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Note de I’éditeur,

Une premiére édition de ce document a déja paru en janvier 1994 sous le titre Analyse critique des
valeurs d’exposition admissibles des contaminants de I’air en milieu de travail du point de vue de la
santé publique « Qualité du milieu de travail - Modifications » Gazette officielle du Québec, 125e année,
no 50, pages 8205-8251. Les auteurs faisaient 4 I’époque partie de I’Equipe de santé publigue de
I’Hépital du Sacré-Coeur de Montréal. Cette seconde impression est une réédition du méme texte.
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1. Préambule

Ce document présente les commentaires de I'Equipe de santé publique de Montréal sur
les valeurs d'exposition admissibles (VEA) des contaminants de I'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 quuel 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 cancérogénes 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 I'American Public Health
Association ("Health Based Exposure Limits Subcommittee”, président Dr. Grace Ziem),
et ayant conduit a 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 & des méthodes telles que celles de
I'’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 tres similaires aux valeurs d'exposition publiées par I'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 Limit Values") de ACGIH (1992-1993) Sur les 674 normes de la
CSST, 378 sont exprimées en ppm et 645 en mg/m°. Ce qui signifie que certaines
substances disposent de deux valeurs ('une en ppm et I'autre en mg/m?, en fait 376),
tandis que d'autres disposeront leo plus souvent que d'une seule norme exprimée en
mg/m Notons qu’une dose en mg/m?® peut trés facilement étre convertie en ppm (et
réciproquement). Elles sont donc "équivalentes®. C'est seulement I'unité qui différe.

2.1. Comparaison des valeurs d’'exposition adm:ss:bles de la CSST
avec celles de I'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
I'ACGIH (TLV). Sont-elles inférieures, égales ou supérieures ?. La distribution des valeurs
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d'exposition moyenne pondérée est présentée sur la figure 1 (uniquement pour les
valeurs d'exposition exprimées en mg/m®).

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/m®, comparées) sont strictement égales a
celles de PACGIH, tandis que 4.2% de ces valeurs d'exposition (soit 25) sont supérieures
a celles de I'ACGIH, et que 5.4% (soit 32) sont inférieures & celles de 'ACGIH.

En considérant non plus les valeurs d’exposition admissibles exprimées en mg/m® mais
celles exprimées en ppm, les résultats sont trés comparables, avec 91.7% (n=330/360)
des valeurs d'exposition ainsi exprimées strictement égales a celles de 'ACGIH.

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

Donc dans 25 situations le rapport (valeur CSST/valeur ACGIH) est supérieur & 1, ce qui
traduit donc que 25 niveaux d'exposition promulgués par la CSST sont "moins séveres"
(car plus élevés) que ceux de I'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
I'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. tigure 2). Ce qui
signifie, dans ce dernier cas, un niveau d'exposition admissible pour la CSST 40 fois
supérieur a celui publié par I'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 & une valeur d'exposition ACGIH, elle I'est en moyenne (sur 25
comparaisons) d'un facteur 5. . .

Mais il y a aussi quelques ratios inférieurs & 1. En fait 32 ratios (ou rapports entre la
valeur CSST et la valeur ACGIH) sont inférieurs & 1. Pour ces 32 ratios inférieurs a 1
sighalons 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 'ACGIH), avec un minimum de 0.001 (niveau d'exposition CSST 1000 fois plus faible
que celui de I'ACGIH) et un maximum de 0.99 (soit un niveau d'exposition CSST quasi
identique a celui de I'ACGIH).
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Cependant, alors que la majorité des valeurs limites d'exposition promulguées par la
CSST s’aveérent étre similaires a celles de 'ACGIH (pour environ 91% de I'ensemble des
valeurs d'exposition admissibles proposées), on aimerait connaitre les raisons ayant
amené la CSST & définir un niveau d'exposition plus sévere que celui de I'ACGiH (dans
au moins 32 cas), mais aussi est surtout les raisons I'ayant conduit a réévaluer a la
hausse (par rapport aux TLV de I’ACGIH) 25 niveaux d'exposition. :

La liste des substances dont les niveaux d'exposition CSST sont moins sévéres que
ceux de I'ACGIH (n=25) est fournie dans le tableau 1, tandis que la liste des substances
dont les niveaux d'exposition CSST sont plus sévéres que ceux de 'ACGIH (n=32) est
fournie dans le tableau 2. 1l serait donc nécessaire que la CSST explicite en détail les
raisons.I'ayant conduit a réévaluer a la baisse (n=32), voire méme a 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 a ceux de I'ACGIH (TLV), et ratio correspondant.

Substance CAS VEA (mg/m® | TLV (mg/m’) | VEA/TLV
Alcoa! Isopropylique 67-63-0 985 983 1.002
Dichioro-1,2 propane 78-87-5 350 347 1.008
Chiorure de thionyle 7719097 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 (poussiére) 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
Diméthytamine - 124-40-3 18 9.2 1.957
Triméthylamine 75-50-3 24 12 2
Chlore 7782-50-5 3 1.5 2
Toluéne 108-88-3 377 188 2.005
o-Dichlorobenzéne 95-50-1 301 150 2.007
Méthylamine 74-89-5 13 6.4 2.031
Coton brut (poussiére) 000X -XK-X 0.5 0.2 25
Formaldéhyde , 50-00-0 1.2 0.37 3.243
Dinitrate d‘éthyiéne glycole 628-96-6 1.24 031 | - 4
Nitroglycérine 55-63-0 1.86 046 |  4.043
Acide acrylique 79-10-7 29 5.9 4.915
Kaclin 1332-58-7 10 2 5
Thiram 137-26-8 5 1 5
Chlorobenzéne 108-90-7 345 46 7.5
TEPP 107-49-3 0.47 0.047 10
. Dinltrotoluéne 25321-14-6 1.5 0.15 10
Bromoéthane 74-964 891 22 40.5
CAS : Chemical Abstract Service
VEA : Valeur d'Exposition Admissible
TLV : Threshold Limit Value

000(-XX-X ; substance sans numéro de CAS
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Tableau 2. Liste des 32 substances dont les niveaux d'exposition proposés par la

CSST (VEA) sont inférieurs & ceux de I'ACGIH (TLV), et ratio correspondant.

X000X-0-X : substance sans .numéro de CAS

Substance CAS VEA (mg/m*) | TLV (mg/m® | VEA/TLV
Rhodium (composés solubtes) 7440-16-6 0.001 1 0.001
Nickel carbonyle 13463-39-3 0.007 0.12 0.058
Benzéne 71-43-2 3 32 0.094
Phosphate de tributyle normal 126-73-8 0.22 22 0.1
Dichloro-1,2 éthane 107-06-2 4 40 0.1
Fluor 7782-41-4 0.2 16 0.125
Chlorure de vinyle (monomare) 75-014 25 13 0.182
1 Pentane normal 109-66-0 350 1770 0.198
Dichioro-1,1 éthyldne v 75-35-4 4 20 0.2
Fibre de laine isolante Qaine de verre) | X0OO-XX-X 2 10 0.2
Méthyl éthyl cétone 78-33-3 150 580 0.254
Tétraméthyle de plomb 75-74-1 0.05 0.15 0.333
Disulfure de carbone 75-150 12 31 0.387
Amosite (amiante) 12172-73-5 0.2 0.5 . 04
Chloroforme 67-66-3 24.4 49 0.498
Chrysotile (amiants) 12001-29-5 1 2 0.5
Tétraéthyle de plomb 78-00-2 0.0 0.1 0.5
Tétrahydrofurane 109-99-9 300 590 0.508
Sllice amorphe (précipité) 1343-98-2 6 10 0.6
Sllice amorphe (terre diatomée) 61790-53-2 6 10 0.6
Sllice 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-Dichlorobenzéne 106-46-7 405 451 0.898
Tétrafluorure de soutre 7783-60-0 0.4 0.44 0.909
Terphényles 26140-60-3 47 - 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 1580 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

2.2. Le cas particulier des substances cancérogénes

Chacun des deux organismes dispose d'une classification qualitative du potentiel
cancérogéne d'une substance chimique. La classification CSST comporte trois niveaux
(C1, C2 et CJ), 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 I'objet d’'une classification
C1-C2-C3, tandis que sur les 667 substances répertoriées par I'ACGIH, 72 ont fait I'objet
d'une classification A1-A2. La répartition de ces nombres de substances classifiées en
fonction des catégeries correspondantes est fournie dans le tableau 3.

Tableau 3. Répartition des substances classifiées pour leur potentiel cancérogéne
Classification qualitative CSST ACGIH
du potentiel cancérogéne ' ‘
Cancérogéne confirmé chez I'homme (C1-A1) 21 21
Cancérogene suspecté chez I'homme (C2-A2) 53 51
Cancérogéne confirmé chez I'animal (C3) 16 sans objet

Total 80 72

Ce tableau semblerait donc indiquer une relative similarité de classification entre ces deux

organismes. Mais analysons ces mémes résultats dans le tabieau 4 qui permet une
comparaison plus précise.

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

Tableau 4. Analyse comparative des classifications cancérogénes CSST et ACGIH
CSST
ACGIH Total
C1 c2 Cc3 Sans classification | Non considérée

Al 16 . . ) 5 21
A2 2 38 1 3 7 51
Sans classification ; 13 13 6§38 30 885
Non considérée 3 2 2 42 . 49
Total 21 53 16 584 42 | 718

* . : valeur manguante
Parmi ces 716 substances, 16 ont été classées C1 par la CSST et A1 par I'ACGIH
(classification qualitative similaire qui signifie: substance cancérogéne confirmé chez

I'homme). Mais que I'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
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classées que A2 (cancérogéne suspecté chez 'homme) par '’ACGIH, tandis que 38 ont
- une classification quafitative similaire pour ces deux organismes (C2-A2). Mais on peut
également observer sur ce tableau qu'une substance classée A2 par I'ACGIH
~ (cancérogéne humain suspecté) n'a été classée que C3 par la CSST (cancérogene

animal confirmé), que trois autres substances classées A2 par 'ACGIH n'ont pas fait
I'objet d'une classification par la CSST, et que 7 substances classées A2 par I'ACGIH ne
sont pas présentes dans la liste promulguées par la CSST.

Les quatre substances non classifiées pour leur potentiel cancérogéne par la CSST (mais
classées A2 par 'ACGIH) sont: le dinitrotolugne, I'hexachloroéthane, le bromoéthane,
et 'acrylate d’éthyle. Notons d'ailleurs pour cette derniére substance que le Centre
International de Recherche sur le Cancer (CIRC, 1987) la classe dans le groupe 2B soit
une substance passiblement cancérogéne chez 'homme.

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

- le dinitrotoluéne a une valeur limite d'exposition admissible CSST de 1.5 mg/m®,
soit 10 fois plus élevée que celle de | 'ACGIH (avec 0.15 mg/m?), .
- le bromoéthane a une valeur d'exposition admissible CSST de 891 mg/m?, soit 40.5
fois plus élevée que celle publlee par I'ACGIH (avec 22 mg/?).

On recommande donc d’ evaluer tant la possibilité de reconnaitre ces substances comme
cancérogénes (ou suspectées de I'étre), en envusageant une classification de type C2
voire au minimum C3 (d’apres les définitions données a ces catégories par la CSST), que
les niveaux d’exposition admissibles promulgués par la CSST.

Cependant I'algorithme décisionnel de la classification qualitative du potentlel
cancérogéne de la CSST n'est pas expiicité. On sait juste qu'il comporte trois niveaux
(C1-C2-C3) et a quoi ces niveaux correspondent (cancérogéne humain confirmé (C1),
cancérogéne humain suspecté (C2) et cancérogéne animal confirmé (C3)). La
classification ACGIH présente d’ailleurs le méme probleme (cet organisme refusant méme
de considérer une substance comme le benzéne "cancérogéne humain confirmé” malgré
les nombreuses études épidémiologiques existantes, ayant démontré une association
entre survenue de cancer et expaosition au benzéne).

