 
other methods unspecified). While catechol is an irritant, 
there is no mention of the use of symptom questionnaires or 
lung function tests in this 197S communication. 

No information received (carbofuran). 
Significant material sent describing study methods and results 

for animal studies on both chemicals. Study report noted 
"Squamous metaplasia" of nasal mucosa, thought 
secondary to irritation (ethyl acrylate). This effect not 
noted in Documentation. 

The company provided information on one (phorate) of the 
two chemicals requested. This was an inhalation study 
(level unspecified) for 8 hr involving 12 animals observed 
for 7 days after exposure. The report merely says "there 
was no evidence that they were affected in any way. " 
There is no mention of whether pathologic studies or 
biologic monitoring were conducted let alone reporting of 
such flndings. The criteria for no effects were unspecified. 

Some information (not always complete) was sent for all 7 
chemicals. The Documentation states that there were "no 
complaints of illness" and no abnormal liver function tests 
in employees exposed at roughly half the TLV for several 
yean (dimethyl formamide). The information provided by 
the company to NJDOH does not appear to be a reference 
upon which sueh'a statement could have been based; the 
original basis for the statement not be located. An 
epidemiological study of 143 workers exposed to dimethyl 
sulfate showed that few deaths from respiratory cancer 
occurred among them while employed by DuPtonu The 
work force was not broken down in terms of either time 
elapsed from onset of exposure or duration of exposure to 
DMS. No follow-up of ex-employees and retirees was 
done. 

(continued) 
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TAULE IV. Requests of Data from Corporations (Continued) 

Corporation 
Number of 
Chemicals Results 

Western Electric 

Sherwiri Williams 

Mobil Oil 

Ethyl Corp 
Koppers 

Eastman Kodak 

Union Carbide 
Shell Oil 

B.F. Goodrich 

No data were provided 10 substantiate Zapp's communication 
(1970) to the ACGIH that methylene bis (4-cyclohe.xyliso-
cyanate) was less toxic on inhalation than TDl. 

Dupou's subacute study on dogs, found to have no skin 
irritation or sensitization effects, unlike 
"results. . . previously reported" (tetrahydroAinm. was 
given greater credence than the published positive studies 
by the TLV committee "because of the greater number of 
animait involved". The DuPont study used 4 dogs. 

A 90-day study of phenylphosphine contained adequate 
discussion of methods and results. DuPont's study of m-
xylene a . a ' diamine found "generally mild" sensitization 
in all 10 guinea pigs tested. This is mentioned in the 
Documentation as "evidence of sensitization" without 
noting that all animals were affected. 

The Documentation refers to a subacute study by DuPont in 6 
rats as one which "caused no fatalities" 
(dicydopemadienyl iron). The Documentation omits data 
showing that in addition to irritability and weight loss, all 6 
rats showed testicular atrophy. It is unclear whether these 
effects were ever communicated to the TLV committee 
(report was obtained from the company but not in the TLV 
files). 

Western Electric did not provide the correspondence for 
isophorone, but it was obtained from the TLV committee 
files and consisted of five sentences noting two symptom 
complaints, urinanalysis and "kidney function checks." No 
tnftheds discripiion was given, nor was the number of 
employees noted, nor whether questionnaires were used or 
if they waited for employees to complain. No medical 
surveillance data was provided even in summary form. 

No response to request for information (m-xylene a . a ' 
diamine). 

Epidemiologic study conducted on employees (for eye effects 
only) with exposure levels evaluated, study methods 
described. Unclear whether study was ever published 
(trimethyl phosphite). 

No response to request seeking information (tetraethyl lead). 
The Documentation states that " a surveyj of 180 men 

employed in work involving resorcinol revealed that none 
complained of irritation or discomfort at exposure levels of 
10 ppm." The company provided no information about any 
study but merely sent a safety data sheet on the chemical. 
No discussion of methods was provided in Koppers' letter 
to the TLV commiuee. which was located in the 
committee's files. 

Letters on animal studies were located for 2 chemicals (o. 
. chlorotoluene. triphenylamine). Observations on workers 

could not be located for the other 2 (dibutyl phthalaie. di-
sec-octyl phthalaie). 

No response to request for information. 
Shell no longer makes the 3 chemicals and sûtes that 

correspondence concerning them is no longer available. 
The Documentation states "observations in the rubber 

industry have revealed no adverse effects from many yean 
of Inhalation of zinc stearate dust. " The company had 
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TABLE V. Unpublished Industrial Experience Cited in TLV Documentation 
acrylnnitrile 
asphalt lume» 

benzene 

sec-buty l alcohol 

n-butyl (acute 

caprolacum 

carbofuran 

carbon disulfide 

catechol 

chlorinated camphene 
(toxaphene) 

chlorodi fluoromethane 

o-chloro toluene 

dtbuiylphthalate 
diethyl phthalate 
di-sec«octylphthalate 
diglycidyl ether 

dimethyl formamide 

dimethyl sulfate 

diphenylamine 

endrin 

ethylene dichloride 

ethylenimine 

hydroquinone 

Monsnmo. 19KI epidemiology negative on carcinogenic cffccu. 
Hammond iHumble Oili 1968—opinion of industrial hygienic that 

conditions were satisfactory at 10 mg-'m*. 
On et al. (Dow). 1975. epidemiology "revealed no excess 

morality." 
Banks (Shell Chemical Company) 1966—hygienisi reports that 

"many years of industrial experience (at 100 ppm) have resulted in 
no difficulties." 

Turner (British Petroleum). 1972. reported that 7 ppm was not found 
to be objectionable or injurious. 

Ferguson (Allied Chemical). 1972. reports on 143 workers, "some 
of whom were exposed up to 17 years to vapor concentration as 
high as 5-10 ppm without any evidence of damage to health." 

Tobin (FMC Corporation), undated, given as source: "Workers 
exposed to concentrations approaching 0.1 mg.'mJ per day have 
not shown any effects." 

Calhoun (American Viscose). 1968. reports no eases of carton 
disulfide poisoning since 1942. when exposures avenged below 
2.5 ppm. 

Crown Zellerbach. 1975. referenced as reporting industrial 
experience has been good under adequately controlled conditions. 

Hercules. Inc., 1969. reports that review of records of 137 
employees, "some" exposed up to eighteen years, "failed to 
reveal any adverse effects that could be associated with 
toxaphene." 

Reinhardt (DuPont). undated, reports that cardiac anythmias are not 
considered a possibility "under currently recommended industrial 
hygiene practices." 

Hopton (Hooker Chemical). 1962. reports that no cases or dermatitis 
or poisoning from this compound had been encountered. 

Raleigh (Kodak), undated, reports workers exposed to 1-6 ppm of 
mixed phthalates had no phthalates in their blood and had no 
peripheral polyneuritis. 

White (Shell Chemical Company), 1962. recommends a ceiling limit 
of 0.5 ppm Mon the basis of a no-effect level in animal studies and 
industrial experience.** (TLV-TWA: 0.1 ppm) 

DuPont. undated, reports no complaints of illness and no abnormal 
liver function tests at about one half the TLV. 

DuPont. 1972. epidemiology "covering a period of 15 years" and an 
update in 1976 show no excess of lung cancer in exposed workers. 

Demehl (Union Carbide), 1967, cites "industrial experience" in 
recommending a satisfactory operating level. On this basis, the 
same value was selected as the TLV (10 mg/m}). 

Jager (Shell): no medical effects seen with 233 workers, comparing 
them before and after 10 years' exposure to endrin and related 
pesticides (body weight, blood pressure. WBCs. and SREs). 

Fasses (Kodak). 1964. "Experience in one plant mdicatrd that 
concentrations in the range of 25 to 50 ppm were safe for 
prolonged exposure.** 

Dow report of BASF, 1973. epidemiological study "revealed no 
evidence" of carcinogenicity in 144 workers "some of whom had 
40 years' experience." 

Fas sett (Kodak), undated, reports that clinical and environmental 
studies of workers "confirm that no systemic effects arise at (the 
TLV)." 

(conrinurtf) 
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TABLE V. Unpublished Industrial Experience Cited in TLV Documentation (Continued! 

manganese and compound» 

methyl n-buiyl ketone 

methyl chloride 

methylene bisphenyl 
isocyanate 

4,4* methylene dianiline 

monocroiophos 

paraquat 

propionic acid 

resorcinol 

tetraethyl lead 
tetramcthvl lead 

uimethyl phosphite 

tungsten compounds 

vinyl cydohexene dioxide 

zincstearate 

Whitman (Bethlehem Stech. 1976. rcpom no ca>c* of maneunism in 
workers exposed for years to I to 5 mg/m' of manganese dioxide 
dust. 

Raleigh (Tennessee Eastman Co.). 1976. répons "no history of 
muscular weakness, parathesia. loss of coordination or clinical 

. evidence of neuropathy in 37 employees engaged for 3 years in the 
manufacture of (methyl n-buryl ketone).** 

Dow. undated, répons that a "routine periodic medical program did 
not identify* evidence of overexposure to methyl chloride** at 
concentrations avenging 30 ppm. 

Imperial Chemical Industries. 1962. reports no cases of skin 
irritation during early industrial experience handling this 
compound. 

Dow. 1977, reports **no morbidity findings" for exposures ranging 
from 0.03 to 0.4 ppm over 26 yean. 

Shell Chemical, undated, répons no decrease in field worken* 
choiinesterase concentrations following exposure. 

Gage (Impérial Chemical Industries). 1968. is cited as reporting that 
"no serious injury or illness resulted from eight years' agricultural 
use of paraquat.1* 

Dow. 1977, reports that, at reported exposure levels, no irritation 
was noted. Medical reports include mild eye redness and one case 
of mild cough and asthmatic response. 

Koppen Company, 1974, répons that none of 180 men exposed to 10 
ppm complained of irritation or discomfbn. 

Linch (DuPont), 1968, reports that exposures averaging about 20% 
over the TLVs produce average urinary lead concentrations "not 
significantly elevated above a high normal" (no values above 0.15 
rog/1). 

Ethyl Corporation, undated, répons that 3/4 of the TLV for 
tetraethyl lead "is a rough guideline for an allowable (TLV)." 

Mobil Chemical Co.. 1980 reports no ocular changes among 179 
worken with exposures reported. "Plant exposure data could be 
interpreted to indicate that concentrations of 1 ppm certainly, and 
very likely 2 to 4 ppm. are without significant adverse effect." 
TLV raised from 0.5 to 2 ppm in 1982. 

Dernehl (Union Carbide). 1966. rcpom that "long industrial 
experience" has indicated worken exposed to solely tungsten and 
its insoluble compounds do not develop pneumoconiosis. 

Dernehl (Union Carbide). 1973, referenced as source: "In the U.S., 
industrial experience over the past 10 to 20 yean has been good." 

B.F. Goodrich Rubber Co., undated, referenced as source: 
"Observations in the rubber industry have revealed no advene 
effects from many yean inhalation of zinc stearate dust." (no 

given) 

the parameters and data underlying -Hercules* unpublished communication to the 
effect that a review of employee medical records "failed to reveal any adverse affects 
that could be associated with toxaphene?** 

Similar questions arise over the nature and quality of industrial experience relied 
upon by the TLV Committee for 32 other chemical substances (see Table V). An even 
larger number of TLV substances were assigned exposure limits after significant 
reliance on unpublished corporate communications about animal experiments. 
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In this survey, a TLV Docunu-nnuitm reference was counted as -published" 
even if it was from a manufacturer's safety data sheet or an unsupported statement 
published in a text by a corporate health professional. Thé brevity, ace. and obscurity 
of.such documentation raises serious questions of reliability despite the fact of such 
references being "published." 

Manufacturers * safety data sheets, while briefly noting chemicals' health ef-
fects or lack of effects, are not generally useful as primary sources for detailing the 
scientific basis of health effects statements. Safety data sheets are not written to 
convey the important data underlying statements like, "no health problems have been 
attributed to the use of this agent in industry**; or "it is an irritant but not a sensitizer. ** 
Yet TLVs are still based on'such statements by manufacturers on safety data sheets 
issued in the 1950s (e.g.. ethyl ketone, methylamine. nitromethane). The use of 
corporate safety data sheets of even recent vintage is inappropriate for documenting 
TLVs. 

Some reports of "no adverse industrial experience" in the 1986 Documentation 
orieinally appeared in classical texts but were unsubstantiated by data and are now 
very oldl In the case of morpholine, the text refers to the 1963 edition-of Patty's 
toxicology text as a basis for saying that "no chronic effects have been reported." 
The primary source cited was a 1948 review on morpholine issued by the American 
Petroleum Institute. Patty's text was in large part written by industry professionals: 
and some of the statements appearing in the text, though unexplained there, went on 
to be cited as the basis for TLVs. Patty himself reported on ethyl acetate concentra-
tions he had measured during a period of "several months" during which time "no 
adverse symptoms or illnesses were observed." Patty, who was an industrial hygienist 
at General Motors, did not explain whether the observations made were those of 
physicians, himself, or other medically untrained management officials (supervisors, 
foremen, personnel managers). 

TLVs for Carcinogens 
The case studies of six carcinogenic materials will be considered next, in order 

to examine in some detail the work of the TLV committee in this important area. 
These summaries illustrate a number of ways in which the committee was informed 
and influenced by industrial parties. 

Some of the materials on the first lists of MACs, as they were called in the early 
years, were known or suspected of being human carcinogens. These agents included 
asbestos (1946), arsenic (1947). and chromâtes (1950). Threshold limits for these 
materials appear not to have been based on their carcinogenic effects, however. 

Arsenic 
In the case of arsenic and its compounds, the 1947 value was 100 /ig/m3 . The 

following year. Hill and Faning produced strong epidemiological evidence of a lung 
and skin cancer hazard in a factory making sodium arsenite sheep-dip [Hill and 
Faning, 1948]. Median room air concentrations of arsenic measured in the chemical 
plant were 71, 254, 373 and 696 jig As/m3 . Average urinary arsenic concentrations 
of the workers were in the range of 0.09 to 0.24 mg/liter [Peny et al . , 1948]. 

For reasons not explained at the time, the threshold limit for arsenic was raised 
in 1948 from 100 to 500 /ig/m3. In the first published documentation of the TLVs in 
1962, the "subsequent experience" of the American Smelting and Refining Company 
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was cited as supporting 500 jtg/nv. The source of this information wa.% the company 
medical director IPinto. 1961; Documeniaiion. 1962|..hi acknowledging Pinto's 
confidential report. Stokinger replied. "Ii was surprising to see what a clean bill of 
health you were able to produce, in view of the many implications of arsenic and lung 
cancer." [Stokinger. 1961]. 

Pinto's work was published in 1963. showing that both employees exposed to 
arsenic and employees with "non-arsenic exposure" had a greater incidence of lung 
cancer than males in the state of Washington. The "exposed" group had urinary 
arsenic levels of 0.82 mg/liter, and the "unexposed" smelter employees had urinary 
arsenic burdens averaging 0.13 mg/liter [Pinto and Bennett. 1963]. Pinto later con-
ceded that the latter group in this controversial report was in fact exposed to "low 
arsenic levels," but denied a suggestion published by the Occupational Safety and 
Health Administration (OSHA) that there had been under-reporting of lung cancer 
cases in the 1963 study [Pinto and Nelson. 1976]. 

The National Institute for Occupational Safety and Health evaluated Pinto's 
1963 report as showing an increase in lung cancer mortality, contrary to the conclu-
sions of the authors [Inorganic, 1975]. A 1974 mortality study on the workers at the 
same Asarco copper smelter confirmed their lung cancer hazard [Milham and Strong, 
1974]. In 1975, OSHA responded to mounting reports of lung cancer in arsenic-
exposed workers by proposing a reduction in the workplace standard for arsenic, 
from 500 to 4 /xg/m3. (The original standards was 500 because the 1968 TLV values 
for most substances were adopted en masse as enforceable standards with the passage 
of the Occupational Safety and Health Act of 1970). 

The Threshold Limits Committee of ACGIH followed by adopting two TLVs 
for arsenic trioxide in 1977: 50 /ig/m3 at smelters and 250 fi%in? in non-smelting 
environments. This aroused bitter resentment at NIOSH and OSHA, where the actions 
of the TLV Committee were seen as aiding the industry challenges to the government 
standard. The government researchers and regulators were especially piqued at Dr. 
Stokinger, who was then Chairman of the TLV Committee while drawing a govern-
ment salary at NIOSH. Referring to the actions of the TLV Committee on arsenic, 
OSHA said: "The detailed basis for arriving at these levels is not clear on the record" 
[Occupational Exposure, 1978]. OSHA*s final standard for inorganic arsenic, issued 
in 1978, was 10 fig/m3 of air, averaged over an 8-hr period [Occupational Exposure, 
1978]. 

The TLV Committee first listed "arsenic trioxide production" as a human 
carcinogen in Appendix A of the TLV booklet in 1975. In 1980, arsenic trioxide 
production was reclassified as a suspect human carcinogen; and numerical TLVs for 
this process and for insoluble arsenic compounds were completely eliminated. 

Asbestos 
The TLV adopted by ACGIH in 1946 to 1970 for asbestos was based upon the 

"tentative" recommendations of a Public Health Service study published in 1938 
[Dreessen et al., 1938J. The P.H.S. survey showed that workers exposed to more 
than 5 million panicles per cubic foot (MPPCF) of total dust in the air of asbestos 
plants clearly developed asbestosis. But the P.H.S. survey also found "early to 
moderate" asbestosis in workers with less than 50 MPPCF—years of cumulative 
exposure. The P.H.S. findings and those of an earlier medical survey by Pennsylvania 
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labor authorities strongly indicated that workers eventually would develop asbestosis 
from exposures under 5 MPPCF |Fulion et al . . 1935]. 

Lung cancer among asbestos workers was first reported in the mid-1930s, and 
by 1939. German state insurance carriers were compensating lung cancer in combi-
nation with even slight asbestosis as an occupational disease [Baader. 1939]. Pathol-
ogists around the world continued to contribute data and comments on the coincidence 
of those two diseases through the 1940s. In 1949 the British government published 
powerful confirmatory statistical evidence: in 235 deaths in which asbestosis had 
played a role, fully 31 (13.2 percent) also involved cancer of the lung or pleura 
j Annual Report. 1949]. 

The old 5 MPPCF threshold was never regarded as safe by leading asbestos 
industry consultants (Drs. Leroy Gardner, Arthur Vorwald, and Anthony Lanza). A 
similar lack of faith in this TLV as an index of safety was expressed publicly and 
privately in the 1940s. 1950s, and 1960s by executives and health professionals of the 
heading asbestos companies in the United States and the United Kingdom, as well as 
health authorities in these and other countries [Castleman, 1986]. In 1964, the old 
TLV for asbestos was repeatedly criticized by government and indusoy speakers at a 
widely publicized conference on asbestos held by the New York Academy of Sciences 
[Ann. N.Y. , 1965]. By this time, it was evident that nearly half of all asbestos 
insulation workers, whose average exposure was of the same order of magnitude as 
the TLV, were dying from occupational cancer and asbestosis. 

The ACGIH Threshold Limits Committee had included asbestos industry con-
sultants from its earliest years. Industrial hygienist Manfred Bowditch, who was on 
the Committee in 1946 and 1947, was then also trying to fulfill contracts the Saranac 
Laboratory had made with the asbestos industry [Castleman, 1986]. Bowditch's 
deceased predecessor at Saranac. Leroy Gardner, had performed studies in confidence 
for asbestos manufacturera, and the manufacturers wanted to publish some of the 
results (not the animal studies showing asbestos causing lung cancer, however. 

Dr. Arthur Vorwald, the next director of the Saranac Laboratory, accommodated 
asbestos industry sponsors with his publication of Gardner 's non-cancer related 
research in 1951 [Castleman. 1986; Vorwald et al., 1951 and Vorwald, 1948]. That 
year, he joined the Threshold Limits Committee, on which he served until 1956. 
During these years, Vorwald evaluated at least 30 cases of suspected and proven 
asbestosis and cancer, many of which were the subject of compensation claims, for 
companies in the United States and Canada. He also conducted a confidential animal 
inhalation study which appears to have re-confirmed asbestos' carcinogenicity in the 
early 1950s; however, this was never discussed in Vorwald's publications [Casdeman, 
1986; Vorwald, 1952]. 

Dr. Paul Gross, at the Industrial Hygiene Foundation (since 1971, Industrial 
Health Foundation), became a member of the Threshold Limits Committee from 
1964-1983. Gross ' consulting, work on asbestos included case pathology reviews for 
Johns-Manville in the 1950s and confidential animal research on brake drum dust for 
Johns-Manville in the 1960s [Casdeman, 1986]. As a member of a U.S. Public Health 
Service committee in 1969, Gross secretly provided draft copies of a report to three 
asbestos companies. Dr. Robert deTreville, President of the Industrial Hygiene 
Foundation, inviting comment, explained: M(W)e will attempt to see that needed 
corrections are introduced by Dr. Paul Gross, a member of the Committee" [de-
Treville. 1969]. In 1976, Gross resigned from a committee of the National Academy 
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of Sciences, amid charges of improperly sharing information with a company he 
consulted for — the issue was health effects of asbestos in drinking water [Wade. 
1976]. Upon joining the Threshold Limits Committee. Gross became chairman of the 
subcommittee on insoluble respirable dusts [Minutes, 1965]. 

ACGIH's Threshold Limits Committee briefly considered having a separate, 
more stringent TLV for the crocidolite variety of asbestos. A 1968 Notice of Intent 
was circulated, "so that industry-connected individuals principally, but others also, 
may have an opportunity to help shape the deliberations of the Committee prior to its 
(published) recommendation of tentative changes in the 1967 Threshold Limits List." 
Commentera were asked to write either to Dr. Stokinger at the Public Health Service, 
or to the "Repository of Anonymous Occupational Health Data" in care of Dr. 
deTreville at the Industrial Hygiene Foundation (Committee. 1968). "Revisions under 
consideration. . . proposed for 1968 List (of TLVs)" included the following for 
asbestos: 

A limit of 5 MPPCF. based on impinger samples counted by light-field 
technics (sic), is satisfactory to control exposures to most forms of asbes-
tos. Crocidolite, however, has been shown to produce, in addition to the 
asbestotic inflammation, also mesothelioma. Since no safe limit can be 
established for this form of asbestos at this time, until more definite data 
are obtained, it is recommended that workers exposed to crocidolite be 
equipped with air-supplied helmets. 

This idea of stringendy controlling exposure to crocidolite asbestos dust was dropped 
before the publication of the 1968 book of TLVs. 

Over the next few years, the ACGIH published notices of intent to lower the 
TLV for all varieties of asbestos and change the method of analysis to phase contrast 
microscopy, but the formally adopted value remained 5 MPPCF through 1970. 
Finally, in 1974. ACGIH listed an adopted TLV of 5 f/cc for asbestos (using phase 
contrast microscopy), two yr after OSHA had established a standard at that level 
through formal rulemaking. In 1980, ACGIH lowered its TLV for chrysotile asbestos, 
the most abundant variety, to 2 f/cc, and set lower limits for crocidolite and amosite. 
By this time, government standards for chrysotile had been in effect at the 2 f/cc level 
for 4 yr in the United States and 11 yr in Britain. The TLV for crocidolite asbestos 
only (0.2 f/cc) is equal to the current (1986) OSHA asbestos standard for all types of 
asbestos. No notice of intended change for asbestos has been published by ACGIH 
since 1980. 

It is noteworthy that, despite the comparatively slow process governments must 
follow in developing standards under their laws and despite the reluctance of conser-
vative governments to regulate industry in the 1980s, ACGIH has lagged behind both 
OSHA and the British government in lowering limits for workplace exposure to the 
leading recognized cause of occupational cancer. 

Vinyl Chlor ide 

Upon the recommendation of Dr. Robert Scala at Esso, the TLV committee 
proposed lowering the limit for vinyl chloride gas to 50 ppm from 500 ppm [Mc-
Fariand, 1965]. This was largely based on animal tests published by Torkelson in 
1961, where effects were noted at 100 ppm and a TLV of 50 ppm was recommended 
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I Torkelson et al . . 1961 J. Following the circulation of the committee's 1966 Notice of 
Intent. Chairman Stokinger was invited to the Industrial Hygiene Foundation (IHF) 
in early 1966 to discuss the proposed changes in the TLV list? There, he met with 50 
representatives of companies with membership in IHF in Pittsburgh. Stokineer was 
told that, "industrial experience suggests that (50 ppm) may be too low" [Report, 
1966]. 

Consequently, the proposed change of vinyl chloride's TLV was "put off, on 
suggestion of Dr. Torkelson, that the Committee await further accumulating experi-
ence" [Stokinger, 1966]. The committee lowered the TLV to 200 ppm in 1971, based 
on unpublished Dow findings of liver dysfunction in workers exposed to 300 ppm 
(vinyl chloride combined with 5 ppm vinylidine chloride) [Documentation, 1971].. 
Dow representatives maintain that the company reduced its internal employee expo-
sure limit to 50 ppm in 1961; but in practice this limit was knowingly exceeded, as 
Dow first reported the above data in 1968 [Documentation. 1971; Paustenbach and 
Langner. 1986]. 

The first U.S. workplace standard for vinyl chloride was 500 ppm, the 1968 
TLV. It was revealed in 1974 that vinyl chloride workers had died from aneiosarcoma 
of the liver and that similar tumors had been produced in experimental animals at 50 
and 250 ppm. OSHA issued a proposed standard for vinyl chloride, specifying that 
exposures be below detectability using instrumentation sensitive to 1 ppm. But official 
U.S. government statements that the safety of the gas had not been demonstrated at 
any level were publicly denounced by Stokinger as "irrational" and "unfortunate" in 
a lener to the National Cancer Institute. In an interview with the New York Tunes, 
Stokinger went on to say that there was "ample and increasing evidence that there are 
threshold levels for carcinogens below which there is little risk" [Official, 1974]. 

OSHA issued a 1 ppm standard for vinyl chloride later in 1974, and the U.S. 
industry not only met that goal but promptly resumed its growth [PVC, 1976]. 

In the meantime, the TLV committee had taken on members from industry, 
including Torkelson of Dow Chemical, a major manufacturer of vinyl chloride. 
Torkelson had primary responsibility for TLVs for vinyl chloride and a number of 
oUier high-volume, halogenated hydrocarbons, starting in 1971 [Minutes and Agenda, 
1970-1976]. It was not until 1977 that the committee issued a new TLV for vinyl 
chlonde, 5 ppm, which still stands. 

The TLV for vinyl chloride was thus set at one tenth the concentration carcino-
genic to animals for a proven human carcinogen. This conflicts with the current TLV 
committee claim that safety factors of 100 to 1,000 have "traditionally" been used to 
determine TLVs for carcinogens [Identification, 1986]. 

Dimethyl Sulfate 
TTie TLV for this vapor, used as a war gas in World War I, was originally set at 

1 ppm in 1946. German reports in the late 1960s showed that DMS was carcinogenic 
in rats and probably also in workers; and the Germans lowered their MAK for this 
vapor to 0.01 ppm in 1971, as animal studies revealed serious lung damage at 0 5 
ppm [Henschler, 1975]. 5 • 

, 15® ^ c o m m i t I c e published its first listing of carcinogens as an appendix 
î ° , 1 9 7 1 C O n s i s t i n - e o f o n ] y entries (mostly dye intermediates). 
In early 1972, the committee's annual Notice of Intended Changes informed readers 
that this list was being expanded, with separate groupings of human and "experimen-
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tal" carcinogens. The listing of DMS in the former category prompted inquiries from 
five chcmicai companies. Stokinger replied to them, sending copies of underlined 
articles and saying: "a sufficient number of human cancers of the lung have been 
observed to make it highly probable that dimethyl sulfate is a carcinogen for man" 
[Stokinger, 1972]. 

.A few months later, DuPont provided Stokinger with a copy of a letter from a 
doctor at BASF, a German manufacturer of dimethyl sulfate. The writer pointed out 
that the German MAX list denoted dimethyl sulfate as an experimental animal 
carcinogen but not a human carcinogen [Morgan, J .F. , 1972]. The next month, 
DuPont sent Stokinger an epidemiological report "which formed the basis of our 
conclusion that dimethyl sulfate is not known to have produced human cancers among 
potentially exposed persons.** Stokinger was asked to limit distribution of the study 
to persons having a need to see it [Morgan, J.F., 1972]. 

The DuPom study examined employee lung and larnyx cancer rates at three 
plants where DMS had been handled. However, "usable data" identifying the em-
ployees exposed to DMS before 1961 were available for only one plant. During 1932-
1970, 97 wage roll workers and 46 salaried employees had worked at some time in 
the DMS area. There were two deaths each from lung and larynx cancer among the 
DMS workers between 1956-1970, with retirees and ex-employees clearly not fol-
lowed up. 

When OSHA issued an Emergency Temporary Standard for carcinogens in 
1973,.Stokinger argued for a distinction to be made between "known human carcino-
gens" and others on the OSHA list. Writing as Chairman of the TLV committee, 
Stokinger relied on the unpublished DuPont report to assert that no excess of respira-
tory cancers had occurred among DMS workers: "Manufacturing exposure control 
was completely effective, without the requirement for air-pressurized suits. . .** 
Stokinger cited other unpublished reports from DuPont and Dow to argue that two of 
these companies' products covered by the OSHA standard (MOCA, ethylenimine) 
also were not human carcinogens [Stokinger, 1973]. 

The TLV committee member with responsibility for DMS in the period 1972-
1976 was James Morgan of DuPont (sole U.S. manufacturer of DMS) [Minutes and 
Agenda, 1970-1976]. The committee assigned a TLV of 0 .1 ppm in 1977, ten times 
the limit previously accepted in Germany. 

B e n z e n e 

The TLV for benzene was adjusted downward from 100 ppm in 1946, 50 ppm 
in 1947, 35 ppm in 1948, to 25 ppm in 1957. The TLV committee adopted 25 ppm as 
a ceiling exposure limit in 1963. An industry consensus "standard" of 10 ppm (with 
daily 10-min peaks of 50 ppm) was issued in 1969 by the American National Standards 
Institute. Consequently, 10 ppm was the first benzene limit adopted by OSHA 
(NIOSH, 1974). 

British industry and government writers urged Stokinger to abandon the 25 ppm 
ceiling in favor of a 10 ppm average value as early as 1966 [King, 1970; Stokinger, 
1966]. The TLV committee first proposed this change in 1968, but deferred its 
adoption until 1977. 

Hueper had assessed benzene as almost certainly a proven cause of leukemia in 
1942 [Hueper, 1942]. The Gcnnan MAK commission had listed benzene in 1971 
among nine human carcinogens, "for which zero concentration values are given 
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becau.se the objectionable concentration is not yet known" [Morgan. L... 1972). 
Benzene was classified bv the TLV committee as a "suspected** human carcinoeen in 
1975. 

The 1986 Documentation contains no references less old than 1977 and relies 
on one report whose findings were reversed in 1977. That year, OSHA issued an 
emergency temporary standard and proposed a permanent standard of 1 ppm for 
benzene. An adverse Supreme Court ruling in 1980 based on the record of the 
benzene standard issued in 1978 prompted OSHA to conduct quantitative cancer risk 
assessment and again propose a 1 ppm limit in 1985. 

The 1986 Documentation refers to unpublished work by On in 1975 as showing 
no excess mortality among benzene-exposed workers. However, Ott concluded that 
this same cohort of Dow Chemical employees demonstrated a significant excess of 
myelogenous leukemia cases—prompting Dow to announce a new corporate ceiling 
limit of 10 ppm in 1977 [Benzene, 1977; Ott et al., 1978]. Dow epidemiologists have 
now seen 4 deaths from myelogenous leukemia in this work force, versus 0 .9 
expected: a fifth worker with leukemia was listed as dying with pneumonia [Bond et 
al., 1986]. Infante at OSHA notes that average benzene exposure of these workers 
was 5.5 ppm [Infante, 1987]. 

Similarly, the 1986 Documentation makes no mention of dose-related chromo-
somal abnormalities among Dow workers exposed to benzene concentrations below 
10 ppm [Infante and White, 1983]. These findings were withheld by Dow during the 
OSHA benzene hearings in 1977, prompting the researcher involved to quit in 1978 
in order to release his results. Because of the company's delay in releasing these 
findings, the researcher denounced Dow as "unethical** and "immoral'* [Picciano, 
1979; Scon, 1978]. 

The TLV committee, which adopted a companion short-term exposure limit of 
25 ppm to go with the 10 ppm average for benzene in 1980, is discarding the short-
term limit in 1987. Exposure at even 10 ppm for eight min is illegal under the OSHA 
benzene standard published September 11, 1987. The standard requires that exposures 
average no more than I ppm, with 15-mih peaks no more than 5 ppm. 

The committee's position in 1987 thus resembles that of the American Petroleum 
Institute in its 1978 court challenge to the overturned benzene standard. The past 
decade of benzene toxicology research has not been incorporated into the TLV 
Documentation. The research and policy at Dow Chemical (whose senior toxicologist 
was an active member of the TLV committee), if known to the committee, have been 
disregarded without mention. 

Acrylonitrile 
Following the reports of positive animal studies by inhalation and ingestion, as 

well as positive epidemiological findings, OSHA regulated acrylonitrile as a carcino-
gen in 1978. Acrylonitrile was also classed by ACGIH as a human carcinogen in 
1978. Following the publication of an inconclusive epidemiological study in Britain 
and the receipt of epidemiological "communications to the TLV committee" from 
Monsanto Company in 1981, acrylonitrile was reclassified under "industrial sub-
stances suspect of carcinogenic potential for man." The Monsanto conclusions were 
quoted by the TLV committee; no published study is yet available for scrutiny by the 
scientific community. 
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Ethylen imine 

When OSHA proposed to regulate this compound as a carcinogen in 1973. 
Dow*s Dr. D.J. Kilian provided the basis for the TLV committee observation, that 
despite this chemical 's toxic and carcinogenic effects in animal studies, "industrial 
experience has been good. " The entire basis for this was the following second-hand 
report of a telephone conversation between two major manufacturers: [Kilian. 1973] 

MTodayt I talked by telephone to Dr. Theiss, medical Director of Badische 
Anilin and Soda-Fabrik in Germany (the only other major manufacturing 
site of ethylenimine) and he stated that they had just finished an epidemi-
ological study of 144 of their EI workmen. The exposure time on some 
was 40 years and they found no evidence that £1 was a human carcinogen. '* 

Dr. Kilian also wrote that he and Dr. Theiss planned to combine their companies' 
experience "in a medical publication in the near future." It does not appear that any 
study was subsequemly published. Ethylenimine was removed from the TLV book-
let's appendix list of "experimental carcinogens" after 1974, presumably upon the 
recommendation of the subcommittee on carcinogens, which included-Torkelson of 
Dow Chemical (sole U.S. producer of the material). 

C a r c i n o g e n s In G e n e r a l 

The TLV committee has now stated its intent to "formally" evaluate chemicals 
classified as carcinogens by other organizations but not ACGIH [Spinas et al., 1986]. 
ACGIH has published a table listing the carcinogenic status' of more than 300 
substances, according to five national and international organizations [Identification, 
1986]. The most appropriate comparison is with the list of the German Research 
Society maximum workplace concentrations (MAK) Commission. 

The ACGIH classifies 11 materials in the aforementioned table as human 
carcinogens; the MAX Commission's total is 17. The ACGIH classifies 40 other 
entries as suspected human carcinogens; the corresponding MAX commission totals 
are 42 compounds proven carcinogenic in animal experimentation only, and 61 more 
"justifiably suspected of having carcinogenic potential" [Identification. 1986; Maxi-
mum, 1984]. 

The TLV committee avoided listing animal carcinogens of major industrial 
importance, including trichloroethylene and dioxane. These and other unnamed com-
pounds were exempted by the "Committee Guidelines for Classification of Experi-
mental Animal Carcinogens" published in 1976. The guidelines are unique in that 
they set maximum carcinogenic dosages, above which no "practical importance" is 
attributed for positive animal experiments. 

Lead 

Because of their enormous significance in occupational health and the manner 
in which their TLVs emerged, the story of inorganic and organic lead compounds 
could hardly be overlooked in this review. 

Ino rgan ic Lead 

From 1946 through 1956, the TLV for lead and its inorganic compounds was 
0.15 mg/m3 . This followed earlier recommendations of the U.S. Public Health 



552 CuMlciiu» ynd Zii'iti 

Service and an American Public Health Association committee on lead. Later editions 
of the Documentation observed that this limit proved "difficult to achieve in many 
industries. " 

Explaining the 1957 decision to raise the lead TLV to 0.20 mg/m3 , the first 
edition of the Documentation said: "Long industrial experience with the 0.15 mg/m 3 

limit, however, showed that. . . lead absorption, as measured by urinalysis, were 
(sic) not indicative of harmful exposure." No reference for this was given. The 1966 
Documentation went on to describe the blood lead concentration of 80 micrograms 
per 100 ml as "normal" , and noted that repeated exposures above 0.20 mg/m 3 could 
cause higher blood lead burdens "indicative of incipient lead poisoning.*' 

Pressure for lowering the TLV developed in November, 1968. when an inter-
national commission on occupational health recommended 0.15 mg/m3 . In preparation 
for discussions with industry, the TLV committee summarized recent developments 
on lead toxicity and reviewed the "Basis of Present TLV." Under this last heading 
were three items, all unpublished corporate communications, from: Bowditch (Lead 
Industries Association); Dooley (Texaco); and Nelson (Asarco) [Review, 1970]. 
Neither Stokinger nor Elkins can now recall what information was provided by these 
individuals over 30 years ago, and no primary written documentation has been found 
in Stokinger's old files at NIOSH. 

On May 1. 1970, a meeting was held by TLV committee members Stokinger 
and Frederick with representatives of the automotive and lead industries, state health 
officials, and others. Industrial representatives said they used blood lead analyses for 
health control measures, and urged that air sampling be advised only as an engineering 
guide. General Motors hygienist Vincent Castrop acknowledged that his company 
used 0.15 mg/m 3 as its guideline [Stokinger, 1970]. 