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

La classification du CIRC, qui comporte 5 niveaux, peut étre résumée cornme suit:

Groupe 1 = substance cancérogene chez I'homme, Groupe 2A = substance probablement
cancérogéne chez 'homme, Groupe 2B= substance possiblement cancérogéne chez
I'homme, Groupe 3= substance inclassable en regard de son potentiel cancérogéne chez
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'homme, et Groupe 4 = substance probablement non cancérogéne pour I'homme. Et Igs
méthodologies de détermination et d'établissement de cette classification sont tres
clairement explicitées dans les documents publiés par le CIRC (CIRC, 1987).

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

Dans cette analyse on peut donc voir qu'au moins 7 & 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 refléte que partiellement les
divergences existantes (actualisation des études du CIRC depuis 1987), et il serait
nécessaire de I'approfondir.

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

Classification du Classification de la CSST (01/12/1993)
: Total
CIRC (1987) c1 | c2 | c3 | Sans classification

Groupe 1 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

- . . . 8 6

Sans classification 5 11 5 521 542

Total 21 53 16 584 674

. : valeur manguante

1 : substance cancérogéne chez 'homme

2A : substance probablement cancérogéne chez I'homme

2B : substance possiblement cancérogéne chez I'homme

3 . substance non classifiable

4 : substance probablement non cancérogéne chez I'homme '

* . |e CIRC considére la production d'aluminium cancérogéne chez I'homme, or 6
compasés d'aluminium sont présentés par la CSST sans aucune mention sur la
production d'aluminium. :

C1 : cancérogéne confirmé chez 'homme

C2 : cancérogéne suspecté chez 'homme

C3 : cancérogéne confirmé chez I'animal

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



de silice cristalline sans classification CSST - tripoli, cristobalite et tridymite - et
pourtant considérées comme probablement cancérogénes chez I'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 cancérogéne chez I'homme sur la base de
données épidémioclogiques inadéquates et de données animales suffisantes, ainsi que le
noir de carbone [ui aussi sans classification CSST alors que le CIRC (1887) le
considérait, tout comme le plomb et ses composés inorganiques, possiblement
cancérogéne chez I'homme sur la base de données épidémiologiques inadéquates et de
données animales suffisantes. Mais dans ce dernier cas la CSST considére-t-elle dans sa
classification les extraits de noir de carbone, ou le noir de carbone en générale ?.

Cette analyse, méme si elle n'est que trés préliminaire et trés certainement incompléte,
met en évidence qu'il semble y avoir quelques problémes sur la classification du potentiel
cancérogéne adoptée par la CSST, dont certains majeurs si on pense & I'arsenic et a
I'aluminium. De plus, la problématique propre & ces deux derniéres substances met en
évidence que la non-inclusion, dans une telle proposition, de “catégories® du type
production ou procédé propre a 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 a ceux publiés par 'ACGIH.

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

1) trés critiquées: de nombreux auteurs se sorit intéressés & ces niveaux d’exposition
ces dernieres années. Certains ont discuté de l'influence de l'industrie dans le
processus de détermination des normes de I'ACGIH - en particulier lorsque I'industriel
est producteur d'une substance et suggere un niveau d’exposition a celle-ci, ainsi que
leur déficience par rapport a des critéres de santé (Castlernan et Ziem, 1988; Ziem et
Castleman, 1989 - cf. annexes 3 et 4 respectivement). D'autres ont critiqué les
niveaux d'exposition publiés par 'ACGIH, qui se veulent étre des niveaux d'exposition
protégeant la quasi-totalité des travailleurs exposés, en mettant en évidence que les
sources d'information de 'ACGIH étaient incorrectes et ne traduisaient aucunement
le fait gu'une grande proportion de travailleurs puissent étre 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 a ou au dessous de la TLV), pour les autres, soit 147, il apparaissait qu'au
niveau d'exposition correspondant & la TLV, jusqu'a 100% des individus exposés
pouvaient étre affectés (Roach et Rappaport, 1990 - cf. annexe 5).
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2) trés critiquables: elles ne sont aucunement exphcrtees clairement, elles supposent
en particulier le recours & des facteurs de sécurité dont les valeurs sont trés
difficilement retrouvables dans la documentation pourtant exhaustive publiée par cet
organisme, et dans le cas des substances cancérogenes le recours a des facteurs de
sécurité qui suppose I'existence d'un seuil dans la relation exposition-réponse est
parfois injustifiable biologiquement pariant.

Ce sont les faits et constats essentiels qui ont conduit certains a "repenser” les
méthodologies d'établissement devaleurs "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 |'American Public Health Association. Ce
comité a publié (cf. annexe 6) des valeurs limites d'exposition alternatives a celles de
I'ACGIH, niveaux d'exposition dont nous avons montré qu'ils inspiraient fortement ceux
proposés par la CSST.

Nous tenons a souligner ici qu'il s'agit d’'une méthodologie, parmi d’autres méthodologies

. scientifiques et valides, qui seraient susceptibles d’étre envisagées, voire adaptées ou

développées pour ce contexte précis de niveaux d'exposition admissibles en milieu
professionnel. Nous la présentons en effet essentiellement a des fins démonstratives.

Les calculs nécessaires a 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 'essentiel de la banque de données Integrated Risk
Information System (IRIS) de I'Environmental Protection Agency (EPA) des Etats-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 (|ssues de I'étude d'effets toxicologiques aigus, chroniques non-cancérogeénes,
etc., et qui correspondent aux niveaux d’exposition journaliers maximums pour lesquels
aucun effet systémique n'est supposé survenir) et des doses dites “virtuellement sires”
(issues de I'étude des effets cancérogénes). Pour certaines de ces doses les données
pourront étre de nature épidémiologique (humaine) ou de nature expérimentale (animale).

La détermination des niveaux d'exposition: Pour les substances non-cancérogénes

aucun effet sur la santé ne doit étre observé si I'exposition est au sous-dessous de la
health based limit. Pour les substances cancérogeénes, Ies coefficients de risque (ou
plus exactement excés de risgue) ont été utilisés (Q,” en (mg/kg.jour)”) dans la
détermination des health based limit. Ces Q,” sont issus de la procédure de linéarisation
du modeéle multistage de I'US.EPA et ont ete déterminés par I'US.EPA pour un excés de
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risque de cancer vie-entiére de 10 (1 excés de cas de cancer pour 1 million d'individus
exposeés). '

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

Seuls les résuitats de notre analyse comparative des valeurs d'exposition admissibles de
la CSST par rapport aux HBEL (décrites au paragraphe précédent) et uniquement pour
les substances cancérogénes ou suspectées de I'étre sont rapportés ici.

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

Seules 50 substances cancérogénes (ou suspectées de I'étre) ont pu faire I'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 étre supérieur & 1 et ceci trés
nettement dans la majorité des cas. Ce qui signifie donc que toutes les valeurs -
d'exposition admissibles de ces 50 substances cancérogénes (ou suspectées de I'étre)
promulguées par la CSST sont nettement supérieures & celles susceptibles d'étre
obtenues par la méthodologie HBEL qui repose sur des critéres de santé. En fait les
valeurs d’exposition admissibles promulguées par la CSST apparaissent étre, pour
ces 50 substances, de 7 a 18.000.000 fois moins sévéres (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 I'ensemble des SO substances cancérogénes
sélectionnées. ’ x
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4. Résumé

Nous avons démontré que 538 valeurs d'exposition admissibles CSST (80.4%) sont
similaires a celles de 'ACGIH (1992-1993). Il nous semble donc raisonable d'assumer que
la CSST recopie quasi directement les niveaux d'exposition de I'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 a ce qu’en dit I'ACGIH) (cf. annexe 5, article de Roach et Rappaport,
1990). ‘ ' -

Pour 'ensemble de ces substances et tout particulidrement pour les cancérogénes, il est
nécessaire de réviser & 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 & 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) dés maintenant des ajustsments de la classification en terme de potentiel
cancérogéne des substances suivantes: dinitrotoluéne, hexachloroéthane,
bromoéthane, acrylate d’éthyle, arsenic et trioxide d’arsenic, silice cristalline (tripoli,
cristobalite et tridymite), plomb et ses composés inorganiques, ainsi que le noir de
carbone, et I'introduction de catégorie "particuliére® permettant d'intégrer des procédés
industriels dans leur ensemble. Sur ce point notons I'absence notable d'une classification
propre a la production d’aluminium. Cette absence est d'autant plus grave que le CIRC
considére I'Aluminium production comme cancérogéne chez I'homme (soit une
classification identique a celle du benzéne ou de I'arsenic).

2) dans une perspective de moyen terme, une réévaluation de I'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 réévaltuations et élaborations dans lequel les principaux intéressés pourraient
intervenir.
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Un tel processus permettrait a la CSST de se mettre, d'une certaine maniére, a I'avant-
garde de ce qui pourrait étre fait en matiére de normalisation des exposmons en milieu
professionnel.

Les suggestions suivantes s'inscrivent dans une telle perspectlve et I'élaboration d'une
telle démarche nécessiterait que les éléments indiqués ici so:ent pris en compte:

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

a)

b)

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 ie sous comité de I'American Public Health
Association (expliquées dans ce document) pour déterminer si de telles méthodes
seraient susceptibles d’étre adoptées au Québec. Mais il devra également évaluer
d’autres méthodologies, également fondées sur les principes de I'évaluation des
risques, et aussi valables scientifiquement que la méthode proposée par le comité
de I'APHA.
Revoir toutes les normes.
. De par I'ampleur d'un tel travail et les réponses nécessaires a plus ou moins
court terme sur les niveaux d'exposition actuels, le comité scientifiqus et technique
devrait examiner les normes développées dans d'autres juridictions ou pays et
dont les méthodologies de détermination apparaitraient acceptables par ce comité.
. Toutes les normes issues de méthodes n mtegrant pas de méthodologie
scuent:ﬁque basée sur les principes de I'évaluation des risques (telles que celles de
I'ACGIH) seront exclues.
Evaluer les autres substances ou procédés industriels susceptibles d’étre
inclus, ainsi que réévaluer et définir une méthodologie appropriée en ce qui
concerne le potentiel cancérogéne des substances.
Nous avons en effet montré au tableau 3 de ce document que la classification
CSST pose probleme. La CSST devrait donc adopter des classifications
qualitatives en terme de potentiel cancérogéne telles que celles utilisées par le

- CIRC et 'EPA. Le comité scientifique et technique devrait également étre en

charge de I'analyse des nouvelles monographies du CIRC, rapports techniques et
banque de données de I'EPA, afin de déterminer si de nouvelles substances ou
procédés industriels doivent étre classifiées en regard de leur potentiel.

Notons qu'un tel comité scientifique et technique devrait étre composé d'experts en
toxucologne épidémiologie, b:ostatnsthues évaluation de risque, hygiéne industrielle
et sante 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 aprés consultation des personnes et organismes intéressés, soit un comité
de gestion des risques. Ce second comité devrait en particulier étre en charge de:
Vérifier que les niveaux d'exposition définis  partir de critéres de santé soient
applicables selon des critéres relevant de la gestion des risques, solt, par
exemple, la faisabilité technique et économique.
En effet, méme si des valeurs d’exposition admissibles réduisant les risques sur la
santé des travailleurs peuvent étre 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 a ces questions (définition et détermination d’un risque
"acceptable"), étre 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 critéres de santé en intégrant les dimensions de faisabilité technique, de
critéres économiques (par exemple étude du type colts-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, I'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 étre prises en considération par
la CSST lors de la mise en place d'un tel processus scientifique et technigue:
Le processus d'élaboration des normes d'exposition se doit d’étre transparent au
public (communité scientifique et des personnes) et aux parties concernées (i.e. 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, hypothéses, et critéres (santé, technique, économique, ...) & la
base du processus de détermination du niveau d'exposition retenu.
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NEXE N°1

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



TREMOLITE

Substances considérées par la CSST, non considérées par I'ACGIH CAS Classe
GYPSE poussiéres totales 10101-414
GYPSE poussiéres resplrables 10101-414
'p-ANISIDINE 104-94-9
SODIUM, TETRABORATE DE (pentahydrate) 12045-884
AMIANTE actinolite 12172-67-7 C1
FIBRES MINERALES NATURELLES attapulgite 12174-11-7 7]
EMERI i 12415-34-8
MANGANESE, TETROXYDE DE 1317-35-7
SODIUM, TETRABORATE DE (anhydre) 1330-43-4
FIBRES MINERALES NATURELLES wollastonite 13983-17-0

| AMIANTE anthophyilite 17068-789 | Ci
DIISOCYANATE DE TOLUENE mélange d'lsoméres {TDI} 26471-62-5
PLATRE DE PARIS poussigre totale 26499-65-0
PLATRE DE PARIS poussidre 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 poussiére totale 65997-15-1
CIMENT PORTLAND poussiére respirable 65997-15-1
FIBRES MINERALES NATURELLES érionite 66733-21-9
PLATINE 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 poussiére totale 7727-43-7
BARYUM, SULFATE DE poussiére respirable 7727-43-7
CALCIUM, SULFATE DE poussnere totale 7778-18-9
CALCIUM, SULFATE DE poussiére respirable 7778-18-9
PERLITE (poussiére totale) 83969-76-0
PERUTE (poussiére respirable) 83969-76-0
NITROTOLUENE - 88-72-9
o-ANISIDINE 90040 | C3
POLYTETRAFLUOROETHYLENE ' 9002-840 '
BOIS DE CEDRE ROUGE WESTERN, poussiare de XO0OXK-XX-X
BOIS DUR ET MOU A L'EXCEPTION DU CEDRE ROUGE, poussiére de | 0000¢-XX-X
FIBRE DE LAINE ISOLANTE laine de laitier 30O00C-XX-X C2
FIBRE DE LAINE ISOLANTE laine de roche J000K-XK-X c2
FIBRE DE VERRE EN FILAMENT CONTINU X0000K-XX-X
FIBRES REFRACTAIRES (céramique ou autres) X0000¢:30(-X c3
MICROFIBRES DE VERRE 30000¢-XX-X
FIBRES SYNTHETIQUES ORGANIQUES carbone & graphite (tot) Y0000-XK-X
FIBRES SYNTHETIQUES ORGANIQUES carbone & graphite (resp) S0OKK-XK-X
FIBRES SYNTHETIQUES ORGANIQUES para-aramides (kevlar.taron) YO00K-XX-X
FIBRES SYNTHETIQUES ORGANIQUES polyoléfines YO0OK-XX-X
GRAPHITE (synthetique sauf fibres) poussiére totale YOOOX-XX-X

Y0000 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 FACGIH



Substances considérées par '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 1303-964
BORATES, TETRA, SODIUM SALTS pentahydrate 1303-96-4
TANTALUM oxide dusts 1314-610
CALCIUM CHROMATE 13765-19-0 A2
BENZO(B)FLUORANTHENE 205-99-2 A2
DIBUTYL PHENYL PHOSPHATE 2528-36-1
ANISIDINE (o-,p- isomers) 29191-524
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 7440-064
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
O0-PHENYLENEDIAMINE 95.54-5 A2
TALC containing AMOSITE fiber P25 Al
TALC containing CHRYSOTILE fiber P25 Al
TALC contalning CROCIDOUTE fiber P25 Al
TALC containing OTHER FORMS of ASBESTOS fiber . P25 Al
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 Al
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Cdrporate Influence on Threshold Limit Values

Barry |. Castleman, sco, and Grace E. Zlem, M0, DrPH

Investigations into the historical development of specific Threshold Limit Values (TLVs)
for many substances have revéaled serious shortcomings in the process followed by the
American Conference of Governmentat Industrial Hygienists. Unpublished corporate
communications were important in developing TLVs for 104 substances: for 15 of these,
the TLV documentation was basad solely on such information. Effons to obtin wrinen
copies of this unpublished material were mostly unsuccessful. Case snudies on the TLV
Commintee’s handling of lead and seven carcinogens illustrate various aspects of corpo-
rate influence and interaction with the communes. Corporate representatives listed
officially as “consultants” since 1970 were given primary responsibility for developing
TLVs on proprictary chemicals of the companies that employed them (Dow, DuPont). It

is cancluded that an ongoing international effort is needed to develop scientifically based -

guidelines to replace the TLVs.in a climate of openness and without manipulation by
vested interests,

Key words: unpublished corporate comruanications, TLY commiltee, carcinogen, confliet of
intercst. Industrial experience, OSHA standards

INTRODUCTION

The Threshold Limit Values (TLVs) published by the American Conference of
Government Industrial Hysgienists (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, Switzerfand, the United Kingdom, and Japan
[Toyama, 1985; Vigliani et al., 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. This is 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
MAKSs, concluded that less than 10 percent of the limits were based on “sufficient
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532 Castleman und Ziem

animal tests and/or field experience™ {Henschler. 1984]. This finding. based initially
aon a review of 150 substances, has been more recently corroborated by review of 300
more substances on the German MAK list [Henschler, {985]. ACGIH's TLVs have
been directly criticized by both industry and labor representatives for scientific
inadequacy (Henderson, 197S; 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 Industrini Hygienists established a
Comrmirtee on Threshold Limits which issued annual reports starting in 1946. ACGIH
was and continues 10 be a voluntary organizaton 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-known 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 dawa 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 (0 knowledge of dose-cffect 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 lirtle 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. 1960]:

“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 maner 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 indusdy, 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 panicularly 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 Hygienc Foundation to discuss proposed changes in
TLVs. The TLV commirtee's 1968 “Notice of Intent” even invited industry data via
the Industrial Hygiene Foundation “Repository of Anonymous Occupational Health -
Data” [Committee, 1968). However, litle 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 committes’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 toral, por.should it, when
reliable toxicologic consultants are now available.” (Original emphasis)

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

“The dawa arc in short supply because industries either do not develop
long-tenm 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 1o put data in publish-
able form. Whatever the reason, the dara are not forthcoming.”

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

In the 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 Documcntation Assignaients

Substance
ttrade namic)

Persun assigned

Year first
assigned

2335-T
ethylene glyeol
vinyl chioride
methy! bromide

propyiene glycol methyl ether (" Dowanol PM™)

methyl chloride

1.2 dibromoethane (ethylene dibromide)

1.2 dichloroethane
o-chlorostyrene
methylene chioride

-1.2.4 ichiorobenzens -

vinyiidine chloride
dicyvclopemadiene
clopidol (**Coyden**)

tricyelohexyltin hydroxide (**Plictran™)
chiorpyrifos ("*Dursban’™)

picloram {**Tordon™")
dimetholate

3.5 diniro-o-tolamide (**Zoalene™")

dimethy| suifate

tris(2.3-dibromopropy! phosphate)

styrens
bis-chloroethyl ether
1.2.3 trichlorobenzene
chloroform

dipropylene glycol methy! ether (*"Dowanol

DPM™)
ethanolamine

2-chloro-6-trichloromethyl pyridine (“"N-Serve™")

crufomate (**Ruelene™)
chiorodiflvoromethane

* chromates

methomyl (**Lannate™)
perfluorvalkancs
cyclopenane

m-xylens, a.a’ —-diamine

bromacil (**Hyvar X**)
diuron (*"Karmex’*}
dioxane

calcium hydroxide
cyclopentadiene
dibromochicropropane
cyanamide

azodrin

dicrotophos (““Bidrin™)
m-phthalodinitile
isophthalonitrile
dioxin

Rowe
Torkelson
Torkelson

. Torkeison

Morgan

Morgan and Torkelson -

Torkelson

Morgan v

- Tarkelson

. Morgan

Zavon

Totkelson

1970
1971

1972

1972
1873

1973

1974

1974
1975

1978
{consinued)

-
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TABLE L. TLY Documentation Assignments (Continued)

Subsuance Year first
{trade name) Person assigned assignued
phosgene Morgan 1975
m-toduene diamine
hexamethyl phosphoramide
formamide . Morgan - 1976
dimethyl suifoxide .
dichloromonofluoromethane
4.4°-methylene bis (2-chloroaniline) (*"MOCA™) -

- teramethy! thiourea Zavon ) 1976
hexachiorobutadiene Torkelson 1976

3-aming, 1.2.4 iriazole (*"Amitrol"’}
deodorized kemmsene

10luene 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-
miftee on carcinogenic substances established in 1972 [Minutes, 1972).

The minutes of the TLV commigee in 1972-1976 show that primary responsi-’

bility for reviewing documentation in developing TLVs was bome by corporate
represeniatives 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
“Plictran™). By the same token, Morgan would appear to have been well placed to
know about DuPont’s carcinogenic products (dimethyl sulfate, lead chromate,
“Moca”, hexamethy! phosphoramide), chlorofiuorocarbons (“Freon™ products), and
pesticides (“Lannate”, “Hyvar X", and “Karmex"). 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 {. The demonstration of vinyl chloride’s carcinogenicity cast 2 shadow over a
large number of halogenated hydrocarbons. A reference point for regulators in every
case 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, the Eavironmental Protection Agency, and the
Consumer Product Safety Commission included Dow and DuPont. High TLVs tended
10 reduce the costs of regulation to the chemical induszry.

Moreover, there were liability considerations in addition to regulatory ones.
Manufacturers of products involved in damage snits before juries readily resort to the
claim that the usc of the product was not expected to exceed the TLV and was thus
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considered “safe.” The "TLV delense™ offers manufacturers the plausible deniability
that any harm sustained was foresczuble. 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 Massachuserns
occupational health official and TLV committee member Hervey Elkins, who, writing
a letter of retirement to Chairman Stokinger in 1975 [Elkins, [975], stated:

“In looking over the new documentation | was taken aback by that for
ethylene glycol; the limit of 100 ppm was found intolerable by sedenmary
volunteers in a few minutes (or seconds). | believe that {industry represen-
tative} recommended this figure. In spite of his knowledge 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 indusery
feprescntatives 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
intemal corporate exposure limits for toxic substances. Other firms, including Rohm
and Haas, had also dscided to adopt this practice. Corporate workplace exposure
limits have served as a managerial tool both for stubstances with assigned TLVs and
others for which TLVs had not been adopted [Paustenbach and Langner, 1986).
Regularory and liability concerns appear to have deterred corporate management from
publishing thesé lists and supporting rationales—despite their obvious practical value
and potential importance in preventing occupational disease.

MATERIALS AND METHODS

The 1986 Documentation of the Threshold Limir Values and Biological Exposure
Indices was reviewed for all chemical substances. Where reference appeared in the
text to unpublished communications and internal corporate reports, et¢., a determi-
nation was made as to whether such information had been important in senting the
TLV or classifying the substance's carcinogenic status. This was a mager of judge-
ment based on the full text for each chemical substance listed. Due to the wide
. variation in 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 communjcations would be judged important. '

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

Communicadons coming from corporations and trade associations are in many
cases so identfied in the Documentarion. However, in many other cases only the
names of individuals are published in the Documensarion. The instinutional affiliations
of these people at the times they sent information to the Commines 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

. et - s -
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Association. ACGIH): and retired members of the TLV committee contacted by
tzlephone for their recollections.

Attempts were made in several ways to obtain copies of unpublished material
cited in the Documensation. The New lersey Depanment 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 shects (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
Comminee files at the National Instiute 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 19505 through
the 1970s, contained a small number of letters and reports cit=d in the Documentarion.

Though ACGIH has copies of TLV committze 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 Documentarion placed important

reliance on unpublished corporate communications (Table ). Another 15 substances
were assigned TLVs solely on the basis of unpublished corporate smudies and reports
(Table 0I). 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 Documentarion.

There was thus 3 total of 104 substances for which important or total reliance
was placed on unpublished corporate communications. This accounts for aver one
sixth of the number of (less than 600) chemical substances listed in the 1986 Docu-
menzarion.

Of the 17 corporations asked for documentation they had provided to the TLV
comminee, 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 committes 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 cvent, most of these

important unpublished corporate communications are now unobtainable in written
form for independent scientific exa:mnanon.