The TLV comminee then readopted the former value of 0.15 mg/m3 , which has 
remained unchanged since 1973. A short-term (15-min) exposure limit of 0.45 mg/ 
m 3 was also adopted in 1976. later to be discarded in 1986. The current Documenta-
tion includes an attack on NIOSH for recommending a standard of 0.10 mg/m 3 and 
rejects the OSHA standard of 0.05 mg/m3 promulgated in 1978. 

OrganiQ Lead C o m p o u n d s 

When tetraethyl lead was introduced as a gasoline additive in the 1920s, lead 
poisoning was a major by-product of the industry. About 80% of the workers at 
DuPont 's New Jersey production facility were believed to have been- lead poisoned; 
and the plant was known to workers as "the House of the Butterflies** because of the 
hallucinations afflicting employees there. DuPont was accused of suppressing infor-
mation from the press even in cases where workmen were hospitalized and died from 
lead poisoning [Rosner and Markowitz, 1985]. 

Tetraethyl lead (TEL) and tetramethyl lead (TML) were given TLVs of 0.075 
mg/m 3 in 1963 and 1967, respectively. The main basis for the tetraethyl lead TLV 
consisted of statements by industry representatives that this limit was observed by 
Ethyl Corporation without apparent ill effects on the workers [Documentation, 1966]. 

Publication of the second of these TLVs brought forth a "Confidential" letter of 
protest in 1967 from Dr. Robert Kehoe. the lead industry's foremost medical expert, 
its consultant and a defender of the tetraethyl lead industry since the 1920s [Rosner 
and Markowitz, 1985]. Kehoe urged that both TLVs be discarded, "with the least 
possible fanfare ." His "Dear Herb" letter concluded: [Kehoe, 1967] 
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"I would not take the risk of subjecting a group of men to working 
conditions represented by this atmospheric standard for any reason what-
ever. and yet this level is being adopted on a worldwide basis, and I have 
little doubt that it will be applied literally by someone, sometime, as being 
authoritative. It is not so applied in any pan of the industry at present.'* 

Kehoe invited Stokinger to be his lunch guest at the Queen City Club, a private club 
in Cincinnati catering primarily to businessmen (Kehoe. 1967]. Stokinger accepted, 
and recalls that Kehoe "pontificated" without supplying any data. Stokinger was 
aware that Kehoe had become a wealthy man over decades as the principal U.S. 
industry expen on lead poisoning. Though Kehoe presumably represented industrial 
interests in this matter, no firms were specifically named [Stokinger. 1986-87]. 

The most influential members of the TLV comminee rejected the idea of 
dropping the limits for T E L and TML, and instead cautiously challenged the respon-
sible industries to produce some dose-response data. In its January, 1968 "Notice of 
Intent", the comminee wrote that a downward revision of the TLVs for both lead 
alkyls was being considered. No new proposed limits were given [Comminee, 1968]. 

At least one manufacturer of these compounds found that opérations involving 
each of these chemicals exceeded even the then-current TLV of 0.075 mg/m 3 . But 
organic lead air concentrations averaging as high as 0.121 mg/m3 for TEL and 0.179 
mg/m3 for T M L reportedly corresponded to average urinary lead concentrations "not 
significantly above a high normal" — meaning, less than 0.15 mg/1. The source of 
this encouraging news was A.L. Linch, whose employer (never noted in the Docu-
mentation) was DuPont. The date of this communication to the TLV comminee 
chairman is recorded as April 1, 1968. 

The TLV comminee held its semiannual meeting over the next two days, April 
2 -3 , 1968, and decided to raise the TLVs to 0.10 mg/m3 for TEL and 0.15 mg/m3 

for T M L [Stokinger, 1968]. These limits were formally adopted in 1970, and remain 
the same to this day. No written communication from Linch to Stokinger has been 
found; and given the rapid sequence of events here, the cited report from Linch 
appears to have been a telephone call [Stokinger, 1986-87]. 

It has been proposed recently that OSHA try to adopt current TLVs to "update" 
the exposure limits for hundreds of substances. While this would yield stricter limits 
for many substances whose OSHA limits are still the 1968 TLVs, the opposite would 
result for the lead alkyls. This is especially worrisome in view of the fact that the 
OSHA standard for organic lead compounds is now more permissive than that for the 
inorganic lead compounds, which are less toxic; this anomaly will be worsened if 
OSHA adopts the current TLVs for the lead alkyls. 

Bias of TLV Commit tee Membership 
Dr. Hector Blejer, resigning from the committee in 1980 after 10 years as a 

member, protested what he called "an increasingly stronger pro-industry 
bias. . . particularly among almost all the Committee consultants and among .the 
members who consult privately for private industry." Blejer went on to blame this 
pro-industry bias and repeated "unnecessary" disagreements with NIOSH and OSHA 
for having made the TLV comminee and ACGIH appear "anti-NIOSH. anti-OSHA, 
and anti-labor" [Blejer. 1980]. 
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To its discredit, the committee has long turned a blind eye to c o n H t o of 
interest, both oven and subtle. M : and » f e * 
issues from a spectrum of op.mons: from toewhwoma ^ 
doubt in assuring the fullest w o r k e r p r o t ^ o n o t h o s e w h o ^ r e m ^ 
corporate financial priorities where health » d safety u' 

^ f ^ c T m m i o e e never p l e d g e d « ^ S 
balance between corporate- and u n i o n - a f f i l i a t s c ^ J ^ ^ ^ J L n t e e . 
token efforts were made to get a umon b a dly as was Dr . 
There, the union person could expect to be ma gmalued a ^ * « V f o r c £ 

Ri^ier fa NIOSH expert on lead: arsenic, cadmium, and asbestos), oy » 
K b e T a n d adversaries with vastiy 
committee never offered o f f e r o r panici-
chance to participate on a f u U y e q u d t o i s ^ T h e o c a s ^ ^ 

no participation at all. 

CONCLUSIONS AND RECOMMENDATIONS 

« — . — " R S S Ï I R R I S S S 5 

S H S ^ S S A S » 
Agenda 1970-1976]. „ ,_ ,minee members as "consultants" 

The listing of dominant corporate T l ^ c o ^ ^ ^ ^ o n ^ 
and me issuance of s t e n t s » ^ « 
TLVS were deceptive [Lee, o f t h a t influence itself. 
TLVs is a serious matter, qu. e opart f r o m ^ e e ^ e o ^ ^ p r o f e s s i o n a l s . the 

Aside from the paruc.panon of m d u s ^ m p l o y e a n P I t a m s as 
TLV committee has extended f u t Î ^ S «his day. TLV 
early as 1951 (Dr. Arthur Vorwald of the Saranac uiooraiu 7 J 
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committee members can and do earn a substantial fraction o f their incomes as 
industrial consultants, while publishing only their university affiliauons m the TLV 
booklet ACGIH has no policy either restricting TLV committee membership in such 
cases or requiring public disclosure of consulting work for f i n a n c i a l l y interested 
parties. Similarly, there is no policy restricting the chemicals assigned to TLV 
committee members because of conflicts of interest through employment, consulting. 

and research grants [Kelly, 1986-87], . 
The TLV committee's lack of adequate resources is evident from its finances. 

As pan of the ACGIH. a volunteer organization, the committee now has an annual 
budget of S30.000. most of which goes for travel and lodging expenses to conduct 
meetings [Kelly. 1986-87]. The members of the committee must rely on whatever 
technical resources and support services are available to them as individuals (com-
puter searches, libraries, research assistants, clerical assistants), and borne by them 
and/or their employers for their unpaid committee work (e.g., long-distance telephone 
calls) Over the years, this has meant that committee members have had to work on 
TLVs on their own time and their own expense, with their own resources, unassisted 
As a result, documentation on many chemicals seems to have been prepared with 
minimal review of the literature. 

The TLVs have nonetheless been widely represented and accepted as scienufi-
cally based limits that would protect virtually all workers from health impairment 
over a lifetime of exposure on the job [Lee, 1987]. The TLVs are assumed by many 
to be first world, "first class" guidelines for worker protection. The consequences of 
such misplaced confidence in.the TLVs are profound and global. The credibility of 
the ACGIH limits as scientifically, independendy, and verifiably determined persists 
as an obstacle , to a better standard of worker protection. 

Industrial hygienists need clear instruction regarding the limited nature or the 
TLVs. Hygienists too often assume or convey to workers that exposure below the 
TLV can be regarded as safe. They need training which would enable them to assess 
more adequately the scientific grounds upon which the TLVs are based. They also 
need increased training in eliciting and evaluating worker complaints of illness during 
field inspections. This approach should replace the technician approach of simply 
"cranking out numbers" with monitoring, comparing them to a table, and then 
assuming all is well if exposures measured are less than the TLVs. 

OSHA is now considering adopting current TLVs to replace its exposure limits 
from the 1968 TLV list (Z table). While for some chemicals this may represent an 

• improvement, it is clear that we cannot assume that the current TLVs arc scientific or 
adequate. Since more rigorous and thorough documentation has been done for the 
chemicals for which NIOSH recommends specific maximum exposure levels, OSHA 
should adopt NIOSH levels where these are stricter than those of the ACGIH. Finally, 
since many chemicals have not been assessed by NIOSH and others need updating. 
OSHA should consider the adoption of TLVs or NIOSH values as a stopgap measure, 
not a substitute for ongoing rigorous assessment of chemical exposure values. 

With the more recent emergence of better trained and equipped groups issuing 
workplace exposure limits and supporting documentation in North America, Europe, 
and elsewhere, it now seems appropriate for an international effort to be mounted to 
gradually replace the TLVs. This can be done under the auspices of an internationally 
respected organization, with the participation of leading experts from around the 
world, with sufficient financing. Corporations with their own internal lists of occu-
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paiional exposure limits can contribute to this process by publishing these lists and 
supporting data without further delay. 

Openness of the process is essential, as is the exclusion of financially interested 
parties from having leverage in the deliberations. Policies regarding disclosure of 
income and conflicts of interest must be accepted by the participants so that the 
highest level of credibility maintained. Policies regarding making any use of and 
maintaining public repositories for unpublished documentation will also be needed. 
Public access to minutes of meetings should be assured and provided for. 

Yet even a panel of the best technical experts would not overcome all obstacles 
inherent to the process of setting worker exposure limits. 

There are implicit assumptions in any process of establishing some "acceptable" 
level of chemical insult to which humans may be exposed. Many scientists reject 
"safe" exposure levels for carcinogens and certain reproductive hazards. The concept 
of "safe" exposure limits for other chemicals is less often questioned however, even 
though scientists are unable in practice to determine "safe" exposures. They can only 
determine levels below which their limited measurement tools are unable to detect 
effects in a finite and often very limited number of workers. Thus the very concept 
of "safe" exposures to any chemical is inherently unscientific. Indeed, the term 
"threshold limit" embodies this unproven and probably unprovable concept thai there 
is some known level of exposure which does not adversely affect the organism. 
Discarding the term "threshold limit" is a necessary first step in correcting this false 
ideology of the past. 

Rather, the numerical values for exposure limits selected as "acceptable by 
one social group (scientists) for another social group (workers) is very much a 
political as well as a scientific process. The Norwegian Administrative Norms, for 
example, explicidy acknowledge that the chemical exposure limits reflect economic 
as well as medical and technical considerations. The Norwegian authorities consider 
that while writing the documentation for chemicals is ideally a scientific process, the 
setting of numerical limits is a political process. It is time that we all openly 
acknowledge the political nature of decisions by unexposed scientists and regulators 
regarding maximum levels of chemicals to which other humans can knowingly be 
exposed. The decision process therefore must not only be freed from undue corporate 
influence; it must also include substantial participation by representatives of exposed 
persons. 
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Threshold Limit Values: Historical 
Perspectives and Current Practice 

Grace E. Ziem, MD, Dr PH; and Barry I. Castleman, ScD 

A 1989 Occupational Safety and Health Administration 
standard mandates that workplace air concentrations be held 
below new permissible exposure limits for 376 substances. As 
more than 360 of these limits came from the 1987 list of 
"Threshold Limit Values'* (TLVs), the medical basis of the 
TLVs Is of direct importance to the health of millions of 
workers. However, the TLV development process has been 
gravely Pawed by lack of scientific rigor, inadequate medical 
input, and lack of attention to financial conflicts of interest. 
The adoption by the Occupational Safety and Health Admin-
istration of many poorly supported values as permissible ex-
posure limits reflects aiso the underutillzatlon of Industrial 
medicine in identifying health effects of exposures below the 
TLVs. It is thus the responsibility of the medical profession to 
aot on the presumption that the TLV permissible exposure 
limits are unsafe limits until a sound underlying body of 
medical and scientific literature exists for the substances on 
the list. It is industry's responsibility to commit itself seriously 
to medical and exposure monitoring and to begin to remedy 
the knowledge doficit that exists about the less immediate 
health effeots of most industrial materials. 

Be fo re reviewing: t h e s u b j e c t of occupa t iona l e x p o s u r e 
l imits , c e r t a i n bas ic i s sues b e a r mont lon . F i r s t , t h e 

medical p rofess ion h a s a f u n d a m e n t a l I m p o r t a n c e In t h e 
In vest! p a t ion a n d e v a l u a t i o n of t h e h a r m f u l e f f ec t s of 
Indus t r i a l m a t e r i a l s . Second, t h e necessa ry med ica l r e -
sources need to be p r o v i d e d by Indus t ry to m a k e possible 
t h e medica l s u r v e i l l a n c e a n d c a r e of w o r k e r s exposed . 
T h i r d , t h e r e is a need to develop a n d t r a i n t h e p r o f e s -

From 3511 Moultroe Tlneo. Daltlmoro. MD 21230 (Dr Ziem, Oc-
cupational Honlth rhyslelan); and 1722 Linden Ave, Baltimore. MD 
21817 (Dr Castleman, Environmental Consultant). Address corre-
spondence to Dr Ziem. 

This work was presented at the American Occupational Health 
Conference, Boston. Mass, May 6. 1989. 
0088-1738/88/3111>0010S02.00/0 
Copyright C by Americas College of OeoopnUonol Modlcln* 

s iona l r e sources to m e e t the needs of t h e mil l ions of 
p laces of employment . T h e adopt ion of s t a n d a r d s wi th 
specif ied numer ica l exposu re l imi ts accompl i shes no th -
ing un less the necessa ry profess ional r e s o u r c e s a r e p ro -
vided to g a t h o r and e v a l u a t e In fo rma t ion on e x p o s u r e s 
a n d hea l t h effects . 

The Occupational Safety and Health Administration (OSHA) 
Standard lor Air Contaminants 

In t h e closing days of t h e R e a g a n A d m i n i s t r a t i o n , 
OSHA adopted new permiss ib le e x p o s u r e l imi t s fo r 376 
subs tances . 1 Vir tual ly all of t h e s e l imi t s c a m e f r o m t h e 
1987 l is t of Threshold Limi t Va lues ( T L V s ) publ i shed 
by t h e Amer ican Conference of G o v e r n m e n t a l I n d u s t r i a l 
Hyg ien i s t s . I n d u s t r y is r e q u i r e d to be in compl i ance by 
S e p t o m b e r , 1989. 

In developing th is s t a n d a r d , O S H A d i s r e g a r d e d r ec -
o m m e n d a t i o n s by t h e Na t iona l I n s t i t u t e fo r Occupa -
t iona l Sa fe ty and H e a l t h ( N I O S H ) fo r s t r i c t e r l imi t s fo r 
6 8 specif ic subs tances . T h e Idea of a d o p t i n g t h e T L V s 
h a d been suggostod in 1983 by t h e S y n t h e t i c O r g a n i c 
Chemica l M a n u f a c t u r e r s ' Associa t ion, a n d t h e chemica l 
I n d u s t r y ' s response to th is OSHA r u l e m a k i n g w a s u n -
usua l ly favorab le (C.B. M a c k e r r o n ; Chemical Week. J a n -
u a r y 25, 1989; and c o m m e n t f r o m t h e Dow Chemica l 
Company on OSHA's proposed a i r c o n t a m i n a n t s r u l e 
( Ju ly 1988]). T h e AFL-CIO a n d a t l e a s t 16 i n d u s t r i a l 
p a r t i e s have gone to c o u r t ove r t h e s t a n d a r d . 

OSHA has recent ly announced t h a t i t is c o n s i d e r i n g 
addi t iona l ly r e q u i r i n g medical m o n i t o r i n g a n d a i r mon-
i t o r ing in Indus t r ies w h e r e r e g u l a t e d s u b s t a n c e s a r e 
used. 

Phys ic ians in i ndus t ry have good cause , t h e r e f o r e , to 
w o n d e r how pro tec t ive t h e new l imi t s a r e . In f a c t , t h e 

, sc ien t i f ic qual i ty of t h e procoss f o r deve lop ing t h e T L V s 
h a s been cr i t ical ly e x a m i n e d , a n d ev idence of " c o r p o r a t e 
In f luence" in developing t h e T L V s h a s figured In t h e 
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debate over the new OSHA rule . A pape r on these Issues, 
published in May 1988, has engendered a lively discus-
sion, including more than 20 commentar ies by the end 
of 1988 in the American Journal of Industrial Medicine* 

The purpose of this paper is to summar ize the cr i t ique 
of the TLVs, re fe r r ing to d a t a a l ready published as well 
a s present ing Information g a t h e r e d since OSHA pro-
posed its new rule In mid-1988. The ma te r i a l he re will 
be addressed primarily to physicians in indus t ry . 

The s tory begins by recount ing how the medical re-
sponsibility of relat ing working conditions and heal th 
was In l a rge p a r t assumed by a g roup of Industr ial 
hygienists , the American Conference of Government 
Indus t r ia l Hygienists (ACGIH). 

Origins of the TLVs 

ACGIH t races its history as a professional organiza-
tion back to 1938. An ACGIH commit tee compiled a 
l is t ing of s t a t e government exposure limits for var ious 
chemicals in 1942.3 In 1946, ACGIH published i ts f i r s t 
annual list of recommended " M a x i m u m Allowable Con-
cen t ra t ions" (MACs) for 144 substances . 4 The p r imary 
sources for this were ACGIH's 1942 compilation and a 
1945 paper by Industrial hygienist W a r r e n Cook. 

I t is in te res t ing to recall w h a t was said of t he safety 
of these limits a t the time, in view of l a t e r developments. 
ACGIH said in 1942, "The table Is not to be const rued 
as recommended safe concentra t ions ." As if to under l ine 
t h a t point, the t ex t went on to say, " T h e mate r ia l is 
p resented without comment ." 8 Cook,0 whose pape r sup-
plied 118 of the exposure limits adopted, emphasized 
t h a t his Intent was " to provide a handy yards t ick to be 
used as guidance for the rou t ine control of these heal th 
haza rds—not t ha t compliance with the f igures listed 
would gua ran t ee protection aga ins t ill hea l th . " Cook 
wen t on to advise tha t main tenance of the limits he 
suggested should not be considered a subs t i tu te for 
medical monitoring.* 

By 1946, most s ta te governments had indust r ia l 
hea l th units, and so did some cities and counties . The 
MAC values repor ted by 27 of these agencies were qui te 
var iable for some chemicals. For n-butanol , t he limits 
var ied f rom 25 to 300 ppm in a i r , depending on where 
the workplace was located. Fo r tu rpen t ine , the r a n g e 
was 100 to 700 ppm; for methanol , f rom 100 to 300 ppm; 
for ni t robenzene, 1 to 5 ppm. On the o the r hand, the re 
was substant ia l ag reement among the hea l th agencies 
for many other chemicals.6 

Up to this time, MACs In use had "on the whole 
[caused] no serious handicap to Indus t ry ," according to 
J . J . Bloomfield, one of the leading Indust r ia l hygienists 
of t he US Publlo Health Service.0 However , t he r e was a 
desire among the government people to harmonizo the i r 
MACs and thus avoid the hea l th and economic impacts 
of hav ing divergent conditions for indus t ry . 

AOGIH acknowledged In 1946 t h a t no uni form defi-
nition of MACs existed, c i t ing t h r ee concepts then In 
use: no safety margin aga ins t known hea l th effects, some 
safe ty marg in against hea l th effects , and protect ion 

from objeotionable b u t not ha rmfu l concentrat ions. AC-
GIH initially declined to define what i ts MACs were or 
to s ta te whe ther they were limits not to be exceeded for 
30 minutes, 1 hour , 8 hours , o r longer.4 For example, 
the MAC for chlorine was 5 ppm, whloh compared 
unfavorably with 4 ppm recommended by Henderson 
and Haggard 7 for 30-minute to 1-hour exposure periods; 
the 100 ppm MAC for carbon monoxide had been rec-
ommended by Henderson and H a g g a r d for "several 
hours." 

The 1947 l ist Included 155 MACs. The chai rman of 
the Committee on Threshold Limits, chemist L.T. Fa i r -
hall, expressed g r e a t confidence t h a t the Industr ial 
hygienist was well placed to set health s tandards : "He 
Is In contact with the Individuals exposed and therefore 
soon learns w h e t h e r the concentra t ions measured a r e 
causing any In jury or complaint ."8 Up to this point, the 
five-man TLV commit tee still did not Include one phy-
sician member. 

In 1948, t he MACs were renamed Threshold Limit 
Values. Despite the very di f ferent emphasis of this new 
nomenclature, t he t e rm TLV was not defined a t the t ime 
of its in t roduct ion. The TLV committee noted tha t , 
"People vary g rea t ly in the i r response to d rugs and 
toxio substances ." To this i rremovable obstacle was 
added the acknowledged difficulty of t ry ing to p ro tec t 
the worker while not Imposing an "impossible burden 
on the m a n u f a c t u r e r . " 0 

In 1953, a preface was added, wherein the TLVs were 
described as " m a x i m u m ave rage concentrat ions of con-
taminants to which workers may be exposed for an 8 -
hour working day (day a f t e r day) without Injury to 
health."1 0 Both the t e r m used and Its definition now 
promoted the TLVs as heal th-hazard thresholds for 
exposure to chemical and mineral substances, many of 
which were known to have serious, irreversible effects. 
The TLV commit tee now sought to offer a g u a r a n t e e 
where Cook had explicit ly said no gua ran tee was w a r -
ranted. Most of t he exposure limits on the list were the 
same values recommended In 1945 by Cook.6 Despite the 
accompanying p re face asser t ion tha t the TLVs were 
based on the bes t available information, the re Is no 
evidence t h a t any review was done or new ra t ionale 
offered to jus t i fy th is sweeping d is regard for the uncer -
tainties under ly ing the TLVs. 

The TLV commit tee cha i rman, Industrial hygienist 
Alan Coleman, used more qualified language a t t he 
ACGIH meet ing of 1954. He described the TLV as the 
concentration of a subs tance t ha t "should cause no 
significant In jury to the hea l th of t he la rge major i ty of 
persons" exposed dally.11 The committee Itself tempered 
its description in 1958: "[TLVs] represent conditions 
under which It Is believed t h a t nearly all workers may 
be repeatedly exposed, day a f t e r day, without adverse 
effect ."1 -

Precisely because the TLV committee had taken a 
very diffioult technical , political, and economic problem 
off the shoulders of s t a t e and local agencies, the TLVs 
were uncrit ically welcomed as uniform limits across the 
country. S t a t e and local agencies reduced the i r propor-
tional employment of medical personnel and all bu t 
stopped issuing MACs on the i r own in the early 1950s.1® 
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As it became c lea r t h a t the s t a t e and local officials on 
the TLV commit tee were not Issuing terr ibly burden-
some limits for the i r local p lants to meet, industry 
adjusted to th is s t a t e of a f fa i r s wi thout protest . 

Meanwhile, t he commercial izat ion of new chemicals 
by industry f a r outs t r ipped the capabilit ies of a volun-
teer commit tee to keep up. As new chemicals were 
widely introduced by the hundreds , the TLV committee 
s t ruggled to add to i ts list less than 10 per year . 
Revisions of t he TLVs, once listed, were fewer still, and 
it Is evident t ha t , a f t e r the f i rs t few years , the pr imary 
focus of the TLV commit tee was on expanding the list. 
Until 1962, th is responsibility was handled by a com-
mittee of only four to e ight people. 

Many pitfalls of re l iance on the TLVs had been antic-
ipated from the t ime they were launched. W.P. Yant, 
f i rs t Pres ident of t he Amer ican Indust r ia l Hygiene As-
sociation , told members of the Indust r ia l Hygiene Foun-
dation t h a t monitored a v e r a g e concentrat ions of a i r 
contaminants would not t ake account of several factors: 
peak exposures t h a t could be very harmful , synergist ic 
effects of mult iple exposures , and the g r ea t increases in 
respirat ion r a t e s a r i s ing f rom high levels of physical 
activity and work In hot environments . ' 4 

Yant also observed t h a t lists of limits gain "pres t ige 
and author i ty t h rough mere copying and repeti t ion." 
He warned t h a t manda to ry requirements , which the 
TLVs were clearly destined to become, were usually 
minimum requi rements , " represen ta t ive of the worst 
permissible condit ions." Such requirements , he said, 
could "stifle p rogress and f reeze endeavor a t the estab-
lished minimum."1 4 Yant ' s apprehensions proved well 
founded, as t h e TLV commit tee fell f u r t h e r behind In its 
efforts to keep pace with innovation. As the list of TLVs 
grew longer, more of t he limits would tend to be based 
on reviews and Information not updated for years . 

British au thor i t i e s cri t icized American pract ice for 
Its heavy emphasis on measu remen t and reliance on 
reference limits. Noting t h a t TLVs were almost always 
amended In the downward dlreotlon, "reducing the con-
centrat ion formerly accepted as safe ," United Kingdom 
factory inspector Bryan Harvey 1 0 p re fe r red to call them 
"theoret ical ly allowable maximum concentrat ions." 
Medical Inspec tor of Fac tor ies A.I.G. McLaughlin1 6 

derided the very Idea of threshold limits as reflect ing 
an assumption t h a t "man is a s tandardised machine." 
The Indoctr inat ion of American indust ry and profession-
als with a preoccupat ion with tak ing samples and de-
signing controls to meet re fe rence exposure limits was 
in t u r n seen a s the basis of ano the r serious shortcoming: 
a peculiarly Amer ican tendency to consider substi tution 
of dangerous ma te r i a l s a s the las t line of approach to 
health hazard control Instead of the first.1 0 

Industr ia l physicians In the United Sta tes were also 
dismayed a t t he g rowing acceptance of the TLVs, Issued 
by a committee dominated by industr ial hygiene engi-
neers, chemists, and toxicologists. Initially, not a single 
physiolan was on the TLV commit tee: a t most, physicians 
comprised only a small minor i ty of the committee mem-
bers. Never had the c h a i r m a n of the TLV committee 
been a physician ( th is would not happen until 1985). At 
a 1952 meet ing of leaders of the Indust r ia l Medical 

Association, clinician Frank Princi said: "(M|ost of t he 
[TLVs] a r e picked out of a hat , 95 percent a r e on the 
basis of animal experiments only, Incorporated Into s t a t e 
codes, and we a re faced with ridiculous s t andards . Is 
t h e r e a doctor among the group t ha t pu ts out these 
s t a n d a r d s ? " 1 7 

Afte r all, wha t Industrial hygienist sees the workers ' 
heal th 6 ta tus the way the plant doctor does? W h a t 
toxlcologist Is int imate enough with his r a t s to learn 
whe ther they feel pain or a re suffer ing f rom reduced 
mental acu i ty? Wha t did these government engineers , 
chemists , and toxicologists read or know of the medical 
l i t e r a tu re , even jus t what is impar ted In JAMA o r the 
Lancet? I t would have been malpraotlce if a council of 
doctors had prescribed such a list of exposures as ap-
proved for consumption by all the workers In the coun-
t ry . 

ACGIH nonetheless went on to make the essentially 
medical evaluat ions on which new TLVs were based. 
The indus t r ia l physicians' group did not under take the 
task of e i the r publicly criticizing the TLVs or proposing 
its own workplace exposure limits. Only occasionally did 
Individual industr ia l physicians pass on Information to 
the TLV commit tee through the 1950s and 1960s. 

Led by toxlcologist He rbe r t Stokinger of the Publlo 
Hea l th Service, the TLV committee expanded Its mem-
bership and output In the early 1960s. ACGIH also 
published for the f i rs t time a volume entit led Documen-
tation of Threshold Limit Values™ where the basis for 
about 250 TLVs was s ta ted, with references, in the 
space of 112 pages. 

S tok inger approached the Manufac tu r ing Chemists ' 
Association (now Chemical Manufac tu re r s Association) 
for Increased input from member firms s t a r t i n g In 1964. 
This me t with limited response. The companies had no 
s t a t u t o r y duty to disclose new knowledge about chemi-
cals used In genera l Industry before the passage of the 
Toxic Subs tances Control Act In 1976. In the yea rs 
before the Occupational Safety and Heal th Act (1970) , 
regula t ion of workplace health hazards by the s t a t e s 
was minimal, and manufac tu re r s were about the only 
par t ies capable of knowing what the exposures were In 
the i r p lan t s and whether there were adverse medical 
consequences. ACGIH's annually republished claim t h a t 
the TLVs were based on the "best avai lable" Information 
thus sidestepped the reali ty t ha t the TLV commit tee 
was. lef t begg ing for data . A committee of the Indus t r ia l 
Medical Association acknowledged t h a t unpublished 
d a t a was in the possession of companies t h a t could 
cont r ibu te to the establishment of " real is t ic TLVs."1 0 

Corporate Influence on the TLVs 

Tho recommendat ions of corpora te officials and con-
su l t an t s were given g r ea t weight by TLV Chai rman 
Stokinger . Massachuset t s health official and longt ime 
TLV commit tee membor Hervey El kins complained In a 
l e t t e r to fellow committee member William Freder ick in 
1966: " I t annoys mo no end, t ha t any aotion t ha t could 
possibly adversely affeot à cer ta in chemical company Is 
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immediately objected to by a consu l tan t to said company, 
and the objection is a lways accepted by the Cha i rman . " 
T h e companies themse lves . Individually and unde r the 
auspices of such g r o u p s a s t h e Indus t r i a l Hygiene Foun-
dat ion. also had perlodio mee t ings with member s of t he 
TLV commit tee and communica ted the i r concerns both 
oral ly and in wr i t i ng . 

J u s t as some c o r p o r a t e communica t ions to the TLV 
commit tee delayed o r p reven ted act ion, o the r unpub-
lished informat ion was accepted as t he basis for s e t t i ng 
TLVs. T h e g rowing re l i ance on unpublished co rpo ra t e 
communica t ions , some of which were phone calls and 
mos t of which do no t su rv ive in wr i t t en form today, Is 
ref lec ted in the Documentation.0'00 

By 1986, unpubl ished c o r p o r a t e communicat ions were 
i m p o r t a n t in s u p p o r t i n g TLVs for 104 subs tances out of 
less t h a n 600 l isted in t h e Documentation ( 5 th ed) . F o r 
twenty-f ive of these key communica t ions f rom co rpo ra t e 
employees (ou t of 104), t h e c o r p o r a t e aff i l iat ions of t he 
co r responden t s w e r e no t s t a t e d In the Documentation. 
Of the 104, t he 37 cases of unpublished " indus t r i a l 
exper i ence" re f lec t a p a t t e r n of uncr i t ica l accep tance 
of asse r t ions f rom financially In te res ted par t ies , based 
on s c a n t d a t a of poor qua l i ty . These asser t ions , absen t 
exp lana t ions of m a t e r i a l s and methods used, would 
neve r be accepted for publ icat ion in medical or o the r 
scientif ic l i t e r a t u r e . Moreover , they include many eval-
ua t ions of a medical n a t u r e t h a t were repor ted by 
indus t r ia l hygienis ts and o t h e r nonphysicians.*'8 0 

Some had expec ted t h a t the s to ry of the TLVs would 
have ended wi th t h e adopt ion by OSHA of most of the 
1968 TLVs as i t s first s e t of exposu re limits. Congress 
establ ished and funded NIOSH for purposes of conduct -
ing r e s e a r c h and m a k i n g recommenda t ions to OSHA for 
hea l th s t a n d a r d s . B u t t h e TLV commit tee not only re -
mained as ac t ive a s eve r a f t e r 1970, It even pe rmi t t ed 
ful l- t ime employees of chemical companies to become 
cen t ra l ly involved In t h e deve lopment of the TLVs. 

T h e par t ic ipa t ion of i n d u s t r y r ep re sen t a t i ve s on the 
TLV commit tee began wi th the addi t ion of Dow toxicol-
ogis ts V.K. Rowe and Theodore Torkelson as "Ilason 
m e m b e r s " in 1970. These men w e r e assigned responsi-
bility for developing "documen ta t i ons" on which new o r 
revised TLVs would be based. T h e chemicals ass igned 
to them init ially w e r e all Dow p roduc t s (2,4,5-T, vinyl 
chloride, e thylene glycol, methyl bromide, and propylene 
glycol methyl e t h e r ) . No objection was evidently m a d e 
over t he f ac t t h a t m a n y of t h e chemicals ass igned to 
these employees of Dow a n d indus t r i a l hygienist J a m e s 
M o r g a n of D u P o n t ( s t a r t i n g in 1972) were p roduc t s 
marke t ed by the firms t h a t employed them. The chemical 
a s s ignmen t s of these individuals were r egu la r ly r e -
corded in the m i n u t e s of t he TLV commit tee , a l though 
publicly i t was s t a t e d t h a t these "consu l t an t s " did no t 
ac tua l ly vote on adopt ion of TLVs.8 1 

P e r h a p s because the c o r p o r a t e r ep re sen t a t i ve s were 
paid for t h e i r work on the TLV commit tee and provided 
with the ample r e s o u r c e s a n d s u p p o r t of the i r employ-
ers , they were a m o n g t h e most ac t ive con t r ibu to r s to 
the TLVs. TLV commi t t ee minu te s and o the r r eco rds 
show t h a t Torkelson, individually a n d a s c h a i r m a n of 
key subcommit tees , w a s ass igned a t least 30 of Dow's 

ha logena ted solvents, pesticides, and o t h e r i n d u s t r i a l 
chemical p roduc t s between 1970 and 1988 (s ince 1977, 
inc luding perchloroethylene, t r lohloroethylene, 1,3-
d lchloropropene , dlvlnylbenzenes, carbon t e t r ach lo r ide , 
chlor ine , propylene dichlorlde, e thylene d iamine , m e t h -
ylene chlor ide, and ac ry lamide) . Similarly, M o r g a n a n d 
his successor Gerald Kennedy of DuPon t obta ined t h e 
task of document ing many DuPont pest icides, chloro-
fiuorocarbons, and o ther p roduc ts (since 1977, Including 
hydrogen cyanide, acryloni t r i le , hexaf luoroace tone , p -
n 1 t rochl o rob en zen e, t r i ch loro t r l f luoroe thane , a n d dl-
me thy fo rmamlde ) . 8 

Dr G e o r g Klmmer le has been listed In TLV booklets 
s ince 1981 simply as "German MAK Commission l iason ." 
H e Is a physician employed by the G e r m a n chemica l 
p roduce r , Bayer , whose US subsidiary Mobay makes 
pest icides, isocyanates , and o ther chemicals . Sho r t l y 
a f t e r jo in ing the TLV committee, K lmmer le was p r i -
mar i ly responsible for the decision to double t h e TLV 
for one Mobay pesticide ( fenthlon) . He then d r a f t e d 
documenta t ions for new TLVs for t h r e e o t h e r pest ic ides 
made in the US solely by Mobay (fenamlphos, m e t r i b u -
zin, and eulprofos) . The o ther five chemicals r ecorded 
a s ass igned to Klmmer le (amltrole . t h l r a m , xyl ldlne, 
pe rch lo romethy l me rcap t an , and phenylene d i a m i n e ) 
a r e p roduced by Bayer in West Germany. K i m m e r l e ' s 
hand l ing of TLV commit tee work, unlike his du t i e s wi th 
the G e r m a n MAK {Maximum Workplace Concen t ra t ion] 
Commission, were not requi red to be handled a s a con-
fidential, s e p a r a t e m a t t e r from his job a t Bayer . 

In all , c o r p o r a t e represen ta t ives were given p r i m a r y 
responsibi l i ty for developing TLVs on m o r e t h a n 100 
subs t ances between 1970 and 1988, including a t l eas t 
36 classif ied a s carc inogens by official bodies. (Complete 
Informat ion on t h e chemical ass ignments Is no t even 
avai lab le f rom ACGIH.) T h e r e is no quest ion t h a t t h e 
economic impact of the TLVs on the chemical Indus t ry 
genera l ly and on Dow, DuPont , and Bayer in p a r t i c u l a r , 
has been enormous . T h e r e soems no reason to doub t t h a t 
chemical i ndus t ry employees working on the TLV com-
mi t t ee w e r e implement ing corpora te policies of t h e i r 
firms. Th i s view Is consis tent with Dow's r e c o m m e n d a -
t ions to OSHA to adopt the TLVs ins tead or s t r i c t e r 
NIOSH recommenda t ions for seven Dow p roduc t s , a t 
leas t s ix of which had been handled by Torkelson on t h e 
TLV commit tee . 8 

I n d u s t r y employees aside, pract ical ly no th ing h a s 
been disclosed about the documentat ions ass igned to 
commi t t ee member s who had pa r t - t ime consu l t ing r e -
la t ionships with chemical producers . ACGIH h a s n e v e r 
r equ i red m e m b e r s of the TLV committee who do corpo-
r a t e consu l t ing to e i the r disclose these business connec-
t ions o r excuse themselves f rom development of TLVs 
on chemica ls of impor tance to the i r cl ients . T h e TLV 
booklets h a v e listed such persons only by af f i l ia t ions 
they had wi th universi t ies . 