Industrial Experience

" The TLV commitee’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 seatence or two (Table V). The scientific community is [eft unable to determine
whether there was more information originally conveyed; and where there was, no

-
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TALLE D TLYS fr Which Unpublistied {Corporate Doty was important ®

Substance

acrylic acid fanolos

acrylonurile hydroyuinone

asphalt tumes?® isooctyl zlcohol®

benomyl isophorone

benzene? 2-isopropoxyethanol

n-buryl acrylate : . lead chromate

sec-buryl alcohoP manganese and compounds
n-bun glvcidvl ether manganese tetroxide
caprolactam® methacrylic acid

carbon disulfide® methomyl

catechol 4-methoxyphenol

chlorinated camphene (60%) . methyl n-butyl ketone
chiorinated dipheny! oxide methyl chioride
chloracetaldehyde methyl 2-cyanaacrylate
chloraceryl chicride methylene bis~$-cvclohexyl-isocyanate®
chlorodifluoromethane?® methylene bisphenyl isocyanate
o-chlorosnyrene . methylene chloride
o-chloretoluene 4.4 methvlene dianiline
<hiorpyrifos ; methyl isocyanate

copper® metribuzin®

cyclopentadiene monocrotophos

cyhexatin paraquac®

diburyl phthalate piperazine dihydrochloride
dichiorodifluoromethane propionic acid
dichloroethylene quinonc®
dichlorofluaromethane resorcinol

2.2 dichloropropionic acid rosin core solder pyrolysis products?
dichlorotetrafluoroethane silicon tetrzhydride
dicrotophos silver and compounds®
dicylapentadienyl iron suifuryt fluoride

diethyl phthalate sulprofos®

diglycidy] ether tetraethyl lead*

dimethv| acetamide tetramethyl lead?
dimethylamine tewrzhydrofuran’
dimethylformamide thioglycolic acid

dimethyl sulfate 1.2.4 trichlorobenzene®
diphenylamine® . wichlorofluaromethane
di-sec-octyl phthalate © 1.1.2wichiore 1.2.2 trifluorocthane
endrin® trimethyl phosphite

ethion tungsten compounds®

ethylene dichloride® vinylcyclohexene dioxide }
ethylenimine . xylidine®

n-cthyt morphoiine Tinc stearate

fenamiphos® -

*Includes subsiances” assigned carcinogenicity starus. Docs not include papers presented at scientific
conferences. )
*Corporasz affiliation of correspondent nut published in Documentation of TLVs.
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TABLE 1L Dovmnentation of TLVs Solely by Cnpublished Corporate Cuintmunications

Animal Animal data;
data, subacute or Human Source,
Subxuance acute - chronic lyta vear
n-buryl laciare ) X Philips En-
: doven
1969
-British Pe-
- traleum
. 1972
o-sec-burylphenol x 3 Dow/1977
clopidol . x (2 yrs:teratoh) v Dow/1973
dinitolmide x (2 yrs:.teratol) - Dow/1973
divinvibenzene . X X Dow/ 1977
ethyl amyi x x : Shell/ 1958.
ketone* ) N 1965
3-hydroxypropyl X x130da.) . Dow/1977
acrylate -
isophorone X x t4 wks) . . Vera-
diisocyanats ' ) Chemie
n-isopropyl R Dow/1977
aniline
methyl acerylene- x (4 mos.) ) Dow/1964
propadiene
mixrure .
nitrapyrin : ' X (93 days) . : ) Dow
phenylptasphine x x (90 dav) DuPont/
1970
tetrasadium X Dow/1977
pyrophosphate . )
tripheayl amine  J 3 Kodak/
1973
* m-xvlent a.a' X . Dupont/
diamine i - 1973
. Sherwin-
Williams
1978
*Includes an industriat hygicne bulletin by Shell Chemieal Carporation cla:mmg no systefmc cffects in

workers e d w0 ations above the TLV recommended by the company.

"way exists 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 repons and the great valuc of studies
industry could perform on the workers exposed to these agcnts. special attention to
these conununications is warranted.

The information provided by compama and published by ACGIH in the Doca-
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
chioride? What tests were conducted and what analysis was carried out by Dow?
What was the scientific content and methodology of the unpublished negative moral-
ity studies on acrylonitrile, benzene, dimethyl sulfate, and ethylenimine? What were

»
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TABLE IV. Reguests of Data from Corporutions

Curporation

Number of
Chemicals

Resuits

Dow
Hooker

Hercules

Crown Zellctbﬂrh

FMC .
Rohm and Haas

American
Cyanamid

DuPont

33
2

te

L5 B

[ &)

No infarmation received.

The company provided a report for one (chlorotoluene) of the
two requested chemicals. Study methods and results were
described (animal study).

Fer one chemical (chiorinated camphene}. Hercules stated
they had soid the operation to Nor-Am aml stated any
toxicologic information **must now come from Nor-Am."*
(Hercules did not say they no longer had the information.)
Nor-Am stated they to longer produced it. and that 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 (inadvenent) exposure of *'controls.*’

The Documentation states. **industrial experience has been
good over the vears.** Crown Zellerbach's correspondence
describes 3 vr expenience manufacruring the chemical
(catechal), with only **a few mild toxie reactions.” CZ
noies **no physical abnormalities , . . noted by
abservation®* (not stated whether all workers had physical
exams) or in.**maltichannel blood tests™ (type. frequency,
other methods unspecified). While catechol is an irritant,
there is no memion of the use of symptom questionnaires or
lung funetion tests in this 1975 communicaton.

No information received (carbofuran).

Significam material sem deseribing siudy methods and results
for animal studies on both chemicals. Study report noted
**Squamous metaplasia™ of nasal mucosa. thought
secondary to irriation (cthyl acrylae). This effect not
noted in Documentation.

The company provided information on one (phorate) of the
rwo chemicals requested. This was an inhalation sudy
(level unspecilicd) for 8 hr involving 12 animais observed
for 7 days after exposure. The report merely says “‘there
was no evidence that they were affected in any way."*
There is no meation of whether pathologic studies or
biologic monitoring were conducted let alone reporting of
such findings. The criteria for no effecs were unspecified.

Some information (not always compiete) was sent for all 7

chemicals. The Documentation suzes that there were *'no
complaints of illness™* and no abnormal liver function tests
in employees exposed at roughly half the TLY for several

" years (dimethyl (ormaraide), The information provided by

the company to NJDOH does not appear to be a reference
upon which such a statement could have been based: the
original basis for the starerent not be located. An
epidemiological study of 143 warkers exposed W dimethyl
sulfate showed that few deaths from respiratory cancer
occurred among them while employed by DuPont. The
work farce was not broken down in terms of either time
clapsed from onset of exposure or duration of.exposure to
DMS. No follow-up of ex-employees and retirces was
done.

{continued)
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TABLE IV. Reyuests of Data fram Corporativns (Continued)

Carporation

Number of

Chemicals

Results

Western Eleairic

Sherwin Williams

Mobil Qil

Ethyl Corp
Kopgeu

Eastman Kodak:

Union Carbide
Shell il

B.F. Goodrich

w &

No data were provided to substantiate Zapp's communication
(1970 to the ACGIH that methylene bis (4~yciohexyliso-
cyanate) was less toxic on inhalation than TDIL

Dupont’s subacuic study on dogs. found 1o have no skin
irritation or sensitization effects. unlike
**results. . . previously reponted™ (tewahydrofurans. was
given greater credence than the published posiuve studies
by the TLV committee **because of the greater number of
animals involved®". The DuPont study used 4 dogs.

A 90-day study of phenylphosphine contained sdequate
discussion of methods and results. DuPont’s study of m-
xylene a.a’ diamine found **generally mild™ sensitization
in all 10 guinex pigs tested. This is mentioned in the
Documentation as **evidence of seasitization™ without
noting that all animais were affected.

The Documentation refers to a subacute srudy by DuPont in 6
rats as one which **caused no fawlities™
(dicyclopentadieny! iron). The Documentation omiu 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 TLY comminee
(repon was obuined from the corupany but not inthe TLV
files). ‘

Western Electric did not provide the correspondence for
isophorone, but it was obuained from the TLV comminee
files and consisied of five sentences noting two symplom
complaints, urinanalysis and *'kidney function checks.™ No
methods discription was given, nor was the aumber of
employees nated. nor whether questionnaires were used or
if they waited for employees to complain. No medical
surveillance dam was provided even in summary form.

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

Epidemiologic study conducted on employces {for eye effects
only) with exposure lcveis evaluated, study methods
described. Unclear whether study was ever published
{urimethyl phosphitz).

No response to request secking information (tetracthyl lead).

The Documentation states that **a surveyj of 180 men
employed in work involving resorcinol revealed that none
complained of irritation or discomfon 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 Kopperz® letter
10 the TLV commiltes, which was located in the
commitiee’s files.

Leaers on animal studies were located for 2 chemicals (0.

. chlorotoluene, triphenylamine). Observations on workers
could not be located for the other 2 {dibutyl phrhalate, di-
sec-octyl phthalate).

No response to request for information.

Shell no longer makes the 3 chemicals and states that
correspondence concerning them is o longer avaitable.

The Documentation states **observations in the rubber
industry have revealed o adverse effects [rom many years
of inhalation of zinc stearate dust.** The company had

B s 14
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TABLE V', Unpublished Industriad Experience Clted in TLV Dacumentution

acryinnitrile
Bphalt funte

benzene

sec-bury| alcohol

n-buryl lactare

caprolactam
carbofuran
carbon disulfide

catechol

chlorinaied camphene
{toxaphene)

chlorodifluoromethane
o-chlorotoluene
diburylphthatare
diethylphthalate

di-sec-octylphthalate
diglycidyl ether

dimethy!foermamide
dimethyisulfate

diphenylamine
cndrin

cthylene dichloride
ethylenimine

hydroquinene

Maonsania, 1981, epideminlagy nepative on carcinegenic effects.

Hammond (Humble Oils [$68—opinion ol‘ mdunml hygienists thut
conditinns were satistactory at 10 mg:m*;

Ort et al, (Dow). 1975, ¢pidemiology ~revealed no excess
monality.”™

Banks (Shell Chemical Company) 1966—hygienist reports that
“many years of indusirial experience (a1 100 ppm) have resulied in
no difficulties.” _

Turner (British Petroleum), 1972, reponed 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 ns source: ~Workers
exposed 10 concentrations approaching 0.1 mg'my’ per day have
not shown any effects.™

Calhoun {Amertican Viscose). 1968, reports no cascs of carbon
disulfide poisoning since 1942, when exposures averaged below
2.5 ppm.

Crown Zellerbach, 1975, referznced as reporting industrial
experience has been good under adeguately conuolled conditions.

Hercules, Inc., 1969, reports that review of records of 137

" employees, “some™ exposed up to cighteen years, “failed 0
reveal any adverse effccts that could be assnciated with
toxapheae.™ )

Reinhardi (DuPont), undated. reports that cardiac arrythmias are not
considered a possibility “under curreatly recoramended industrial
hygiene practices.”

- Hopton (Hooker Chemical), 1962. reports that no cases or dermatitis

or poisoning from this compound had besn excountered.

Raleigh (Kodak), undated, reports workers exposed 10 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 hm.u
of 0.5 ppm “on the basis of 2 no-effect level in animal sudies and
industrial experience.” (TLV-TWA: 0.1 ppm)

DuPont, undated, repons 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™ cxposure to endrin and related
pesticides (body weight. blcod pressure, WBCs, and SREs).

Fassen (Kodak). 1964. ~Expericnce in one plant indicated that
wmmommmgmgeof”wﬁppmwmufe‘or
prolonged exposure.”

Dow report of BASF, 1973, cp:denuologleal snudy ~revealed no
cvidence™ of carcinogenicity in 144 workers “some of whom had
40 years' experience.”