TLV commi t t ee minutes fleetlngly ment ion mee t ings 
of t he c o m m i t t e e and Its subcommit tees wi th dozens of 
r e p r e s e n t a t i v e s of companies and t r a d e associa t ions . 
No th ing in w r i t i n g r e l a t i ng to most, if not all , of these 
mee t ings Is in t h e chemical files a t ACGIH. R o b e r t 
Sp l r t a s , a m e m b e r of the commit tee since 1981, wro te 
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of his impression of these encounters in a 1987 le t te r to 
TLV Chairman E. Mas t romat teo : " [ P r e s e n t a t i o n s by 
outside groups have, in my exper ience , a lways been 
allied with the management point of view. The major i ty 
of the presentat ions have been personal In te rpre ta t ions 
of the published l i t e ra tu re . In my opinion, these près-
en t a t Ions have been a t t emp t s to lobby the committee, 
with very little new da ta . " This s t a t e of a f fa i r s led 
ACGIH Seore ta ry-Treasurer Philip Bierbaum to urge . 
In a 1988 memorandum to the ACGIH Board, t h a t no 
presentations by outside groups to commit toe members 
be allowed unless they a r e publicly announced and open 
to the public. 

As of late 1988, the TLV commit tee would not even 
permit Interested scientis ts to a t t e n d its meet ings as 
observers. Only a f t e r OSHA had proposed to adopt 
hundreds of the TLVs In 1988 did ACGIH allow re-
searchers to examine re levant ACGIH files (eg, recent 
TLV committee minutes) . 

The TLV committee has s tout ly refused to publicly 
disclose members ' paid sources of co rpora te consult ing 
work. This might be extensive, a s the p resen t 22-mem-
ber committee includes only six ful l- t ime government 
employees. The TLV commit tee has also resis ted rec-
ommendations by Its only labor r ep re sen t a t i ve and mem-
bers of the ACGIH Board t h a t indus t ry employee mem-
bers of the committee be precluded f rom d r a f t i n g TLV 
documentations. 

Although some reforms may finally be ins t i tu ted In 
1989, the many TLVs j u s t adopted a s OSHA s tandards 
a r e a legaoy of an ear l i e r e ra . F o r m e r NIOSH director 
John Flnklea has remarked t h a t the TLVs were " the 
resul t of a process t h a t would cu r ren t ly be viewed as 
seriously flawed."88 

Medical Inadequacy of the TLVs 

The Information base upon which the TLVs were 
developed was severely limited. Fo r s t a n d a r d s intended 
for a potential lifetime of exposure , chronic d a t a a r e 
critical. However, for a t least 90% of the TLV chemicals, 
sufficient da ta on long- term effects a r e unavailable, 
e i ther from animal s tudies or s tudies of indus t r ia l work-
ers with long-term exposure to known concent ra t ions of 
the substances. 

The very concept of a. dally average exposure limit 
has been at tacked as being inconsis tent with what Is 
known about toxicity, and evidently o r ig ina t ing more 
from economic than scientific considerat ions.0 9 '8 4 Ath-
erley's analysis concluded t h a t t he t ime-weighted aver-
age index "cannot be viewed as a scientif ic Idea under-
pinned by ei ther empirical evidence or plausible scien-
tific hypothesis."M In view of this , the TLV committee 's 
deletion In 1984 to 1986 of most of the shor t - t e rm 
exposure limits was par t icu la r ly ha rmfu l . ( "STELs" for 
nearly 200 substances were dropped pr io r to OSHA's 
adoption of the TLVs.) 

The TLV committee 's heavy re l iance on animal da ta 
(mostly acute and subacu te toxici ty s tud ies ) raises a 
number of unavoidable problems. One canno t elicit a 
medical history from an animal , and symptom d a t a can 
be missed t ha t could be severe enough in a human to 

Interfere with productive function a t work. In addit ion, 
the animal d a t a ga thered were very limited in scope as 
well as du ra t ion . Typically, no study was done of neu-
rologic and neurobehavioral function beyond meage r 
observat ions of animal behavior such as lothargy, f ight-
ing, etc. Thus , animal studies a re unable to eva lua te 
cognitive changes such as we now know can occur f rom 
exposure to many solvents and other chemicals. 

Animal s tud ies also have not included an evaluat ion 
for pu lmonary function, despite the fact t ha t many 
chemicals a r e i r r i t a n t s a n d / o r chemical allergens, and 
repeated exposure to such agents could well reduce 
pulmonary funct ion, nor was immunologic function eval-
uated for t he vas t majori ty of chemicals. Endocrine 
function was a t best evaluated by an occasional blood 
glucose tes t , typically ignoring the potential for endo-
crine a l t e r a t ions In o ther organs. Animal s tudies often 
did include information on the appearance of many bu t 
not all o rgans a t dea th by gross and light mloroscoplo 
analysis. However useful s t ruc tu ra l Information Is, 
though, i t is not a subs t i tu te for evaluating the funct ion 
of organs . 

Another shor tcoming of the TLVs was the f requen t 
fai lure to use information t ha t was available. For ex-
ample, no sys temat ic l i t e ra ture search was done in 
p r epa r ing documentat ions on hundreds of chemicals. 
References used a r e often very dated, and more recen t 
Information Is often missing. Information In the in te r -
nat ional medical l i t e ra tu re does not appear to have been 
reviewed for the vas t majori ty of chemicals. In fact , 
l i t t le r e fe rence is made to the basic US medical l i te ra-
t u r e in the TLV documentat ion. Thus, cont rary to the 
TLV booklet 's pers i s ten t claim, the TLVs a r e not "based 
on the bes t avai lable Information." 

The medical Inadequacy of the TLVs Is evident f rom 
a review of four occupational medicine journals since 
the s t a r t of 1987 (Table) . From this limited sampling, 
it would a p p e a r t h a t f u r t h e r evidence of ha rm a t and 
below the TLVs appears in the l i te ra ture almost 
monthly. This review did not include Industrial hygiene, 
toxicology, and genera l medical journals. Other scien-
t is ts a r e encouraged to review these for sub-TLV effects. 

The development of TLVs and evaluation of re levant 
scientific l i t e r a t u r e have mainly been done by Industr ial 
hygienists and o the r nonphysiclans. Although Industr ial 
hygienists a r e vital to developing control s t ra teg ies for 
chemicals, most lack t ra in ing In the biomedical sciences 
to In t e rp r e t hea l th effects da ta reliably and Independ-
ently. Yet th is Is exact ly what they hod to do as volun-
teers on the TLV committee. Copies of reviewed ar t ioles 
were genera l ly not provided to the ent i re committee: 
the sole responsibil i ty for accura te Interpretat ion of t he 
ar t ic les typically fell to the committee member assigned 
each chemical . The resul t was a list of exposure limits 
produced a lmost entirely by hygienists, chemists, and 
toxicologists, most of whom lacked the necessary t r a in -
ing, let a lone clinical experience with humans. 

Toxic Torts and the TLVs 

I t Is Ironlo t h a t dootors may now be asked to confer 
legl t imacy-in-ret rospeot on the TLVs. 
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Substance 

Benzene 
Beryllium 
Cadmium 

2-Elhoxyethanol and 
2-Methoxyethanol 

Ethylene diamine 
Ethylene oxide 

Formaldehyde 

Glutaraldehyde 

Lead (naphthenale) 

Manganese dust (inorganic) 
Mercury vapor 
Methyl chloroform 

(1,1,1-trichloroethane) 

Oil mist, mtneral 
Silica 

Styrene 
Sulfur dioxide 

Sulfuric acid mist 
Toluene 

TABLE 
Heallh Ellects at and below the TLVs* 

Effects Reported/Exposure 

Neurobehavioral performance effects after 4 h at 250 
ppm 

Bone marrow changes, leukemia, at or below 1 ppm 
Respiratory sensitization below 2 «ig/m* 
Changes in renal function at 0.007-0.039 mg/m3 

Changes in renal function at 0.003 mg/m3 

Changes in renal function at cumulative exposures 
equal to 20-22 yr at 0.05 mg/m3 

Lowered sperm counts and reduced red and white 
(granulocytes) blood cell counts at combined expo-
sure to 9.9 mg/m3 2-EE and 2.6 mg/m* 2-ME 

Respiratory sensitization at 1 - 1 0 ppm 
Increase In sister chromatid exchanges in lympho-

cytes at 0.35 ppm 
Respiratory cancer, allowing for 10 yr latency, 0 .1-1 

ppm j 
Pathologic changes In nasal mucosa at 0.1-1.1 mg/ m 
Increased respiratory symptoms and headache below 

0.04 mg/m3 

Blood lead concentrations over 60 M9/dL; mean 
ZPPf of 265 ng/dL, at 0.96 *ig/m3 

Fatigue, trembling, tinnitus, irritability at 1 mg/m3 

EEG changes at 25 pg/m3 

Behavioral performance deficits with 3 h at 175 ppm 
and 350 ppm 

Decreased DNA concentrations in the brains of ger-
bQs after continuous exposure to 70 ppm for 3 
mos 

Cross-shift decline In 1-sec FEV at 0.2 mg/m3 

Lung scarring in bricklayers exposed to dust (2.1% 
free silica) 0.5-2.0 mg/m3 

Occupational asthma at 62.7 mg/m3 

Bronchoconstriction among asthmatics after 3 - 5 mln 
• at 0.5 ppm 
Laryngeal cancer at 0.2 mg/m3 

Neurobehavioral effects in rats exposed 20 min to 
125 ppm 

Impairment in human performance after 6 - 6 . 5 h at 
100 ppm 

Increased fatigue, short-term memory changes, re-
duced concentration at 11.5 ppm and 41.8 ppm 

Neurobehavioral changes (visual vigilance) alter 4 h 
at 100 ppm 

Asthma developed within 1 yr in 9 workers, at 0.002 
ppm 

Blue haze (loggy vision), corneal edema, eye irritation 
at 18 mg/m3 

Lung function changes in guinea pigs exposed 3 h on 
6 consecutive days to 5 mg/m3 

TLV 

750 ppm 

10 ppm 
2 uQfm* 
0.05 mg/m3 

19 mg/m3 (2-EE) 
16 mg/m3 (2-ME) 

10 ppm 
1 ppm 

1 ppm 

(1.5 mg/m3) 

0.7 mg/m3 

150 pg/m3 

5 mg/m3 

50 MS/m3 

350 ppm 

5 mg/m3 

2 mg/m3 

215 mg/m3 

5 ppm* 

1 mg/m3 

100 ppm; 150 
ppm* 

0.005 ppm 

40 mg/m3 

5 mg/m3 

Ret 

25 

2 6 . 2 7 
28 
29 
30 
31 

3 2 . 3 3 

34 
35 

36 
37 
38 

39 

40 
41 
42 

43 

44 
45 

46 
47 

48 

49 

50 

51 

52 

53 

54 

55 

Toluene diisocyanale 

Triethylamine 

Zinc oxide fume 

Medicine. 
t ZPP. Zinc protoporphyrin. 
$ Short-term exposure limit. 

An I n c r e a s i n g n u m b e r of p e r s o n s a r e a p p e a r i n g b e f o r e 
t h e c o u r t s w i t h c o n d i t i o n s m e d i c a l l y a t t r i b u t e d t o c h e m -
ica l e x p o s u r e s . T h e c o u r t s a r e I n t e r e s t e d In k n o w i n g 
t h e s t a t e of m e d i c a l k n o w l e d g e w h e n t h e s e p e o p l e ' s 
e x p o s u r e s t o c h e m i c a l p r o d u c t s a n d w a s t e s o c c u r r e d . A 
r a t i o n a l e o f t e n u s e d t o p a r r y c h a r g e s of n c g l i g e n c e a n d 
a s s e s s m e n t of l i a b i l i t y Is k n o w n a s t h e " T L V d e f e n s e . " 
T h i s a m o u n t s t o : W e t h o u g h t t h a t t h e e x p o s u r e s h e r e 
w o u l d b e b e l o w t h e T L V s , a n d w e a l s o t h o u g h t t h e T L V s 
w e r e safe, s o w h a t h a p p e n e d Is n o t o u r f a u l t . 

B u t a l t h o u g h t h o s e in o t h e r p r o f e s s i o n s m a y s a y , " w e 

t h o u g h t t h e T L V s w e r e s a f e a n d s o u n d , " I t Is t h e o p i n i o n 
of t h e m e d i c a l p r o f e s s i o n ( l e , not t h e m e d i c a l o p i n i o n of 
t h e i n d u s t r i a l h y g i e n e p r o f e s s i o n ) t h a t is m o s t o f t e n 
s o u g h t t o t e s t s u c h c l a i m s t o d a y . C o n s e q u e n t l y , d o c t o r s 
m a y b e a s k e d to a p p r a i s e t h e T L V f o r o n e o r m o r e 
c h e m i c a l s , t h e T L V s in g e n e r a l , a n d pos s ib ly e v e n t h e 
T L V c o m m i t t e e , t oo . 

I t i s h a r d e n o u g h t o look b a c k o n t h e w i t h h o l d i n g of 
m e d i c a l e x p e r t i s e a n d m e d i c a l k n o w l e d g e t h a t l e f t s o 
m u c h t o t h e T L V c o m m i t t e e f o r s o l o n g . B u t I t Is 
p r o f e s s i o n a l l y h u m i l i a t i n g w h e n d o c t o r s a r e a s k e d t o 
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dignify the medical s t a t u r e and safety of guidelines t h a t 
were never really a product of industr ia l medicine. 
Lawyers defending chemical liability cases may find t h a t 
the TLV defense Is easier for them to raise in an opening 
a r g u m e n t than it is to suppor t with credible medical 
test imony. 

Alternatives to the TLVs 

T h e r e Is an u rgen t need to compile the Information 
t h a t Is available but has been ignored in the TLV 
development process. For example, the New Jersey De-
p a r t m e n t of Health recently utilized chronic heal th 
effects d a t a f rom the Environmental Protect ion Agency 
known as the In tegra ted Risk Informat ion System 
( IRIS) d a t a base. Workday a i r concentra t ions were 
calculated for noncarcinogens and carcinogens, r epor t -
edly corresponding to no risk of chronic heal th effects 
or ( for carcinogens) a one-in-a-mllllon lifetime risk of 
cancer . The resul t ing exposure limits, even for noncar-
cinogens, were markedly lower than the TLVs, not 
infrequent ly by 3 or more orders of magni tude (R.T. 
Zagranlskl , 1988 testimony of the N J Depa r tmen t of 
Hea l th a t informal hear ings on OSHA's proposal to 
upda te permissible exposure limits for toxic sub-
s tances) . IRIS d a t a exist on many more chemicals and 
could be used to supplement our unders tanding . 

F u r t h e r use needs to be made of the in terna t ional 
l i t e ra tu re , par t icular ly the industr ial ized countries. 
Much information on chemical effects Is available in 
English f rom the Scandanavlan countr ies . In addition, 
the Soviet Union has exposure limits on more than 1400 
chemicals. These limits were reportedly developed to 
p reven t physiologic al terat ion, not j u s t clinical disease. 
Crit ics of the Soviet exposure limits have sometimes 
ra ised a separa te presumption t ha t the Soviets in prac-
tice follow less s t r ingen t limits. But the medical Issue is 
not t he s t a t e of Soviet engineering pract ice . Physicians 
need to have as many da ta as possible on long-term 
effects of chemicals to unders tand w h a t levels could 
cause h a r m . Philosophic and political differences have 
not prevented soientlfio cooperation in o ther heal th-
re la ted a reas , and Internat ional re la t ions now offer hope 
for expanded USA-USSR contact on m a t t e r s of Impor-
t ance in Industrial medicine. 

Exposed workers themselves a r e a potentially vas t 
source of da ta . The US experience in occupational heal th 
is t h a t medical and environmental moni tor ing t h a t Is 
not legally required is often not conducted. We a r e thus 
missing an enormous amount of potential ly useful 
heal th-effects d a t a on early functional changes in work-
ers . OSHA's expected medical and a i r moni tor ing s tand-
a r d s may soon help s t imulate indust ry to gene ra t e this 
dose-response da ta . However, doctors should not wai t 
for legally mandated monitoring to begin to conduct 
medical evaluations for potential heal th effects below 
the TLVs. 

Indus t ry needs to provide adequa te resources to allow 
physicians to visit workplace a r e a s regula r ly , to monitor 
all exposed workers medically, and to upda te the i r 
knowledge about toxicologic effects r egu la r ly . Dootors 

need adequa te computer and o ther l i t e ra tu re acoess for 
all subs tances used, released, and produoed In the work-
place. 

Doctors also need to be provided with sufficient t ime 
to do a thorough "review of sys tems." Experienoe has 
shown t h a t a g r ea t deal of knowledge on chemical health 
hazards is not In the books, and c lus ters of adverse 
effeots can be clinically Identified sometimes before one 
of our busy medical colleagues has gotten the problem 
Into p r in t . Clinical cases a r e f requent ly the first evi-
dence of occupational disease phenomena, and the pa-
t ients themselves a re an indispensable source of Infor-
mation. With the deficiency of published l i t e ra ture on 
the chronic offects of most chemicals In use, the need 
for dootors to take the t ime to listen to patients Is 
underscored. Occupational medicine Is a demanding 
field, and a full evaluation of a single person with Illness 
potentially related to chemical exposure can take sev-
era l hours . 

Much be t t e r use can be made of Industrial nurses, 
especially In small plants , where it Is nurses who are 
the first to see problems and h e a r workers ' health 
complaints. Industr ia l nurses and physician assistants, 
working with physicians, a r e capable of playing a more 
sophist icated role In occupational disease assessment 
than they have been offered In the past . To be most 
effective, however, these professionals will need to de-
velop addit ional skills In occupational disease recogni-
tion. Fo r example, they will r equ i re f u r t h e r t ra in ing 
r e g a r d i n g the toxic effects of chemicals, taking medical 
and occupational exposure histories, and conducting 
physical examinat ions. The i r pre l iminary assessments 
can then be useful In a t eam approach, working with 
the physician. 

Indus t r ia l hygienists can expand their reconnalsancc 
capabili ty fa r beyond the generat ion of numbers on 
exposure levels. Indus t r ia l hygienists, as well as nurses 
and worker health and safety representat ives, need 
specific t ra in ing on the toxic effects of chemicals on the 
body and on how to interview workers for health effects 
In the in tervals between medical monitoring. These 
heal th effects interviews, a l though not a subst i tute for 
medical evaluation, can nonetheless assist In the early 
deteotlon of effects f rom I r r i t an t s , sensit izers, and nerv-
ous system toxins. 

The New Jersey Depa r tmen t of Heal th Is developing 
a Guide to Workplace Inspection t ha t could facilitate 
this process. T h a t agency 's Hazardous Substance Fact 
Sheets , now available for about 1000 chemicals, Includc 
t a rge t -o rgan toxicity Information t ha t can help to focut 
workplace heal th-effects interviews. 

Because the TLVs lack scientific validity, the role oi 
a i r moni tor ing should be a di f ferent one. A specific air 
concentra t ion should never be relied upon as indicating 
safety. Ra the r , air monitor ing should be used to asses? 
the effectiveness of controls. In addition, because a t this, 
t ime t h e r e a r e no known safe exposure levels, physlclanr 
as p a r t of the managemen t team should Insist on controls, 
t ha t reduce all exposures to the maximum extent tech-
nically feasible. To advocate a lesser degree or protection 
would violate the dictum to "do no ha rm." 
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Similar ly, workplace inspec to r s may be b e t t e r off not 
us ing the TLV booklet a s now w r i t t e n , because of the 
mis leading asser t ions s t a t ed In its p re face . These inac-
c u r a t e c la ims ( "based on t h e bes t ava i lab le Informa-
t lon" ; "nea r ly all worke r s may be repea ted ly exposed 
day a f t e r day wi thou t a d v e r s e e f f e c t " ) provide a false 
sense of secur i ty to nonmedica l personnel . Unless such 
olalms a r e deleted f r o m TLV booklets , indus t r i a l physi-
c ians would be p r u d e n t to Ins tead obta in or encourage 
development of o the r sou rces of in fo rmat ion . 

Despite laws and r e g u l a t i o n s g iv ing workers the 
" r i g h t to know," mos t h a z a r d communica t ion t r a in ing 
p r o g r a m s a r e g e n e r a l and p r e p a c k a g e d , and do not 
add res s the specific toxio e f fec t s of t he subs tances used 
In t h e workplace . If worke r s a r e no t p roper ly Informed 
about such dange r s , they will no t be p r e p a r e d to a l e r t 
t he medical d e p a r t m e n t when ear ly symptoms develop. 
Indus t r i a l physicians should e n s u r e t h a t all haza rd com-
munica t ion t r a i n i n g fulfi l ls t h e legal r equ i r emen t to 
Include h a z a r d s of t he specif ic chemica ls used. The New 
J e r s e y H a z a r d o u s Subs t ance F a c t s h e e t s a r e pa r t i cu-
lar ly useful in th i s r e g a r d , a s they d iscuss ear ly symp-
toms a n d effects in lay Engl i sh t h a t t h e worker and 
superv i so r can u n d e r s t a n d . 

Of course , It Is p r imar i ly i n d u s t r y ' s responsibil i ty to 
provide and encourage a d e q u a t e , coord ina ted occupa-
t ional hea l th p r o g r a m s . J u s t a s m a n a g e m e n t provides 
eng inee r s wi th flow c h a r t s t o moni to r t he Industr ia l 
process , doc tors need to be in formed a b o u t t he ma te r i a l s 
used and c rea t ed In every d e p a r t m e n t . I t is manage-
m e n t ' s responsibi l i ty to e n c o u r a g e cooperat ion between 
hea l t h professionals , to p rov ide t h e resources and a 
f r a m e w o r k for moni to r ing e x p o s u r e s a n d hea l th of work-
e r s , and to g r a n t i ndus t r i a l phys ic ians the au tho r i ty to 
fulfi l l t he i r professional obl iga t ions to t h e people a t 
work . Indus t r i a l physicians will not be able to do thei r 
job well unless and unt i l I ndus t ry r e spec t s t he impor-
t ance of Indus t r ia l medicine a n d makes the commitment 
t o p reven t , not Ignore, occupat ional diseases. 

T h e j u d g m e n t of how much e x p o s u r e can cause disease 
In h u m a n s Is u l t imate ly a medical decision. Indus t r ia l 
physiolans, as a profession a n d t h r o u g h the American 
College of Occupat ional Medicine, have the obligation to 
s t ep f o r w a r d and a s s e r t t h e i r responsibi l i t ies in assess-
ing hea l th h a z a r d s in i n d u s t r y . In fac t , to not do so 
could be viewed a s ma lp rac t i c e by some. Worke r s have 
been 111 served by hav ing c r i t i ca l decisions about the i r 
hea l t h de legated to eng inee r s c a r r y i n g TLV booklets. 
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Leadership Style 

Many modern m a n a g e r s a r e flexible about technology and organiza t iona l s t ruc -
t u r e , bu t . . . they lack the qual i ty of c a r i n g about people and the i r development. 
Only the i r economic values a r e a r t i cu la ted . For most manage r s , organiza t ional 
development is eva lua ted solely in t e rms of product ivi ty and prof i t . Paradoxical ly , 
t h i s to ta l concern with prof i t is wha t causes d i s t ru s t and limits efficiency. People 
only t r u s t leaders who a r t i cu la t e a moral code, who ca re about people and a r e 
competent in the exerc ise of power. 

H e r e one may quest ion whe the r these leaders a r e not l imited by the i r unwilling-
ness to sacr i f ice people for power, whe the r the same qual i t ies t h a t gain t r u s t do not 
l imit success In r each ing the highest p o s i t i o n s . . . . 

T h e r e a r e two answers . One Is t h a t leadership Is needed a t d i f fe ren t levels. All 
leaders do not need to r each the top. The second Is t h a t the new-Btyle leaders mus t 
find allies and build coalit ions. Given t h a t they a r e less cha r i sma t i c and narciss is t ic 
t h a n pas t leaders and t h a t people r e sen t overbea r ing leadership , It Is logical and 
necessary for new leaders to s h a r e the funct ions of leadersh ip and t hus Increase 
the i r power, as they also Increase the powor of o the r s who s h a r e the i r goals. 

— F r o m The Leader by MIchaol Maccoby, Simon and 
Schuster , New York, 1981, pp 222-223. 
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But T h e y A r e N o t T h r e s h o l d s : A Cri t ical A n a l y s i s of 
t h e D o c u m e n t a t i o n of T h r e s h o l d Limit V a l u e s 

S.A. Roach , DSc, PhD, a n d S.M. Rappapor t , PhD 

Threshold Limit Values (TLVs) represent conditions under which ihe TLV Committee 
of the American Conference of Governmental Industrial Hygienists (ACGIH) believes 
that nearly all workers may be repeatedly exposed without advene efTcct. À detailed 
reisearch was made of the1 references in the 1976 Documentation to data on "industrial 
experience" and "experimental human studies." The references, sorted for those in-
cluding both the incidence of adverse effects and the corresponding exposure, yielded 

. 158 paired sets of data. L'pon analysis it was.found that, where the exposure was at or 
below the TLV. only a minority of studies showed no adverse effects ( 11 instances) and 
the remainder indicated that up to 100% of those exposed had been affected (8 instances 
of 100%). Although, (he. TLVs were poorly correlated with the incidence of adverse 
effects, a surprisingly strong correlation was found between the TLVs and the exposures 
.reported in the corresponding studies cited in the Documentation. Upon repeating the 
search of references to human experience, at or below the TLVs. listed in the more 
recent. 1986 edition of the Documentation, a very similar picture has emerged from the 
72 sets of clear data which were found. Again, only a minority of studies showed no 
adverse effects and TLVs were poorly correlated with the incidence of adverse effect and 
well correlated with the measured exposure. Finally, a careful analysis revealed that 
authors' conclusions in the référencés (cited in the 1976 Documentation I regarding 
exposure-response relationships at or below the TLVs were generally found to be at odds 
with the conclusions of the TLV Committee. These findings suggest that those TLVs 
which are justified on the basis of "industrial experience" are not based purely upon 
health considerations. Rather, those TLVs appear to reflect the levels of exposure which 
were perceived at the time to be achievable in industry. Thus, ACGIH TLVs may 
represent guides of levels which have been achieved, but they are certainly not thresh-
olds. 

Key words: TLV, Industrial experience, air contaminants, workplace exposures, irritation, health 
Impairment, narcosis 

INTRODUCTION 

The list of Threshold Limit Values (TLVs) of the American Conference of 
Governmental Industrial Hygienists (ACGIH) has had a profound influence upon the 
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tiaic of occupational hygiene in ihe U.S. und. indeed, throughout the world. AI-
thuuch intended as unofficial yuiJc* ol acceptable exposure U> chemical and physical 
aaents in the workplace. these limits are widely applied as official limits by many 
states and countries. In point of fact, in the U.S. . the Occupational Safety and Health 
Administration (OSHA) his twicc adopted essentially the entire list ol TLVs for 
Chemical Substances as enforceable limits: first the 1963 list under a one-time pro-
vision made for incorporatinn existing federal and national consensus standards (Sect. 
6(a). OSH Act) [OSH Act. Ï970 | . and recently the 1987/88 lise in an unprecedented 
action (OSHA. 1989]. ACGIH TLVs formed the basis of the West German list of 
maximum workplace concentrations iMAKs) [Henschler. 1984). the British list of 
occupational exposure standards (OESs) [Health and Safety Executive. 1989], the 
Japanese list of maximum permissible exposure limits (PELs) [Toyama. 1985], the 
Swedish list of hygienic limit values (HLVs) [Nordbera et al . . 1988], and many other 

l j t S ' The ACGIH defines TLVs for chemical substances as follows [ACGIH. 1988]: 
"Threshold limit values refer to airborne concentrations of substances and represent 
conditions under which it is believed that nearly all workers may be repeatedly 
exposed dav af terdav without adverse e f fec t . " This statement clearly implies that the 
TLVs are based primarily upon health considerations since "nearly al l" workers 
exposed at the level of the TLV over a working lifetime would be protected. The 
current Chair of the Chemical Substances TLV Committee confirmed this when he 
stated that [Mastromattco. 1983]. " T L V s are health-based recommendations derived 
from assessment of the available published scientific information from studies in 
exposed humans and from studies in experimental animals. For each TLV, there has 
to be a published documentation supporting the comminee recommendation. 

Given these statements, it is not surprising that the various practitioners of 
occupational health generally believe that the TLVs afford substantial protection to 
the workinz population. Yet recently, both the process by which the TLVs have been 
established" [Castleman and Ziem. 1983] and the data supporting the limits [Hen-
schler, 1984; Zielhuis, 1988] have been called into question. Furthermore, each year, 
some of the values are changed, and in the majority of instances they are reduced, 
sometimes to one-half or one-tenth of their previous value. A past Chairman and TLV 
Committee member, in a robust defense of TLVs. remarked recently that . . 

. throuehout' all the more than 40 years existence of threshold limit values, there has 
been no instance of serious health effects, provided exposures were kept at or below 
the T L V s . " [Stokinger, 1988] Why then, it may be asked, have TLVs for such 
chemicals as benzene, vinvl chloridc, and methyl chloride come down from early 
values of 100 ppm, 500 ppm and 20,000 ppm [Cook 1945] to current levels of 10 
ppm. 5 ppm and 1000 ppm [ACGIH. 1988], respectively? Since most values are 
eventually reduced, one cannot help but wonder if the TLVs, indeed, protected nearly 
all workers during the transition period. 

Resolution of this apparent contradiction in the meaning of TLVs can perhaps 
be resolved by examining more closely the key phrase, "nearly all workers." Here 
aeain the current Chairman of the Committee offered the following clanfication 
[Masuomatteo, 1988]: "TLVs are based on the belief in a threshold or thresholds 
below which no adverse health effects would occur in w o r k e r s . . . a l t h o u g h . . . some, 
workers with individual susceptibility may not be protected by the recommended 
T L V s . " This notion that the TLVs protect all workers save, perhaps, a sensitive 
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suhpopulution of persons especially susceptible on grounds of abnormal heredity, 
sensitization, disease, habits, sex. or reproductive status jde Silva. ll)Kft|. is real-
llrmed annually by the ACGIH as follows [ACGIH. I938|: 

Becausc of wide variation in individual susceptibility, however, a small 
percentage of workers may experience discomfort from some substances 
at concentrations at or below the threshold limit: a smaller percentage may 
be affected more seriously by aggravation of a pre-existing condition or by 
development of an occupational illness. 

This statement indicates that a "small percentage" would experience discomfort, as 
perhaps would occur with a respiratory irritant, and that " a smaller percentage" 
might contract a chronic disease at or below the level of the TLV. To find further 
enlightenment as to what is meant by "small percentage" and "smaller percentage." 
it is necessary to analyze the documentation supporting the TLVs in detail and the 
references given therein. A separate companion piece to the TLV booklet is issued by 
the ACGIH under the title. Documentation of the Threshold Limit Values and Bio-
logical Exposure Indices [ACGIH. 1986]. In the TLV booklet the reader is urged to 
consult this Documentation when TLVs are being used [ACGIH. 1988]. 

When evaluating the evidence compiled in the Documentation it becomes clear 
that the TLV Committee has traditionally placed greatest importance upon studies 
involving human experience. This was stated unequivocally by a former Chairman of 
the Comminee. H. Stokinger. about 20 years ago (see Stokinger. 1984] and supported 
more recently by Smyth [1984], who indicated that evidence based upon animal 
experiments must only serve until it can be replaced with documented human expe-
rience. Some 10 yeazs ago one of us studied the references to human experience listed 
under each substance in the 1976 Documentation of the TLVs for Chemical Sub* 
stances [Roach, 1982]. We have recently analyzed the 1986 Documentation [ACGIH. 
1986] to investigate whether the situation has changed since 1976, and in what 
follows we will summarize our findings from both investigations. 

1976 DOCUMENTATION 

In the 1976 list there were TLVs for 488 chemicals of which 225 TLVs were 
based at least in part on human experience. Copies of all the original published 
references to human experience were sought. The major references were the ones 
most easily located and contained the most useful information. Older and more 
abstruse references were progressively more difficult to obtain. The search was dis-
continued when the arbitrary target of 80% of the published references to human 
experience had been acquired. 

References where the atmospheric exposure of the persons was doubtful or was 
not measured were put to one side. References in which there were doubts about the 
incidence of the effect the TLV was designed to prevent were also put aside as were 
those where the number of exposed persons was unclear. This left references to 70 
substances which included data for 158 different groups of employees varying in size 
from one to 1,802 employees (median 10—11 employees). Information derived from 
these references is comprehensively compiled in Appendices A - C according to the 
measured exposure and the nature of the effect which served as the. basis for the TLV 
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(impairment of health. irritation. or narvnsisl. The kev relerences from which the data 
were extracted arc also indicated. 

The pertinent results are summarized in Table I where the incidence of adverse ' 
effects is given for persons exposed at or below the TLV. Some studies did show 
every employee to be free ol* adverse effects when exposed at or below the TLV ( 11 
instances). However, scrutiny of Table I shows that most studies demonstrated an 
incidence of adverse effects which was substantially above zero at the TLV and which 
was even 100% in some cases (8 instances). This was particularly true regardine 
exposure to irritants, where 93 of 174 individuals exposed at or below the TLV 
experienced effects. At exposure levels above the TLVs. the incidence of adverse 
effects tended to be higher when the basis for the TLV was irritation or narcosis than 
when the basis was impairment of health. When all studies in Table I are combined. 
17% of employees exposed to a concentration at or below the level of the 1976 TLV 
were adversely affected. 

When exposure is expressed as a multiple of the TLV and related to the inci-
dence of adverse effects, as in Figure 1. it is apparent that there was no correlation 
between the two variables i r = 0.005: p = 0.39). On the other hand, the correlation 
between the TLV adopted for a substance and the concentrations reported in the 
corresponding studies listed in the Documentation was highly significant (Fig. 2; 
r = 0.26: p<0 .001 ) . The Implications of these observations will be discussed later. 

1986 DOCUMENTATION 

It is well known that over the years TLVs tend to have been lowered, in staees, 
sometimes by large factors. On the other hand. TLVs have been developed**for 
substances new to the list each year. Consequently, the overall picture may or may 
not be changing. In order to examine whether the situation has changed in 10 years 
the 1986 Documentation was analyzed. The labor of the exercise was reduced by 
limiting the analysis to those published references which, on reading the Documen-
tation. appeared to contain data relating to atmospheric exposures at or below the 
1986 TLV. The idea was that these particular references would be the ones to show 
that "nearly a l l " employees did not have adverse effects when exposed at these 
levels. 

In the 1986 Documentation there were TLVs for 600 different chemicals of 
which 127 of the TLVs were based at least in pan on human experience at or below 
the 1986 TLV. Published references to human experience for these chemicals were 
sought and assembled. As in the previous investigation, references were then put to 
one side where, on close examination, it was found that exposures were either not 
measured or were doubtful. References in which there were doubts about the inci-
dence of the effect the TLV was designed to prevent were also put aside as were those 
where the number of exposed persons was unclear. This left references to 29 sub-
stances. Data were available for 72 different groups of individuals, exposed at or 
below the 1986 TLVs, varying in size from one to 1,182 people (median 9 - 1 0 ) ; a 
comprehensive listing of these data is provided in Appendices D and E that again 
includes the key references from which data were extracted. 

Although the number of references investigated from the 1986 Documentation 
was smaller, the picture which emerged was substantially the same as for the 1976 
Documentation. The incidence of adverse effects at the TLV again ranged from zero 
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T.UU.r. 1. Individual.*» Kxpimrd ut or Ildi»» IV7fi I I . \ \ 

Elfcci 

Imjurimcnt 
to health 

Irritation 

Narcosis 

Chemical Exposed Alloc ted 
lixpu&urc 

TLV C? affceted 
Acetonitrik 3 I 1.00 

• Asbestos 57 1 0.96* S 
Asbe»tns 0 0.70 0 
Benzene 47 6 0.72 13 
Beryllium 372 93 > 1.00 25 
Carbon disulfide 16 16 1.00 100 
Carbon disulfide 100 39 < 0 . 5 3 39 
Carbon disulfide 100 53 0.73* 53 
Carbon tetrachloride 6 0 1.00 0 
Chlorine dioxide 12 7 < 1.00 58 
ChlorodiphenyM25 cl 14 7 0.10 50 
Ethylene oxide 37 0 0.15* 0 
Fluoride 189 48 0.66* 25 
Lead 143 21 0.93 15 
Magnesium oxide fume •i 1 0.58 25 
Magnesium oxide fume 4 2, 0.41 50 
Merciiry 3 0 0.80 0 
Mcrcurv 9 1 0.40 II 
Mica 109 I 0.10 92 
Mica 61 20 0.50 33 
2-Nitrepropane 2 0 0.80* 0 
Sulfuric acid 13 0 0.43* 0 
Tetrvl 1182 50 1.00 4 
Toluene 1 3 1 1.00 33 
Toluene 2 1 0.50 50 
Toulene 2,4 diisocyanate 12 0 1.00* 0 
Total: 2524 369 14.6 
Allyl alcohol 6 2 0.39 33 
Butyl alcohol 10 10 0.50 100 
Butyl alcohol 10 10 1.00 100 
Cyanogen 5 0 0.80 0 
Ethyl acetate 10 10 1.00 100 
Ethyl ether 10 io 0.75 100 
Propylene glycol monpmethyl 

ether 1 0 0.47 0 
Propylene glycol monomeihvl 

ether 6 4 0.95 67 
Selenium 62 9 0.15' 15 
Styrene monumer 6 3 0.99 50 
Styrene monomer 3 0 0.51 0 
Vanadium penioxide 8 8 0.72 100 
Vanadium pentoxide 24 20 0.40* 83 
Vanadium pentoxide 5 5 0.40 100 
Vanadium pentoxide 2 2 0.20. 100 
Vinyl chloride 6 0 OJO 0 
Total: 174 93 - 53.4 
Perchloroethylene 8 i » « 0.96 25 

"Exposure assigned at midpoint of range. 
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% Adverse ly A f f e e t e d 

Fig. I. Exposure expressed as a multiple ol the TLV vs. the percent of individuals adversely affected. 
From references to human experience given in the 1976 Doramcntarion of TLVs. (Data given in Ap-
pendices A-C.) 
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0.01 0.1 1 10 100 1000 

Exposure 
Fig. 2. TLV vs. the exposures reported In all studies for particular air contaminants. From references 
to human experience given in 1976 Documentation of TLVs. (Data given in Appendices A-C.) 

(13 instances) to 100% (3 instances) and, as shown in Table II, it appeared that, 
overall, 14% of employees exposed at or below the 1986 TLV were adversely af-
fected. Unlike the data gleaned from the 1976 Documentation, there was a weak but 
statistically significant linear correlation between exposure, expressed as a multiple of 
the TLV, and the percent of individuals affected (Fig. 3; r = 0 . I7 ; p = <0 .001) . 
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0.01 
100 

% Adversely A f fec ted 

Fig. 3- Exposurexxpiessed as a multiple of the TLV vs. the percent of individuals adversely affected. 
From-references to human experience given in the 1986 Documentation of TLVs. iData given in Ap-
pendices D. E.l 

However, as shown in Figure 4. the correlation between the TLV adopted and the 
concentrations reported in the studies of particular contaminants was very strong 
( r = 0.61; pcO.OOl). 

VALIDATION OF THE TLVS? 

The above finding that, at or below the TLV, the incidence of adverse effects 
ranced from 0 - 1 0 0 % and that overall one employee in 6 or 7 was adversely affected 
is clearly at odds with the official definition of TLVs. Indeed, we were so struck by 
this apparent contradiction arising from the very studies which were offered by the 
ACGIH as validation for its limits that we thought our results might have arisen from 
incorrect interpretations of the effects which the Committee intended to protect 
against with the TLVs. Thus, we returned to the 1976 Documentation. for which all 
references to human experience had been sought, and reexamined all of the papers 
which provided information about humans exposed below the 1976 TLV. Of these 
40 papers, 70% were obtained which referred to 28 substances. 

Upon reviewing each of the published articles, extracts were obtained which . 
summarized the salient findings on these 28 substances. As far as possible the 
extracting was done without altering the words employed by the original authors. 
Statements about the effect(s) against which the 28 TLVs were meant to guard were 
also extracted from the 1976 Documentation. Both sets of s t a t e m e n t s are juxtaposed 
for quick reference in the following compilation. We added the words shown in 
italics to link pieces of information derived from portions of the papers. 
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TABI.K il . Individuals t : \ pmnj at nr ll.-lim I'JSh TI.V< 

|£IIcci Cbcmicjl L\p>»cd Alleged U\pmurc TLV 1 alTcctcd 
Impairment to health 

Ace lun it ri le y 1 I.0U 33 
Carbon disulfide 100 39 < MO 39 
Chlorine dioxide 12 7 < 1.00 58 
Chlomdiphenvl* 

42r, a 14 7 0.10 50 
Cyelonite 558 0 0.19 0 
Fluoride 189 48 0.A6' 25 
Hexane 10 0 1.00 0 
Lead 143 21 0.93 15 
Magnesium oxide 

fume 4 I 0.58 25 
Magnesium oxide 

fume 4 2 0.41 50 
Mercunr 18 0 0.26' 0 
Mercury 3 9 0.80 0 
Mercury 9 I 0.40 II 
Niiroglvcerine 8 7 0.72 88 
Nitroglycerine 7 6 1.00 86 
Propylene glycol • 

dinitrate 3 0 0.40* 0 
Quartz 784 233 0.50 30 
Sulfur dioxide 3 0 0.50 0 
Sulfur dioxide 3 0 0.15 0 
Sulfuric acid 15 0 0.43' 0 
Tetryl 1.182 50 1.00 4 
Toluene 3 1 1.00 33 
Toluene 2 1 0.50 50 
Total: 3077 425 13.8 

Irritation 
Acetone 4 0 0.13 0 
Acetone 4 0 0.67 0 
Ally! alcohol 6 2 0.40 33 
Cyanogen 5 0 0.80 0 
Ethyl acetate 10 10 1.00 100 
Ethyl alcohol 3 3 0.79* 100 
Ethyl ether 10 10 0.75 100 
Propylene glycol 6 4 0.95 67 

monocthyl ether 1 0 0.47 0 
Selenium 62 9 0.14* 15 
1.1.2-Trichluro- 50 0 0.67 0 
1.2.2'trifluorethane 
Total: 161 38 23.6 

"Exposure assigned at midpoint of range. 

Acetaldeyde 
E f f e c t , " T h e T L V t 100 p p m , is recommended to p r e v e n t exces s ive e y e irri-

ta t ion a n d po ten t i a l i n ju ry to the respiratory tract . '* [ A C G I H . 1976] . 
V a l i d a t i o n ? " S e v e r a l of 12 volunteers objec ted . . . s t r enous ly e v e n at 2 5 p p m 

. . . A m a j o r i t y . . . e x p e r i e n c e d . . . eye irritation at 5 0 p p m . " [S i lve rman et a l . , 
1946]. 
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Fig. 4 . TLV vs. (he exposures reported in all studies for particular air contaminants. From references 
to human experience given in the 1986 Documentation of TLVs. (Data given in Appendices D. E.) 

» 
« 

A c e t o n e 
E f f ec t . " I n view of the widespread use of acetone, its volatility and the paucity' 

of reports of illness, it must be considered one of the least toxic of the common 
solvents. A limit of 1.000 ppm is recommended ." [ACGIH. 1976]. 

Va l ida t ion? "Ace tone produced slight irritation at 300 parts per million, but 
500 ppm was still tolerated by most of 10 sub jec t s . " [Nelson et a l . . 1943]. 

Ally! A l c o h o l 
E f f ec t . " T h e threshold limit of 2 ppm would appear to provide protection 

against systemic effects and injury to superficial areas of the body, and to provide a 
reasonable freedom for most individuals f rom irr i tat ion." [ACGIH. 1976]. 

Va l ida t ion? "S l igh t nose irritation was checked off by 2 of 6 volunteers ex* j 
posed to 0.78 ppm in an exposure room which was specially designed for the j 
pu rpose . " [Dunlap et a l . . 1958]. 

Allyl P r o p y l D i s u l f i d e 
E f f ec t . TLV2 ppm " t o minimize irritation and lacr imat ion ." [ACGIH, 1976]. 
Va l ida t ion? "Persona l observation revealed that the general workroom atmo-

sphere in the onion dehydration plant where the concentration of allyl propyl disulfide ^ 
was 1.7ppm caused marked irritation to the eyes , nose and t h r o a t . . . " [Feineret aL, 
1946]. 

A s b e s t o s 
E f f ec t . " O n present evidence, this interim standard (5 fibers/ml longer than 5 ) 

microns) should afford protection against asbestosis and reduce to an acceptably low 
risk the development of neoplasms." [ACGIH 1976]. 

i 
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Validation? "In a rcccnt study . . . of men Iront a factory' processing chrysotilc 
asbestos-none of 22 exposed to a mean dust concentration. 3.5 fibres/cm'* had basal 
rales, which were considered as the key symptom of the earliest demonstrable effects 
on the lung due to asbestos.** [BOHS. I968J. 

Benzene 
Effect. " A TLV of 25 ppm is believed iow enough to prevent serious blood 

changes." [ACGIH. 1976]. 
Validation? in " a study . . . of the benzene exposure of worken in the rubber 

coating industry . . . the measured benzene vapor concentrations averaged 18 ppm 
and 6 of 47 employees show(«fl a lowered hemoglobin of below 13.5 s rams ." 
[Pagnorto et a l . . 1961]. 

2 -Butanone 
Effect . 4*A TLV of 200 ppm should prevent any injurious effects and minimize 

complaints about odor and irritation." [ACGIH. 1976]. 
Validation? "Butanone produced slight nose and throat irritation in some of 10 

volunteers at 100 p p m . " [Nelson et al. . 1943]. 

Butyl Alcohol 
Effect . " In view of the apparent potential of n-butyl alcohol to increase hearing 

loss in the younger age group of workers and to impair vestibular function at levels 
somewhat below 110 ppm. a TLV of 50 ppm as a ceilins value is recommended." 
[ACGIH 1976]. 

Validation? "Butyl alcohol, at 25 ppm irritated the eves, nose and throat of 
the majority of 10 volunteers . . . At 50 ppm there was a unanimous feeling of 
pronounced throat irritation, in 10 volunteers. " [Nelson et al . . 1943]. 

Carbon Disulf ide 
Effect. " T h e limit. 20 ppm. although protecting against serious systemic ef-

fects. would appear to have little marsin ofsafery, especially for those with mineral-
deficient d ie ts ." [ACGIH. 1976]. 

Validation? At a plant where "concentrations of carbon disulfide . . . are less 
than 10 ppm for long exposures, with occasional scattered higher figures in some 
areas for short exposures . . . m a group of 100 employees objective neurological 
signs were noted in 39 subjects who had one or more deviations from the average." 
[Rubin et ai . , 1950]. 

Chlorine Dioxide 
Effect . " T h e recommended limit of 0.1 ppm is . . . to prevent irritation and 

possible bronchitis." [ACGIH, 1976]. 
Validation? " A t a factory for the production of sulfite^ellulose . . . extensive 

investigations . . showed the. occurrence of slight bronchitis in 7 of 12 workers 
exposed to chlorine dioxide . . . at concentrations lower than 0.1 p p m . " [Gloemme 
and Lundgren. 1957]. 

Chlorodiphenyl—42% Chlorine 
Effect . " I t is believed that this limit, I mg/m3 , will offer reasonably good 

protection against systemic intoxication but mav not cuarantee complete freedom 
from chloracne." [ACGIH. 1976]. 
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Validation'. ' " I n a dwni ica! plant conccrncd with organic chemical jm.ducti.m 
,hê ch ori„a,cd diphcnyls in «ho actual breathing z o n e of «he wnrkcr> u ^ 

o " of a i r . . . seven c a s e , o f mi.d ,o . o d . n . c c h l o r u . n c o t h c U . a n d h .ud 
occurred among 14 chemical operators exposed . . . [Meigs et a l . . iv.-H-

C y a n Ê f f e r t " «o prevent irritation. as well as systemic effects , a TLV of 10 

P P m ^ r n ^ : " . a c o n c e n t of eight ppm « j r - p e -
rienced . . . by three males and «wo females . . . exposed « a sealed room. 
[McNerney and Schrenk. 19601-

E m y . A c e t a t e ^ ^ ^ ^ p p m _ b e l i e v e d t 0 provide a level with a 

I arse 7 a f £ factor f rom «he standpoint of health b u t m a y p £ v e nuldly .m taung to 
some workers unaccustomed to the exposure. [ACGIH. 19761 ^ 

Va l ida t ion? "E thy l acetate at 200 ppm was o b j e c t i o n ^ » some of 10 ^oi 
mueers because of the strong odor at that concentration. (Nelson et al . . I » J I -

E m y l E f f e r t " R e - u l a r e x p o s u r e a t this concentration (400 ppm. the TLV) should 
cause n o t e m o ^ b " mjun- «o health nor. produce irritat.cn or signs of nareosts 

" V S S S ^ ^ o à ï a i L ' J o f nasal irritation began « 200 P P m ft, * . 
of to volunteers[Nelson et a l . , 1943]. 

E t h y l e n e O x i d e ^ ^ ^ ^ i n v e s t i ? a d a n s o f t h e chronic « o x i c i ^ f e ^ l e n e 
oxide Indica te that a thresho.d limit value of 50 P P m offers an adequate margm of 
safetv from ostensible systemic effects. [ACGIH. 1976], „ , n l . f a c m r e 

Va l ida t ion? At a "p l an t ,l,ere chemical operators W ? " ^ ^ 
of ethvlene oxide who had been exposed for many years to sub-threshold-Umit-va ue 
(TLV) levels of this chemical . . the general level of long-term e x p o s u r e * 
ô p e m o n appeared to be in the order of 5 to 10 ppm . . . A 
over-all h J l h level o f . . . 37 individuals . . failed to « v ^ e n ^ a t the study 
group had suffered any ill effects from thetr exposure. [Joyner. 1964]. 

F U j 0 n ^ . " T h e limit. 2 .5 m g / m ' . is »umcienUy low to prevent irritative effects 

and to orotect asainst disabling bone changes. [ACGIH. 1970J. 
v E t a ' At a factor, where the concentration of fluondes ranged from 

0.14 Z f T m g J - ^ o l ^ examination revealed signs of osteosc.erosis » 

of 189 workers[Largent, 1961]. 

^ ^ m i i m i , 2 3 0 p p m . . . 

of both sexes . . . experienced some degree of eye t rntauon. [SUvetman et a l . . 

1946). 
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Magnesium Oxide Fume 
Effect "The limit. 10 m g f m \ is recommended on the basis that this value 

represents a maximal desirable limit for dusts of relatively minor hazard." [ACGIH 
19761. . 

Validation? In I of 4 subjects exposed to an average concentration of mag-
nesium oxide of S.S mg/m* and in 2 of 4 subjects exposed to an average concentration 
of magnesium oxide of 4.1 mgfmJ "was found . . . a leukocytosis and a fever 
resembling those caused by the heavy metals ." [Drinker et al.. 1927]. 

Mercury 
Effect. "Following a study in the chlorine industry it was concluded in general 

that exposure at 0.1 mg/m* produced no significant incidence of mercury poisoning 
but contained little or no margin of safety ." [ACGIH. 1976]. 

Validation? "Symptoms or signs of chronic mercury poisoning were found in 
! of 9 and in none of 3 men . . . engaged in repairing D-C. meters . . . where the 
concentration of mercury in the atmosphere averaged 19 and 40 \Lg!m . respec-
tively.r [Bidstrup etal. ." 1951]. 

Mica 
EfTect. "The limits of 20 m p p c f . . . should prevent disabling pneumoconiosis, 

but may not be sufficiently low to eliminate positive chest x-ray findings in workers 
with many years* exposure." [ACGIH. 1976]. 

Validation? " In mica factories . . . the exposure to dust is limited to muscovite 
mica only whichcontains less than l^r free silica. When the dust concentrations 
to which'most workers were exposed ranged from 2 to 21 mppcf. with an average of 
10 mppcf . . . . 21 of 61 workers examined had ground-glass 2 readings of their chest 
x-rays." [Heimann et al.. 1953]. 

Propylene Glycol Monomethyl Ether 
Effect. " I t can be concluded that the methyl ether of propylene glycol is low 

in systemic toxicity but that the vapors should be controlled to 100 ppm. . . . the 
TLVC, . . . to avoid complaints from the odor . " [ACGIH. 1976]. 

Validation? "Upon entering the exposure chamber containing 47.S ppm pro* 
pylene glycol monomethyl ether . . . a physician' . . . perceived the odor to be 
moderately strong, not objectionable. When six subjects entered the chamber con-
taining 95.0 ppm . . . four immediately asserted that the odor was too strong to be 
tolerated and expressed a desire to promptly terminate the experiment." [Stewart et 
al.. 1970]. 

Selenium 
EfTect. " T h e limit of 0.2 mg/m3 for elementary selenium and. its common 

inorganic compounds is believed low enough to prevent systemic toxicity and to 
minimize irritation of eyes and respiratory passages." [ACGIH, 1976]. 

Validation? In the "manufacture of rectifiers . . . conjuctivitis and slight 
tracheo-bronchitis were present in 9 of 62 workers . . . The atmospheric concentra-
tions at different stages of the process varied from 0.007 to 0.05 mg/m , . nowhere 
reaching the recommended. MAC of 0.1 m e ' m 3 " [Kinningkeit. 1962J. 
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Styrene tmonomer) ^ ^ ^ ^ p p ( n , . . . iltl 

u„to«S5 but transient subjective response* in half of those « p o ~ • 
weighted avenge concentration of 100 ppm is recommended lor a TLV. IALUIH. 

' ^ V a l i d a t i o n - "THree o f . . . six subjects exposed to 99 ppm styrene vapor . . . 
noted m i l ^ r e o r t h r M irritation d e v e l o p , ^ - ' - « ^ ^ " ^ e d d u " ^ 
. . . No untoward subjective symptoms or objective signs of flings a u n -
! . . the vapor exposure to 51A ppm for 1 her." [Stewart et al.. 196S]. 

Sulfuric Acid ^ e o f ( m £ / m 3 , s rocommended t 0 prevent irritation of respi-

irritation by 15 subjects e^osed a. 0.35 to 0.5 mg/m1.' [Amdur et al.. 195.]. 

Effect "On the basis of the above data . . . human subjects exposed at 200 
ppm s u f f ^ d s 5 t but definite changes in muscular . . prçlon 
of reaction time, decrease in pulse rate and in systolic bjood p r ^ u r e reducn 
in rhtf TL.V for toluene to 100 ppm is recommended. [ A C U M . . 

V i r i o n ? ••Durine ex^sure to 100 pans per million of toluene in a.r. o 

in addition to fatigue and s l e e p y on one occasion £ n 0 
per million of toluene in a i r . . . for 8 hours. . . . one ^ , j 
subjective complaints, whereas the other complained towardthe end «« » e « P 
mem. of drowsiness and very mild headache." [von Oemngen et al.. 194.]. 

T U r P S e « . "A TLV of 100 ppm is . . . recommended to prevent chiefly irritative 

e f f K v à u S - S n t i n e at 75 ppm. caused nose and throat irritation in sev-
eral of 10. volunteers." [Nelson et al.. 1943]. 
Vanadium Pentoxide Dust . -j—miy 

Effect. "The ceiling limit of 0.5 mg/m3 for the dust of V , 0 , 
„ n d " i n the lieht of the above reports of upper respiratory m a 
S i o n 7 n * e fo™ of persistent productive cough a, an average concentrate of 0.2 

m ^ V ^ t i o a ? " A u t e volunteers . . . exposed for an eight-hour p=jod f 0.2 
m „ m ' developed a . . . persistent. . . loose cough the following n>o™ng • -

t w 0 " X ^ e r s w ^ b j e « e d to an eight hour exposure of vanadium 
penmxidé diist a^a concentration of 0.1 mg/m' a distinct cUmcal picture of pulmo-
nary irritation appeared." [Zenz and Berg. 1967]. 

Vlnyl Chloride threshold limit value of 200 ppm vinyl 

c h J f S * S S e n e chloride) » ^ 
effects from long-continued daily exposure. [ACGIH. î y / o j . 
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Val ida t ion? " N o significant untoward effect* were noted by . . . six subjects 
exposed to a 59 ppm time weighted average concentration huscd oit 7J hours 
inctudhn; a 0.5-hour lunch period in an uncontaminated area . . . The exposure had 
no noticeable effect on neurological responses, nor did it produce significant changes 
in the results of mental, coordination, or manual dexterity tests conducted d u n n g the 
exposure per iod. All clinical laboratory studies performed in the post exposure penod 
were normal and not significantly different from pre-exposure va lues . " [Baretta et a l . 

I969l- " U J 
Even a cursory inspection of the quotations given above indicates that adverse 

effects had. in 1976. Ions since been reported in people exposed below the levels of 
21 of 28 T L V s . Also, in one further case, carbon disulf ide , exposure to the substance 
mav have contributed to the signs reported and in one other , f luoride, the radiological 
effects may have been forewarnings of some risk of heal th . In the remainder, al-
though only 5 substances, the conclusions of the original authors and of the TLV 
Committee appear to have been consistent. Among these 5 substances, it is interesting 
to note that to date, since 1976. three of the T L V s have come down (asbestos, 
ethylene oxide, and vinvl chloride J. and 2 have remained the same (cyanogen and 
sulfuric acicn. the latter being the only ones out of 23 to have retained their unequiv-
ocal validation. 

DISCUSSION 

* Health-effects data from industrial surveys, in which the environment and the 
health of employees were measured at the same time are notable for their paucity. 
Published survey data upon which TLVs are based refer to 200 or so substances but 
the total number of emplovees in all these surveys added together amounted to less 
than 10.000. Nonetheless, because the TLV C o m m i n e e placed great weight upon 
such data when they were available, we felt compelled to conduct this investigation 
of the orisinal references used by the Comminee in assigning the limits. 

Individual TLVs are supported by data obtained f rom such small numbers of 
persons that a sinale study showing alarmingly high -prevalence of adverse effects 
could perhaDS, bv' i tseif . be dismissed as a chance error lacking real significance. It 
is the multiplicity of such data sets among TLVs as a whole which is most disturbing 
and which requires explanation. 

Three striking results emerged from this work, namely , that the T L V s were 
poorly correlated with the incidence of adverse effects (Figs. 1, 3), that the T L V s 
were well correlated with the exposure levels which had been reported at the time the 
limits were adopted (Figs. 2. 4). and that interpretations of exposure-response rela-
tionships were inconsistent between the authors of studies cited in the 1976 Docu-
mentation and the TLV Committee. Taken together these observations suggest that 
the TLVs could not have been based purely on considerat ions of health. 

Whi le factors other than health appear to have inf luenced assignments of par-
ticular T L V s , the precise nature of siich considerations is a matter of conjecture. 
However , w e note that one interpretation is consistent with the above results, namely, 
that,the T L V s represent levels of exposure which were perceived by the Committee 
to be realistic and attainable at the time. Such an interpretation was voiced by the past 
chairman of the Commit tee; H. Stokinger. The most illuminating example of this is 
the following quotation from a 1968 paper [Stokinger. 1984]: 
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Some TLVS . . . have been based on a decade or two of industrial 
experience (acetone, butanol and several other alcohols, many haloge-
nated hydrocarbon solvents, several hydrocarbon solvents, lead, mercury, 
etc.). Clearly.-such procedures can yield indisputable data on which re-
alistic TLVs" can be derived, unsurrounded by that uncertainty and doubt 
which requires incorporation of large safety factors. leading to wasteful 
over-engineering of plant processes. 

Here the key word "rea l i s t ic" suggests that such TLVs represent levels which had 
already been achieved in the industries which harbored the contaminants. In fact. 
Figures 2 and 4 indicate that the typical TLV was generally within a factor of 2 of the ' 
average exposure reported in studies cited in the Documentation. Consideration of 
feasibility in the setting of occupational limits is properly embodied in the OSH Act 
regarding the development of official standards [Rappaport. 1984). However, we 
doubt whether, given its very limited resources, a voluntary body such as the ACGIH 
Chemical Substances TLV Committee is capable of accurately determining the levels 
of control which are achievable across the range of industries which experience a 
particular contaminant. 

A past Chairman of the Comminee . V. Carter, indicated that the TLV Com-
minee " . . . must cooperate with and solicit information from all available sources 
including industry'* [Carter, 1982]. Although it is difficult to argue with this position, 
one presumes that sucft cooperation would be restricted to the solicitation of data 
regarding exposures and health effects . Yet, Casdeman and Ziem [1988] presented a 
more sinister role for industry by suggesting that industrial influence extended to the 
actual deliberations of the Committee. This view was recently, and surprisingly, 
supported by the reflections of a past Chairman of the Committee who hinted at 
"chicanery" on the pan of industry consultants [Elkins. 1988]. While the extent to 
which such manipulations cannot be known, it is difficult to escape the implication 
that at least some TLVs have been influenced by vested interests. 

Our conclusion is that TLVs for chemical substances are a compromise between 
health-based considerations and strictly practical industrial considerations, with the 
balance seeming to strongly favor the latter. In other words, most TLVs may repre-
sent guides of levels which have been achieved but they are not thresholds. We, 
therefore, regard the definition of the ACGIH TLV as incorrect and the term 
"threshold" in the name of the limits as singularly inappropriate. 

In the days before the OSH Act . and similar pieces of legislation in other 
countries, the TLVs served as useful guidelines. Today, however, official govern-
mental bodies, such as OSHA, set and enforce legal limits for exposure to chemicals. 
Thus, the TLV Comminee has become an anachronism with no dea r role to play in 
the development of exposure limits. The Nauonal Institute for Occupational Safety 
and Health (NIOSH), on the other hand, includes a full-time group, independent of 
industry and organized labor, charged with preparing Criteria Documents on hazard-
ous chemicals. Each of 129 draft Criteria Documents prepared up to 1988 has been 
reviewed by experts representing affected industries, organized labor, and trade or 
health professionals with related experience in academia, government, or industry 
[Millar, 1988]. Since NIOSH appears to be the proper organization to develop criteria 
for chemical exposure in the U.S . . we were concerned to see OSHA rely so heavily 
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upon the ACGIH TLVs. rather than information supplied by NIOSH. as the basis for 
recently updating its standards |OHSA. 1939). 

The dependence of other countries on ACGIH TLVs should lessen as the par-
ticular counterparts to OSHA and NIOSH increasingly develop their own national 
limits appropriate to their economic and technical capabilities. International agencies 
such as the World Health Organization and the International Labor Office should be 
encouraged to develop exposure guidance for use in developing countries which are 
not currently able to generate their own limits. 

RECOMMENDATION 

Since so many TLVs for chemical substances appear to offer relatively little 
protection, we recommend that occupational hygienists and other health professionals 
routinely investigate the Documentation and. more importantly, the reference mate-
rials pertaining to particular contaminants rather than accepting on faith that every 
TLV provides the protection claimed by the ACGIH. This is in keeping with the 
sentiments expressed in the TLV booklet that " . . . the best practice is to maintain 
concentrations of all atmospheric contaminants as low as practical** [ACGIH. 1988]. 
Whenever possible, the exposure of employees in a particular process should be so 
controlled that during each work-shift the atmospheric exposure of nearly all the 
employees is kept below the TLV. As a general principle, it would be prudent to keep 
the average exposure of the employees below a small fraction of the TLV, say of 1/4 
to 1/10. If this were done, and assuming exposure distributions to be quasi-Iog-
normal, then fewer than 1 -5% of exposures would be expected to exceed the TLV 
[Rappaport et al . . 1988]. 
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APPENDIXES 

APPENDIX A. Documentation of 1976 TLVs Based Upon References 
—"tmoairroent of Health" 

to Human Experience: 

Air concentration 

Exposure TLV (EsposuryTLV) 
Individuals 

affected 
Organ 

affected 
Substance, 

Aceionitriie1 

Aldrin: 

Anisidîne3 

160 ppm 
80 ppm 
40 ppm 
1-2.6 mg/nr 
1.9 mg/m3 

Antimony4"5 • 10.9 me/m3 

Arsine6-7 

Asbestos 

Benzene 

Béryl-
l i u m ' 5 

Cadmium cpds. 
dust M.IS 

3.1-5.6 mg/m3 

3.1-5.6 mg.W 
70-300 ppm 
5 ppm 
11-27 Vcc 
11 Vcc 
3.5-6.0 Vcc 
3 J flee 
208 ppm 
100-150 ppm 
0-100 ppm 
18 ppm 
0.018-0.060 mg/m' 
> 0.002 mg/m 
0.02-0.24 mg/m' 
0.13 mg/m3 

0.07 mg/m3 

JO ppm 
JO ppm 
40 ppm 
0.25 mg/m3 

0.5 mg/m3 

0.5'mg/m' 
0.5 mgrm3 

0.5 mg/m3 

0.05 ppm 
0.05 ppm 
5 Vcc 
S Vcc 
5 Vcc 
5 Vcc 
25 ppm 
25 ppm 
25 ppm 
25 ppm 
0.002 mg/m3 

0.002 mg/m3 

0.05 mg/m3 

0.05 mg/m3 

0.05 mg/m3 

4.0 
2.0 
1.0 

4-10.4 
3.3 

21.9 
6.2-11.2 
6 .2 -11 .2 

1.400-6.000 
100 
2.2-5.4 
2-2 
0-7—1-2 
0.7 
8J 
4.0-6.0 
2.8-4.0 
0.7 

9 - 3 0 
> 1 
0.4—4.8 
2.5 
1.4 

1/2 
0/2 
1/3 
0/34 
0/23 
69/78 
8/125 
37/75 
2/2 
5/5 
14/153 
1/58 
1/57 
0/22 
130/332 
3/12 
2/4 -
6/47 
0/50 
93/772 
12/19 
4/27 
14/22 

Lungs 
Lungs 
Lungs 

URT 
(Death) 
Heart 
(Death) 
Blood 
Lungs 
Lungs 
Lungs 

Blood 
Blood 
Blood 
Blood ' 

Langs 
Kidney/lungs 
Kidney/lungs 
Kidney/lungs 

fcotrmiferf) 
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APPENDIX A. Documentation of 1976 TI.V» Based Upon Reference» lo Human Experience: 
Hazard—"Impairment of Hea l th" tcontinued1 . 

Air concentration 

Substance Exposure TLV [Exposure TLV) 
Individuals 

affected 
Organ 

affcctcd 

Carbon 
disulfide'6-" 

Carbon tetm-
chloride'1-" 

Qtlordane2 

Chlorine 
dioxide20-1 

Chlorodiphenyl' 
4 2 * 
chlorine25 

Cobalt13-4 

Cotton 
dust25*27 

Ethylene 
chlorohydrin: 

Ethylene 
oxide29 

Fluoride30-31 

Fluorine" 
Hexane33 

Hydrogen 
lelenide3* 

20 ppm 
3-26 ppm 
< 10 ppm 
83 ppm 
4 j - 9 7 ppm 
49 ppm 
10 ppm 
14 mg/m3 

0.2-ppm 
< 0.1 ppm 
0.1 mg/m3 

0.1-1.7 mg/m3 

0.1-0.2 mg/m3 

2.6 mg-m3 

0.6 mg/m3 

0.3 mg/m3 

300-300 ppm 

3 -10 ppm 

2.31 mg.*m^ 
0.14-3113 mg/m3 

1.2 ppm 
300 ppm 
< 0.2 ppm 

Lead» 5.0 mg/m3 

2.0 mg/m3 

1.0 mg/m3 

0.14 mg/m3 

0.5 mg/m3 

Magnesium 5.8 mg/m3 

oxide 4.1 mg/m3 

fume34 

Mercury 0.40 mg/m3 

(Inorganic)37 0.27 mg/m3 

0.19 mg/m3 

0.13 mg/m3 

0.08 mg/m3 

0.04 mg/m3 

0.02 mg/m3 

Methylene 985 ppm 
chloride3* 690 ppm 

515 ppm 
213 ppm 

Mica*'4 0 80 mppcf 
• 42 mppcf 

10 mppcf 
2 mppcf 

20 ppm 
20 ppm 
20 ppm 
10 ppm 
10 ppm 
10 ppm 
10 ppm > 

0 J mg/m 
0.1 ppm 
0.1 ppm 
1 mg/m3 

0.1 mg'm3 

0.1 mg'm3 

0.2 m a m 3 

0.2 mg'm' 
0.2 mg'm3 

1 ppm 

30 ppm 

2.3 mg'm3 

2 J m g m 3 

1 ppm 
100 ppm 
0.03 ppm 

0.15 mg/m3 

0.15 mg'm3 

0.15 mg/m3 

0.15 mg/m3 

0.15 mg/tn3 

10 mg/m3 

10 mg/m3 

0.05 mg/m3 

0.05 mg/mJ 

0.05 mg/m3 

0.05 mg/m3 

0.05 mg/m3 

0.05 mg/m3 

0.05 mg/m3 

200 ppm 
200 ppm 
200 ppm 
200 ppm 
20 mppcf 
20 mppcf 
20 mppcf 
20 mppcf 

1.0 
0.15-1.3 

< 0 . 5 
- 8.5 
•4 .5-9 .7 

4.9 
1.0 

28.0 
0-20 

< 1.0 
0.1 

1.0-17.0 
1 - 2 

13.0 
3.0 
1.5 

300-500 

0 . 1 - 0 . 2 
1.1 

0 . 0 6 -
1.2 
5.0 

< 4 . 0 

33 
13.3 
6.7 

0.93 
3 J 
0 . 6 
0.4 

8.0 
5.4 
3.8 
2.6 
1.6 
0.8 
0.4 
4.9 
3.5 
2.6 
1 . 1 
4.0 
2.1 
0J 
0.1 

1.25 

16.-16 
53/100 
39/100 
4/4 
15/17 
3/6 
0/6 
0/22 
25/69 
7/12 
7/14 

CMS 
CNS 
CNS 
Liverfkidney 
Liver/kidney 
Liver* kidney 

Lungs 
Lungs 
Skin/liver 

1J52/1.802 Lungs 
3/1.500 Lungs 
142/277 
203/793 
160/566 
6/6 

Lungs 
Lungs 
Lungs 
LiverCNS 

0.37 — 

17/74 
48/139 
0.61 
0/10 
5/25 

27/28 
24/31 
56/69 
21/143 
15/32 
1/4 
2/4 

1/5 
6/26 
8/11 
9/32 
2/17 
0/3 
1/9 
2/3 
1/3 
0.8 
(VI 
3M7 
1/12 
20/61 
1/109 

Bones 
Bones 

Lungs 

Blood/kidney 
Blood/kidney 
Blood/kidney 
Blood/kidney 
Blood/kidney 
Lungs 
Lungs 

CNS 
CNS 
CNS 
CNS 
CNS 
CNS 
CNS 
CNS/blood 
G*S/blood 

Lungs 
Lungs 
Lungs 
Lungs 
(continued) 
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APPENDIX A. iîucunicnlaCiun «f ITA T1.V» Itmed I P»n Kcfcrem:» (» Human Kxpi'riciicr: 
Hazard—"ln»|>airn»ent uf Heal th" «-«imwuvd» 

Air tfunccniraiinn Individuals Organ 

Subitance Exposure TLV (Expourc'TLV) affected affected 

Nitrobenzene' 6 ppm 1 ppm 6.» 0.39 
p-Niuochloro* 

benzene3 
20 mg/m3 I mg m ' 20 0/39 — p-Niuochloro* 

benzene3 

Lungs Nitrogen .196 ppm 5 ppm . 39 4/4 Lungs 
dioxide41 80 ppm 5 ppm 16 1/1 Lungs 

2-Nitropropane46 20-45 ppm 25 ppm 0.8-1.8 5/5 CNS 
10-30 ppm 25 ppm 0.4-1 .2 <V2 — 

Phosphins42 3 - 3 5 ppm 0.3 ppm 10-120 35/67 Lungs 

Picric arid41 0.009-0.194 mg/m* 0.1 m g m 3 0.09-1.9 7/71 Skin 
Platinum 0.007 mg/m3 0.U02 mg'm3 3.5 52*91 Lungs 

soluble 
salts"14,45 

Silicon 100 mppcf 30 mppcf 3.3 19/53 Lungs 
carbide4 ' 

Sulfuric 3-16.6 me m1 1 me m3 3-17 57/63 Lungs teeth 

acid4*"" < 0.8-2.5 mc m' ! ms nv* 0 .8-2 .5 9/13 Lungs/teeth 

0 .33-0 .5 ma m1 1 m- 0.35-0 .5 0-15 — 

Tetnbromo» < 14 ppm 1 ppm < 1 4 6/6 Liver 
ethane50 

1.1.2.2-Tetra- ^ 53 ppm f ppm 10.6 54/86 CNS 
chioroethane51 43 ppm 5 ppm 8.6 39/107 CNS 

14 ppm ( 5 ppm 2.3 14/52 CNS 

Tetryi" , ! .5 mg'm 1.5 mg'm3 1.0 50/1.182 Skin 
Toluene*3 800 ppm 100 ppm 8.0 3/3 Blood/CNS 

600 ppm 100 ppm 6.0 3/3 Blood/CNS 
400 ppm 100 ppm 4.0 3/3 Blood/CNS 
300 ppm 100 ppm 3.0 3/3 Blood/CNS 
200 ppm 100 ppm 2.0 3/3 Blood/CNS 
100 ppm 100 ppm 1.0 1/3 Blood'CNS 
50 ppm 100 ppm 0.5 1/2 Blood'CNS 

Toluene*2.4- 0.05 ppm 0.02 ppm 2.5 19/260 Lungs 
diisocvanate 0 .03-0.07 ppm 0.02 ppm 1.5-3.5 12/12 Lungs 
ODD54-53 0.01-0.03 ppm 0.02 ppm 0.5-1 .5 0.12 

'Pozzani UC. CarpemerCP. Palm PE. Weil CS. Nair iH 11959): Mammalian toxicity of acetonitrile. J 
Occup Med 1:634-642. 
:Princi F. Spurteck CH (1931): A study of workers exposed to the insecticides chiordane. aldrin. 
dieldrin. Arch Ind Hyg Occup Med 3:64-72. 
3Paeseri I. Magos L. Batskor 1A ( 1938): Threshold and toxic limits of some animo and niiro compounds. 
Aicfa Ind Health 18:1-8. 
'Renés LE (1953): Antimony poisoning in industry. Arch Ind Hyg Occup Med 7:99-108. 
iBrieger H. Scmisch CW. Stasney J. Piatnek OA ( 1954): Industrial antimony poisoning. Ind Med Surg 
23:521-523. 
•Kipling MD. Fotbergill R (1964): Arsine poisoning in a slag-washing plant. Br J Ind Med 21:74-77. 
'Morse KM. Setter*ind AN ( 1950): Arsine poisoning in the smelting and refining industry. Arch Ind Hyg 
Occup Med 2:148-169. 
•British Occupational Hygiene Society—Committee on Hygiene Standards (1968): Hygiene standards for 
chrysotile asbestos dust. Ann Occup Hyg 11:47-69. 
'Greenburg L. Mayers MR. Goldwater L. Smith AR (1939): Benzene (benzol) poisoning in the rotogra-
vure printing industry in New York City. J Ind Hyg Toxicol 21:395-420. 
,0Pagnotto LD. Elkins HB. Brugsch HG. Walk ley JE ( 1961 ): Industrial benzene exposure from petroleum 



Analysis uf Threshold Limit Values 747 

. -« .hf i fiuhher ciiuiinc indu>tr\. Am liul H\y A>m»c J 12.41.—»-•• 
C e £ I ^ K S u m n u n .„ ,hc Nantirai Sa.ct> Council >.uJ> rf ^ r ~ m , . J 

J. S.toler L. Ymjw D . W 7 . : Exposure, .o beryllium in a Kryll.um alloyinS plan.. An. Ind 

" ^ ^ H E f l ' w i f ' - B ^ l l m m : Indusmal Hygiene Aspccu." N.Y.: Academic Press. 
• Suàki T. A s h i » « M 119651: Proteinuria due to inhalation of cadrmum stéarate du*. Ind 

Buchet JP. Rod.-HA. B r o k e r , J. Stanescu D ( I T O Epidemiologic^survey cf 
« p o ^ « cadmium—eiïcci on lun,. kidney. and «vera! bioloj.cal nnl.ee,. Areh Envmm 

" w ^ U M ' T t L t a w 1R .1955): Carbon disulfide poi,onin5. J An, Med Assoc 159:677-679. 
•'Rubin HH A r t 2 \ ^ T t o t a r r V , ,9501: Carbon disuir.de IL A foUow-up d.mcal study of low trade 

Carbon tetmchloride. J .nd HyS Toxicol 

' " K ^ m f c . Bomfoni RR ( I960): Dyspepsia due to inhalation of carbon tetrachloride «pour. Lancet 

^Qoêmme J. Lundcen KD ( 1957,: Health ta»b from chlorine dioxide. Arch Ind Health I&I69-I76. 
= ' F « T b G . Bur«"s WA. Worcester J (1967): Prevalence of chronic respiratory d-sease tn a pulp m.ll 
and a paper mill in the United States. Br J Ind Med 2-l;:6-.>7. 