Fassen (Kodak), undated, repons that elinical and environmental
studies of wrkm =confirm that no systemic effects arise at (the
"

: ' {continued)
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TABLE V. Unpubtished Industrisl Experience Cited in TLY Documemation (Continuud)

mangancse and cainpounds Whitman (Bethichem Stech. 1976, repans an cases of mangunism in
wurkers expused for years to | w 5 mgim? ol manganese dioxide
methyl n-butyl ketone Raleigh (Tennessee Eastman Co.), 1976. reports ~no hiswry of

nruscular weakness. parsthesia. loss of coordination or clinical
. evidence of neuropathy in 37 empioyees engaged for 3 years in the
magufacizre of (methyl n-buryl ketonz).™
methyl chloride . Daw. undated, reports that 3 “routine periodic medical program did
not identify evidence of overexposure to methyl chloride™ at
concentrations averaging 30 ppm.

methylene bisphenyl Imperial Chemical Industries, 1962. repons no cases of skin
isocyanate irriaation during early industrial experience handling this
compound.
4.4° methylene dianiline Dow, 1977, reponts ~no morbidity findings™ for exposures ranging
. from 0.03 to 0.4 ppm aver 26 years.
monocroiophos Shell Chemical. undated, reports no decrease in field workers®
cholinesterase concentrations following exposure.
paraquat Gage (Imperial Chemical Industries). 1968. is cited as reporting that
. : ~no serious injury or illness resulied from eight years™ agricultural
usc of paraguat.™
propionic acid Dow, 1977, reports that. at reponted expasure levels, no irritaiion
was noted. Medical repons include mild eye redness and one case
of mild cough and asthmatic response.
resarcinol * Koppers Company. 1974, rcports that none of 180 men exposed 1o 10
. ppm complained of istittion or discomfort.
temracthyl lead Linch (DuPont), 1968, reports that exposures averaging about 20%
tetramethyl lead aver the TLVs produce average urinary lead concentrations “not
: significandy clevated above 3 high normal™ (no values above 0.15
mg/l).

Ethvl Corparation, undated, reports that 374 of the TLV for
: tetraethyl lead “is a rough guideline for an allowable (TLY).™
trimethyl phasphite Mabil Chemjeal Co., 1980 ceports no acular changes among 179
' workers with expasures reported. “Plant exposure daw could be
interpreted (o indicate that concengarions of 1 ppm cenainly, and
very likely 2 10 4 ppm. are withows significant adverse effect.”
: TLV raised from 0.5 to0 2 ppm in 1982,

tungsien compounds Dernehi (Union Carbide), 1966, reports that “long industrial
experience” has indicated workers exposed to solely nungsien and
its insoluble compounds de not develop pneumoconiosis.

vinyl cyclohexene dioxide - Demehl (Union Carbide), 1973, referenced as source: “Iathe U.S.,
industrial experience over the past 10 to 20 years has been good.”
zine stearlts B.F. Goodrich Rubber Co., undated, referenced as source:

~Observations in the rubber industry have revealed no adverse
effects from many years inhalation of zinc stearate dust.” (no
concenuations 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 (ses Table V). An even
larger number of TLV substances were assigned exposure limits after significant
reliance on unpublished corporate communications about animal experiments.

oy .
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In this survey. a TLV Dociemenation 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. The brevity. age, and abscurity
of such documentation raises serious questions of reliability despite the fact of such
references being “published.”

Manufactureres’ 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 safery data sheets
issued in the 1950s (e.g.. ethyl ketone. methylamine,’ nitromethane). The use of
corporate safery data sheets of even recent vintage is inappropriate for documenting
TLVs. -

Some reports of “no adverse industrial experience™ in the 1986 Dociementation
originally appeared in classical texts but were unsubstantiated by daw and are now
very old. In the case of morpholine. the text refers to the 1963 edition-of Pauy’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. Pawty’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. Party himseif reported on ethyl acewte concentra-
tions he had measured during a period of “several months™ during which time “no
adverse symptoms or illnesses were observed.” Party, 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
10 examine in some detail the work of the TLV commitee in this important area.
These summaries illustrate a number of ways in which the committee was informed
and influenced by industrial parties. o

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 chromates (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 pg/m’. The
following year, Hill and Faning produced strong epidemiological evidence of a lung
and skin cancer hazard in a factory making sodium arsenite shecp-dip [Hill and
Faning, 1948). Median room air concentrations of arsenic measured in the chemical
plant were 71, 254, 373 and 696 ug As/m®. Average urinary arsenic concentrations
of the workers were in the range of 0.09 10'0.24 mg/liter [Perry et al., 1948].

For reasons not explained at the time, the threshold limit for arsenic was raised
in 1948 from 100 to 500 ug/m’. In the first published documentation of the TLVs in
1962, the “subsequent experience ™ of the American Smelting and Refining Company




Carporate nfluence on TLYS M3

wits cited us supporting 300 ug/m" . The source uf this izformation was the conmpany
medical director [Pinto. 1961: Ducumentation. 1962]. I scknowledging Pint’s
confidential report. Stokinger replied. “It was surprising to see what a cican 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 emplovecs exposed to
arsenic and employees with “non-arsenic exposure™ had a greater incidence of lung
cancer than males in the sute 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 Safery and Health evaluated Pinto’s
1963 report as showing an increase in lung cancer moruliry. contrary to the conclu-

. sions of the authars [Inorganic. 1975]. A 1974 morality study on the workers at the
same Asarco copper smelter confirmed their Jung cancer hazard [Milham and Suong,
1974]. In 1975, OSHA responded to mounting rcports of lung cancer in arsenic-
exposed workers by proposing a reduction in the workplace s:andard for arsenic,
from 500 to 4 ug/m’. (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 Safery and Health Act of 1970).

The Threshold Limits Commitiee of ACGIH followed by adopting two TLVs
for arsenic trioxide in 1977: 50 pg/m® at smelters and 250 pg/m’ 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 thea Chairman of the TLV Commines2 while drawing a govern-
ment salary at NIOSH. Referring to the actions of the TLV Comminee 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 pg/m? of air, averaged over an 8-hr pericd {Occupational Exposure,
1978].

The TLV Commitee 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 srudy published in 1938
{Dreessen et al., 1938]. The P.H.S. survey showed that workers exposed to more
than 5 million particles per cubic foot (MPPCF) of towl dust in the air of asbestos
plants clearly developed asbestosis. But the P.H.S. survey also found “carly 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 Pennsyivania
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lubor authorities stronely indicated that workers eventually would develop asbestosis
from exposures under 5 MPPCF {Fulon et al... 1935].

Lung cancer among asbesws 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 satistical evidence: in 235 deaths in which asbestosis had
played a role, fully 31 (13.2 percent) also involved cancer of the lung or pleura
[Annual Report. 1949). '

The old 5 MPPCF threshold was never regarded as safe by leading asbestas
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
ieading asbestos companies in the United States and the United Kingdom. as well as
health authorities in these and other countries [Castteman, 1986]. In 1964, the old
-TLV for asbestos was repeatedly criticized by government and industry speakers at a
widely publicized conference on asbestos he!ld by the New York Academy of Sciences
{Ann. N.Y., 1965]. By this ume, it was evident that nearly half of all asbestos
insulation workers, whose average exposure was of the same order of magnirude as
the TLV, were dving from occupational cancer and asbestosis.

~ The ACGIH Threshold Limits Commiree 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 indusury [Castleman, 1986]. Bowditch’s
deceased predecessor at Saranze. Leroy Gardner, had performed studies in confidence
for. asbestos manufacturers, 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 sponsars with his publication of Gardner’s non-cancer related
research in 1951 [Casuernan, 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 suspectcd 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 {Castleman,
1986; Vorwald, 1952]. '

Dr. Paul Gross, at the Industrial Hygiene Foundation (since 1971, Industrial
Health Foundation), became a mernber of the Threshold mes 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 [Castlemnan, 1986]. As a member of a U.S. Public Health
Service commirtee in 1969, Gross secretly provided draft copies of a report to three
asbestos compames Dr. Robent deTreville, President of the Industrial Hygiene
Foundation, inviting comment. explained: “(W)e will anempt to see that nceded
corrections are introduced by Dr. Paul Gross, a member of the Commirtee™ [de-
Treville, 1969). In 1976, Gross resigned from a comminee of the National Academy
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of Sciences. amid charges of improperly sharing information with & 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
subcommitzee 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.”
Commenters were asked to write either to Dr. Stokinger at the Public Health Service.
or to the “Repository of Anonymous Occupational Health Daa” in care of Dr.
deTreville at the Industrial Hygiene Foundation (Commitee. 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 helmers.

Thns idea of stringently 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
TLYV for all varieties of asbestos and change the method of analysis o phase contrast
microscopy, but the formally adopted value remained 5 MPPCF through 1970.
Finally, in 1974, ACGIH listed an adopted TLV of 5 ficc 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/ce, and set lower limits for crocidolite and amosite.
By this time. government standards for chrysotile had been in effect at the 2 ficc 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 govermments o regulate industry in the '1980s, ACGIH has lagged behind both
OSHA and the British government in lowering limits for workplace exposure 1o the
leading recognized cause of occupational cancer.

Vinyl Chloride

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-
Farland, 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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[Torkelson ct al.. 1961]. Fullowing the circulation of the committee's 1966 Notice of
Intent. Chairman Stokinger was invited to the Industrial Hygienc Fourdation (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 Pistsburgh. Stokinger was
told that, “industrial expericnce 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 commirtee lowered the TLV 1o 200 ppm in 1971, based
on unpublished Dow findings of liver dysfunction in workers exposed o 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 cxceeded, as
Dow first repored 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 angiosarcoma
of the liver and that similar tumors had been produced in experimental animals at 50
and 250 ppm. OSHA issued 2 proposed standard for vinyl chloride, specifying that
exposures be below derecuability 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 “unforrunate” in
a letter to the National Cancer Institute. In an interview with the New York Times,
Stokinger went on 10 say that there was “ample and increasing evidence that there are
threshold levels for carcinogens below which there is litde risk™ [Official, 1974].

OSHA issued a | ppm standard for vinyl chloride later in 1974, and the U.S.
industry not only met thar goal but promptly resumed its growth (PVC, 1976]. '
« In the meantime, the TLV committes had taken on members from industry,
including Torkelson of Dow Chemical, z major manufacturer of vinyl chloride.
Torkelson had primary responsibility for TLVs for viny! chloride and a number of
other high-volume, halogenated hydrocarbons, sarting in 1971 (Minutes and Agenda,
1970-1976]. It was not until 1977 that the committee issued a new TLV for vinyl
chloride, 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 w0 1,000 have *“traditionally™ been used to
determine TLVs for carcinogens [Identification, 1986).

Dimethyl Sultate

The TLV for this vapor, used as a war gas in World War I, was originaily 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 10 0.01 ppm in 1971, as animal studies revealed serious Jung damage at.0.5
ppm (Henschler, 1975]. '

The TLV commitice had published its first listing of carcinogens as an appendix
1o the TLYV booklet in 1971, consisting of only nine entries (mostly dye intermediates).

In carly 1972, the commirtee's annual Notice of Intended Changes informed readers

thar this list was being expanded, with separate groupings of human and “experimen-
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1l” carcinogens. The listing of DMS in the former category prompted i mqumes trom
five chemical compames Stokinger replied. 1o the'n sending copies of underlined
articles and saying: “a sufficient number of human cancers ‘of the- lung have bccn
observed 1o make it highly probable that dimethyl sulfate is a carcinogen for man™
[Stokinger, I972]

.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 MAK list denoted dimethyl sulfate as an gqurm;cn;al animal
carcinogen but not a2 human carcinogen [Morgan. 1.F, I97”] The next month,
DuPont sent Stokinger an epidemiological report whzch 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 distriburion of the study
to-persons having a need o see it [Morean. 1.F., 1972].

The DuPonr. study examined employee lung and lamyx cancer rates at three

‘plants where DMS had been handled. However, “usable data™ identifying the em-

~ ployess 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 berween 1956-1970, with retirees and ex-employees clearly nor fol-
lowed up.

"When OSHA. 1ssued an Emergency Temporary Standard for carcmogens 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 repart to assert that no excess of respira-
tory cancers had occurred among DMS workers: “Manufacturing exposure contral
was completely cffective, without the requirement for air-pressurized suits. . .”
Swkinger 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 commirtee assigned a TLV of 0.1 ppm in 1977, ten times
the limit previously accepted in Germany.

Benzene

The TLV for benzene was adjusted downward from 100 ppm in 1946, SO: ppm

in 1947, 35 ppm in 1948, to0 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 govemment 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 committes first proposcd this change in 1968, but deferred its
adoption until 1977,

Hueper had assessed benzene as almost ¢2rtainly a proven cause of levkemia in

1942 (Hueper, 1942]. The German MAK commission had listed benzene in 1971
among nine human carcinogens, “for which zero concentration values are given
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because the objectionable concentration is not yet known™ [Morgan. L.. 1973].
Benzene was classified by the TLV committee as a “suspected”™ human carcinogen in
1975

" The 1986 Documenmation 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 pmmpted OSHA 10 conduct quantitative cancer risk
assessment and again propose a | ppm limit in 1985.