==Meigs JW. Albom JJ. Kanin SL . 1954): Ckloracr.c from an unusual exposure to arocfclor. J Am Med 

^ l e ' / o i " D a ' ^ M W . Goldman A. Wyatt JP (1953.: Pneumoconiosis in the tungsten-carbide tool 

S a S S S ^ HP, .9 ,7 , : Industrial hygiene aspe~of .be ce, ,nted 

S f f i S ^ S ^ U ^ S k A c S environmental study of byssinosis in the Lancashire 

5 3 5 X T T o n ^ b l e w n JBL*U970,: An epidemiological study of respirator s ^ o m , in Un-

ffiS^**^— for cotton dus,. Ann Occup HyS 

»BiS"Af"Abtams HK. Brown HV. (1949): Fatality and illness caused by ethylene chlorehydrin in an 

aericultuni occupation. J Ind Hyg Toxicol J J J52-3W. a-700-710 
^Jovner RE 11964): Chronic toxicity of ethylene oxide. Arch Environ Health 8.700-/10. 

OM. Bartholomew MD. Rem.ng RBL (1963): Fluoride exposure and worker health. Arch 

Environ Health 6:503-511. 
"Lareent EJ 41961 ): "F.uorotis." Columbus: Ohio State Lmvetvty Press. 
«L^on JS ( 1963»: Observations on personnel working with fluorine at a gaseous diffuston plant. J Oeeup 
««.j «.iiia 201 
"Nelson KW. Êge JF. Morwieh R. Woodman LE. Silverman L I IW1: Sensory response to cereun 
industrial solvent vapors. 1 Ind Hyg Toxicol 25:182-235. 
"Buchan RF (19*7): Industrial selcnosis. Occup Med 3:439-156. 
"TsueWviK. Haiashima S ( 19651: Lead exposure and the derivation of tan»» »"owb'« con-
cennxions and threshold limit values. Br 1 Ind Med 22:181-186. . 
S T p . Thon.pson RM. Flinn JL (1927): Metal fume fever. III. The effecu of mhalmg magnestum 

C E ^ DC. Lockct S (1951,: Chn>nic mera.ry poisoning in me. repairing 

S ^ r S . T X ^ ^ ^ P e t e r s o n JE. Bare» ED. Dodd HC (.972,: Carboxyhemoslobin 

Bui,. No. 250. U i Pub.. Health Serv. Wash.ng.on 

S ° T P C R H . Gupta MN. Mankiker NS (1953,: N o . on mica dus. inhalation. 

Arch Ind Hyg Occup Med 8:531-532. 
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niir.Hjv-n aciMinpjnxinv' *hrinkine operations. J Ind H>g w,AJIcy Hi • l*W<»r. li.\pnMire\ n» 
^JOWL' A T.'Junes RC. Longley EO < I'wai: Hnviromnemal jnd clinical a>pcct> of hulk wheal fumigatum 
with aluminum phosphide. Am Ind H>g Av-«c J 
i.'Sunderman FW. Weidman FD. BUIMW OV i |»M5i: Studio ol" the effects of ammonium picrate on man 
and certain experimental animals. J Ind Hyg To.xici.1 2 7 : : J | - : J S . 
""Hunter D. Milton R. Perry KMA I19JS»: AMhma caused by the complex salts of platinum. Br J Ind Med 

'^Fbtheigill S JR. Withers DF. Clements FS t IV4.M: Determination of traces of platinum and palladium 
in the atmosphere of a platinum refinery. Br J Ind Med 2.'99-lOI. 
S k i n n e r . J ( 1947): The toxieitv of 2-nitropmpane. Ind. Med 16:441-443. 
'"Smith AR. Perina AE <1948): Pneumoeoni<*is from synthetic abrasive matenals. Occup Med 5: 
"96—40̂  "AmduTMO. Silverman L. Drinker P i 1952): Inhalation of sulfuric acid inert by human subjects. Arch 

Ind Hyg Occup Med 6i305-3l3. . . _ . . . 
""^Malcolm D. Paul E (1961 J: Erosiun of the teeth due to sulphuric acid in the battery industry. Br J Ind 
Med 18:63-69. . . . . . 
-••Van Haaften AB ( 1969»: Acute letrabromoethane «acetylene tetrabremide» intoxication in man. Am in* 
H\« Assoc J 30:251-256. 
"Lobo-Mendonca R (1963): Tetrachicroethane-a >urvcy. Br J Ind Med 20:50-56. 

Bergman BB 119521 Tetryl tex»c::y: A >ommar> of ten years' experience. Arch Ind Hyg Occup Meo 

" « n Oettineen WF. Neal PA. Donahue DD. Svirbcly JL. Baerstcin HD. Monaco AR. Valaer PJ. 
Mitchell JL <~I942>: - T h e Toxisttv and Potential Dangers of Toluene. With Special Reference to its 
Maximal Permissible Concentration." Publ. Health Bull. 279. Washington: Government Pnminif Office. 
MHama GM ( 1957): Svmptoms in workers extwsed to isocyanates. Arch Ind Health l 6 ^ > - - - 3 3 . 
•'•"Walworth HT. Virchôw WE I1959): Industrial hygiene experiences with toiuene ditsocyanate. Am Ind 
Hyg Assoc J 20:205-210. 

APPENDIX B. Documentation of 1976 TLVs Based Upon References to Human Experience: 
Haxard—"Ir r i t a t ion" ' 

Air concentration 

Substance Exposure TLV 
(Exposure/ Individuals Organ 

TLV) affected affected 

12.5 5/5 Eves/nose 
6.3 4/7 Eyes/nose 
3.1 3/6 Eyes/nose 
0.4 2'6 Eyes/nose 
3.9 3/3 Eyes/blood 
2.3 6/6 Eves/blood 
2.0 10/10 Eyes/URT 
I J 10/10 Eyes'URT 
1.0 10/10 Eyes/URT 
0.5 10/10 Eyes/URT 

4.260 2/4 Eves 
2.380 2/4 Eyes 
1.860 2/4 Eyes 

4.0 4/4 Eyes/skin 

1.6 7/7 Eves/URT 
1.6 5/7 Eyes/URT 
0.8 0/5 
2.0 10/10 EyeVURT 
1.0 10/10 Eyes 

0.75 10/10 URT 

(continued 

Ally! alcohol1 25 ppm 2 ppm Ally! alcohol1 

12 j ppm 2 ppm 
6.25 ppm 2 ppm 
0.78 ppm 2 ppm 

2»Butoxy 195 ppm 50 ppm 
ethanol2 113 ppm 50 ppm 

o-Butyl acetate** 300 ppm 150 ppm o-Butyl acetate** 
200 ppm 150 ppm 

Butyl aleohol 50 ppm 50 ppm 

(n-buianol)* 25 ppm 50 ppm 
a-Chloroaceto- 213 ppm 0.05 ppm 

phenone 119 ppm 0.05 ppm phenone 
93 ppm 0.05 ppm 

Qtlonbeazilidcne 0.2 ppm 0.05 ppm 
tmlonicrile* 

10 ppm Cyanogen6 16 ppm 10 ppm 
16 ppm 10 ppm 
8 ppm 10 ppm 

Cyclohexanol5 100 ppm 50 ppm 
Ethyl acetate4 400 ppm 400 ppm 
Ethyl ether3 300 ppm 400 ppm 

; 
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AIM'KNIMX ». UucumrMaiiun «f IV7h TI.Vs liased Upon Kelcrrncc* lu Human K\pertci«:e: 
Haza rd—"I r r i t a t i on" icuntinucdl _ _ _ _ 

Air concentration 

Su bounce Exposure 
i bNpt̂ u» 

TLV TLVi 

10 ppm « - 8 
10 ppm 1.N-2.X 
0.1 ppm 16.3 
0.1 ppm 5.7 
100 ppm 2.0 
5 ppm 5.0 
5 ppm 2.0 
25 ppm. 2.0 
2 ppm 10 

0.002 mg'm3 50-300 

0.1 ppm 20.0 
0.1 ppm S - 1 7 
100 ppm 0.95 
100 ppm 

0.2 m g m J 0 .055-0 .25 

100 ppm 9.S-10.5 
100 ppm 5 . 0 - 5 . 3 
100 ppm T 

100 ppm 1.6-2 .0 
100 ppm 1.6 
100 ppm 3.8 

100 ppm 

Individual* 
affected 

Orç an 
affectcd 

Hydrwcn 
"sulfide'-* 

Iodine" 

Isoamvl alcohol'1 

Isophorone10 

Mesiryl oxide"1 

MethyU2<yano-
acrylateM 

Osmium 
tetroxide' 
Ozone' 

.12 
.«'.M 

Propylene glycol 
monomethvl 
ether'5 

Selenium'6 

Stoddard 
solvent"-'» 

Styrene 
monomer1 

Vanadium 
pentoxide 
dusr0*21 

Vinvl chloride*" 

50-80 ppm 
18-28 ppm 
1.63 ppm 
0.57 ppm -
200 ppm 
25 ppm 
10 ppm 
50 ppm 
20 ppm 

0.1-0.6 mg'm* 
2 ppm 
0.8-1.7 ppm 
95 ppm 
47 ppm 

0 . 0 0 7 - 0 . 0 5 
mgnv 

984-1.054 ppm 
497-52S ppm 
270 ppm, 
164-200 ppm 
160 ppm 
376 ppm 

216 ppm 
117 ppm 
99 ppm 
51 ppm 
I me/nr 
0.36 mc/m* 
0.1-0.3 mg/m'1 

0.20 mt'ttv 
0.1 mg/m3 

460-490 ppm 
260 ppm 
60 ppm 

100 ppm 
100 ppm 
100 ppm 
0.5 m v m 
O J m e m 
0-5 mg'm 
0.5 mg'm 
0 J mg m 
200 ppm 
200 ppm 
200 ppm 

1.2 
1.0 
0.5 
2 . 0 
0.7 

0 . 2 0 - 0 . 6 
0.4 
0.2 
2 .3 -2 .5 
1.3 
0.3 

8%'125 
25/78 
4/4 
0/4 
10/10 
8/12 
5/12 
6/12 
14/14 

7/7 

l M 
11/14 
4/6 

0/1 
9/62 

19/30 

18/30 
9/13 
7/30 
4/8 
4/5 
1/3 
0/1 • 
3/6 
0/3 
2/2 
S.-S 
20/24 
5/5 
2/2 
2/11 
0/4 
0/6 

E v o 
Eves 
Eyev'URT 
Eves/URT' 
EvevURT 
EvevURT 
Eves/URT 
Eyes/URT 

Eyes/CRT 

Lungs 
Lunes 
CRT 

Eyes/URT 

Eyes 
Eves 
Eves 
Eves 
Eves 
Eyes/CNC 

Eyes.'CKC 

Eyes/CNC 

URT 
CRT 
URT 
CRT 
URT 
Eves 

'DunUp MK. Kodama JK. Wellington MD. Anderson MD. Hine CH fl958): The toxicity of allyl al-
cohol. AMA Arch Ind Health 18:303-311. 
'Carpenter CP. Ponan i UC. Weil CS. Nair JH. Keck CA. Smyth HF (19S6R The toxicity of butyl 
ceilosolve solvent. AMA Aich Ind Health 14:114-131. 
'Nelson KW. Ege JF. Morwich R, Woodman LE. SUverman L (1943): Sensoiy response to certain 
industrial solvent vapors. J Ind Hyg Toxicol 25:282-235. 
'Puntc CL. Gutentag Pi . Owens EJ. Congwer LE (1963): Inhalation studies with ehloracetophenone, 
diphenyiaminochloroarine and pelargonic morpholide—U. Human exposures. Am Ind Hyg Assoc J 
23:199-202. 
sPunte CU Owens EJ. Gutentag PJ. Arsenal E ( 1963): Exposures to onhochlorebenzylidene malontmle. 
Arch Environ Health 6:366-374. ^ e N e r a e y JM. Schrenk HH f I960): The acute toxicity of cyanogen. Am Ind Hvg Assoc J 21:121-1.4. 
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Hanhvlciny HLI Ten >ear*' expenemw with induirai hjgiene in connection with the manufac» 
luie «4* vikciMtf num. J Ind H\g Toxical 21:141-151. 
"Krancnburg WRH. KevscnerM i |M25i: Hvdn»scn sulphide and carbon disulfide poisoning. Gewcrbchyg 
Unfallvetfcut iNF> 2 J 4 8 . (Quoted in Division of Industrial Hygiene 11941 i: Hydrogen sulfide: lis toxicity 
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APPENDIX C. Documentation of 1976 TLVs Based Upon References to Human Experience: 
Hazard—"Narcosis1* 

Air concentration 

Substance Exposure TLV (Exposure/TLV) 
Individuals 

affected 
Organ 

affected 

Chloroform1 

Methyl ceUosolve: 

Methyl chloroform3 

Perchloroethylene4 

77-237 ppm 
21-77 ppm 
61-3.960 ppm 
560 ppm 
520 ppm 
490 ppm 
440 ppm 
104 ppm 
96 ppm 

25 ppm 
25 ppm 
25 ppm 
350 ppm 
350 ppm 
350 ppm 
350 ppm 
100 ppm 
100 ppm 

3.1-9.5 
0.8-3.1 
2.4-158 
1.6 
IJ 
1.4 
IJ 
1.0 
1.0 

9/10 
8/10 
6/38 
4/5 
5/7 
7/7 
6*7 
2/6 
2/8 

Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 
Brain 

'Chilien PJR- Hickish DE. Bedford J (1958): Chronic chloroform intoxication. Br J Ind Med 15: 
243—249. 
^Zavco MR (1963): Methvl cellosolve intoxication. Am Ind Hyg Assoc J 24 J 6 - 4 1 . 
'Stewart RD. Gay HH. Schaffer AW. Erieg DS. Rowe VK (1969): Experimental human exposure to 
methyl chloroform vapor. Arch Environ Health 19:467-472. 
'Stewart RD. Baretta ED. Dodd HC. Torkelson TR (1970): Experimental human exposure to tetrachlo-
methylene. Arch Environ Health 20-^24-229. 
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APPENDIX 0 . Documentation uf I9K6 Tl.Vs Ba-scd t > i n Ucfrrvnces to Human Kxpcriencc: 
>• i .. > • _r ll—iik>" 

Air concentration 

Substance Exposure TLV tExposurrTt.V 

Acetonitrile1 160 ppm 40 ppm 4.0 
80 ppm 40 ppm 1 0 
40 ppm 40 ppm 1.0 

Carbon 20 ppm 10 ppm 2.0 
disulfide-1 3-26 ppm 10 ppm 0.3- 2.6 

< 10 ppm 10 ppm < 1.0 
Chlorine 0 - 2 ppm 0.1 ppm 0- 20 

dioxide4-5 < 0.1 ppm 0.1 ppm < 1.0 
Chlorodiphenyf 0.1 mg'm*1 1 mg'm3 0.10 
Cydonite7 0.28 mg/m3 1.5 mg/m3 0.19 
Fluoride'* 2.81 mg/m3 2 J mg/m3 I.I 

0.14-3.13 mg'm3 2-5 mg/m3 0.6- 1.25 
Hexanê" 500 ppm 500 ppm 1.0 
Lead10 5.0 mg'm3 0.15 mg'm3 33 

2.0 me m 0.15 mg'nr 13.3 
1.0 mg'm3 0.15 mg'm3 6.7 
0.5 mg'm3 0.15 mg'm3 3.3 
0.14 mg'm3 0.15 mg-m3 .93 

Magnesium 5.8 mg'm3 10 mg/m3 0.6 
oxide fume12 4.1 mg/m3 10 mg'm3 0.4 

Manganese1' 6.23 mg/m3 5 mg/m3 1.25 
Mercury 0.09 mg/m3 0.05 mg/m3 1.6- 2.0 

(Inorganic)'*-1* 0.08 mg/m3 0.05 mg*m3 1.6 
0.0CU-0.022 mg'm3 0.05 mg/m3 0.2- 0.6 
0.40 mg/m3 0.05 mg/m3 8.0 
0.27 mg/m3 0.05 mg/m3 5.4 
0.19 mg/m3 0.05 mg'm3 3.8 
0.13 mg/m3 0.05 mg/m3 2.6 
0.08 mg'm3 0.05 mg/m3 1.6 
0.04 mg/m3 0.05 mg'm3 0.8 
0.02 mg/m3 0.05 mg/m3 0.4 

Nitroglycerin" 2.0 mg/m3 0.5 mg/m3 4.0 
0.7 mg/m3 0 J mg/m3 1.4 
0 -5 mg/m3 0 J mg/m3 1.0 
0.36 mg/m3 0.5 mg/m' 0.72 

Indiv Uluah 
affected 

Organ 
alTccted 

phthalatc" 
Propylene glycol 

dinitnie'* 

Quartr3"1 

Sulfur 
dioxide8 

Sulfuric 
arid"-* 

Tctryl5^ 
Toluene2 

1.35 ppm 
0.26 ppm 
0.1 ppm 
0.01-0.03 ppm 
0.05 mg/m3 

1 ppm 
0 .3 ppm 
3»! 6.6 mg'm3 

< 0 . 8 - 2 J mg/m' 
0 .35-0.5 mg/m' 
1.5 mg/m3 

800 ppm 
600 ppm 
400 ppm 

0.05 ppm 
0.05 ppm 
0.05 ppm 
0.05 ppm 
0.1 mg/m' 
2 ppm 
2 ppm 
1 mg/m9 

1 mg/m9 

I mg/m3' 
1.5 mg/m' 
100 ppm 
100 ppm 
100 ppm 

27 
5.2 
2.0 
0.2-0.6 
0.5 
0J 

0.15 
3-17 

0.8-2J 
0.35-0.5 

1.0 
8.0 
6.0 
4.0 

1/2 
(V2 
1/3 
16/16 
53/100 
39/100 
25/69 
7/12 
7/14 
0/558 
17/74 
48/189 
0/10 
27/23 
24/31 
56/69 
15.32 
21/143 
1/4 
2/4 
15/373 
0/21 
1/75 
0/18 
1/5 
6.06 
8/11 
9/32 
2/17 
0/3 
1/9 
5/6 
10/10 
6/7 
7/8 
69/147 

6/6 
6/12 
1/3 
0/3 
233/784 
0/3 
0/3 
57/63 
9/15 . 
0/15 
50/1.182 
3/3 
3/3 
3/3 

Lungs 

Lungs 
CNS 
CNS 
CNS 
Lungs 
Lunes 
Skin 

Bones 
Bones 

Blood/kidney 
Blood/kidney 
Blood/kidney 
Blood/kidney 
Blood/kidney 
Lungs 
Lungs 
CNS 

CNS 

CNS 
CNS 
CNS 
CNS 
CNS 
CNS 
CNS 
Headache/CVS 
Headache/CVS 
Headache/CVS 
Headache/CVS 
CNS 

CNS 
CNS 
CNS 

Longs 

Lungs/teeth 
Lungs/teeth 

Skin 
Blood/CNS 
Blood/CNS 
Blood/CNS 
[continued) 
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Haziird—'•Imnairmcnt of Health" uuminucdi 

Air ci«iKenirat:>ii Individuals Organ 

Substance Exposure TI.V. i(i\po%ure Tl.Vi alïcctcd alfcctcd 

Toluene*" 
t continued) 

300 ppm i m p p m 
2tll ppm |i»»ppm 
It*) ppm 1"» ppm 
50 ppm MM ppm 

3.0 
2 . 0 
1.0 
11.3 

3 3 
3 3 
1 3 
1'2 

Blood'CNS 
Blond CNS 
BliwdCNS 
BliwdCNS 

'Pozzani UC. Carpenter CP. Palm PE. Weil CS. Naif JH 11959): Mammalian toxicity of acetuniirile. J 
Occup Med 1:634-642. 
:Kleinfeid M. Tabershaw IR U955»: Carts* disulfide poisoning. J Am Med A*oc 159:677-679. 
%Rubin HH. Arieff AJ. Tauber FW i iy«Oi: Carbon disulfide U. A follou-up clinical study of low grade 
exposures. Arch Ind Hva Occup Med 2^29-533. 
*GIoemme J . Lundgren KD ( 1957u Health hazards from chlorine dioxide. Arch Ind Health 16:169-176. 
•'Ferris BG. Burges» WA. Worcester J « 196'»: Prevalence of chronic respiratory disease in a pulp mill and 
a paper mill in the United States. Br J Ind Med 24:26-37. 
"Meigs JW. Albom JJ. Kaitin BL » 195-11: Chlorache from an unusual exposure to arochlor. J Am Med 
Assoc 154:1417-1418. 
"Hathawav JA. Buck CR (19771: Ab*snce#of health hazards associated with RDX manufacture and u>e. 
J Occup Med 19:269-272. 
"Derrvbcrry OM. Bartholomew MD. Fleming RBL i 1963c Fiuoride exposure and worker health. Arch 
Environ Health 6:503-511. "Lareent EJ (1961c "Fluorosis." Columbus: Ohio State University Press. 
"Nelson KW. Ege JF. Ross M. Woodman LE. Silverman L ( 194? ): Sensory response to certain industrial 
solvent vapors. J Ind Hyg Toxieol 25:232-255. 
"Tsuchiya K. Harashima S 11965 c Lead exposure and the derivation of maximum allowable concen^ 
(rations and threshold limit values. Br J Ind Med 22:181-136. 
i :Drinker P. Thompson RM. Flinn JL 11927»: Metal fume fever: III. The effects of inhaling magnesium 
oxide fume. J Ind Hyg 9:187-192. 
"Schuler P . Oyanguren H. Maturana V. Valenzuela A. Cruz E. Plaza V. Schmidt E. Haddad R C 1957c 
Manganese poisonins. Ind Med Surg 26:167-173. 
"Danziger SJ. Posslck PA (1973»: Metallic mercury exposure in scientific glassware manufacturing 
plants. J Oeeup Med 15:15-20. 
"McGill CM. AC. Jacobs.MB. Goldwatcr U (1964c Merruiy exposure in a chlorine plant. J 
Oeeup Med 6:335-337. 
'"Bidstrup PL. Boraiell JA. Harvey OG. Lockets S (19511: Chronic mercury poisoning in men repairing 
direct-current meters. Lancet 2:856-861. ^ 
"Trainor DC. Jones RC (1966c Headache* in explosive magazine workers. Arch Environ Health 12: 
231-234. 
"Milkov LE. Aldyrcva MV, Popova TB. Lopukhova KA. Makarcnko YL. Malyar LM. Shakhova TK 
(Jan. 1973): Health status workers exposed to phthalaie plasticizen in the manufacture of artificial leather 
and films based on PVC resins. Environ Health Perspect 14:175-178. 
"Stewart RD. Peterson JE. Newton PE. Hake CL. Hosko MJ. Lebrun AJ. Lawton GM ( 1974): Exper. 
imentai human exposure to gJvcol dinitrate. Toxicol Appl Pharmacol 30J77-395. 
^'TWriault GP. Peters JM. Johnson WM • 1974): Pulmonan- function and roentgenographs changes in 
granite dust exposure. Arch Environ Health 28:23-27. 
ï'Thériault GP. Burgess WA. Di Berardinis U . Peters JM ( 1974): Dust exposure in the Vermont granite 
sheds. Arch Environ Health 28:12-17. 
—Weir FW, S teve» DH. Biomberg PA i1972): Pulmonary function studies of men exposed for 120 hours 
to sulfur dioxide. Toxicol Appl Pharmacol 221319. 
a Amdur MO. Silverman L. Drinker P e 1952): Inhalation of sulfuric acid inert by human subjects. Arch 
Ind Hyg Occup Med 6:305-313. 
î*Malcelm D. Paul E (1961): Erosion of the teeth due to sulphuric acid in the battery industry. Br J ind 
Med 18:63-69. 
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APPENDIX E. Documentation of 1986 TLVs Bu«rf L'pnn Kcfercncw lo Human Experience. 
Hoa rd—"I r r i t a t i on" 

Air Concentrat ion 

Sub t t ance Exposure T L V 
fCxpuMirc 

T L V | 
Individual» 

af fec ted 
O r y a n 

a f f e c t e d 

Ace tone 

Allvl alcohol*1 

Camphor* 
C v a n o c e n 5 

Ethyl acetate 
Ethyl a leohoi 7 

Ethyl ether® 
Propylene glycol 

monethvl e ther" 
Se lenium* 

l . i . 2*Tr i ch lo ro -
l . 2 . 2 . T r i -
fUioroe thane ' 0 

1.006 ppm 
100 ppm 
5 0 0 ppm 
25 ppm 
12.5 
6 .25 
0 . 7 S 
59 ffls iB'1 

16 ppm 
16 ppm 
8 ppm 
4 0 0 ppm 
1 . 3 0 0 -
1.700 m £ ' m J 

3 0 0 ppm 
95. ppm 
4 7 p p m 
0 . 0 0 7 - 0 . 0 5 

m e / m J 

669 ppm 

750 ppm 
750 p p m 
750 ppm 
2 ppm 
2 ppm 
2 ppm 
2 ppm 
12 m g - n r 
10 ppm 
10 ppm 
10 ppm 
400 ppm 
1.900 m g n r 

400 ppm 
100 ppm 
100 ppm 
0 .2 m g n v 

1000 p p m 

1.34 
0 . 1 3 
0 .67 

12.5 
6 . 3 
3.1 •-
0.4 
i.9 
1.6 
1.6 
0.S 
1.0 
0 . 6 8 - 0 . 8 9 

0 .75 
0 .95 
0 .47 

0 . 0 3 5 - 0 . 2 5 

0 .67 

7 .9 
0 4 
U 4 
5 5 
7 .7 
3 6 
26 
X6 
7-7 
5 .7 
0 5 
1 0 . 1 0 

3-3 

iaio 
4-6 
0.1 
9 .62 

a - 5 0 

Eve* C R T brain 

Eye»-nose 
Eyevnoic 
E y e * nose 
Eve&'nose 
L R T 
E v e i U R T 
E v e t L ' R T 
E v e v l ' R T 
E v e * L : R T 
E y e * U R T 

L*RT 
U R T 
C R T 
Eves /L 'RT 

'Ra le igh R L . M c G e e W A ( 1972): Effec ts of shor t , high-concentrat ion exposures to acetone as de t e rmined 
by observat ion in the work a rea . J Oecup Med 14 :607-610 . 
2 D i Vincenzo G D . Yanno FJ . Astill BD 11973): Exposure of man and dog to low concent ra t ions of 
ace tone vapor . A m Ind Hyg Assoc J 3 4 : 3 2 9 - 3 3 6 . 
3 D u n l a p M K . K o d a m a JK~ Wellington M D . Anderson M D . Hine C H f l 9 5 8 i : The toxicity of allyl 
a leohoi . A M A Arch Ind Health 18 :303 -311 . 
*Gronka P A . Bobkosk ie R L . Tomchick G J . R a k o w AB I 1969I: C a m p h o r exposures in a packaging p lan t . 
A m Ind Hyg Assoc J 3 0 : 2 7 6 - 2 7 9 . 
' M c N c r n e y J M . Sch renk HH ( I 9 6 0 ) : T h e ac tae toxicity of cyanogen . A m Ind Hyg Assoc J 2 1 : 1 2 1 - 1 2 4 . 
•Ne l son K W . E g e J F . Morwich R . Woodman L E . Si lverman L <1943): Sensory response to cer ta in 
industrial solvent vapors . I Ind H y g Toxicol 2 5 : 2 2 2 - 2 2 5 . 
' L e s t e r D . Greenbcrg L A (1951) : The inhalation of ethyl alcohol by m a n . I Industrial hyg i ene and 
medico lega l aspec ts . II. Individuals treated with tetraethylthiuram disu l f ide . Q J Stud Alcohol 1 2 : 1 6 7 -
178. 
*S iewan R O . Ba rena E D . Dodd H C . Torfcelson TR (1970): Exper imenta l human exposure to v a p o r of 
p ropy lene glycol monomethy l e ther . Arch Environ Health 2 0 £ l 3 - 2 2 3 . 
*icinnigkeit G (1962) : U n t e n u c h u n g e n se lenexponiener Arbeiter e ines Gle ichr ichterwerks . ( Inves t iga t ion 
of w o r k e n exposed to se lenium in a factory produc ing rectifiers. ] Z Hyg Grenzgebie ie 8 : 3 5 0 - 3 6 2 . 
" h m b u s H R . Adk ins C (1972): Physical examina t ions of workers exposed to t r ichlorotr i f luorvethai te . 
Arch Environ Health 2 4 : 2 5 7 - 2 6 1 . ' 
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Introduction 

Occupational exposure 
limits (OEL's) are maximum 
concentrations recommend-
ed for toxic substances in 
the air workers breathe. 
Many occupational exposure 
limits have been set near 
the maximum tolerable lev-
el, with little regard for the 
risks of long term harmful 
effects. The result has been 
widespread cancer and other, 
diseases in workers. 

Scientific studies show 
that, for some widely used 
chemicals, lifetime worker 
exposure at the allowed lim-
its could lead to more than 1 
worker in 10 dying from an 
occupational disease. For 
many more substances, to 
which millions of workers 
are exposed, working at cur-
rent exposure limits is ex-
pected to cause death rates 
from occupational cancer 
greater than 1 per 100 and 1 
per 1000 exposed (Alvanja 
1990, Cunningham 1988). 

Why a new booklet on ex- i 
posure limits? j 

One goal of this booklet is j 
to compare existing OEL's i 
with levels that would virtu- ! 
ally eliminate the risk of oc-
cupational disease, called ' 
"health-based" exposure j: 
limits. For each chemical, !• 
the worker exposure levels 
allowed in the U.S. and the 
strictest international gov-
ernmental standard are 
compared with the level be- j 
lieved to correspond to very j 
little or no known risk of 
disease. The differences are 
often enormous. For exam-
ple, in the case of the can-
cer-causing agent benzene, | 
the lowest OEL is 0.5 ppm ; 
(parts per million in air), or j. 
1.6 mg/m3 but the exposure J 
limit required to reduce a 
worker's risk of environ-
mental cancer to as low as 
one in a million is 0.00021 
ppm or 0.00063 mg/m3 
(over 2000 times lower). 
The low risk or "health-

based" exposure limits in 
this booklet are calculated 
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from available data using 
standard risk evaluation 
techniques employed by 
the US Environmental 
Protection Agency. Even 
these numbers are based 
on limited knowledge 
about health effects. For 
example, studies used for 
this data often did not 
evaluate changes in the 
function of the lungs, the 
immune systems, the 
brain and nervous system, 
hormones, and effects on 
reproduction. 

The Health Based Expo-
sure Limits are typically 
too low to measure with 
current instrumentation. 
They are included to show 
the large gap between ex-
isting regulations and 
health protection. They 
show that there is a scien-
tific basis for the industri-
al hygiene principle of low-
ering exposures as much 
as technologically possible. 

Current Occupational 
Exposure Limits 

A major reason for this 
booklet has been the dis-
closure that many old 
OEL's are tainted by cor-

porate influence and based 
on shoddy scientific review. 
The OEL's in the US and oth-
er countries, since 1946, have 
been substantially based on 
the work of a private organi-
zation (called the American 
Conference of Governmental 
Industrial Hygienists or AC-
GIH). This group has had a 
committee of volunteers that 
recommended workplace ex-
posure limits for hundreds of 
substances. Their limiLs 
were called Tlireshold Lim-
it Values or TLV's. 

In reality, the ACGlIi does 
not represent a consensus of * 
governmental industrial hy-
giene opininions. The min-
utes of the TLV committee 
show that, starting in 1970, 
employees of Dow Chemical, 
DuPont, and other companies 
have played central roles as 
committee members in devel-
oping TLV's for over 120 
chemicals. Tliis company role 
was not balanced by repre-
sentatives of workers' inter-
ests, such as union represen-
tatives. Moreover, the stated 
basis for the TLV's of over 
100 substances relies heavily 
on unpublished communica-
tions from corporations. No 
trace of most of these commu-
nications can be found today 
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(Castleman 1988, Ziem 1989). 
The TLV committee had no 
conflict of interest rules to pre-
vent corporate employees and 
consultants on the committee 
from, in effect, prescribing al-
lowable poisoning limits for 
exposure to chemicals used or 
produced by corporations hir-
ing them. In 1989, weak con-
flict of interest rules were first 
adopted in response to public 

criticism and legal concerns. 

Though the TLV booklet pref-
ace says the TLVs are ade-
quate to protect "nearly all 
workers", close examination 
shows that to be untrue. The 
published reports of human 
data cited as the basis for the 
TLVs often reflect harmful ef-
fects at and below the TLV lev-
els (Roach 1990). The litera-
ture used for the TLVs was 
sometimes misrepresented as 
showing no health problems 
when significant problems 
were present (Roach 1990). 
Current medical reports regu-
larly show that work-related 
illness and death occur in 
workers exposed to toxic sub-
stances at levels lower than 
the TLVs (Ziem 1989). 

The TLV booklet claim that 

TLVs are based on the "best 
available information" is 
also false. No complete liter-
ature searches were done in 
writing most TLVs. The ef-
fects of long term exposure 
was especially neglected. 
Much medical information 
was missed (Ziem 1989). 

The TLV booklet implies 
that TLVs are updated year-
ly, which is misleading. 
Only a small number, a few 
dozen at most, are updated 
yearly. Some chemicals are 
not reviewed for many years. 
TLVs tend to justify long-
existing levels of exposure to 
toxic substances in industry, 
rather than control expo- > 
sures to levels below those -
shown to cause harm (Roach 
1990, Tarlau 1990). In some 
cases, the TLV's were not 
even as strict as limits 
adopted internally by compa-
nies to prevent safety haz-
ards that irritation, drowsi-
ness, headache, visual 
disturbances and other ill ef-
fects can cause on the job. 

The adoption of over 350 
TLVs by OSHA in the last 
week of the Reagan Adminis-
tration in 1989 came as a re-
sponse to requests from 
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chemical companies. Un-
ions, who have had no 
role in setting the TLV's 
for more than 40 years, 
criticized these limits as 
not protective. The Na-
tional Institue for Occu-
pational Safety and 
Health (NIOSH) charged 
that the TLV's were not 
adequately protective for 
98 substances. In many 
cases, lower limits were 
urged by NIOSH but dis-
regarded by the Occupa-
tional Safety and Health 
Administration (OSHA) 
(Robinson 1990). For ex-
ample, the acceptable 
limits determined by NI-
OSH for carcinogens are 
as low as technically fea-
sible, essentially zero. 
However, these union and 
NIOSH recommendations 
were ignored. The US Su-
preme Court ruled that 
the 1989 PEL's were in-
valid based on failure of 
OSHA to follow the proce-
dures for standard setting 
outlined in OSHA Regula-
tions. 