The 1986 Documenration refers to unpublished work by Ot 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; Ou 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 dving with preumonia {Bond et

.. 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 compmuon shorz-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-min 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 overtumed benzene standard. The past
decade of benzene toxicology research has not been incorporated into the TLV
Documentarion. The research and palicy at Dow Chemical (whose senior toxicologist
was an active member of the TLV comminee), if known 1o the committes, have been
disregarded without mention.

Acrylonitrile

Following the reports of positive animal studies by inhalation and ingstion. as
well as positive epidemiological findings, OSHA regulated acrylonitrile as a carcino-
gen in 1978. Acrylonitrile was also classed by ACGIH as a human amnogen in
1978. Followmg the publication of an inconclusive epidemiological study in Britain
and the receipt of epidemiological “communications to the TLV committes™ 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 commitee; no published study is yet available for scrutiny by the
scientific community.
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Ethyienimine

When OSHA proposed to regulate lhxs compound as a carcinagen in 1973,
Dow's Dr. D.J. Kilian provided the basis for the TLV commitee observation. thut
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
repon of a telephone conversation between two major manufacturers: [Kilian, 1973]

"Today. 1 talked by tc!cphone to Dr. Theiss. med:cnl Director of Badische

Anilin and Soda-Fabrik in Germany (the only other major manufacruring

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 E.! 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 futre.” It doss not.appear that any
study was subsequently published. Ethylenimine was removed from the TLV book-
let's appendix list of “experimental carcinogens™ after 1974, presumably upon the
recommendation of the subcommitnee on carcinogens, which included. Torkelson of
Dow Chemical (sole U.S. producer of the material).

Carcinogens in General

The TLV comminee has now stated its intent-to *formally”™ evaluate-chemicals
classified as carcinogens by other organizations but.not ACGIH [Spirtas et al., 1986].
ACGIH has published a table listing the carcinogenic stams 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
‘Sociery maximum workplace concentrations (MAK) Commission.

. The ACGIH classifies 11 materials in the aforementioned tzble as human

carcinogens; the MAK Commussion's total is 17. The ACGIH classifies 40 other -

entries as suspected human carcinogens; the corresponding MAK 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 commitee avoided listing animal carcinogens of major industrial
imporance, including trichloroethylene and dioxane. These and other unnamed com-
pounds were exempted by the “Committee Guidelines for Classification of Expcri-
mental Animal Carcinogens” published in 1976. The guidelines are tnique in that
they sct maximum carcinogenic dosages, above which no “practical unponance is
auributed for positive animal cxpenmems

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.

lnorgamc Lead

From l946 through 1956, the TLV for lead and its inorganic compounds was
0.15 mg/m This followed earlier recommendations of the U.S. Public Health
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Service and an American Public Health Association commitee 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/m’, the ﬁrst
edition of the Documentation said: “Long industrial experience with the 0.15 mg/m?
limit, however, showed that. . . lead absorption, as measured by urmalys:s. were
(sic) not indicative of harmful exposure.” No reference for this was given. The 1966
Documentation went on to describe the biood lead concentration of 80 nucrograms
per 100 ml as “normal™, and noted that repeated exposures above 0.20 mglm could
cause higher blood lead burdens “indicative of i 1nc1p1ent lead poisoning.

Pressure for lowering the TLV developed in November, 1968. when an inter-
national commission on accupational health recommended 0.15 mg/m?. 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 Eikins can now recall what informatior. was provided by these
individuals over 30 years ago, and no primary written documentation has been found
in Stokinges's old files at NJOSH.

On May 1. 1970, a meeting was held by TLV comminee 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 advisad only as an engineering
guide. General Motors hygienist Vincent Castrop acknowledged that his company
used 0.15 mg/m? as its guideline [Stokinger, 1970].

The TLV comminee then readopted the former value of 0.15 mg/m?®, which has
. rexmmcd unchanged since 1973. A shon-term (15- -min) exposure limit of 0.45 mg/
m? was also adopwd in 1976. later to be discarded in 1986. The current Documcnta-
tion includes an anack on NIOSH for recommendmo a sandard of 0.10 mg/m® and
rejects the OSHA standard of 0.05 mg/m® promulgated in 1978.

Organic Lead Campounds

When tetracthyl 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 Bunerflies™ because of the
hallucinations afflicting employees there. DuPont was accused of suppressing infor-
mation from the press even in cases where workmen were hospitlized and died from
lead poisoning [Rosner and Markowitz, 1985].

Tetraethyl lead (TEL) and tetramethyl lead (TML) were given TLVs of 0.075
meg/m’ 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 tetracthyl lead industry since the 1920s [Rosner
and Markowitz, 1985]. Kehoe urged that both TLVs be discarded, “with the least
possible fanfare.” His “Dear Herb™ lenter 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
lictle doubt that it will be applicd literally by someone. sometime, as being
authoritative. It is not so applied in any part 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.
mclustry expert on lead poisoning. Though Kehoe presumably represented industrial
interests in this matter, no firms werz specnﬁcallv named [Stokinger, 1986-87].
The most influential members of the TLV comminee rejected the idea of
dropping the limits for TEL and TML., and instead cautiously challenged the respon-
~ sible industries to produce some dose-response data. In its January, 1968 “Notice of
Intent™, the committee wrote that a downward revision of the TLVs for both lead
alkyls was being considered. No new proposed limits were given [Committee, 1968]).
At least one manufacturer of these compounds found that operations involving
cach of these chemicals exceeded even the then-current TLV of 0.075 mg/m®. But
orgamc lead air concentrations averaging as high as 0.121 mg/m? for TEL and 0.179
mg/m? for TML reportedly corresponded to average urinary lead concentrations “nat
significantly above a high normal” -~ meaning, less than 0.15 mg/l. 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 Aprit 1, 1968. :
The TLV committee held its semiannual meeting over the next two days, April
2-3, 1968, and decided to raise the TLVs to 0.10 mg/m® for TEL and 0.15 mg/m’
for TML [Stokmger. 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 w:ll be worsened if
OSHA adopts the current TLVs for the lead alkyls.

Blas of TLVY Committee Membership

Dr. Hector Blejer, resigning from the commitee in 1980 afier 10 years as a
member, protested what he called “an increasingly stwonger pro-industry
bias. . . particularly. among almost all the Commitice 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 committee and ACGIH appear “anti-NIOSH, anti-OSHA,
and anrti-labor™ [Blejer, 1980].
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To its discredit. the comminee has long urned a biind eye to conflicts of
interest. both overt and subtle. Health and safery professionals tend to view policy
issues from a spectrum of opinions: from those who would resolve the benefit of
doubt in assuring the fullest worker protection to those who are more sensitive to
corporate financial priorities where health and safety is in practice regarded as an
expenditure 10 be controlled as much as possible. It is no accident that professionals
with the laner point of view are more likely to consult for or be employed by
corporations. and those closer to the former viewpoint are more likely to be indepen-
dent of corporate funding. perhaps working in government or for iabor unions, public
interest groups. etc. .

The TLV commirce never acknowledged this reality or attempted to achieve 3
balance berween corporate- and union-affiliated health professionals. Only occasional
token efforts were made to get a union industrial hygienist on the TLV committee.
There. the union person could expect to be marginalized at least as badly as was Dr.
Blejer (2 NIOSH cxpert on lead. arsenic. cadmium. and asbestos), by the sheer force
of numbers and adversaries with vastly superior technical resources. The TLV
committee never offered unions and other strong advocates of worker protection a
chance to participate on a fully equal basis. The occasional token offers for partici-
pation in effect only gave unions the “choice™ of participating in an unequally

balanced arena and depleting their resources with linle chance of being heard — or of .

no participation at all.

CONCLUSIONS AND RECOMMENDATIONS

 While earlier reviews of the TLVs themselves have been critical, the process of
TLV development has not been critically examined in the past. The unavailiabity of
unpublished corporate “documentation” precludes scientific scrutny of the primary
basis for nearly one sixth of the “documented” TLVs. At the same time, the TLV
committee's uncritical acceptance of industry assertions based on scant, unpublished
~data” raises yet greater concern. ,

The documentation of TLVs for their own companies’ products by industry
members of the TLV commigee constitutes a major conflict of interest. This happened
on a large scale in the 1970s, with the Dow Chemical represenative primarily
responsible for TLV development for major Dow products (vinyl chloride, vinylidine
chloride, chioroform, methyl chloride, ethylene dichloride, ethylene dibromide, tri-
chlorobenzene, dioxane, ethanolamine, dipropylene oxide methyl cther, styrenc.
ethylenc glycol.dibromochloropropane, wTordon”, “Ruelcne”, “Dursban”, and
=Plictran™); and the DuPont representative doing the same for major DuPont products
(dimethyl sulfate, “MOCA", lead chromate, formamide, dichloromogofluorome-
thane, “Lannate™, “Karmex", and “Hyvar X") [Chemical Week, 1975; Minutes and
Agenda 1970-1976]. ’

The listing of dominant corporate TLV committee members as “consultants™
and the issuance of siatements to the effect that they did not officially vote on the
TLVs were deceptive [Lee, 1987). The concealment of industry influence on the
TLVs is a serious marter, quite apart from the exsrcise of that influence itself.

Aside from the panticipation of industry-employed health professionals. the
TLV comumittee has extended full membership to full-time industry consultants as
carly as 1951 (Dr. Arthur Vorwald of the Saranac Laboratory). To this day, TLV
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committee members can and do eamn a substantial fraction of their incomes as
industrial consultants, while publishing only ‘their university affiliations in the TLV
booklet. ACGIH has no policy either restricting TLY cofmmittee membership in such
cases or requiring public disclosure of consulting work for financially interested
parties. Similarly, there is no policy restricting the chemicals assigned 10 TLV
committce 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 part of the ACGIH, a volunteer organization. the committee now has an annual
budget of $30,000, most of which goes for travel and lodging expenses to conduct
meetings [Kelly, 1986-87}. The members of the committce must rely on whatever
technical resources and support services are available 1o them as individuals (com-
puter searches, libraries, research assistants, clerical assistants), and borme by them
and/or their employers for their unpaid committee work (e.g., long-distance telephone
calls). Over the years, this has meant that committes 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 sesms to have been prepared with
minimal review of the literature.

The TLVs have nonetheless been widely represented and accepted as scientifi-
cally based limits that would prozect 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 10 a bener standard of worker protection.

Industrial hygienists need clear instruction regarding the limited -nawre of the
TLVs. Hygienists 100 often assume or convey (o 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 10 2 table, and then
assuming all is weil if exposures measured are less than the TLVs.

OSHA is now considering adopting current TLVs 1o 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 are 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
workplacs exposure limits and supporting documentation in North America, Europe,
and elsewhere, it now seems appropriate for an intemational 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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pational exposure !imits can contribuie 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
mainuining 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 sening 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” expasure levels for carcinogens and ceruain 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 leveis below which their limited measurement tools are unabie to detect
effects in a finite and often very limited number of workers. Thus the very concept
of “safe” exposures to any chemical is inherendy unscientific. Indeed, the term
“threshold limit” embodies this unproven and probably unprovable concept that there
is some known level of exposure which does not adverscly 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
acknowledae the political nawre 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
Perspectivesand Current Practice

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

A 1889 Occupational Safety and Health Administration
standard mandates that workplage nir concentrations be held
below new permissible exposure limits for 378 substances. As
more than 360 of these limits came from the 1987 list of
“Threshold Limit Values” (TLVs), the medical bnsis of the
TLVs Is of direct importance to the health of miilions of
workers. However, the TLV development process has been
gravely flawed by lnck of scientifio rigor, inadequate medical
input, and lack of attention to financial conflicts of interest.
The adoption by the Occupational Safety and Henlth Admin-
istratlon of many poorly supported values ns permissible ax-
posure limits reflects also the underutilleation of Industrial
medicine in identifying henlth effects of exposures below the
TLVa. It is thus the responsibility of the medical profession to
aot on the presumption that the TLV permissible exposure
limita are unsafe limits until a sound underlying body of
medical and sclentific literature exists for the substances on
the Jist. It is Industry s responsibility to commit flself seriously
to medical and exposure monitoring and to begin to remedy
the knowledge dofloit that exists about the less immedinte
health effects of most industrial materinls.

efore reviewing the subjeot of cccupational exposure

limits, certain basio issues bear mention. First, the
medical profession has a fundamental importance in the
investigation and evaluation of the harmlul effects of
industrisl materials. Second, the necessary medical re-
sources need to be provided by industry to make possible
the medical surveillance and care of workers exposed.
Third, there Is a need to develop and train the profes-
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sional resources to meet the needs of the millions of
places of employment. The adoption of standards with
specified numerical exposure limits accomplishes noth-
Ing unless the necessary professional resources are pro-
vided to gathor and evaluate informotion on exposures
and henlth effects.