Occupational exposure 
limits are the highest le-
gally-permitted levels of 
human exposure to toxic 

substances. Environmental 
exposure of the public to the 
same air pollutants is regu-
lated much more strictly. 
Workers exposure to toxic 
substances should be no 
greater in the workplace 
than in other regulated set-
tings of human exposure to 
toxic substances. 
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Table 1: Comparative Exposure Limits 
Substance Chemical OSHA Lowest National Health-

Name Abstracts PEL Occ. Exp. Level Based 
Service (TLV) (mg/m3) Country Exposure 
Number (mg/m3) Year Limit 

(mg/m3) 

Acrylamide 19-06-1 0.03 0.03 Sweden 0.0000042* 
Acrylic Acid 79-10-7 30 (6§) 511 USSR 0.0001 
Acrylonilrile 107-13-1 4.3 0.511 USSR 0.000077 
Aldrin 309-00-2 0.25 0.01 Poland, 1977 0.000001 
Allyl Alcohol 107-18-6 5 2.4 Japan 0.053 
AiiLitnony 7440-36-0 0.5 0.2 USSR 0.0045 
Arsenic 7440-38-2 4 (0.2§§) 0.01 Norway, 1989 0.0000012 
Asbestos 133-22-14 0.2 ffee O^lf/ccNorway, 1989 0.00003** 
Benzene 71-43,2 3.2 1.6 Sweden 1990 0.00063 
Beryllium 744-04-17 0.002 0.00 m USSR, 1984 0.00022** 
1,1-biphenyl 92-52-4 1 1 Norway, 1989 0.053 
bis-(Chloro-
melhyDether 542-88-1 0.005 0.00025 Czech 0.000000083 
1,3 butadiene 106-99-0 2200 2.2 Norway, 1989 0.000019 

<22)(4.4§§) 
Cadmium 7440-43-9 0. lfume 0.01 Denmark 0.0000029 
Carbaryl 63-25-2 5 1 Poland 0.9 
Carbon 

tetrachloride 56-23-5 12.6 1 Bulgaria, 1977 0.00035 
Chlordane 57-74-9 0.5 0.01Ï USSR, 1977 0.000014 
Chloroform 67-66-3 10 10 USA, 1989 0.00023 

m Hungary 
ChromiumVI 7440-47-3 1(0.05) 0.001 Holland,1977 0.00000044 
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Table 1: Comparative Exposure Limits 
Substance Chemical OSHA Lowest National Health- i 

Name Abstracts PEL Occ. Exp. Level Based 
I 

Service (TLV) (mg/m3) Country Exposure 
Number (mg/m3) Year Limit 

(mg/m3) 

Cresols 1319-77-3 22 5 Poland, 1977 0.53 
Cyanogen 460-19-5 20 3 Romania, 1977 0.43 i 
Dibutyl 4 France 

phthalate 84-74-2 5 0.5 USSR, 1977 1.1 
1,2-Dichloro-
e thane 107-06-2 4(40) 4 Sweden, 1987 0.0002 

1,1-Dichloro-
ethylene 75-35-4 4(20) 4 Norway, 1989 0.00011 

Epichlor-
hydrin 106-89-8 8(0.38§) u USSR 0.0044 

Ethyl 
benzene 100-41-4 435 100 Poland, 1977 0.35 

Ethylene j 
oxide 75-21-8 1.8 11 USSR, 1984 0.000053 

1 
i 

Formalde-
1 

hyde 50-00-0 1.2 0.4 Denmark 0.00041 
(0.3C§) 0.6 Sweden, 1987 

Formic acid 64-18-6 9 11 USSR, 1977 21.3 
Heptachlor 0.5(0.05§) 0.01*0 USSR, 1977 0.0000041 
Ilexachloro-

| j 

butadiene 87-68-3 0.24 0.24 Norway, 1989 0.00024 » | 
llexachloro- 1 • 
cyclopenta-

| 
diene 77-47-4 0.1 0.01H USSR, 1977 0.000252 
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Table 1: Comparative Exposure Limits 
Substance Chèmical OSHA Lowest National Health-

Name Abstracts PEL Occ. Exp. Level Based 
Service (TLV) (mg/m3) Country Exposure 
Number (mg/m3) Year Limit 

(mg/m3) 

Hexachloro-
« • 

c thane 67-72-1 10 5 UK 0.0013 
Hydrogen 
sulfide 7783-06-4 14 7 France 0.0031 

Isophorone 78-59-1 23 11 USSR, 1984 0.0044 
Lindane 58-89-9 0.5 0.01 USSR, 1984 0.00052 
Methylene 
chloride 75-09-2 500 10 Hungary 0.011 

MeLhyl ethyl 
ketone 78-93-3 590 150 Sweden, 1987 1.0 

Nitrobenzene 98-95-3 5 3 Italy, 1977 0.0069 
Pentachloro- . 

phenol 87-86-5 0.5 0.05 Germany 0.000022 
Phenol 108-95-2 19 0.31 USSR, 1977 6.4 
Phosphine 7803-51-2 0.4 0.1 USSR 0.0001 
Strychnine 57-24-9 0.15 0.15 Australia, 1977 0.0032 
Styrene 100-42-5 215 30H USSR 0.0092 
1,1,2,2-letra-
chloro-

cthane 79-34-5 * 7 5 Poland 0.000091 
Tetrachloro-

ethylcne 127-18-4 170(340) ion USSR, 1977 0.01 
Tctraethyl 

Lead 78-00-2 0.075(0.1) 0.005 USSR, 1984 0.000001) 
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Table 1: Comparative Exposure Limits 
Substance Chemical OSHA Lowest National Health-

N a m e Abstracts PEL Occ. Exp. Level Based 
Service (TLV) (mg/m3) Country Exposure 
Number (mg/m3) Year Limit 

(nig/m3) 

Toluene 108-88-3 375 60U USSR, 1984 21.3 

1,2,4-trichlo-

robenzene 120-82-1 37C 10 USSR, 1977 0.03 

1,1,2-trichloro-

ethane 79-00-5 45 10 Hungary 0.00033 

Trichloro-

ethylene 79-01-6 270 ion USSR, 1977 0.0031 

(Trichloronuoro-

niethane 75-69-4 5600C 500 Poland, 1977 2.4 

1,1,2-trichloro, 
1,2,2-triflu-
oroethane 76-13 1 7600 2600 Yugosl.,1977 93.1 

Vanadium 
pentoxide 1314-62-1 0.05 0.051) Sweden 0.096 

Vinyl 

chloride 1.0 USSR 0.000052 

KEY: 

* from Alvanja 1990 II Short Term Exposure Limit 

•* from OSI1A, 1983 Temporary Emergency Standard 

§ ACGIH Proposed level 

§§ OSHA Proposed level 

Health-based exposure limits (IIBEL's): For carcinogens these are Occupa 
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Notes for Exposure Limits Tables 
Health-based exposure limits (HBEL's): For carcinogens these are Occu-
pational Exposure Limits that yield one in a million lifetime risk of can-
cer; for noncarcinogens, the Occupational Exposure Limits correspond to 
estimated zero risk of known health effects over a lifetime of exposure. 
They are designed to be protective, not necessarily predictive. Hence 
the use of safety factors, and 95% confidence bounds. 

Table 2. Estimated Lifetime Cancer Risk from Occupational 
Exposureto Hie TLV 8 hrs/day, 40 hrs/week, for a 40 year career 

Daily Exposure Estimated 
Substance IARC TLV Adjusted Associated Cancer 

Class pg/m3 Unit Risk Willi Risk of Risk@TLV 
1/106 1/103 

Aery lull) idc 2B 30 2.4-I0"4 2.4-10-3 4.2 0.0072 
Acrylouilrilc 2A 4500 I.3-10"5 7.7*10"2 7.7*10 0.057 
BCI17£UC 1 30000 I.5-10"6 6.7*10"' 6.7* I02 0.044 
Beryllium 2A 2 4.5M0-4 2.2-10 2.2 0.0009 
l,3-But;idicuc 2B 22000 5.2-10-5 1.9- IO"2 1.9-10'2 0.68 
Cadmium 2A 10 3.3-10"4 3.0-10"3 3.0 0.0033 
CCI4 2B 3<XX)0 2.8-10"6 3.6-10-1 3.6-102 0.081 
Chloroform 2B 50000 4.3-I0'6 2.3*10*' 2.3-102 0.19 
BCME 1 5 I.2-10"2 8.3-10"5 8.3-10"2 0.058 
Chromium(VI) 1 50 2.2-10'3 4.5-10*4 4.5* 10"1 0.10 

Methylene Chloride 2B 175000 7.6* 10"7 1.3 I.3-103 0.12 

Ethylene Oxide 2A 2000 2.0-10"5 5.0-10-2 5.0-10 0.039 

Formaldehyde 2A 1500 2.4-10"6 4.2-10'1 4.2* 102 0.00098 

Vinyl Chloride 1 10000 I.3-IO"6 7.7-10"1 7.7* I02 0.013 

From: Alvanja MCR, et. al.(1990). Risk assessment for carcinogens: A 
comparison of approaches of the ACGIII and the EPA. Applied Occupa-
tional and Enviivnmental Hygiene 5:510-519. 
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TABLE 3-HBELs DERIVED FROM ENVIRONMENTAL RISK 
VALUES (See Appendix 2 for calculation methods) 

NAME DATA STUDY RFDC' HBEL 

SOURCEa* EFFECT6' (mg/cubic meter) d. 
(Cancer statement is below name line) 

ACENAPI 1THENE I H HEP . 0 6 .64 

ACEPHATE I , l NER .004 .0420 
2 yr mouse-liver (C), HBEL = .002 

ACETONE 

ACETONE 
CYANOHYDRIN 

ACETONITRI LE 
ACETOPHENONE 

I II 

H 

III 
111 

HEP.NEP .01 

.01* 

HEM,HEP .05* 
CIR,liEP .00002* 

. 1 

.035 

17 
.000007 

FOOTNOTES: 

a. See abbreviations on page 51. 

b. Effects reported in IRIS for reviewed studies, exposure route was via 

oral or gavage unless noted by * indicating inhalation route (see abbrevia-
tions, page 51) 

c. RFD=Refe ren ce dose in mg/kg/day oral exposure; * indicates inhalation 
exposure in mg/m 

d.Length of study, species, tumor site, EPA cancer status & risk 
per 1 mg/kg/d unless noted with • designating inhalation in ,ng/,„3 

based on inhalation study or • • designating inhalation in n.g/,,,3 extrapo-
lated from non-inhalation study by EPA. 
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TABLE 3 

lLBELs DERIVED FROM ENVUtONMENTAL RISK VALUES 
N A M E BATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

ACIFLUORFEN, SODIUM 1 NEP .013 .14 
Carcinogenicity under evaluation 

ACROLEIN IH RES .0001* (C) .00035 

ACRYLAMIDE I I I NER .0002 .021 
2 year, rat-CNS, inam, thy, ut, oral cav,(B2) 0.0013** 

ACRYLIC ACID III WT.TIS .00003* .0001 
Carcinogenicity under evaluation 

ACRYLONITRILE I 7.7xlo"5 

human occ.-lung,(Bl), 6.8 (-5)* (also oral rat, many sites) 

ALACIILOIt IH HEM .01 .10 

B2 - IRIS input pending, 0.081, IIBEL = 2.2 x 10"4 

ALD1CARB (D) IH NER .00002 .0002 

AWMUN IH HEP .00003 .00032 
diet,2 years, mouse-liver, (B2), 4.9xl0"3**, HBEL = 1 x 10"6 

ALLYL ALCOHOL I H IIEP,NEP .005 .053 

ALLYL CHLORIDE (C) III NER .001* .0034 

ALUMINUM PHOSPHIDE III WTf M .0004 .00043 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL ItiSK VALUES 

NAME DATA STUDY RFD 1IBEL 

SOURCE EFFECT (mg^cubic meter) 

.0032 

.096 

.75 

.00021 

1.21 

.21 

.0035 

3.2 

NOTE: FORM FOR ALL ANTIMONY IS POTASSIUM TARTRATE, 
THERE IS QUALITATIVE EVIDENCE OF CARCINOGENICITY. 

ANTIMONY 1H h e m , 0 0 0 2 * 0 0 0 7 

ANTIMONY PENTOXIDE 1H HEM .00025* .0009 

ANTIMONY POTASSIUM 
TARTRATE I H HEM .00045* .0016 

AMDRO WT .0003 

AMETRYN III HEP .009 

-AMINOPHENOL H THY.WT .07 

4-AMINOPYRIDINE III 1IEP.NER .00002 

AMMONIA 11 ODOR .35* 

AMMONIUM SULFAMATE I WT .02 

ANILINE I H SPLEEN .001* 
2 year, rat-spleen, (B2), 5.7 (-3), 1IBEL = 3 (-3) 

ANTHRACENE 111 none .3 
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TABLE3 

HBELs DERIVED FROM ENVIRONMENTAL IUSK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

ANTIMONY TETROXIDE III IIEM .0002* .0007 

ANTIMONY TRIOXIDE 111 HEM .0002* .0007 

APOLLO (3,6-BIS(2-CHLOROPHENYL)-l,2,4t5)TETRAZINE (C) 
I .0013 .014 

ARAMITE II HEP .05 .53 
2 year, rat, liver, <B2), 7.1 (-6), HBEL = 7.2 (-4) 

ARSENIC IH 
human, resp. tract, (A), 4.3 (-3)*t I1BEL = 1.2 (-6) 

ASBESTOS - DONE WITHIN THE HBEL GROUP 
For rcfcrence from IR1S:(A) 2.3 (-l)fïbcrs/ml* 

ATRAZ1NE III REP,CARD .005 .053 
2 year, rat-mam & others, (C) .22,11BEL = 8.2 (-5) 

AZOBENZENE 

2 year, rat-abd. cav, (B2), 3.1 (-5)**, HBEL = 1.7 (-4) 

BANVEL (SEE D1CAMBA) 

BARIUM (BaC03,BaCI) IH REP.CIR .0005 .0053 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD I1BEL 

SOURCE EFFECT (mg/cubic meter) 

B1SPHENOL A III WT .05 .53 

BORON II REP .09 .96 

BROMODICHLORO-
METIIANE I H NEP .02 .21 
2 year mouse, liver, Ig. in test, kidney, (B2), 1.3 (-1), 
HBEL= 1.4(-4) 

BROMOETHENE (VINYL BROMIDE) 
2 year rat-liver, (B2), 3.2 (-5)*, HBEL = 1.6 (-4) 

BROMOFORM 111 HEP .02 .21 
2 year rat-large intest,(B2), 1.1 (-6)**, HBEL = 4.8(-3) 

BROMOMETHANE 
(METHYL BROMIDE) I H NER, HYP-EPl .0006* .00021 
Cancer data pending 

BROMOPHOS II NER .005 .053 

BROMOXYNIL I H NONE .02 .21 

BROMOXYNIL 
OCTANOATE I H NONE .02 .21 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

1,3-BUTAD1ENE 
mouse, rat-hem, Leydig cell, thy, (B2) 2.8 (-4)*, HBEL = 
1.9C-5) 

l-BUTANOL(N-) III 

BUTYLATE III 

BUTYL 
BENZYLP1 IT!IALATE III 

preliminary evidence of cancer 

BUTYLPHTIIALYL 
BUTYGLYCOLATE I 

CACODYLIC ACID II 
(BASED ON ARSENIC EQUIVALENTS ) 

. CADMIUM III 
human occ, resp.lract, (Bl), 1.8 (-3)*, IIBEL = 2.9 (-6) 

i 

' CALCIUM CYANIDE 
i (CYANOGAS) 1II WT, TI1Y,NER .011 .012 

USED MORE RECENT LOEL WITH ADDED SF=10 

' CAPROLACTAM III REP(?) .5 5.3 

HEM .1 1.1 

HEP .05 .53 

WT, REP,IIEP,NEP .2 2.1 

NONE 1.0 10.7 

NONE .003 - .032 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

^AME DATA STUDY RFD IIUEL 

SOURCE EFFECT (mg/cubic meter) 

CAPTAFOL m IIEP.BLA .002 .021 
mouse, lymphosarcoma (C), 8.6 (-3),HBEL = 2.1(-3) 

CAPTAN IH 
limited data: B2, 3.5 (-3), HBEL = 5.2 (-3) 

CARBARYL III NEP, HEP .1 i . i 

CARBAZOLE 
2 year mouse, liver, (B2) 2.2 (-2), HBEL = 8.2 (-4) 

CARBOFURAN 
(FURADAN) 1 H HEM, REP .005 .053 

CARBON DISULFUDE III REP .01 . U 

CARBON 
TETRACHLORIDE ï H 

liver, <B2), 1.5 (-5), HBEL = 3.5(-4) 

CARBOSULFAN I WT. ACII, OTHER.01 .11 

CARBOX1N I ORGAN WT .1 l . i 

CHLORAL H I HEP .002 .0213 
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r TABLE 3 

l iBELs DERIVED FROM ENVHIONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

CHLORANIL 
1.5 year, mouse-liver, lung (C), 4.0 (rl), HBEL = 4.5 (-5) 

CIILORAMBEN I .015 .16 
Carcinogenicity under evaluation, + MOUSE LIVER STUDY 

CIILORDANE IH 
mouse, liver, (B2), 3.7 (-4)** , I1BEL = 1.4 (-5) 

CHLORINE CYANIDE III 
(CYANOGEN CHLORIDE) 

WT,TI1Y, NER .07 .75 

CHLOROACETIC ACID H MYOCARDITIS .002 .0213 

4-CIlLOROANlLlNE (P-) II 

CIILOROBENZENE. 111 

CHLOROBENZILATE 111 

SPLEEN .004 

HEP, NEP .02* 

NONE 

P-CHLOROBENZOIC ACID H NONE 

.0426 

.021 

21.3 

2.1 

-CHLOROBENZO 
TRIFLUORIDE H NEP .02 .21 

2-C1ILORO- 1,3-BUTADl EN E 
(ClILOROPRENE) II ALOPECIA .1* .345 
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TABLE 3 

HBELs DEItlVED FIIOM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD 11 DEL 

SOURCE EFFECT (mg/cubic meter) 

GRO 
1-CIILOROBUTANE III NER. 11EM .4 4.3 
CHLORODIBROMOETI1ANE 

2 year mouse-liver (B2)f 8.4 (-2), HBEL = 1.5(-6) 
CHLOROFORM I H HEP .01 .11 

2 year mouse, rat- liver, kidney, (B2), 2.3 (-5)*, 
HBEL = 2.3 (-4) 

CI ILOROM ETHAN E 
2 year mouse-kidney, (C), 1.8 (-6)*, HBEL= 2.9(-3) 

4CHLORO-2-METHYL. ANILINE 
1.5 year mouse-vascular hemangiomas and angiosarcomas, (B2), 

5.8 (-1), HBEL = 3.1(-5), based on results from 4-chloro-2-2-
inethylaniline hydrochloride 

4-CHLORO-2-2-METHYLAN1 LINE HYDROCHLORIDE 
1.5 years, mouse-vascular hemangiomas and angiosarcomas, 
(B2), 4.6 (-1), HBEL = 3.9(-5) 

CHLOROMETHYL METHYL ETHER (cimne) 
human-lung, (A), no risk values 

o-CHLORONITROBENZENE 
1.5 year mouse-liver, (B2), 2.5 (-2), HBEL = 7.3(-4) 

p-CHLORONITROBENZENE 
1.5 year mouse-vascular tumors, (B2), 1.8 (-2), HBEL = 1 (-3) 

2-CHLOROPHENOL III REP .005 .053 
2-CHLOROPROPENE II HEP .3* 1.0 
CHLOROTHALONIL 

2.5 year rat-kidney (B2), 1.1 (-2), IiBEL= 1.7(-3) 
O-CIILOROTOLUENE III DECR WT GAIN .02 .21 
CIILORPYRIFOS 1II NER .003 X32 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mgfcubic meter) 

CHLORPYR1FOS-
METIIYL H REP. HEP .01 .11 

CllLORSULFURON I WT.1IEM .05 .53 
CIILORTHALONIL IH HEP .015 .16 
CIIL0RTII10PH0S IH NONE .0008 .085 
CHROMIUM lil III HEP,M .000002* 2.1xl0"5 

(FROM Cr IV AS CHROMIC ACID FROM HUMAN STUDIES) 
CHROMIUM IV III IIEP, M .000002* 2.1xl0 - 6 

(FROM Cr IV AS CHROMIC ACID FROM HUMAN STUDIES) 
human occ, lung, (A), 1.2 (-2)*, HBEL = 4.4(-7) 

COALTARS 
human occ, lung, 6.2 (-4), HBEL = 2.9(-2) 

COPPER CYANIDE III IIEP, IIEM .005 .053 
NEP, WT 

CRESOL (c) O, M, AND P-CRESOL 
ALL EVALUATED USING SAME STUDY AND 
WITH SAME RESULTS: III WT, NER .05 .53 
CROTONALDEIIYDE 

2 year, rat-liver, (C), 5.4 (-4)**, HBEL = 9.7(-6) 
CRYOMAZINE (VETRAZIN) I IIEM .00075 .008 
CUMENE I H NER, IR .009* .031 

NEP 
CYANAZINE III WT, IIEM .002 .021 
CYANIDE IH WT.THY .03 .32 

NER 
CYANOGEN IH WT.THY, NER .04 .43 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

JAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meLer) 

(CALCULATED BY ANALOGY TO FREE CYANIDE ADJUSTED FOR 
MOLECULAR WEIGHT. 

CYANOGEN BROMIDE III WT.THY.NER .09 .9G 
(CALCULATED BY ANALOGY TO FREE CYANIDE ADJUSTED FOR 

MOL.WT.) 

CYCLOHEXANONE I REPRO 2.0* 7.0 
CYCLOHEXYLAMINE I H WT .2 2.1 
CYCLOPENTADIENE H I1EP,NEP (.3)* 1.0 
DACTHAL (DCPA) II NEP,AD WT .5 5.3 
DALAPON I H NEP WT .03 .32 
DANITOL (FENPROPATHR1N) I RESP .0005 .0053 
2.4-D III H EM, HEP .01 .11 

NEP 
2.4-DB I H IIEMOR .008 .085 
DDD 

2 year, mouse-liver, (B2), 2.4 (-1), HBEL = 7.6(-5) 
DDE 

mouse, hamster-liver, (B2J, 3.4 (-1), 11BEL = 5.3(-5) 
DDT I H HEP .0005 .0053 

mouse, rat-liver, (B2), 9.7 (-5)**, HBEL = 5.4(-5) 
DECABROMODIPHENYL 

ETHER (C) I H HEP .01 .01 
(DBDPE) Preliminary cancer evidence so ADDED SF = 10 

DEMETON (SYSTOX) I ACH, ORGAN WTS, 
OPTIC, MANY 
OTHERS .00004 .00042 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

DIALLATE 
1.5 year mouse-liver, (B2), C.l (-2), IIBEL = 3.0(-4) 

DIAZINON II ACII .0009 .0096 
1,4-DIBROMO-

BENZENE I H IIEP .01 .11 
DIBROMOCIILORO-

METHANE IH HEP .02 .21 
2 year mouse-liver, (C), 8.4 (-2), IIBEL = 2.2(-4) 

l,2-DIBROMO-3-CHLOROPROPANE 
rat, mouse-lung, nas. cav., tongue, pharynx, adren. 
cortex,(B2), 6.3 (-3)*, IIBEL = 8.4(-6) 

1,2-DlBROMOETlIANE 
2 year rat-nasal cav.f (B2) 2.2 (-4)*, HBEL = 2.4(-5) 

D1 BUTYL-PI 1TI1ALATE 
(DBP) IH MORT .1 1.1 

REPRO 
D1 BUT YLN1TROSAM1N E (DBN) 

mouse-bladder (B2), 1.6<-3), 11BEL= 3.3(-6) 
D1CAMBA (BANVEL) I REPRO .03 .32 
1.2-DlCIILOROBENZENE III WT.IIEP .2* .69 
p-(l,4)DlCIILORO-

BENZENE II 11EP,NEP .7* 2.4 
2 year inouse-liver, (C), 2.4 (-2), HBEL = 7.6(-4) 

3.3-DICHLOROBENZIDINE 
2 year rat-mainmary. (B2), 4.5 (-1), HBEL = 4.0(-5) 

1.4-DICIILORO-2-BUTENE 
90 day rat-nasal passages, (B2), 2.6 (-3)*, HBEL = 2.0(-6) 

DICIILORODIFLUORO 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (ing/cubic meter) 

METHANE (FREON-I2) 1 II RESP,' IIEP,WT .2* .69 
1.1-DICHLORETIlANE II NEP .5* 1.7 

rat-preliminary evidence of cancer - hemangiosarcoma 
1.2-DlCHLORO ETHANE 

rnt-circ. sys., (B2),2.6 (-5)**, I1BEL = 2.0 (-4) 
1.1-DICH LOROETHYLENE I H HEP .009 

1 year mouse-kidney, (C), 5.0 (-5)*, HBEL = l.H-4) 
1.2-C-DICHLORO-

ETIIYLENE III HEM .01 .11 
1,2-T-DICHLORO-

ETHYLENE I H M .02 .21 
D1CHLOROMETHANE - SEE METHYLENE CHLORIDE 
2,4-DICHLORO-

PHENOL I H IMM .003 .032 
1.2-DlCH LOROPRO PAN E 

mouse-liver, (B2), 6.8 (-2), HBEL = 2.7(-4) 
1.3-DICHLOROPROPENE 1II M, WT .02* 

2 year mouse-lung, (B2), 3.7 (-5)*, IIBEL = 1.4(-4) 
human: suspected lymphoma and leukemia 

DICYCLOPENTADIENE H NEP .0002* .00069 
D1ELDRIN I H HEP .00005 .00053 

mouse-liver, (B2), 4.6 (-3)**, HBEL = 1.1 (-6) 
DIETHYLENE GLYCOL II NEP 2 21 
DIETHYLFORM AMIDE 11 NONE .1 1.1 
DIETHYLPHTHALATE IH WT .8 8.5 
DIETHYLSTILBESTEROL 

rat,mouse-mam, uter, cerv, (A), 1.4 (-!)*•, HBEL = 3.8C-8) 
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TABLE 3 

HBELs DERIVED FROM ENVUIONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

« 

DIMETHIP1N 1 HEP .02 .021 
ADD SF=10 DUE TO POSITIVE CANCER STUDIES 

DIMETHOATE 
(PHOSPHAM1D) I HACII .0002 .002 

HEM 
3-3-DIMETIIOXYBENZIDINE 

lifetime hamster-rorestomach, (B2), 1.4 (-2), HBEL = 1.3 (-3) 
N.N-DIMETHYL-

AN1LINE IH SPLEEN .002 .021 
2,4-DIMETHYLANILlNE and 2,4-DlMETHYLANILINE 

HYDROCHLORIDE 
1.5 year mouse-lung, (C), 7.5 (-1), I1BEL = 2.4 (-5) 
study used IICI salt 

3.3-DlMETHYLBENZlDlNE 
30 day rat-mam, (B2), 9.2 (0), IIBEL = 2.0 (-6) 

N.N-DIMETHYL-
FORMAMIDE III HEP .03* .10 

1.1-DIMETIlYLIIYDRAZINE 
lifetime mouse-vascular sys.(C), 8.7 (0), HBEL = 2.1 (-6) 

1.2-DlMETIIYLHYDRAZINE 
1.5 year mouse-vascular sys. (Bl), 1.4 (+3), HBEL = 1.3 (-8) 

2.4-DlMETIIYL-
PllENOL 1H NER,HEM .02 .21 

2,6-DlMETllYL-
PIIENOL MANY .0006 .0064 
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TABLE 3 
HBELS DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 
SOURCE EFFECT (mg/cubic meter) 

3,4-DIMETHYL-
PHENOL III WT,1RR .001 .011 

DIMETHYL 

PHTHALATE II NEP 1 n 

DIMETHYL 
TEREPHTHALATE 111 N E F .1 i l 

M-D1NITROBENZENE 111 SPLEEN .0001 .0011 

DINITROBENZENE <o,p-) II SPLEEN .0004 .0043 

2,4-DINITROPHENOL III THERAPUTIC .002 .021 

CATARACT 
2,4-DINlTROTOLUENE AND 2,6-DlNITROTOLUENE 

2 year rat-liver, mam, (B2), 6.8 (-1), IIBEL = 2.7 (-5) 
BASED ON A MIXTURE OF 2,4 AND 2,6 ISOMERS 

DI-N-OCTYL-
PHTHALATE II ( HEP^EP .02 .21 

WT 
DINOSEB I H REP .001 .011 

ADDED SF=1- FOR POSITIVE CARC STUDIES 

1,4-DIOXANE 
2 year rat-nas. cav., liver, (B2), 1.1 (-2), 11BEL = 1.7 (-3) 
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TABLE 3 
HBELs DERIVED FROM ENVUIONMENTAL RISK VALUES 

NAME DATA STUDY RFD IIBEL 
SOURCE EFFECT (mg/cubic meter) 

DIPIIENYLAMINE(DPA) 111 WT, HEP & NEP WT .025 .27 
1,2-DIPHEYNLIIYDRAZINE 

2 year rat-liver,mam, ear, (B2), 2.2 (-4)**, IIBEL = 2.4xl0"5 

D1SULFOTON 1II ACH, OPr .00004 .00043 

DYES: DIRECT BLACK 38 
93 day rat-livcrr, (A) 8.7 (0), IIBEL = 2.1xl0'6 

DIRECT BLUE 6 
91 days rat-liver, (A) 8.7 (0), HBEL = 2.1xl0"6 

DIRECT BROWN 95 
91 day rat-liver (A), 9.3 (0), IIBEL = 1.9xl0'6 

ENDOSULFAN I H NEP .00005 .00053 

EN DOTH ALL I H STOMACH .02 .21 

ENDRIN III 1IEP, CNS .0003 .0032 

EPIC11LOROHYDRIN III NEP,M .0003* .001 
lifetime rat-resp. tract, (B2), 1.2 (-6)*, HBEL = 4.4 xlO"3 

2-ETIlOXYETIIANOL 1H HEM,WT .2* .69 

ETHYL ACETATE III MORT, WT .9 9.6 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD IIBEL 

SOURCE EFFECT (mg/cubic meter) 

ETHYL ACRYLATE 
lifetime rat-foreslomach, (B2),.048, HBEL = 3.8xl0 4 

ETHYLBENZENE I H HEP, HEP, REP .1* .35 

ETHYL CHLORIDE H REP 10* 34.5 

EPTC 111 CIR .025 .27 

ETHYLENE CHLORIDE - SEE 1,2-DICIILOROETHANE 

ETHYLENE CYANOllYDRIN 11 BRAIN WT, WT .3 3.2 

ETHYLENED1AM1NE H HEM, HEP (.1)* 3.5 

ETHYLENE D1BROM1DE - SEE 1,2-DlBROMOETHANE 

ETHYLENE GLYCOL 111 HEP, NEP, MORT 2 21.3 

ETHYLENE GLYCOL 
MONOBUTYL ETHER H HEM .02* .069 

ETHYLENE OXIDE 
lifetime, rat-blood cells, brain, (Bl), 1.0 (-4)*, 
HBEL = 5.31-5) 

ETHYLENE THIOUREA 
lifetime, rat-thyroid, (B2), 3.6 (-2), HBEL = 5.0(-4) 
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TABLE 3 

HBELs DERIVED FROM EN VUtONMENTAL RISK VALUES 

NAME DATA STUDY RFD 11BEL 

SOURCE EFFECT (mg/cubic meter) 

under review by CRAVE 

ETHYL ETHER 111 HEP .5 5.3 

ETHYL METIIACRYLATE H NEP .09 .96 

ETHYLPHALYL ETIIYLGLYCOLATE (EPEG) I .3 3.2 
FLUORANTHENE III HEP, HEP, IIEM .04 .43 

] FLUORENE III HEM .04 .43 
FLUORIDONE IH TEST, NEP .08 .85 
FOLPET 1II IIEM .1 1.1 

lifetime, mouse-digestive tract (B2), 3.5 (-3), 
HBEL = 5.2 (-3) 

FORMALDEHYDE 
lifetime rat-nasal cavity, (Bl), 1.3 (-5)*, HBEL = 4.1 (-4) 

FORMIC ACID H GRO 2 21.3 
FURAN III HEP .0001 .001 

ADDED SF= 10 BASED ON INFO RE INHAL. RESPONSE 
FURAZOLIDONE 

one year rat-mammary, (B2), 3.8 (0), HBEL = 4.7 (-6) 
FURFURAL N I HEP, M .05* .017 
FU1UUM 

half-year, mouse-leukemia, (B2), 5.0(0), HBEL = 3.6 (-6) 
GLYCERALDEIIYDE IH NEP,WT .001* .0035 

70 week, rat-site not listed, (B2) 
HEPTACIILOR IH IIEPWT .0005 .0053 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

MALONONITRILE H HEP, SPLEEN .00002 .00021 

MANCOZEB II GOITER .03 .32 

MANEB I H THY WT .05 .53 

MANGANESE I H RESP.NER .0004* .0014 

MEPI10SF0LAN 11 HEP, NEP,IIEM,ACH .00009 .00096 

MERCURY (INORGANIC) III NER, HEP .*)03* .001 

MERPllOS | H NER .00003 .00032 

MERPHOS OXIDE I H NER .00003 .00032 

METHACRYLON1TRILE I H NER, I1EP .0007* .0024 

METHANOL H I HEP, NER WT .5 5.3 

METHOMYL IH NEP .03 .32 

METHOXYCHLOR III REP .005 .053 

2-METHOXYETHANOL H TEST .02* .69 

2-METIIOXY-5-NITRO AN1 LIN E 
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TABLE 3 

HBELs DERIVED FROM ENVUIONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

lifetime, rat-skin (note dietary exposure), (B2), 4.6 (-2), 
' HBEL = 3.9(-4) 

METHYL ACETATE II IIEP 1 10.7 

METHYL ACRYLATE H NONE CALCULATE* 

2-METI1YLAN1LINE 
lifetime, rat-skin (nole dietary exposure), (B2)t 2.4 (-1), 
HBEL = 7.6(-5), BASED ON EXPOSURE TO HYDROCHLORIDE 

FORM 

2-METI1YLANIL1NE HYDROCHLORIDE 
lifetime, rat-skin (note dietary exposure), (B2), 1.8 (-1), 
HBEL = 1 (-4) 

METHYL BROMIDE (SEE BROMOMETHANE) 

METHYL CHLORIDE (SEE CHLOROMETIIANE) 

2-METHYL-4-C11LOROPHENOXY ACETIC ACID (MCPA) III IIEP 
.0005 .0053 

4-(2-METHYL-4-CHLOROPlIENOXY)-BUTURlC ACID (MCPB) 
III HEP, NEP, REP .01 .11 

PROPRIONIC ACID (MCPP) III NEP .001 .011 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD IIBEL 

SOURCE EFFECT (mg/cubic meter) 

4,4-METHYLENE-BlS BENZELAMINE 
lifetime, rat-liver, no class, 2.5 (-1), HBEL = 7.2(-5) 

4,4MET11YLENE-BIS(2-CHL0R0ANILINE) H BLAD, HEP .0007 
.0075 

lifetime, rat-lung,(note dietary exposure), (B2), 
3.7 (-5)**, HBEL = 1.4( 4) 

4,4-METIIYLENE BIS (N.N.-DIETHYLANILINE) 
lifetime, rat-thyroid (B2), 4.6 (-2), HBEL = 3.9(-4) 

METHYLENE BROMIDE H HEM CALCULATE 

METHYLENE CHLORIDE H HEP 3* 10.4 
no term given, mouse-lung, (B2), 4.7 (-7)*, IIBEL = 1.1 (-2) 

4,4-METHYLENEDIPHENYLlSOCYANATE II M .00005* .00017 

METHYL ETHYL KETONE I H CNS,REP .3* 1.0 

METHYL HYDRAZINE 
lifetime, hamster-liver, no class, 1.1 (0), IIBEL = 1.6 (-5) 

METHYL 1SOBUTYL KETONE I H HEP, NEP .08* .028 

METHYL MERCURY H CNS .0003 .032 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD IIBEL 

SOURCE EFFECT (mg/cubic meter) 

METHYL METIIACRYLATE II NEP WT .08 .85 

2-METI1YL 5-N1TROANILINE 
lifetime, mouse-liver (C), 3.3 (-2), HBEL = 5.5 (-4) 

METHYL PAKATHION III HEM, ACH .00025 2.6 (-3) 

METHYL STYRENE (INDUSTRIAL MIXTURE) II 1RR .04* .14 

MIREX 1H REP .000002 .000021 
lifetime, rat-liver, (B2), 1.8 (0), HBEL = 1 (-5) 

MOLYBDENUM H M .004 .043 

MOL1NATE IH REP .002 .021 

MONOCIILOROBUTANES H MORT .4 4.3 

NAPI1TI1ALEN E 11 WT .004 .043 

NICKEL SULFATE H CANCER .02 .021 
nickel refinery dust-

human-resp., (A), 2.4 (-4)*, HBEL = 2.2 (-5) 
nickel subsulflde-

human-resp., (A), 4.8 (04)*, HBEL = 1.1 (-5) 
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TABLES 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

NITROBENZENE It HEM, NEP, I1EP.AD .002* .00G9 

NITROFURANTOIN H TEST .07 .75 

NITROFURAZONE 
one year, rat-mammary, (B2), 1.6 (0), HBEL = 1.2 (-5) 

NITROGEN DIOXIDE I H RESP, HEM .0?* .069 

2-NITROPROPANE I H HEP .02* .069 
lifetime, rat-liver, (B2), 2.7 (-3)*, HBEL = 2.0(-6) 

NITROT0LUENES(O,M,P) H SPLEEN .01 .11 

N-NITROSO-DI-N-BUTYLAMINE 
lifetime mouse-bladder, esophagus, (B2), 1.6 (-3)**, 
HBEL = 3 . 3 (-6) 

N-N1TROSODIETHYANOLAMINE 
lifetime, rat-liver, (132), 2.8 (0), HBEL = 6.4 (-6) 

N-N1TROSODIETHYLAMINE (DIMETHYLN1TROSAMINE) 
6 and 12 months, rat-liver, (B2), 4.3 (-2)**, 1.2 (-7) 

N-NITROSODIMETIIYLAMINE ( DIETH YLN1TROS AM IN E ) 
no term given, rat- liver, lung, skin, seminal vesicles, 
hem/lymph, (2), 1.4 (-2)**, HBEL = 3.8 (-7) 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 
N A M E DATA STUDY RFD IIBEL 

SOURCE EFFECT (mg/cubic meter) 

N-NITROSODIPHENYLAM1NE 
lifetime, rat-urinary bladder (B2), 4.9 (-3), HBEL = 3.7(-3) 

N-NITROSODI-N-PROPYLAMINE 
lifetime, rat-liver (B2), 7.0 (0), HBEL = 2.6 (-6) 

N-N1TROSO-N-METHYL-ETHYLAMINE 
lifetime, rat-liver, (B2), 2.2 (+1), HBEL = 8.2 (-7) 

N-NITROSOPYRROL1DINE 

no term given, rat-liver, (B2), 6.1 (-4)**, I1BEL = 8.6(-6) 

OBPDE I HEP .00062 .0066 

OCTABROMODIPI1ENYL ETHER I H HEP .003 

i OCTAMETHYLPYROPIIOSPHORAMIDE II ACII .002 
i 

j OXAMYL I ACII .025 .27 

PACLOBUTRAZOL I HEP, TERAT .013 .14 

! PARAQUAT (C) 1 RESP .00045 .005 
PARATHION H ACII .006 .064 
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TABLE 3 

HBELs DERIVED FROM ENVUIONMENTAL RISK VALUES 

NAME DATA STUDY RFD 1I13EL 

SOURCE EFFECT (mg/cubic meter) 

PBBs see POLYBROM1NATED Bl PHENYLS 

PCBs see POLYCHLOR1NATED Bl PHENYLS 

PEBULATE H HEM .05 .53 

PEND1METHAL1N 11 HEP .04 .43 

PENTABROMOD1PHENYL ETHER IH HEP .002 .021 

1,2,3,4,5-PENTABROMO-6-CHLORO-CYCLX)llEXANE 
lifetime, rat-large intest, (C) 2.3 (-2), HBEL=7.8(-4) 
based on alpha isomer 

PENTACHLOROBENZENE IH HEP, NEP .0008 .0085 

PENTACHLORON1TROBENZENE 1H HEP .003 .032 
1.5 year, mouse-liver, (C), 2.6 (-1), HBEL = G.9(-4) 

PENTACHLOROPHENOL 111 NEP, HEP .03 
lifetime, mouse-liver, adrenal, circ, (B2), 1.2 (-1), 
HBEL = 2.2 (-5),technical grade and Dow product 

PERMETHRIN 1 HEP.WT .01 .11 

PHENOL IH REP .6 6.4 
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TABLE 3 

l lBELs DERIVED FROM ENVUIONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

M-PHENYLENEDIAMINE III IIEP .006 .0G4 

o-PHENYLENEDIAMlNE DIHYDROCHLORIDE 
1.5 years, rat-liver, (B2), 4.7 (-2), HBEL = 3.81-4) 

PHENYLMERCU1UC ACETATE III NEP .00008 .00085 

2-PHENYLPHENOL (SODIUM SALT) 

lifetime, rat-urinary bladder, (C), 1.9 (-3), HBEL = 9.5(-3) 

PHOSPHINE III NEP .00003* .0001 

P-PHTHALIC ACID H BLAD 1 10.7 

PHTHALIC ANHYDRIDE I H RESP, NEP 2 21.3 

POLYBROMINATED B1PHENYLSII HEP .000007 .000075 
(FiremasLer FF-1 tested for cancer) 
one year exposure & one year observation, rat-hepatocellular. 
carcinoma and neoplastic nodules, (B2), 8.9 (0),IIBEL=2(-6) 

POLYC1ILORINATED BIPHENYLS 
(USED ARAC11LOR 1260 FOR CANCER STUDY) 
no term givern, rat-liver, (B2), 7.7 (0),HBEL= 2.3(-6) 

POTASSIUM CYANIDE III WT.THY, NER .05 .53 
POTASSIUM SILVER CYANIDE III WT, THY, NER .2 .21 
(CALCULATED BY ANALOGY TO FREE CYANIDE, ADJUSTED FOR 

MOL WT.) 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

PROFLURALIN II NONE .006 .0G4 
PRONAMIDE 1H NONE .08 .85 
PROPACHLOR 1H WT .013 .14 
PROPAN1L I SPL.HEP .005 .053 
PROPAZINE III WT.CARC .002 .021 
PROPOXUR (BAYGON) I ACH, NER .004 .043 
PROPYLENE GLYCOL H HEM 6* 20.7 
PROPYLENE GLYCOL MONOETIIYL ETHER 11 WT .7 2.4 
PROPYLENE GLYCOL MONOMETHYL ETHER II NER, HEP, NEP 
.7* 7.5 
PROPYLEN OXIDE 1H IRR .03* 1.0 

lifetime, mouseO-nasal cavity, (B2), 3.7 (-6)*,HBEL=1.4(-3) 
PYDRIN 

(FENVALERATE) 1 NER, PIT.GL 
LYMPH.N, 
HEP, SPL, .0025 .027 

PYRENE I H NEP .03 .32 
PYRIDINE III HEP WT .001 .011 
QUINALOPHOS I .0001 .001 
QUINOLINE 

20-40 weeks, rat-liver, (C), 1.2 (+1), HBEL = 1.5C-6) 
RDX (CYCLON1TE) I H IIEM, M .003 .032 

lifetime, mouse-hepat carc, and adenom., (C), 1.1(1). 
HBEL =1.6 (-4) 

RONNEL II NEP, HEP.05 .53 
SELENIOUS ACID III DERM .003 .032 
SELENIUM SULFIDE 

10/21/93 Draft 7 Health-Based Exposure Limits - Page 19 

TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

• lifeLime, rat, mouse-liver, lung, (B2), number pending 
IRIS input pending 

j SELENOUREA H no data .005 .053 
SETHOXYD1M I HEM, HEM, REPRO .09 .96 
SILVER CYANIDE I II WT, THY,NER .1 1.1 
(CALCULATED BY ANALOGY TO FREE CYANIDE ADJUSTED FOR 

molecular weight) 
jsiMAZINE 111 HEM, WT .002 .021 
! limited data, (C), 1.2 (-1), HBEL = 1.5 (-4) 
"SODIUM AZ1DE I IIEP.WT .004 .043 , 
SODIUM CYANIDE 111 NER .04 .43 
(CALCULATED BY ANALOGY TO FREE CYANIDE ADJUSTED FOR 

molecular weight) 
SODIUM DIETHYL-

D1T1110CARBAMATE III HEM, NEP, WT .03 .32 
no term given, mouse-hepatoma, (C), 2.7 (-1), HBEL=6.7(-5) 

SODIUM METAVANADATE II NEP .001 .011 
STIROPHOS - SEE TETRACHLORVINPHOS 
STRYCHNINE ï H M .0003 .0032 
STYRENE H HEM, HEP .2 2.1 

20 month, rat-leukemia, (B2), 5.7 (-7)*, HBEL=9.2 (-3) 
2,3,7,8-TCDD 

no term given, rat-several, (B2), inhalation units unclear, 
possible picograms, use conversion from oral, 1.5 (+5), 
HBEL = 1.2(-10) NOTE: human cancer evidence is withmixture with 

chlorophenoxys or phenoxy herbicides. 
TEMEPllOS H NONE .02 .21 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD IIBEL 

SOURCE EFFECT (mg/cubic meter) 

TERBUFOS 11 NONE .0001 .001 
1.2.4.5-TETRACHLOItOBENZENE 1H NEP .0003 .0032 
1,1,1,2-TETRACHLOROETHANE 

lifetime, mouse-liver, (C), 7.4 (-6)**, HBEL=7.1(-4) 
1 f 1,2,2-TETRACH LORO ETHAN E (TCE) 

no term given, mouse-liver, (CJ, 5.8 (-5)**, HBEL=9.1(-5) 
TETRACHLOROETHYLENE 

(PERCHLORETHYLENE) IH HEP .01 .11 
no term given, rat, mouse-leukemia, liver, (B2), 5.2 (-7)*, 
HBEL = 1 (-2) 

2.3.4.6-TETRACHLOROPHENOL 1H HEP .03 .32 
p.a,a,a-TETRACIILOROTOLUENE 

no term given, mouse-lung, (B2),2.0 (+1),I1BEL = 9 (-7) 
TETRACHLORV1NPHOS(STIROFOS) I H HEP, NEP,WT, REPRO .03 
.32 1.5 year, mouse-liver, (C), 2.4 (-2), HBEL = 7.5 (-4) 
TETRAETHYLD1THIO-PYROPHOSPHATE IH HEM,AC 11 .0005 
.0053 
TETRAETHYL LEAD I H HEP, THYMUS 1 (-7) l.K-6) 
THALLIC OXIDE (III) AND THALLIUM IN SOLUABLE SALTS 

H HEP, M .00007 .00075 
(CALCULATED FROM THALLIUM SULFATE) 
THALLIUM(I)ACETATE AND THALLIUM (I) NITRATE, AND THALLI-
UM 

SELEN1TE 1II HEP, M .00009 .00096 
(CALCULATED FROM THALLIUM SULFATE) 
THALLIUM(l)CARBONATE AND THALLIUM (I) SULFATE, AND 
THALLIUM (I) 
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TABLE 3 
HBELs DERIVED FROM ENVUIONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

SOURCE EFFECT (mg/cubic meter) 

CHLORIDE I II HEP, M .00008 .00085 
(CALCULATED FROM THALLIUM SULFATE) 
2 (THIOCYANOMETHYLTHIO)-BENZO 

TIllAZOLE (TCMTB) H STOMACH .03 .32 
T11IOFANOX H ACH .0003 .0032 
Till RAM III REP .006 .064 
TIN & COMPOUNDS H HEP, NEP .6 6.4 
TOLUENE III NER,1RR,NEP,HEP WT 2* 21.3 
TOLUENE-2,4-DIAMINE 
- lifetime, rat-mammary gland, (B2), 3.2 (0), IIBEL = 5.6 (-6) 

TOLUENE-2,5-DIAMINE II NONE .2 2.1 
O-TOLUIDINE 

1.5 year rat-skin fibroma (note dietary exposure to sodium 
salt), (B2), 2.4 (-1), HBEL = 4.3 (-6) 

p-TOLUIDINE 
6 -12 month, mouse-liver, (C), 1.9 (-1), IIBEL = 3.4 (-6) 

TOXAPIIENE 

lifetime, mouse-liver,(B2), 3.2 (-4)**, IIBEL = 1.6(-5) 

TRIALLATE 1II SPLEEN, HEP .013 .14 

1,2,4-TRIBROMOBENZENE III HEP .005 .053 

2,4,6-TRlCH LORO AN 1 LI N E 

no term given, mouse-vasc. syst., (C), 3.4 (-2), HBEL=6(-7) 
exposure to sodium salt 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD IIBEL 

SOURCE EFFECT (mg/cubic meter) . 

2,4,6-TRlCIILOROANILINE HYDROCHLORIDE 
no term given, niousc-vasc. syst., (C), 2.9 (-2), 
HBEL = 5.2(-7),exposure to sodium salt 

1.2.4-TRlCHLOROBENZENE H BLAD .009* .03 

1.1.1-TRICHLOROETHANE H HEP 1* 3.45 

1.1.2-TRICHLOROETHANE I H M .004 .043 

no term given, mouse-;liver, (C), 1.6 (-5)**, HBEL = 3.3( 4) 

TRICHOETHYLENE 
no term given, mouse-lung, (B2), 1.7 (-6)*, HBEL = 3.1 (-3) 
new values pending input to IRIS 

TRICHLOROFLUOROMETHANE(F-ll)IH RESP, MORT .7* 2 
2.4.5-TRICHLORPIIENOL I H HEP, NEP .1 1.1 

2.4.6-TRlCHLOROPIIENOL 
no term given, mouse-liver, (B2), 3.1 (-6)**, 
HBEL =1.7 (-3) 

2,4,5-TRlCHLOROPIIENOXYACETIC ACID I H MORT .01 .11 

2(2,4,6-TRlCHLOROPHENOXY)PROPIONlC 
ACID(SILVEX) I H HEP .006 .064 
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TABLE 3 

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY RFD IIBEL 

SOURCE EFFECT (ing/cubic meter) 

• 1,1,2-TRICHLOROPROPANE III HEP,NEP,THY .005 .053 

1,2,3-TRlCIILOROPROPANE I H HEM, IIEP, NEP, STO, SPL 
CARC UNDER EVALUATION .006 .064 

1,1,2-TR1CHL0R0-1,2,2,-TRI 
FLUOROETHANE II WT UNDER REVIEW: 27* 93.1 

' -TRIFLURAL1N IH HEP, HEM .0075 .08 
lifetime, rat-kidney, bladder, thyroid, (C), 7.7 (-3), 
HBEL =2.3 (-3) 

TRIMETHYL PHOSPHATE 
10 week, inouse-uterus, (B2), 3.7 (-2), HBEL = 4.9 (-4) 

4 1,3,5-TRINITROBENZENE 111 SPLEEN WT .00005 .00053 

TRINITROPI1 ENYLMET11YLN1TRAMINE II HEP, NEP, SPLEEN. .01 
.11 

2,4,6-TRINlTROTOLUENE 1H HEP .0005 .0053 
lifetime, rat-urinary bladder, (C), 3.0 (-2), HBEL = 6 (-4) 

VANADIUM (SULFATE) II NONE .007 .075 
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TABLE 3 
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES 

NAME DATA STUDY ItFD IIBEL 

SOURCE EFFECT (mg/cubic mclcr) 

VANADIUM PENTOX1DE III NONE .009 09G 

VANADYL SULFATE H NONE .02 .21 

VERNOLATE(VERNAM) IH WT .001 .011 

VINYL BROMIDE - SEE BROMOETHANE 

VINYL ACETATE 1II IRR .2 2.1 

VINYL CHLORIDE 
one year, rat-liver, (A), 8.4 (-5)*, HBEL = 5.3 (-5) 

VINYLIDENE CHLORIDE-SEE 1,1-DICHLOROETHYLENE 

WARFARIN I HEM .0003 .0032 

ZINC PHOSPHIDE I H WT, M .0003 .0032 
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TABLE 3 

HBELs DERIVED FROM ENVUIONMENTAL RISK VALUES 

NAME DATA STUDY RFD HBEL 

| SOURCE EFFECT (mg/cubic meter) 

ZINEB III THY .05 .53 

i 

I 
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L I S T O F ABBREVIATIONS 
10/21/93 Draft 7 Health-Based Exposure Limits - Page 5 1 

A cancer classification indicating known human carcinogen 
Bl , B2 cancer classification indicating probable human carcinogen 
C cancer classification indicating suspected human carcinogen 
ad adrennl 
ach acetylcholinesterase 
bla bladder, urinary unless noted 
carc carcinogen, carcinoma 
cav cavity 
card cardiac 
cerv cervix 
cir circulatory 
CNS central nervous system 
deer decrease 
derm dermal 
EPA United Stales Environmental Protection Agency 
esoph esophagus 
gl gland 
gro growth 
U IIEAST= Health Effects Assessment Summary Tables 
HBEL health based exposure limit 
HEAST health effects assessment summary tables (EPA) 
hem hematological 
hemor hemorage 

, hep hepatic, liver 
hyp epi hyperplasia of epithelium 
I 1R1S= Integrated Risk Information System 
im immune 
incr increase 
inh inhalation 
intest intestine 
IRIS Integrated Risk Information System 
irr irritation 

LIST OF ABBREVIATIONS (continued) 
i 

kg kilogram 
lg large 
mise miscellaneous,e.g.clinical parameters unspecified 
inam mammary 
nig milligram 
ml milliliter 
mol molecular 
mort mortality 
nas nasal 
nep nephrotic, kidney 
tier nervous syslem 
opt optic 
pit pituitary 
I'NS peripheral nervous system 
rep reproductive 
p*es respiratory 
R1C reference concentration (airborne) 
RID reference dose (contaminant/body weight/day) 
SF safety factors (see Technical Information) 
Bpl spleen 
stom stomach 
sys system 
test testes 
thy thyroid 
lis tissue 
vnsc vascular 
wt weight (overall body unless organ specified) 
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LIST OF ABBREVIATIONS 
10/21/93 Draft 7 Health-Based Exposure Limits - Page 37 

A 
Bl, B2 
C 
ad 
ach 
kla 
carc 
cav 
card 
cerv 
cir 
CNS 
deer 
derm 
EPA 
esoph 
gl 
gro 
II 
I1BEL 
HEAST 
hem 
hemor 
hep 
hyp epi 
I 
im 
incr 
inh 
intest 
IRIS 
irr 

cancer classification indicating known human carcinogen 
cancer classification indicating probable human carcinogen 
cancer classification indicating suspected huinau carcinogen 
adrenal 

acetylcholinesterase 
bladder, urinary unless noted 
carcinogen, carcinoma 
cavity 
cardiac 
cervix 
circulatory 

central nervous system 
decrease 
dermal 
United Stales Environmental Protection Agency 
esophagus 

gland 
growLh 
IIEAST= Health Effects Assessment Summary Tables 
health based exposure limit 
health effects assessment summary tables (EPA) 
hematological 
hemorage 

hepatic, liver 
hyperplasia of epithelium 
IR1S= Integrated Risk Information System 
immune 
increase 
inhalation 

intestine 
Integrated Risk Information System 
irritation 

LIST OF ABBREVIATIONS (continued) 

Kg 
le 
mise 
mam 
nig 
nil 
mol 
luort 
nas 
nep 
lier 
opt 
pit 
PNS 
rep 
fes 
IUC 
itru 
SF 
Epi 
Etom 
Bys 
test 
Lhy 
lis 
vnsc 
wt 

kilogram 
large 
miscellaneous,e.g.clinical parameters unspecified 
mammary 
milligram 
milliliter 
molecular 
mortality 
nasal 
nephrotic, kidney 
nervous system, 
optic 
pituitary 
peripheral nervous system 
reproductive 
respiratory 
reference concentration (airborne) 
reference dose (contaminant/body weight/day) 
safety faclors (see Technical Information) 
spleen 
stomach 
syslem 
testes 
thyroid 
tissue 
vascular 
weight (overall body unless organ specified) 
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Appendix 2 
Methodology for Calculating HBEL's 

I. Introduction 

IRIS and H EAST data were 

used to calculate air concentrations 

which should pose minimal cancer 

risk to workers (one in a million) 

and no risk of chronic health effects 

to workers. IRIS exposure guide-

lines and risk estimntes were devel-

oped for chronic environmental ex-

posures by EPA and were modified 

for application to chronic occupa-

tional exposures for use in this re* 

port. 

Alternatives to the PELs and 

TLVs were considered necessary for 

numerous reasons: Most TLVs and 

PELs were developed prior to the 

availability of extensive chronic tox-

icity data for many chemicals, they 

were not based on a clear and con-

sistent calculation methodology, 

they often lacked scientific docu-
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Appendix 2 (Continued) 
Methodology for Calculating HBEL's 

mentation and they incorporated 

considerations of feasibility and 

cost. Many TLVs and PELs are | 

based oil effects of short-Lcrm expo 

sure such as skin or eye irritation.) 

The IRIS and IIEAST guideline 

based on current toxicity data, uti 

lize state-of-the-art risk assessmer 

methodology which has gained a -

broad acceptance in the scientific 

community. They are derived froi 

systemic (non-carcinogenic) and cfl 

cinogenic sLudies of chronic and sJ 

chronic exposure. Due to the chro 

ic nature of mosL occupational i 

exposures, the air concentration • 

guidelines calculaLcd for this repoj 
i 

may be most appropriate. The coij 

parison of occupational guidelines 

and standards with HBELS arc u* 

ful in identifying occupational liml 

in need of substantial revision. 

Reference Doses (RfD's) are max-

imum exposure recommendations 

developed by EPA for non-

carcinogens found in air or water. 

RfUs are maximum recommended 

intakes per day in milligrams per 

kilogram body weight per day (mg/ 

kg/d). The Rfl) is estimated to be 

the maximum lifetime daily expo-

sure level at which no adverse non-

carcinogenic effect is expected to 

occur. EPA's first priority in devel-

oping RfDs was to obtain values rel-

evant to drinking water guidelines. 

Consequently, RfDs calculated for 

oral exposure were developed first 

and are the only values available 

for non-carcinogens as of this writ-

ing. The oral RfDs were adapted 

for the inhalation exposure route 

relevant to occupational settings for 

the HBEL's. In cases where RfDs 

were based upon inhalation stud-

ies, results were calculated direct-

lyand are indicated in table 3 with 

an asterisk. 

There is not considered to be a 

"safe" level of exposure to a carci-

nogen. Instead, EPA provides 

risk estimates, Unit Risks, ex-

pressed as the estimated cancer 

risks per microgram per cubic me-

ter of air (ug/m3). These were 

converted to mg/m3 in this book-

let. 

The RfDs and Unit Risks were 

calculated by EPA using standard 

risk assessment methodology 

which introduces significant mar-

gins of safety. The margins of 

safeLy are reflected in the IlBEL's. 

Consequently, the cancer risk es-
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li/r fu J i T J D P T
 1 1 Appendix 2 (Continued) Methodology for Calculating HBEL s 

° ' r g t — 9 / 8 0 , USDI1IIS. 

3. TLVs: TLVs and Biological timates (e.g. individual cancer risk (HBEL) were calculated using 

at a specific exposure level) are pro- m e ihods which follow the federal jixposure Indices for 1987 - 1988, • 

tective rather than predicitve. In Guidelines for llisk Assessment o^CGIII. 

Carcinogens (51 Fit 33992-34003,, 4. NOELs, LOELs, l lFDs, 

Sept. 24,1986. The methodology p | o p o Factors and Unit Risks: 

employed to develop the IRIS and|R|s Data Base, EPA Office of Re-
• 

HEAST values also follows Lhe peorch and Development, Washing-

Federal guidelines and is ex- D.C. 1992. 

plained in the IRIS Supplemental; HEAST: Health Effects Assess-

Documentation available from ment Summary Tables, USEPA, 
E P A - 3992, Washington D.C. 

Sources: j Assumptions: 

Standards, guidelines and Rid Numerous assumptions were re-

ing human exposure, and routes of Assessment values (RFDs and i,uired to calculate HBELs. The as-

exposure other than inhalation. NOELs) were obtained from Lhe pumptions are listed below. As 

most cases they represent Lhe 

upper 95% confidence bound of lhe 

polenlial risk of exposure for a 

working lifeLime of 40 years. 

The HBELs are preliminary al-

ternative exposure limits. They do 

not take into account significant 

considerations such as feasability, 

anecdotal reports of effects follow-

In spite of Lhese constraints, the 

HBELs are preliminary health-

based guidelines which are signifi-

cantly safer for workers than cur-

rent PELs and TLVs. 

II. Methodology 

Health-based exposure limits 

following sources: 

1. PELs: 29CFR, 

1910.1000, Tables Z-l, Z-2, Z-3 

f»ore information bccomes available 
] 
m topics such as dose rate and 

hresholds these assumptions may 

lions were required to develop the 

IRIS and HEAST values. These are 

discussed in lhe IRIS documenta-

tion available from EPA. 

BREATHING RATE = 10 

m3 per 8 hours work 

BODY WEIGHT =60 kg 

WOIlKDAY= 8 hours 

WORKDAYS PER YEAR 

= 240 days 

WORKING LIFETIME = 

40 years 

1. Body Weight: The body 

weight used in all calculations is 

based on average female weight 

(IRCP, 1975). This was done to in-

sure the group at greater risk was 

adequately considered. The total 

lung ventilation is very similar for 
2. RELs: MMWH Supple- r c q u i r e modification. I„ addition to ,„„„ n n d w o m e n > ^ v e r s u s m 

ment, NIOSH Recommendations the assumptions required for Lhe 

for Occupational Heallh and Safe^ork done on this report, assump-
for 24 hours and 9.6 versus 9.1 for 

light activily for 8 hours (ICRP, 
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Appendix 2 ! Appendix 2 
Methodology for Calculating HBEL's I Methodology for Calculating HBEL's 

1975). Consequently, women's ex-

posure per kilogram of body weight 

will result in a higher dose (in mg/ 

kg) than men's. By using the lower 

(female) body weight in calcula-

tions, the HBELs incorporate con-

siderations of womens* health con-

cerns and increase the margin of 

safety for men. 

2. Absorption: A variety of ab-

sorption factors have been used in 

risk assessments to adjust for dif-

ferences in absorption via different 

routes of exposure or via the same 

route of exposure in different spe-

cies. Absorption is most relevant to 

the non-carcinogen HBEL calcula-

tions which entailed a conversion 

from the oral to inhalation exposure 

route. Carcinogenic hazards are 

generally assumed to be similar via 

any route of exposure. Except in 

those rare cases where actual 

measurements have been made 

/ailable for most chemicals. In most 

ises, changes in absorption factors 

for a specific chciuical, there is lit | 0 U | j r c s u | t ;„ minimulchangcs in 
i 

tie scientific foundation for the se-^e f i n a | numbers. 

lection of a particular absorplion j 3 Body weight versus target tis-

factor (Hallenbeck and Cunning- b m a s s : yyii adjustment is incorpo-

ham, 1986). Consequently, for Bleti j n t o t | l c HBELs derived from 
j 

this report, it was assumed that jn)s based on oral exposure studies. 

the proportion of a toxicant ab- adjustment is equal to the ratio » 

sorbed would be the same via oralf body weight to the 2/3 power for 

or inhalation exposure and that it l U m a n versus animal exposures. It 

would be the same for study sub- t discussed in the IRIS documenta-

jects (e.g., mice) and workers. 011. An example of how this has 

Whether it is assumed that cc , derived and used for a specific 

90% or 10% absorption occurs, the| i emicai a | o n g wjUi a more detailed 

HBELs would not change as long 

as study subjects and workers are 

assumed to absorb the same per-

iscussion can be found in the Health 

ssessment Document for chloroform 

SPA, 1985, pages 8-76 to 8-87). 

centage of the toxicanL. Although por inhaled toxins it was assumed 

differences in absorption do e x i s t â t the effective exposure of the tar-

detailed information on this is nolgct tissue in non-huinan species is 

similar to Lliat of humans when 

corrected for body weight. This fol-

lows the approach taken in IRIS for 

inhaled toxins. 

4. Thresholds: Thresholds are 

assumed to exist for non-

carcinogenic effects. Cumulative 

exposure over long time periods 

contributes to the occurence of ad-

verse health effects by aggregating 

chemical exposures to a level at 

which the effects occur. This may 

Lake place.by increasing the body 

burden, incrementally increasing 

organ damage to a level where it 

can be ovserved, or through some 

oLher mechanism. Thresholds are 

assumed noL to exist for carcino-

gens.- Consequently, the aggregate 

exposure over a lifetime is relevant 

to the individual's cancer risk. 
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Appendix 2 (Continued) 

6. Dose Rate: The rate at which 

a chemical exposure occurs may be 

a significant factor in the occurance 

of non-carcinogenic adverse health 

effects. There are clearly different 

effects observed following acute 

high level exposure and chronic low 

level exposure. However, this re-

port deals with chronic exposures 

only. Consequently, the assump-

tion is made here that low level en-

vironmental exposures which are 

dealt with in IRIS are very similar 

to low level occupational exposures 

and no adjustments were made to 

the HOELs for dose rate differences. 

Some studies have been conduct-

ed which indicate cancer risks asso-

ciated with low level exposure may 

vaiy with dose rate. For example, 

radiation induced cancer risks in-

crease (a higher risk per unit of 

dose exists) at lower chronic expo-

sure levels than aL higher chronic 

exposure levels (Mays cL al. 1978; 

BEIR, 1980; Upton, 1984; Char-

meaud eL al. 1977). Current 

knowledge «f lhe impact of dose 

rote, continuous and intermittent 

exposure on risk is very limited. 

Consequently, no quantitative ad-

juslmenls were made for these fac-

tors. As information becomes 

available on this topic, adjust-

ments may be recom mended to im-

prove the accuracy of dose-

response estimates. 

CALCULATION OF HBELS 

Differenl methods are used to 

calculate HBELs for carcinogens 

and non-carcinogens bccause they 

are based on diffcrenL Lypes of ex-

posure and response dala. 
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Appendix 2 (Continued) 
NON-CARCINOGENS: 
A "safe" threshold for working 

lifetime exposure was 
» 

i calculated using a previously esti-

mated "safe" threshold for 

|environmental exposures obtained. 
I in most cases from USEPA. Air 
•concentration guidelines (RfCs) 
> were used when available; howev-
! er, only oral inLake guidelines 
?(RfDs) were available for most 
clicmicals. A rouLe-lo-route ex-
trapolation was used to eslimale 
"safe" air concenlralions from 
ItfD's. 

I 

: 1. WHEN AUi CONCENTRA-

| TION GUIDELINES WERE 

PROVIDED: lhe reference con-

cenLralion (RfC) in mg/cubic meler 

' was adjusted lo account for work 

j time exposure duralion. 

j IIBEL = RfC x 365/240 days per 

year x 20/10 cubic ineLers breathed 

! =IlfC x 3.45 

2. WHEN ORAL INTAKE GUIDE-

LINES WERE PROVIDED: RfD 

in mg/kg/day was adjusted for work 

Lime exposure duralion and body 

weight, and the units were convert-

ed to airborne exposure units. 

IIBEL = RfD x 365/240 days per 

year x 70 kg /10 cubic meters per 

day = RfD x 10.65 

CARCINOGENS 

An exposure level was calculated 

which is estimated to generate a 

maximum working lifetime risk of 

less than one in one million. 

This was based on the unit risk 

(UR) obtained, in most cases from 

USEPA, expressed in lifetime risk 

perpg/cubic meter. 

1. WHEN INHALATION UNIT 
RISKS WERE PROVIDED: the 
unit risk was adjusted to account for 
work time exposure duration and to 
derive a one in one million risk lev-
el. 

HBEL = 1 x 10 (-6) x (U R x 1000 
ug/mg x 240/365 days per year x 40/ 



Pagg_60- Health-Based Exposure Limits Draft 7 10/21/93 

Appendix 2 (Continued) 
70 years x 10/20 cubic meters per 
day) 

= 5.26 x 10(-Î ) ) /U] l 

2. WHEN ORAL INTAKE 
GUIDELINES WERE PROVID-
ED: the unit risk was adjusted for 
work time exposure duration, the 
oral exposure units were convert-
ed to airborne exposure units, and 
to derive a one in one million 
risk level. This was divided into 
two sleps: 

a. - conversion to units of ug/ 
cubic meter URair = URoral x 20 
cubic meters per day x .001mg/ug 
x 1/70 kg 

= UR x 2.9 x 10 (-4) 
b. - adjustment for occupation-

al exposure duration using the 
same equation shown for inhal-
tion unit risks: 

5.26 x 10 (-9) / URnir 

A SIMPLIFIED APPROACH FOR 

CARCINOGENS COMBINING 

THE TWO EQUATIONS DI-

RECTLY ABOVE YIELDS: 

HBEL= 1.8 x 10(-5)/UR 
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OSHA NIOSH 

Appendix 3 
1AUC Definite, Probable or Possible Human Carcinogens 

With OSHA Regulations or NIOSH recommended Standards 
(as of 1088) 

!Chemicul name IARC Organ system 
Vol:pg definite carcinogens 

(probable carcinogens) 
(possible carcinogens] 
(animal carcingen, with 

human data lacking) 

Acrylonitrile 19:73 

2-Acetylamino fluorine 
(Acetainide) 7:197 

Adriumycin 10:43 
Aflatoxins 10:51 

(Lung, trachea and bronchus) X 
(Stomach;ProstateBrain;Lympopoietic) 

(Animal carcinogen) X 
(Leukemia, osteosarcoma) 
Liver 

Alcoholic beverages 44:2590ral cavity; pharynx; larynx;Esophagus; liver 
Aluminum production 34:37 (Lung; Bladder) 
4-Aminobi- phenyl 1:74 Bladder X 
Amitrole 7:31 (Lung, trachea and bronchus) 
Volatile Anesthetics ll:285(Pancreas;)ymphatic and hematopoietic) 
Analgesics w/ phenacetin 24:135 Renal pelvis (bladder,ureter) 
Arsenic & cpds. 23:39 Lung, trachea and bronchus X 

Skin(Angiosarcoma of liver;lymphaLic& hemat) 
Artificial sweeteners-cyclamates, 
-saccharin 

Asbestos 

Auramine 
Azathioprine 

Benzene 
Benzidine 

22:171 (Bladder) 
14: Mesothelioma of peritoneum X 

Mesothelioma of pleura; Lung (Gl tract;larynx) 
1:G9 (Bladder) 
26:47 Lyinphoma(liver;lung;lhyroid;leukemia) 

(sod tissue sarcoma; skin; melanoma; bladder) 
29:93 Leukemia X 
29:149Bladder 

Benzidine-based dyes 
•Direct Black 3829:295(Bladder) 
•Direct Blue 6 29:31 l(Bladder) 
•Direct 

Brown 95 
Benzo(a)pyrene 
Beryllium 

29:32 UBIadder) 
32:211 
29:321(Lung) 

Betel quid and tobacco 37:141 Oral 
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Organ system 

Chemical name IARC Organ system 
Vol:pg definite carcinogens 

(probable carcinogens) 
(possible carcinogens! 
(animal carcingen, with 

human data lacking! 

N,N-Bis(2-chloroethyl)-
2-naphthylamine 4:119 Bladder 

2 6 : 7 9 l e u k e m i a ) 
BCME.CMME 4:231 Lung x 
Bleomycins 26:97 (Leukemia) 
4-Butanediol diinethane-
sulfonate 4:247 Leukemia 

Cadmium n : 3 9 (Pharynx;colon;rectum) X 

Carbon black 33:35 
Carbon tet. 20:371 (Liver) 
ChemoKx (MOPP) 26:311 Leukemia (lymphoma) 
Chlorambucil 26:115 Leukemia 
Chloramphenicol 10:85 Leukemia 

nitrosourea 26:137 (Leukemia) 
Chlorinated toluene production: 
•Benzalchloride 29:49 (Lung) 
•Benzotrichloride 29:73 (Lung) 
• Benzylchloride 29:185 (Lymphoma) 
Chlorophenols 20:349 (Soft tissue sarcoma) 
Lhloropnenoxy 

herbicides 

lemical name IARC 
Vol:pg definite carcinogens 

(probable carcinogens) 
(possible carcinogens] 
Icinimal carcingen, with 

human data lacking! 

OSIIA N10SII 

|Elhyleneimine , . - 9:37 
formaldehyde 29:345 
^llexachlorocyclo-
1 hexanes 20:195 
Hydralazine 24:85 
INII 4:159 

41:319 (Soft tissue sarcoma; Lung, trachea & bron-
chus) 

19:131 IGI tract;lung,trachea&bronchusj 
nn o n c Jkymphatic&hemnlopoietic systemsl 
41:205 Lung, trachea & bronchus x 

i .. ^ ^ tract; nose and nasal sinus) 
Coke product,on 34:101 Skin. lung, trachea & bronchus X 

Chloroprene 

Chromium VI 

(Leukemia) 
(Breast) 
(Lung, trachea & bronchus) 

Iron&Steelfoundry 34:133 (Lung) 
^ead&cpds. 23:325 (Lung, trachea & bronchus) 
Leather goods mfg.25:279(Bladder;leukemia) 
Leather tanning and 
processing 25:201 (Bladder) 
Lumber and saw mills 
(including logging) 25:49 (Adenocarcinoma of nose & nasal sinus) 

(Soft tissue sarcoma;Iymphoma) 
(Iiodgkin's Disease) 

Man-made Mineral fibers: Glass,Rock,Slag wool 
•Slag wool 43:152 Lung 

cyclophosphamide 26:165 Bladder (skin;lymphatic;leukeinia) 
Chrysene 32:247 (Animal carcinogen! X 
Coal tar 35:83 Skin 
2,4-D and esters 15:111 (Soft tissue sarcoma;lymphoma) 
Ortho- and para-

[Dichlorobenzenes29:213 (Leukemia) x 
Diethyl sulfate 4:277 (Larynx) 
Dimethyl suirate4:271 (Lung, trachea & bronchus) 
Epichlorhydrin 11:131 (Lung, trachea & bronchus) 
Estrogens and Progestins: 
' contraceptives 21:103 (Liver; Breast;Cervix) 
Dietliylstilbestrol 21:173 Cervix; vagina (Breast;Endoinetrium;Ovary) 

Ethylene oxide 32:189 (Stomach; leukemia) 
(Animal carcinogen) X 
(GI tract;skin;prostate;kidney;Brain;Hodgkin's) 



OSHA NIOSH 

Appendix 3 (Continued) 
IAItC Definite , Probable or Possible Human Caroinogcus 

With OSHA Regulat ions or NIOSH recommended Standards 
(as of 1988) 

Chemical name IARC Organ system 
Vol:pg definite carcinogens 

(probable carcinogens) 
[possible carcinogens] 
(animal carcingen, with 

human data lackingl 

Mf*g. isopr. alcohol 16:223Nose and nasal sinus (Larynx) 
Mfg. of magenta 4:57 (Bladder) 
Melphalan 
Methoxsalen 
+UVA(PUVA) 
M BOCA 
Mineral oil 
Mustard gas 

9:167 Leukemia 

24:101 Skin 
4:73 (Animal carcinogen) 
33:87 (Lung) 

_ 9:181 Lung, trachea & bronchusfpharynxjlarynx) 
1-Naphthylamine 4:87 (Bladder) X 
2-Naphthalaniine 4:97 Bladder X 
n-Nitrosodimethyl-

ainine 17:125 lAnimal carcinogen) X 
Nickel refining 11:75 Nose; Lung (Laiynx) x 
Nickel and cpds. 11:75 (Nose; Lung;Larynx) X 
Nitrogen mustard 9:193 (Skin;Leukemia) 
OxyineLhalone 13:131 (Liver) 
Pentachlorophenols 20:303 [Soft tissue sarcoma;Lymphoma;Leukemia] 
Phenacetin 24:135 (Bladder; renal pelvis) 
Phénobarbital 13:157 (Lung;Brain) 
Phenoxy herbicides 15:111,273 (Soft tissue sarcoma; Lymphoma) 
Phenylbutazone 13:183 (Leukemia) 
n-PhenyI-2-
naphthylamine 16:325 (Bladder) 

Phenytoin 13:201 (Neuroblastoma; Neural crest;Lymphoma) 
PCB's 18:43 IGI tract;liver;pancreas; Melanoma; Lymph] 
Procarbazine 26:311 (Leukemia) 
B-Propiolactone 4:259 lAnimal carcinogen) X 
Propyl thiouracil 7:67 (Thyroid) 
Pulp and paper mrg. 25:157(Lymphoma; Ilodgkin's Disease) 
Radon 43:241 Lung 
Reserpine 24:211 (Breast) m m : s . • , w m ^ ^ m i ^ ^ 
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Introduction 

The following report contains a comparison of the maximum levels of 

occupational exposure recommended by ACGIH's Threshold Limit Values (TLVs) 

and NIOSH's Permissible Exposure Limits (PELfs) to exposure limits derived 

from USEPA's (EPA) Integrated Risk Information System (IRIS) for 49 

chemicals including suspected or known carcinogens. IRIS data were also used 

to calculate air concentrations which should pose no risk of chronic health 

effects and minimal cancer risk (one in a million) to workers. Brief 

summaries are included of systemic and carcinogenic toxciology data used as 

the basis for the comparisons and air concentration recommendations for each 

chemical. 