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

In the closing days of the Reagan Administration,
OSHA adopted new permissible exposure limits for 376
substances.' Virtually all of these limits came {from the
1987 list of Threshold Limit Values (TLVs) published
by the American Conference of Governmental Industrial
Hygienists. Industry is required to be in compliance by
Septomber, 1988.

1n developing this standard, OSHA disregarded rec-
ommendations by the National Institute for Occupa-
tional Safety and Health (NIOSH) for stricter limits for
68 specific substances. The idea of adopting the TLVs
had been suggosted in 1983 by the Synthetle Organlio
Chemical Manufacturers' Assoclation, and the chemical
industry's response to this OSHA rulemaking was un-
usually favorable (C.B. Mackerron; Chemical Week. Jan-
uary 25, 1989; and comment from the Dow.Chemicai
Company en OSHA's proposed alr contaminants rule
{July 1988]). The AFL-CIO and at least 16 industrial
parties have gone to court over the standard.

OSHA has recently announced that it is considering
additionally requiring medical monitoring and air mon-
itoring in industrios where regulated substances are
used.

Physicians in industry have good cause, therefore, to
wonder how protective the new limits are. In fact, the

. scientific quality of the procoss for developing the TLVs

has been critically examined, and evidence of “corporate
influence” in developing the TLVs has figured in the
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debate over the new OSHA rule. A paper on these issues,
published in May 1888, has engendered a lively discus-
sion, including more than 20 commentaries by the end
of 1088 in the American Journal of Industrial Medicine.®

The purpose of this paper is to summarize the critique
of the TLVs, refoerring to data already published as well
as presenting information gathered since OSHA pro-
posed its new rule in mid-1988, The material here will
be addressed primarily to physicians in industry.

The story begins by recounting how the medical re-
sponsibility of relating working conditions and health
was in large part assumed by a group of industrial
hygienists, the American Conference of Government
Industrial Hygienists (ACGIH).

Origins of the TLVs

ACGIH traces its history as a professional organiza-
tion back to 1938. An ACGIH committee compiled a
listing of state government exposure limits for various
chemicals in 1942.° In 1948, ACGIH published its first
annual list of recommended “Maximum Allowable Con-
centrations” (MACs) for 144 substances.' The primary
sources for this were ACGIH’s 1942 compilation and a
1945 paper by industrial hygienist Warren Cook.

It is interesting to recall what was said of the safety
of these limits at the time, in view of later developments.
ACGIH said in 1942, *The table is not to be construed
as recommended safe concentrations.” As if to underline
that point, the text went on to say, “The material is
presented without comment.”® Cook,® whose paper sup-
plied 118 of the exposure limits adopted, emphasized
that his intent was “to provide a handy yardstick to be
used as guidance for the routine control of these heslth
hazards—not that compliance with the figures listed
would guarantee protection against ill health.” Cook
went on to advise that maintenance of the limits he
suggested should not be considered a substitute for
medical monitoring.*

By 1946, most state governments had industrial
health units, and so did some cities and counties. The
MAC values reported by 27 of these agencies were quite
variable for some chemicals. For n-butanol, the limits
varied from 25 to 300 ppm in air, depending on where
the workplace was located. For turpentine, the range
was 100 to 700 ppm; for methanol, from 100 to 300 ppm;
for nitrobenzene, 1 to § ppm. On the other hand, there
was substantial agreement among the health agencies
for many other chemicals.®

Up to this time, MACs in use had “on the whole
{caused] no serlous handicap to industry,” according to
J.J. Bloomlield, one of the leading industrial hygienists
of the US Publio Health Service.® However, there was a
desire among the government people to harmonizo their
MACs and thus avoid the health and economic impacts
of having divergent conditions for industry.

ACGIH acknowledged in 1948 that no uniform defi-
pition of MACs existed, citing three concepts then in
use: no safety margin against known health effects, some
salety margin against health effects, and protection
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from objectionable but not harmful concentrations. AC-
GIH initially declined to define what Its MACs were or
to state whether they were limits not to be exceeded for
30 minutes, 1 hour, 8 hours, or longer.' For example,
the MAC for chlorine was & ppm, which compared
unfavorably with 4 ppm recommended by Henderson
and Haggard’ for 30-minute to 1-hour exposure periods;
the 100 ppm MAC for carbon monoxide had been rec-
ommended by Henderson and Haggard for “several
hours."”

The 1947 list Included 158 MACs. The chairman of
the Committee on Threshold Limits, chomist L.T. Falr-
hall, expressed great confidence that the Industrial
hygienist was well placed to set health standards: “He
ia In contact with the Individuals exposed and therefore
soon learns whether the concentrations measured are
causing any injury or complaint.”® Up to this point, the
five-man TLV committee still did not include one phy-
sician member.

In 1948, the MACs were renamed Threshold Limit
Values. Despite the very different emphasis of this new
nomenclature, the term TLV was not defined at the time
of its introduction. The TLV commitiee noted that,
“People vary greatly in their response to drugs and
toxic substances.” To this irremovable obstacle was
added the acknowledged difficulty of trying to protect
the worker while not imposing an “impossible burden
on the manufacturer.”™®

In 1953, a preface was added, wherein the TLVs were
described as “maximum average congentrations of con-
taminants to which workers may be exposed for an 8-
hour working day (day after day) without injury to
health.”’® Both the term used and its definition now
promoted the TLVs as health-hazard thresholds for
exposure to chemical and mineral substances, many of
which were known to have serious, irreversible effects.
The TLV committes now sought to offer a guarantee
where Cook had explicitly said no guarantes was war-
ranted. Most of the exposure limits on the list were the
same values recommended In 1945 by Cook.® Despite the
accompanying preface assertion that the TLVs were
based on the best available information, there is no
evidence that any review was done or new rationale
offered to justify this sweeping disregard for the uncer-
tainties underlying the TLVs.

The TLV committee chairmen, industrial hygienist
Alan Coleman, used more qualified language at the
ACGIH meeting of 1954. Ha described the TLV as the
concentration of a substance that "should cause no
significant injury to the health of the large majority of
persons” exposed daily.'" The committee itself tempered
its description in 1958: “{TLVs| represent conditions
under which it Is believed that nearly all workers may
be repeatedly exposed, day after day, without adverse
offect.”'®

Precisely because the TLV committee had taken a
very diffioult technical, political, and economic problem
off the shoulders of state and local agencies, the TLVs
were uncritically welcomed as uniform limits ecross the
country. State and local agencles reduced their propor-
tional employment of medical personnel and all but
stopped issuing MACs on their own in the early 1950s.'®
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As it became clenr that the state and local officials on
the TLV committee were not issuing terribly burden-
some limits for their local plants to meet, industry
adjusted to this state of aifairs without protest.

Meanwhile, the commercialization of new chemicals
by industry far outstripped the capabilities of a volun-
teer committee to keep up. As new chemicais were
widely introduced by the hundreds, the TLV committee
struggled to add to its list less than 10 per yeor.
Revisions of the TLVs, once listed, were [ower still, and
it is evident that, after the first few years, the primary
focus of the TLV committee was on expanding the list.
Until 1962, this responsibility was handled by a com-
mittee of only four to eight people. .

Many pitfolls of reliance on the TLVs had been antic-
ipated from the time they were launched. W.P. Yant,
first President of the American Industrial Hygione As-
sociation, told members of the Industrial Hygiene Foun-
dation that monitored average concentrations of air
contaminants would not take account of several factors:
peak exposures that could be very harmiul, synergistic
effeots of multiple exposures, and the great increnses in
respiration rates arising Irom high levels of physical
activity and work in hot environments.*

Yant also observed that lists of limits gain “prestige
and authority through mere copying nnd repetition.”
He warned that mandatory requirements, which the
TLVs were clearly destined to become, were usually
minimum requirements, "representative of the worst
permissible conditlons.” Such requirements, he said,
could “stifle progress and freeze endeavor at the estab-
lished minimum.”'® Yant's apprehensions proved well
founded, as the TLV committee [ell further behind in its
efforts to keep pace with innovation. As the list of TLVs

grew longer, more of the limits would tend to be based .

on roviews and information not updated for years.

British authoritles criticized American practice for
Its heavy emphasis on measurement and reliance on
reference limits. Noting that TLVs were almost alwoys
amended in the dowaward directfon, “reducing the con-
centration formerly accepted as safe,” United Kingdom
fastory inspector Bryan Harvey’® preferred to call them
“theoretically allowable maximum concentrations.”
Medical Inspeotor of Factories A.L.G. McLaughlin'®
derided the very idea-of threshold limits as reflecting
an assumption that “"man is a standardised machine.”
The indootrination of American industry and profession-
nls with a preoccupation with taking samples and de-
signing controls to meet reference exposure limits was
in turn seen as the basis of another serious shortcoming:
a peculiarly American tendency to consider substitution
of dangerous materinls as the last line of approach to
health hazard control instead of the first.'

Industrial physicians in the United States were also
dismayed at the growing acceptance of the TLVs, issued
by o committee dominated by industrial hygiene engi-
neers, chemists, and toxicologists. Initially, not a single
physician was on the TLV committee: at most, physicians
comprised only a small minority of the committee mem-
bers. Never had the chairman of the TLV committee
been.a physician (this would not happen until 1985). At
a 1952 meeting of leaders of the Industrial Medical

912

Association, clinician Frank Princi said: “[M]ost of the
[TLVs)] are picked out of a hat, 95 percent are on the
basis of animal experiments only, incorporated into state
codes, and we are faced with ridiculous standards. Is
there a doctor among the group that puts out these
standards?"'’?

After all, what industrial hygienist sees the workers'
health status the way the plant doctor does? What
toxicologist is intimate enough with his rats to learn
whether they feel pain or are suffering from reduced
mental acuity? What did these government engineers,
chemists, and toxlcologists read or know of the medical
liternture, even just what is Imparted in JAMA or the
Lancet? It would have been malpractice if o council of
doctors had prescribed such n list of exposures as ap-
proved for consumption by all the workers in the coun-
try.

ACGIH nonetheless went on to make the essentially
medical evaluations on which new TLVs were based.
The industrial physiclans’ group did not undertake the
task of either publicly criticizing the TLVs or proposing
its own workplace exposure limits. Only occasionally did
individual industrial physicians pass on information to
the TLV committee through the 1860s and 19€60s.

Led by toxicologist Herbert Stokinger of the Publio
Health Service, the TLV committes expanded its mem-
bership and output in the enrly 1960s. ACGIH also
published for the first time a volume entitled Documen-
tation of Threshold Limit Values,'"® where the basls for
about 250 TLVs wans stated, with references, in the
space of 112 pages.

Stokinger approached the Manufacturing Chemists’
Assoclation (now Chemical Manufacturers Association)
for increased input from member firms starting in 1964.
This met with limited response. The companies had no
statutory duty to disclose new knowledge about chemi-
cnls used in general industry before the passage of the
Toxic Substances Control Act in 1976. In the years
before the Occupational Safety and Health Act (1970),
regulation of workplace health hazards by the states
wos minimal, and manufacturers were about the only
parties copable of knowing what the exposures were in
their plants and whether there were adverse medical
consequences. ACGIH's annually republished olaim that
the TLVs were based on the “best available™ information
thus sidestepped the reality that the TLV committee
was.left begging for data. A committee of the Industrial
Medical Association acknowledged that unpublished
data was In the possession of companies that could
contribute to the establishment of "realistic TLVs."'®

Corporate Influence on the TLVs

Thoe recommendations of corporate officials and con-
sultants were given great weight by TLV Chairman
Stokinger. Massachusetts health official and longtime
TLV committee member Hervey Elkins complained in o
letter to fellow committee member Willlam Frederick in
1966: “It annoys me no end, that any aotion that could
possibly adversely affect a certain chemical company is
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immediately objected to by a consultant to said company,
and the objection is always nccepted by the Chairman.”
The companies themselves, individually and under the
auspices of such groups as the Industrial Hygiene Foun-
dation, also had periodio meetings with members of the
TLV committee and communicated their concerns both
orally and in writing.