IRIS exposure guidelines and risk estimates were developed for chronic 

environmental exposures by EPA and were modified for application to chronic 

occupational exposures for use in this'report. A comparison of occupational 

standards and guidelines to IRIS based guidelines was considered useful for 

two reasons. The IRIS guidelines are based on current toxicity data, are 

extensively peer reviewed and utilize state-of-the-art risk assessment 

methodology which has gained a broad acceptance in the scientific community. 

(Appendix A contains a detailed explaination of the methodology.) Most 

TLVs and PEL'S were developed prior to the availability of extensive 

chronic toxicity data for many chemicals, were not based on a clear and 

consistent calculation methodology, often lacked documentation and may 

incorporate considerations of feasibility and cost.. Secondly, IRIS values 

are based on systemic (non-carcinogenic) and carcinogenic effects of chronic 

and subchronic exposure. Many of the TLVs and PEL'S are based on effects 

of short-term exposure such as skin or eye irritation. Due to the chronic 

nature of most occupational exposures, the air concentration guidelines 

i 
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derived for this report from the IRIS values nay be more appropriate. The 

comparison of occupational guidelines and standards with IRIS values could 

be useful in identifying occupational limits in need of substantial 

revision. 

IRIS maxlmim exposure recommendations vere developed by EPA for 

non*carcinogens vhich the general population would be exposed to (e.g. via 

air or water pollution). They are given in the form of Reference Doses 

(RfD'a) vhich are wuxlmm recommended intakes per day in miligrams per 

kilogram body weight per day (mgAg/d). The RfD is estimated to be the 

maximum lifetime exposure level at whieh no adverse systemic 

(non-careinogenic) effect is expeeted to occur. EPA's first priority in 

developing IRIS RfD's was to obtain values relevant to drinking water 

guidelines; consequently. RfD'a calculated for oral exposure were developed 

first and are the only values available 'for non-carcinogens as of this 

writing. The oral RfDs' were adapted for the inhalation exposure route 

relevant to occupational settings for purposes of this report. In cases 

where RfD's were based upon inhalation studies, both results calculated 

directly from the studies and from the oral RfD'a are given in this report. 

For carcinogens, IRIS does not provide a relevant RfD, since there is 

not considered to be a -safe- level of exposure to a carcinogen. Instead, 

risk estimates are provided: Slope Factors which give the estimated cancer 

risks per mg/kg/day and Unit Risks which give the estimated cancer risks per 

microgram per eubie meter of air (ug/m3). These were used to calculate the 

estimated individual cancer risks based on a working lifetime of exposure 

for this report. Slope Factors and Unit Risks are defined in detail in the 

Key and methods used in IRIS to calculate these values are presented in 

Appendix A. For potentially carcinogenic chemicals which do not have IRIS 

2 



cancer risk values» bue which have ocher EFA carcinogenic risk estimates,, 

the alternative cancer risk data are listed with their sources. 

The RfD's and Unit Risks were calculated using standard risk assessment 

methodology which introduces significant margins of safety. The margins of 

safety are reflected in the worker risk levels and exposure limit 

recommendations calculated for this report. Consequently, the risk 

estimates (e.g. individual cancer risk at a specific exposure level) are 

protective rather than predictive. In most cases they represent the upper 

95% confdldence bound of the potential risk of exposure for a working 

lifetime of 40 years. 

RfD's and Unit Risks were used to calculate a Workday Ambient Air 

Concentration (WAC) in mg/m3 for,this report. By modifying the exposure 

duration parameters used by EPA to compute RfD's and Unit Risks, WAC's could 

be calculated to estimate the maximum exposure level which would pose no 

risk of systemic health effects for non-carcinogens or a minimal risk of 

cancer (one In a million) for carcinogens to a worker exposed for a working 

lifetime (40 years) . Adjustments were made to convert exposures from a 

lifetime of 70 years used by IRIS to a working lifetime exposure period. 

The WAC's are not recommended exposure limits because they do not take 

into account numerous significant considerations including feasability, 

anecdotal reports of effects following human exposure, routes of exposure 

other than inhalation, and other critical Information. Also, the WAC s for 

non-carcinogens are based primarily on oral exposure studies. In some cases 

there may be inhalation studies which are more appropriate for use in 

setting an occuptaional exposure guideline, but which were not discussed in 

IRIS due to their focus on the oral exposure route. In spite of these 

constraints, the WAC's may be considered preliminary health-based guidelines 

3 
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which are useful as indicators that current PEL's and TLV's may need 
réévaluation. 

To compare the occupational guidelines and standards with the 

environmental (IMS) recommendations, a Risk Factor (RF) vas calculated 

. vhich reflects the degree to which the TLV and PEL for a chemical exceeds 

the VAC. For example, the PEL for allyl alcohol is 111 times greater than 

the WAC so the RF is 111. The comparison between the recommended 

health*based exposure limit and the limit vhich is recommended as safe for 

workers has different implications for carcinogens than for non-carcinogens. 

If the WAC is bsed upon non-careinogeni effects, it is assumed to be at the 

threshold for adverse effects, -with safety factors built in for individual 

and species differences in response. Exposure at levels which exceed the WAC 

may, therefore, result in adverse effects in some workers. It is likely 

that the proportion of workers affected'increases with increases above that 

concentration; although the statistical nature of the increase is not well 

understood and may differ for different compounds ( e.g. the distribution of 

responses may be normal, log-normal, etc.). If the WAC is based on 

carcinogenic responses the WAC has been calculated to generate a risk of 

one per million. Consequently, a risk factor of 1000 would increase the 

estimated risk by a factor of 1000 to one in one thousand. As the exposure 

levels increase the validity of the Unit Risk vhich vas used to calculate 

the WAC and Risk Factor decreases so that the risk faetor is less reliable. 

For carcinogens a Worker Risk Level (URL) was calculated which 

estimates the individual lifetime caneer risk to a worker exposed at the TLV 

or PEL based on the IRIS Unit Risk and WAC. The risk is expressed as a 

probability (e.g. .04 or four out of one hundred) of cancer. The WRL is an 

95% upper bound on risk and is a protective estimate rather than a 

4 



predictive one. As the cumulative exposure level increases the Unit Risk, 

which was used to calculate the Worker Risk Level, is less reliable. 

Information is provided in IRIS regarding the limits of reliability of their 

risk estimates. The reader is refered to the IRIS documentation for more 

detailed information on this. 

WRL's were not calculated for non-carcinogens because no Unit Risks 

have been calculated. For non-carcinogens the occurance of systemic health 

effects are not considered to be probabilistic. The expectation is that 

they will occur if exposure exceeds a specific threshold. Although 

individual differences are acknowledged, the likelihood of being affected is 

not considered to be a random event. Consequently, no probability of effect 

is assigned to exposure at the TLV or PEL for non-carcinogens. Athough 

there is no currently accepted risk assessment methodology to calculate, the 

risk of adverse effect for non-carcinogens the Risk Factor indicates the 

degree to which the occupational guidelines and standards exceed the 

health-based VAC. 

A summary of information on each chemical is provided which contains 

the following: IRIS RfD for non-carcinogens or Slope Factor and Unit Risk 

for carcinogens for each chemical, the type of study which the IRIS numbers 

or the EPA carcinogen classification was based upon and health effects 

observed in the study, the WAC calculated for this report and any special 

modification needed to carry out the calculations, the TLV, PEL, and NIOSH 

recommendations if available, the Risk Factor at the TLV and PEL, the Worker 

Risk Level at the TLV and PEL for carcinogens, a summary of the 

carcinogenicity, mutagenicity, chronic toxicity and teratogenicity 

determinations provided in the Hazardous Substance Fact Sheets, and 

additional information which may be relevant to evaluation of this chemical. 

5 
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Methodology 

Three types of values were calculated for this report: workday ambient 

air concentrations (VAC) which are working lifetime exposure levels in mg/m3 

are estimated to pose no systemic health effects risk or negligible 

carcinogenic risk (one in a million) derived from IRIS data, risk factors 

(KF) vhich are the ratios of VAC'S and either TLV's or PEL's, and worker 

risk levels (TOL) vhich are the individual cancer risks for lifetime 

exposure at the TLVs' and PEL's. The methods follov the Guidelines for Risk 

Assessment of Carcinogens (51FR 33992-34003, Sept. 24, 1986) and the 

approach taken for IRIS. 

The values calculated for this report are based upon IRIS Reference 

Doses (RfD's), Unit Risks, and in a fev cases, studies selected for use in 

IRIS. Consequently, the methods used for IRIS are critical to the results 

obtained for this work. The methodology employed to develop the IRIS values 

is explained in the IRIS Supplemental Documentation in Appendix A. It is 

necesary to review the documentation to gain a complete understanding of how 

the results vere obtained. 

Chemicals vere selected for evaluation based on the availability of 

both IRIS data and PEL's and TLV's. An attempt was made to match all 

ehemicals listed in the March 1986 IRIS Documentation, Volume II, Chemical 

Files vith current TLV's and PEL's using the sources listed below. Those 

chemicals vhich matched were included in the evaluation. In addition» the 

&/15/88 list: Chemicals on the Integrated Risk Information System from EPA 

were reviewed. All designated carcinogens vere also searched for a match 

vith current TLV's and PEL's. CAS numbers vere-matched in all* cases. A 

very small number of chemicals vere eliminated from the evaluation due ta a 

lack of matching between CAS nunbers or incomplete data. 

6 



SOURCES : 

Standards, guidelines and Risk Assessment values (RFD's and NOEL's) 
were obtained from the following sources: 

PEL's: NIOSH/OSHA Pocket Guide to Chemical Hazards. 9/85. USDHHS, PHS, 

CDC, NIOSH, DHEW (NIOSH) Publ. No. 78-210 

REL's: MMWR Supplement, NIOSH Recommendations for Occupational Health and 

Safety Standards. 9/86, USDHHS. 

TLVs: TLVs and Biological Exposure Indices for 1987 - 1988, ACGIH. 

NOEL's, LOEL's, RFD's, Slope Factors and Unit Risks: IRIS Data Base, 

EPA Office of Research and Development, Washington, D.C. 1988. 

I. ASSUMPTIONS 

Numerous assumptions were required to calculate WAC's, Risk Factors and 

Worker Risk Levels. The assumptions, are listed below. As more information 

becomes available on topics such as dose rate and thresholds these 

assumptions may require modification. In addition to the assumptions 

required for the work done, on this report, assumptions were required to 

devèlop the IRIS values. These are discussed in the IRIS documentation 

provided in Appendix A. 

BREATHING RATE 10 m3 per 8 hours work 

BODY WEIGHT 60 kg 

WORKDAY 8 hours 

WORKDAYS PER YEAR 240 

WORKING LIFETIME 40 years 

7 
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The body weight used in all calculations is based on average female weight 

(IRCP, 1973). This was done to insure the group at greater risk was 

adequately considered. The total lung ventilation is very similar for men 

and women, 22.fi versus 212.1 for 24 hours and 9.6 versus 9.1 for light 

activity for 8 hours (ICR?, 1975). Consequently, women's exposure per 

kilgoram of body weight will result in a higher dose ( in mgAg) than for 

males. By. using the lower (female) body weight in calculations, the Workday 

Ambient Air Concentrations, Risk Factors, and Worker Risk Levels 

incorporates considerations of womens health concerns and increases the 

margin of safety for men. 

Absorption: A variety of absorption factors have been used in risk 

assessments to adjust for differences in absorption via different routes of 

eposure or via the same route of exposure in different species. Absorption 

is most relevant to the non-carcinogen WAC and Risk Factor calculations 

which entailed a conversion from the oral to Inhalation eposure route. 

Carcinogenic hasards are generally assumed to be similar via any route of 

eposure. Except in those rare eases where actual measurements have been 

made for a specific chemical, there is little scientific foundation for the 

selection of a particular absorption factor. Consequently, for this report, 

is was assumed that the proportion of a toxicant absorbed would be the same 

via oral or inhalation exposure and that it would be the same for all 

species. Although differences do exist, other assumptions can not be 

supported without detailed information and analysis vhich is not available 

for most chemicals. In most cases absorption faetors would result in minimal 

changes in the final numbers. 
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Body weight versus target tissue mass: No additional adjustments were made, 

in addition to those incorporated into the IRIS values, for intraspecies 

variation in body weight and target tissue mass to calculate dose. An 

adjustment is incorporated into the WAC's derived from RfD's which are based 

on oral exposure studies. This adjustment is equal to the ratio of body 

weight to the 2/3 power for human versus animal exposures. It is discussed 

in the IRIS documentation provided in Appendix A. An example of how this 

has been derived and used for a specific chemical along with a more detailed 

discussion can be found in the Health Assessment Document for chloroform 

(EPA, 1985, pages 8-76 to 8-87). 

For inhaled toxins it was assumed that the -effective exposure of the 

target tissue in non-human species is similar to that of humans when 

corrected for overall body weight. This follows the approach taken in IRIS 

for inhaled toxins. 

Thresholds: Thresholds are assumed to exist for non-carcinogenic effects. 

Cumulative exposure over long time periods contributes to the occurancë of 

adverse health effects by aggregating chemical exposures to a level at which 

the effect occur. This may take place by increasing the body burden, 

incrementally increasing organ damage to a level where it can be observed, 

or through some other mechanism. Thresholds are assumed not to exist for 

carcinogens. Consequently, the aggregate exposure over a lifetime is 

relevant to the individual's cancer risk. This assumption is further 

discussed in the Guidelines for Cancer Risk Assessment in Appendix A. 

9 
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Dose Bate : The race at which chemical exposure occurs may be a significant 

factor In the occurence of non-carcinogenic adverse health effects. There 

ara clearly different effects observed following acute high level exposure 

versus chronic low level exposure; however, this report is dealing with 

chronic exposures only. Consequently, assumption is made here that low 

level environmental exposures which are dealt with in IBIS are very similar 

to low level occupational exposures and no adjustments were made to the 

WAC's for dose rata differences. This follows the approach of most risk 

assessment methods including those discusesd In the IBIS documentation and 

the Guidelines for Risk Assessment contained in Appendix A. 

Some studies have been cotlduetad which indicate cancer risks associated 

with low level exposure may vary with dose rate. For example, radiation 

induced cancer risks increase (a higher risk per unit of dose exists) at 

lower chronic exposure levels than at higher chronic exsposure levels (Mays, 

1978, BEIR, 1980, Upton, 1984, Charmeaud, 1977). Current knowledge of the 

impact of dose rate, continuous and intermittent exposure on risk is very 

limited. Consequently, no quantitative adjustments were made for these 

factors for this report. As information becomes available on this topic 

adjustments may be recommended to improve the accuracy of dose-response 

estimates, 



XI- CALCULATION OF WORKDAY AMBIENT AIR CONCENTRATION (WAC) 

Different: methods are used to calculate WAC's for carcinogens and 

non-carcinogens because they are based on different types of information in 

IRIS. 

Non-carcinogens 

The WAC for non-carcinogens is based upon the Reference Dose (RfD). 

Two modifications must be made to most RfD's to adapt them to occupational 

exposure situations. The exposure is modified to reflect 240 days worked 

per year, and 10 m3 of air breathed per 8 hour workday rather than 

continuous (365 days per year) exposure which was used to calculate the IRIS 

RfD's. By using the volume breathed during a workday and an estimated 

worker body weight of 60kg( the second adjustment is incorporated to change 

the exposure units from mg/kg/day to mg/m3. The following equation was 

.used to calculate WAC's from IRIS RfD's: 

WAC - RfD x 240/365 davs per year x 60 kg 

10 m3 air breathed per day 

The simplified equation is WAC - RfD x 9. 

For non-carcinogens the cumulative exposure over long time periods is 

relevant to the health effects observed, so an adjustment was made for days 

exposed per year. A threshold for toxicity is assumed to exist and the 

cumulative exposure over a year, rather than over the entire lifetime is 

significant to the observation of a health effect. 

EXAMPLE: allyl alcohol 
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An IRIS RfD is provided for this chemical because it was determined to be.a 

systemic (non-carcinogenic) toxicant. 

ISIS RfD: .005 mg/kg/day 

VAC - .005 x 9 - .045 mg/ml 

In some cases modification of this method were necessitated by the type of 

data that was available (e.g. an inhalation study). When the VAC was 

calculated directly from study data, the same method of calculation was used 

in this report as was used for IRIS. In those eases the method used to 

calculate the WAC is presented with the information on the chemical. The 

methodology discussed in IRIS documentation provided in Appendix A should be 

refered to for an explaination of safety factors and other calculation 

parameters. 
i 

Carcinogens 

The WAC for carcinogens is based upon the Unit Risk (UR) vhich gives 

the estimated cancer risk for a lifetime of exposure at 1 ug/m3. An 

adj us tenant to the Unit Risk vas made for exposure duration and to convert 

the units from ug/m3 to mg/m3. A factor for the proportion of air breathed 

by workers versus environmentally exposed Individuals daalth with in the 

IRIS Unit Risk (10 versus 20 liters/day) was used. This was considered more 

accurate than using the number of hours exposed per day since the hours per 

day do net reflect the variation in breathing rate with variations in 

activity level over 24 hours. 



An equality was set up to identify the air concentration which would 

yield an estimated individual risk of one in a Billion: 

Unit Risk/1 ug/m3 - 10 (-6) risk/ WAC 

This equality, with the adjustments dicsussed above yields the following 

equation for WAC: 

MAC - 1 x 10 ( - 6 ) t 

UR risk/ug/m3 x 1000 x 240 days/year x 40 years x 10 m3 air breathed 

365 70 20 per day 

The simplified calcualtion is WAC - 5.26 x 10 (-9)/Unit Risk. 

The risk level of one in a million was chosen because it can be considered a 

minimal risk. This risk level was recently incorporated into law by the New 

Jersey legislature to be used as a health-based guideline in the devlopment 

of standards for the maximum allowable contamination of drinking water. 

Occupational risks are not usually targeted to this low level. However, 

considering the numerous potentially hazardous workplace materials 

individual workers may be exposed to, the author considered it reasonable 

for purposes of this report. 
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EXAMPLE: acrylonitrile 

An IRIS Unie Risk la given for this chemical because it vas determined to be 

a carcinogen. 

IRIS Unit Risk: 6.8 X 10 (-3) risk per ug/m3 

WAC - 3-2$ x 10 <-9 ) /6 ,8 x 10 ( -5) - 7.74 x 10 ( -5 ) mg/m3 

In some case s modifications of this method vere necessitated by the type of 

data that vere available (e.g. a cancer risk estimate from the Air Toxics 

Branch of EPA rather than IRIS). In those eases the method used to 

calculate the WAC is presented vith the information on the chemical. It is 

very similar to the method presented above and all necessary assumptions 

(e.g. amount of vater consumer per day) are discussed in the IRIS 

documentation in Appendix A. 

III. CALCULATION OF RISK FACTORS 

Risk Factors vere calculated directly from the WAC's. They are the 

ratio of the occupational standard (PEL) or guideline (TLV) and the WAC. 

They indicate the degree to vhich the PEL or TLV exceed the health-based 

WAC. The folloving equation vas used: 

Risk Factor - TLV or PEL/ WAC 

EXAMPLE: allyl alcohol 

VAC: .045 mg/a3 

TLV and PEL: 5 mg/m3 

Risk Factor - 5/.045 - 111 

*i 



EXAMPLE: acrylonitrile 

WAC: 7.74 x 10 (-5) mg/m3 

TLV and PEL: 4.5 mg/m3 

Risk Factor - 4.5 / 7.74 x 10 (-5) - 58,140 

IV. CALCULATION OF WORKER RISK LEVELS 

As discussed in the Introduction, Worker Risk Levels (WRL) are only 

calculated for carcinogens because probabilistic risk estimates are only 

relevant to carcinogenic responses. The Unit Risk (individual cancer risk 

per ug/m3 lifetime exposure) was multiplied by the TLV or PEL, with 

modifications for exposure duration to obtain the estimated risk for a 

working lifetime of exposure at the TLV or PEL. An adjustment was made to 

convert the units for Unit Risk (ug) to 'the units used in TLVs and PEL's 

(mg). The following equation was used: 

\ 

WRL - Unit Risk(lOOO) x 240 days/year x 40 years x 10 m3 air breached x TLV 

365 70 20 per day 

The simplified equation is WRL - Unit Risk x 19 x TLV 

EXAMPLE: acrylonitrile 

Unit Risk - 6.8 x 10 (-5) 

TLV - 4.5 mg/m3 

WRL - 6.8 x 10 (-5) x 190 x 4.5 - .058 
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V. DATA FROM THE HAZARDOUS SUBSTANCES HEALTH FACT SHEETS 

Data on chronic health effects froa the Hazardous Substance Fact Sheets 

vas summarized in a brief paragraph at the end of eaeh ehemical information 

sheet. If the Fact Sheets indicated evidence of mutagenicity, 

carcinogenicity, decreased fertility, or organ damage the paragraph includes 

a statement that the ehemieal may be mutagen or may cause cancer, decreased 

fertility, or organ damage. If the Fact Sheets indicated evidence of 

teratogenicity, fetotoxicity, embryotoxicity, or fetal mortality the 

paragraph states fetal damage may occur. The reader is refered to the 

Hazardous Substances Fact Sheets for detailed information on acute and 

chronic health effects, methods of worlcer protection, and eurrent standards 

and guidelines. The Fact Sheets can be obtained from the Nev Jersey 

Department of Health, Occupational Health Service, Right to Knov Program, 
» 

Fact Sheet Unit and from ...THIS PACE GIVEN TO YVES HIKOL FOR COMMENT AND 

REVIEW. 



FORMAT 

The following format is used for each chemical evaluated.Terms are 

described in the KEY and calculation methods in Methods and Appendix A. 

CHEMICAL CAS Number 

IRIS (date evaluation was completed by EPA) 

Non-carcinogenic Effects: 

NOEL, Safety Factor(SF), Modifying Factor (MF), and study type 

Reference Dose (RfD), health effects basis 

Workday Acceptable Ambient Concentration (WAC) 

Scientific Support 

Other Relevant Data 

Carcinogenic Effects: 

Basis for risk calculations and carcinogenic classification 
« 

Method of Extrapolation 

Slope Factor for inhalation exposure 

Unit Risk for inhalation exposure 

Workday Ambient Air Concentration (WAC) 

TLV: ppm (mg/m3), target tissue 

Risk Factors 

Worker Risk Levels (carcinogens) 

PEL: ppm (mg/m3), target tissue 

Risk Factors 

Worker Risk Levels 

ADDITIONAL INFORMATION 

NIOSH recommendations are listed here. 

HAZARDOUS SUBSTANCES FACT SHEETS: chronic health effects and mutagenicity 

data are summarized followed by the Fact Sheet number in parenthesis. 
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KEY 

Definitions of terms end units of numerical values are given below in the 

order that they appear on the chemical information sheet and Format. 

Calculation methods are described in Methods and Appendix A. 

NOEL No Observable Effeet Level obtained from an animal or human 

study. Determined by EPA. Units: mg/kg body weight/day 

unless otherwise noted. 

Study Type The study subjects (e.g. rats, mice), route of exposure, and 

length of the study (e.g. chronic, subchronic) are listed. 

These determine 'which safety factors are used and indicate 

the relevance to occupational settings (e.g. an oral study is 

less relevant than an inhalation study for most compounds). 

LOEL Lowest Observable Effect Level obtained from an animal or 

human study and used when a NOEL is unavailable. Determined 

by EPA. Units: mg/kg body weight/day unless otherwise noted. 

RfD Reference Dose is the maximum intake per day which is 

estimated to cause no adverse effeets to humans. Calculated 

by EPA. RfD's ara calculated for non-carcinogens only 

becuose it is assumed that there is no safe level of exposure 

to a carcinogen. Calculated by EPA for IRIS from the NOEL or 

LOEL. The health effects listed are adverse effeets noted by 

IRIS usually in the study vhich the LOEL or NOEL vas based 

upon obtained. If no effects vers observed in the cited 

study, effects observed in other studies cited in IRIS are 

listed. Units: mg/kg body velght/day 



KEY 

WAC 

AWAC 

Risk Factor 

Basis 

Workday Ambient Air Concentration. Calculated for this 

report. For non-carcinogens WAC is the maximum time weighted 

average air concentration which is expected to cause no 

adverse health effects in humans with a working lifetime of 

exposure ( 40 years). Calculated from the RfD or directly 

from study data used to derive the RfD using durations of 

exposure and inhalation volumes relevant to the workplace 

(e.g. 8 hours instead of 24 hours). 

Alternative Workday Ambient Air Concentration. Calculated for 

this report. Similar to WAC and uses IRIS data, but 

provides a better basis for exposure guidelines and risk 

factors because it employs either a more standard method or a 
« 

more relevant study than IRIS. Units: mg/m3 

Multiplication factor by which occupational standard or 

guideline for a non-carcinogen exceeds the safe exposure 

level derived from IRIS. Calculated for this report. Based 

on the equations: WAC/PEL, TLV, or REL. No units 

The results of carcinogenicity studies which were used to 

form the basis of the classification of a compound's 

carcinogenicity status. NOT necessarily the basis of the risk 

calculations. Calculations may utilize aggregate information 

from a number of studies. The USEPA classification is listed 

followed in parenthesis by the alpha-numeric designation of 

its carcinogenicity status (e.g. Bl). The meaning and 

derivation of their classification system is discussed in the 

IRIS documentation contained in Appendix A. 
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KEY 

Method 

Slope Faetor 

Unit Risk 

VAC 

The risk assei ssment method used to extrapolate the cancer 

risk to humans from either animal or epidemiological data. 

The methods used for IRIS are dlseussed In Appendix A . 

Cancer risk per mg/kg/day assuming a lifetime of exposure. 

Calculated by EPA for IRIS utilizing stanodard risk 

aasesmsent methods (in most cases the linearized multistage 

model). The values given usually represent the upper 95% 

confidence bound on risk. Consequently, they represent a 

protective estimate rather than a predictive one. Units: 

individual cancer risk, e.g. .009 or 9 per thousand 

Individual cancer risk per ug/m3 air concentration assuming a 

lifetime of exposure. Calculated by EPA for IRIS utilizing 

s tanadar d risk assessment methods (in most cases the 

linearized multistage model). The values given usually 

represent the upper 95% confidence bound on risk. 

Consequently, they represent a protective estimate rather 

than a predictive one. Units: individual cancer risk, e.g. 

.009 or 9 per thousand 

Workday Ambient Air Concentration. Calculated for this 

report. For carcinogens it is the maximum time weighted 

average concentration which is expected to incur a lifetime 

cancer risk no greater than one in a million (10 x -6). It 

vas calculated for this report from the IRIS Unit Risk with 

adjustments* for working lifetime exposure. Units: mg/m3 



Upper bound (usually 95%) of lifetime cancer risk estimated 

to be incurred from a working lifetime (40 years, 240 days 

per year, 8 hours per day, 10 m3 per air breathed per day) of 

exposure at the TLV, PEL or REL listed. Calculated from the 

Unit Risk for this report. Units: individual cancer risk 

Threshold Limit Values set by the American Conference of 

Governmental Industrial Hygienists (ACGIH). Unless otherwise 

noted they are 8 hour time weighted averages (TWA) . Target 

tissues and carcinogenicity evaluation cited with the TLV are 

listed. Units: ppm followed by mg/m3 in parenthesis. 

Permissible Exposure Limits set by the Occupational Safety 

and Health Administration (OSHA). Unless otherwise noted 
» 

they are 8 hour time weighted averages (TWA). Target tissues 

and carcinogenicity evaluation cited with the PEL.are listed. 

Units: ppm followed by mg/m3 in parenthesis 

Recommended Exposure Limit set by National Institute for 

Occupational Safety and Health (NIOSH). Unless otherwise 

noted they are 10 hour TWA. Target tissues and 

carcinogenicity evaluation cited with the REL are listed. 

Units: ppm followed by mg/m3 in parenthesis. 
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Results 

Tabla 1 summarizes the quantitative results obtained in this report. 

The current TLVs and PEL's are listed along with the IRIS-based WAG's. The 

comparison of current occupational guidelines and standards with WAC's are 

expressed in terms of Risk Faetor, Where an Alternative WAC was calculated, 

the Rlak Factor derived from comparison with the AVAC is given in 

parenthesis. When both PEL's and TLVs were available, the Risk Factor 

obtained from the TLV comparison is listed first followed by a slash (/) and 

the PEL Risk Faetor. 

The VAC#s are health*based estimates of exposure limits which would 

pose minimal risks to workers, 'are significantly lower than current PEL's 

and TLVs for most chemicals considered. Most are in the range of 

micrograms or nanograms per cubic meter (ng/m3), with a low value of .4 

ng/m3 for chromium VI. All but three WAC's are lower than 1 mg/m3. This is 

in contrast to current TLVs and PEL's for which 31 of the 49 ehemieals 

evaluated have limits greater than 1 mg/m3 and 14 of these are greater than • 

100 mg/m3. 

The VAC's calculated for carcinogens are lower than those for 

noneareinogens In most cases. This results both from the risk assessment 

method used (linearized multistage) and the level of individual worker risk 

which was defined as acceptable for this report (one in a million). The 

effects of using a carcinogen risk assessment approach versus a threshold 

non-carcinogen approach can be seen in the results obtained for three 

ehemieals: chloroform, tetrachloroethylene, and trichlorofluoromethane. 

VAC'a and Risk 

Factors for each of these wero* calculated from both a Unit 

Risk based upon a cancer study with a multistage extrapolation and on an RfD 

based on a non-cancer study with a threshold and safety factor 
« 



extrapolation. For chloroform the non-cancer based WAC is 391 times higher 

than the cancer based WAC. For tetrachloroethylene there is a 20 fold 

difference and for trichlorofluoromethane there is a 27,000 fold-difference. 

Risk Factors range from .5 for formic acid to 56,000,000 for 

trichlorofluoromethane. The TLV's and PEL's exceed the WAC's for all 

chemicals considered except formic acid which has a TLV and PEL of 18 mg/m3 

and a WAC of 9 mg/m3. For 50% of the chemicals the Risk Factors are greater 

than 1901 (the median value), indicating that the PEL and/or TLV are more 

than 1900 times the WAC or AWAC. 

Carcinogenic risks calculated from the IRIS Unit Risks and modified for 

occupational exposures are listed as Worker Risk Levels. As with the Risk 

Factors the TLV derived risks are listed first followed by a slash and the 

PEL derived risk. The risks are upper bound estimates based, in most cases, 

on a linearized multistage model. Carcinogenic risk, which is estimated for 

individual workers exposed at the TLV or PEL for 40 years, range from .001 

for hexachlorobutadiene to levels approaching 1 for 5 chemicals 

(1,3-butadiene, chloroform, methylene chloride, and trichlorofluoromethane). 

Table 1 provides a summary of the quantitative data; for more 

qualitative information on each chemical and an explaination of the 

calculation methods for chemicals with Alternative WAC's the reader is 

refered to the Individual Chemical Information Sheets. A review of the 

qualitative data on individual chemicals demonstrates that for most 

chemicals designated as carcinogens by IRIS the basis of the current TLV or 

PEL is not carcinogenic effects. However, even for those which have an 

indication of carcinogeni potential in the TLV or PEL guidebooks (see 

Sources in Methodology section) such as cadmium, benzene and acrylonitrile, 

the current occupational expposure limits exceed health-based WAC's very 
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aignifleantly, by factors of 68,493 (PEL), 47,000 (TLV and PEL) and 58,140 

(TLV and PEL) respeeively. 

Thé chemical information sheets also indicate frequent differences in 

target tissues cited by IRIS and the TLV and PEL guidebooks, especially for 

the non-carcinogens. For example, skin is the only target tissue listed for 

15 of the 49 chemicals. This may indicate a focus on obvious and acute 

effects in the limit setting process, although the effects listed did not 

necessarily form the basis of the limits. For a thorough discussion of the 

basis of the TlV's see Castleman and Ziem, 1988. More serious chronic 

health effeets are noted as the basis of IRIS values and are also noted in 

the New Jersey Department of Héatlh Hazardous Substances Fact Sheet 

summaries. 

A reviev of the summaries of chronic health effects from the Hazardous 

Substances Fact Sheets indicates that in a majority of cases Fact Sheet 

information supports the IRIS RfD or cancer classification. The Fact Sheet 

data, like the IRIS data, incorporates current toxleological and 

epidemiological data. The Fact Sheets' should be consulted for detailed 

information on health effeets, vorker protection information and other types 

of data. 



TABLE 1. SUMMARY OF RESULTS Results of comparison of IRIS (WAC), TLV, and 

PEL exposure guidelines and risk evaluations. 

CHEMICAL NAME OCCUPATIONAL IRIS-BASED COMPARISON CARCINOGENIC 

GUIDELINE GUIDELINE RISES 

TLV/PEL Workday Ambient Risk Factor(RF) Worker 

in mg/m3 Air Concentration based on WAC or Risk 

(WAC) or Alter- AWAC (in paren) Level 

native (AWAC) 

In mg/m3 and TLV/PEL (WRL) 

acrylic acid 30 .72(.24) 42(125) \ 

proposed TLV 6 same 8(25) -

acrylonitrile 4.5 7.7 x 10'(-5) 58,140 .058 

aldrin .25/.25 1.1 x 10 (-6) 232,992 .23 

allyl alcohol 5/5 .045 111 -

antimony .5/.5 .0045 111 -

arsenic, inorganic .2/.01 1.2 x 10 (-6) 163,532/8,177 .163/.008 

benzene 30/30 6.3 x 10 (-4) 47,000 .047 
1,1-biphenyl 2.5 .45 5.5 -

1,3-butadiene 22/220 1.9 x 10 6(-5) 1,157,895/ 1 

11,578,947 
cadmium (dust) .05/.2 2.9 x 10 (-6) 17,123/68,493 .017/.0684 

proposed TLV .01 same 3,425 .0034 

carbaryl 5/5 .9(.10) 5.6(50) 

carbon tetrachloride 30/63 3.5 x 10 (-4) 85,714/180,000 .0855/.0171 
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TABLE 1. (continued) 

P.2/16 , 

CHEMICAL HAMS TLV/PEL WAC(AHAC) W URL 

chlordane ,5/. 5 

chloroform 50/240 

cancer-based 

chromium(VI) water soluble .05/1 

1.42 2 10 (*5) 35,211 

.09 556/2,667 

.00023 217,391/1,043,477 

4.4 x 10 (-7) 114,155/2,283,105 

vaear insoluble .005 seme 11,416 
cresols 22/22 (.0009) 24,444 
cyanogen 20 .36 56 
dibutyl phthalace 5/5 .9 5.6 
1,2-diehloroethane 40/200 2.02 x 10(-4) 198,020/990,100 
1,1-dichloroethylene .2 1.1 x 10 (-4) 1,901 
epichlorohydrin 10/19 4.4 x 10 (-3) 2,283/4,338 
ethylbenzene 435/435 .9 483 
formic acid 9/9 18 .5 
heptachlor .5/.5 4.1 x 10 (-6) 123,579 
hexachlorobutadiene .24 2.4 x 10 (-4) 1,004 . 

2/1 
0019 

.0023/.0043 

hexaehlorocyelopentadiene . 1 .063(.002) 1.6(44.8) 
hexachloroefihane 100/10 1.3 x 10 (-3) 76,046/7,605 .076/.0076 
proposed TLV 10 7,605 .0076 

hydrogen cyanide U/5 .18(.018) 61(611)/28(278) 
hydrogen sulfide 14/28 .027 519/1,037 

isophorone 25/140 1.35 19/104 

lindane .5/. 5 .0027(.00052) 185(958) 

035 

22/1 
114/1 

014 

1235 

001 

$ 



TABLE 1. (continued) 

CHEMICAL NAME TLV/PEL WAC(AWAC) RF WRL 

methylene chloride 350/1750 

methyl ethyl ketone 590/59Q 

nitrobenzene 5/5 

pentachlorophenol . 5/. 5 

phenol 19/19 

phosphine .4/. 4 

styrychnine .15/. 15 

styrene 215/430 

1,1,2V2-tetrachloroethane 7/35 

tetrachloroethylene(perc) 335/670 

cancer based: 

tetraethyl lead .1/.075 

toluene 375/750 

1,2,4- trichlorobenzene 40 

1,1,2- trichloroe thane 45 /45 

trichloroethylene 270/538 

trichlorofluoromethane 5600 

cancer based: 

1,1,2-trichloro- 7600/7600 

trifluoroe thane 

vanadium pentoxide .05/ 

.5 (dust) 

•1 (fume) 

1.3 x 10 (-3) 

.45(.693) 

.000625(.0025) 

.27 

.36(.036) 

.0027 

.0027 

1.8 

9.1 X 10 C-5) 

.18(.475) 

9.1 x 10 (-3) 

1.8 x 10 (-6) 

(.376) 

.18(.009) 

3.3 x 10 (-4) 

4.1 x 10 (-3) 

2.7 

1.0 x 10 (-4) 

5358 

.18( .0001) 

273,438/1,367,188 .27/1 

1,311(851)/!,311(851) -

8,000(1,667) - ' 

1.9 

53(530) 

148 

56 

119/239 

77,178/385,888 07714/.3857 

l,861(705)/3,722(1410) -

37,222/74,444 .037/.074 

55,556/41,667 

997/1,995 

222(4,444) 

136,778 .1368 

66,667/133,333 .06/.133 

2,074 

56,000,000 1 

1.14 

.28(500)/ 

2.8 (5,000) 

.56 (1,000) 
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