Just as some corporate communications to the TLV
* committee delayed or prevented action, other unpub-
lished information was accepted as the basis for selting
TLVs. The growing rellance on unpublished corporate
communications, some of which were phone calls and
most of which do not survive in written form today, is
reflected in the Documentation.™* -

By 1986, unpublished corporate communications were
important in supporting TLVs for 104 substances out of
less than 600 listed in the Documentation {5th ed). For
twenty-five of these key communications from corporate
employees (out of 104), the corporate affiliations of the
correspondents were not stated in the Documentation.
Of the 104, the 37 cases of unpublished “industrial
experience” reflect a pattern of uncritical acceptance
of assertions from financially Interested parties, basad
on scant data of poor quality. These nssertions, absent
explanations of materials and methods used, would
never be nccepted for publication in medical or other
scientific literature. Moreover, they include many eval-
uations of a medical nature that were reported by
industrial hygienists and other nonphysicians.*®

Some had expscted that the story of the TLVs would
have ended with the adoption by OSHA of most of the
1968 TLVs as its first set of exposure limits, Congress
established and funded NIOSH for purposes of conduct-
Ing research and making recommendations to OSHA for
health standards. But the TLV committee not only re-
mained as active as ever after 1970, it even permitted
full-time employees of chemical companies to become
centrally involved In the development of the TLVs.

The participation of industry representatives on the
TLV committee began with the addition of Dow toxicol-
ogists V.K. Rowe and Theodore Torkelson as “linson
members” in 1970. These men were assigned responsi-
bility for developing “documentations” on which new or
revised TLVs would be based. The chemicais assigned
to them initially were all Dow products (2,4.5-T, vinyl
chioride, ethylene glycol, methyl bromide, and propylene
glycol methyl ether). No objection was evidently made
over the fact that meny of the chemicals assigned to

.these employees of Dow and industrial hygienist James
Morgan of DuPont (starting in 1872) were products
marketed by the firms that employed them. The chemical
assignments of these individunls were regulariy re-
corded in the minutes of the TLV committae, aithough
publicly it was stated that these “consultants” did not
actually vote on adoption of TLVs.® .

Perhaps because the corporate representatives were
pald for their work on the TLV commitiee nnd provided
with the ample resources and support of their employ-
ers, they were among the most active contributers to
the TLVs. TLV committee minutes and other records
show that Torkelson, individually end as chairman of
key subcommittees, was assigned at least 30 of Dow's

halogenated solvents, pesticides, and other industrial
chemical products between 1970 and 1988 (since 1977,
including perchloroethylene, trichloroethylene, 1,3-
dichloropropene, divinylbenzenes, carbon tetrachloride,
chlorine, propylene dichloride, ethylene diamine, meth-
Ylene chloride, and acrylamide). Similarly, Morgan and
his successor Gerald Kennedy of DuPont obtained the
task of documenting many DuPont pestioldes, chloro-
fluorocarbons, and other products (since 1977, including
hydrogen cyanide, acrylonitrile, hexafluoroacetone, p-
nitrochlorobenzene, trichlorotrifluoroethane, and di-
methyformamide).®

Dr Georg Kimmerle has been listed in TLV booklets
since 1981 simply as “German MAK Commisslon liason.”

" He is a physician employed by the German chemical

producer, Bayer, whose US subsidiary Mobay makes
pesticidos, isocyanates, and other chemicals. Shortly
after joining the TLV committee, Kimmerie was pri-
marily responsible for the decision to double the TLV
for one Mobay pesticide (fenthion). He then drafted
documentations for new TLVs for three other pesticides
made in the US solely by Mobay (fenamliphos, metribu-
zin, and eulprofos). The other five chemicals recorded
as assigned te Kimmerie (amitrole, thiram, xylidine,
perchloromethyl mercaptan, and phenylene diamine)
are produced by Bayer in West Germany. Kimmerle's

* handling of TLV committee work, unlike his duties with
the German MAK |[Maximum Workplace Concentration]

Commission, were not required ta be handled as a con-

. fidential, separate matter from his job at Bayer,

In all, corporate representatives were given primary
responsibility for developing TLVs on more than 100
substances between 1970 and 1988, including at least
36 classifled as carcinogens by official bodies. (Complete
information on the chemical assignments 1s not even
available from ACGIH.) There is no question that the
economic impact of the TLVa on the chemical {ndustry
generally and on Dow, DuPont, and Bayer in particular,
has been enormous. There scems no reason to doubt that
chemical industry employeos working on the TLV com-
mittee were implementing corporate policies of their
firms. This view is consistent with Dow’s racommenda-
tlons' to OSHA to adopt the TLVs instead of stricter
NIOSH recommendations for seven Dow products, at
lenst six of which had been handied by Torkelson on the
TLV committee.®

Industry employees aside, practically nothing has
been disclosed about the documentations assigned to
committes members who had part-time consulting re-
lationghips with chemical producers. ACGIH has never
required members of the TLV committee who do corpo-
rate consulting to either disclose these business connec-
tions or excuse themselves from development of TLVs
on chemicals of importance to their clients. The TLV
booklets have listed such persons only by afliliations
they had with universities.

TLV committee minutes Nleetingly mentlon meetings
of the committee and its subcommittees with dozens of

representatives of companies and trade assoclations.’

Nothing in writing relating to most, if not all, of these
meetings is in the chemical files at ACGIH. Robert
Spirtns, a member of the committee since 1981, wrote
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of his impression of these encounters in a 1987 letter to
TLV Chairman E. Mastromatteo: “[P]resentations by
outside groups have, in my expericnce, always been
allled with the management point of view. The majority
of the presentations have been personal interpretations
of the published literature. In my opinion, these pres-
entations have been attempts to lobby the committee,
with very little new data." This state of affairs led
ACGIH Seoretary-Treasurer Philip Bierbaum to urge,
in a 1988 memorandum to the ACGIH Board, that no
presentations by outside groups to committoe members
be allowed unless they are publicly announced and open
to the public.

As of late 1988, the TLV committee would not even
permit interested scientists to attend its meetings as
observers. Only after OSHA had proposed to adopt
hundreds of the TLVs in 1988 did ACGIH ellow re-
searchers to examine relevant ACGIH files (eg, recent
TLV committee minutes). ’

The TLV committee has stoutly refused to publicly
disclose members’ paid sources of corporate consulting
work. This might be extensive, as the present 22-mem-
ber committee includes only six full-time government
smployees. The TLV committee has also resisted reo-

ommendations by its only labor representative and mem-

bers of the ACGIH Board that industry employee mem-
bers of the committee be preciuded from drafting TLV
doocumentations.

Although some reforms may finally be instituted in
1989, the many TLVs just adopted as OSHA standards
are & legacy of an earlier era. Former NIOSH director
John Flnklea has remarked that the TLVs were “the
rosult of a process that would currently be viewed as
seriously flawed.”*®

Medical Inadequacy of the TLVs

The Information base upon which the TLVs were
developed was severely limited. For standards intended
for a potential lifetime of exposure, chronic data are
critical. However, for at least 90% of the TLV chemicals,
sufficient data on long-term effects are unavailable,
either from animal studies or studies of industrial work-
ers with long-term exposure to known concentrations of
the substances. .

The very concept of a dally average exposure limit
has been attacked as being inconsistent with what is
known about toxicity, and evidently originating more
from economlc than soientific considerations.”>® Ath-
erley’s analysis concluded that the time-weighted aver-
age Index “cannot be viewed as a scientific idea under-
pinned by either empirical evidence or plausible scien-
tific hypothesis.”® In view of this, the TLV committee's
deletion in 1984 to 1986 of most of the short-term
exposure limits was particularly harmful. (“STELs" for
nearly 200 substances were dropped prior to OSHA's
adoption of the TLVs.)

The TLV committee's heavy reliance on animal data
(mostly acute and subaoute toxicity studies) raises a
number of unavoidable problems. One cannot elicit a
medical history from an animel, and symptom data can
be missed that could be severe enough in a human to
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interfere with productive function at work. In addition,
the animal daeta gathered were very limited in scope as
well as duration. Typically, no study was done of neu-
rologic and neurobehavioral function beyond meager
observations of animal behavior such as lethargy, fight-
ing, ete. Thus, animal studies are unable to evaluate
cognitive changes such as we now know can ocour from
exposure to many solvents and other chemicals.

Animal studies also have not included an evaluation
for pulmonary function, despite the {aoct that many
chemicals are irritants and/or chemical allergens, and
repeanted exposure to such agents could well reduce
pulmonary function, nor was immunologic function eval-
uated for the vast majority of chemicals. Endocrine
function wns at best evaluated by an occasional blood
glucose test, typically ignoring the potential for endo-
orine nlterations in other organs. Animal studies often
did include information on the appearance of many but
not all organs at death by gross and light mioroscopio
analysis. However useful structural information is,
though, it is not a substitute for evaluating the function
of organs.

Another shortcoming of the TLVs was the frequent
failure to use information that was available. For ex-
ample, no systematic literature search was done in
preparing documentations on hundreds of chemicals.
References used are often very dated, and more recent
information is often missing. Information in the inter-
national medical literature does not appear to have been
roviowed for the vast majority of chemicals. In fact,
little reference is made to the basic US medical litera-
ture in the TLV documentation. Thus, contrary to the
TLV booklet’s persistent claim, the TLVs are not “based
on the best available Information.”

The medical inadequacy of the TLVs is evident from
a review of four occupntional medicine journals since
the start of 1987 (Table). From this limited sampling,
it would appear that further evidence of harm at and
below the TLVs appears in the literature almost
monthly. This review did not include industrial hygiene,
toxicology. and general medical journals. Other sclen-
tists are encouraged to review these for sub-TLV effects.

The development of TLVs and evaluation of relevant
sclentific literature have mainly been done by industrial
hygienists and other nonphysicians. Although industrial
hygienists are vital to developing control strategies for
chemicals, most lack tralning in the biomed!cal sclences
to interpret health effects data reliably and independ-
ently. Yet this is exactly what they had to do as volun-
teers on the TLV committes. Coples of reviewed articles
were generally not provided to the entire committee:
the sole responsibility for accurate interpretation of the
articles typlcally fell to the committes member assigned
each chemical. The result was a list of exposure limits
produced almost entirely by hygienists, chemists, and
toxicologists, most of whom lacked the necessary train-
ing, let alone clinical experience with humans.

Toxic Torts and the TLVs

It is ironic that dootors may now be asked to confer
legitimacy-in-retrospect on the TLVs.
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TABLE
Heallh Ellacts at and below the TLVs*

6 consecutive days to 5 mg/m’

Subslance Effects Reparied/Exposure TLY Ret
Acotone Neurobehavioral performance effects after 4 h at 250 750 ppm 25
ppm
Benzene Bone marrow changes, leukemia, at or below 1 ppm 10 ppm 26, 27
Berylium Respiratory sensitization below 2 wgfm® 2 ugjm® 28
- Cadmium Changes in renal function at 0.007-0.039 mg/m’ 0.05 mgm’ 29
Changes in renal function at 0.003 mg/m? 30
Changes in renal funclion at cumulative exposures 31
equal 1o 20-22 yr at 0.05 mg/m’
2-Ethoxyethanol and Lowered sperm counts and reduced red and while 19 mg/m’® (2-EE) 32,33
2-Melhoxyethanol {granulocytes) blood cell counts at combined expo- 16 mg/m’ (2-ME)
sure to 9.9 mg/m® 2-EE and 2.6 mg/m’> 2-ME
Ethylene diamine Resplratory sensltization at 1-10 ppm 10 ppm 34
Ethylsne oxide Increase in sister chromatid exchanges in lympho- 1 ppm 35
cytes at 0.35 ppm
Formaldehyde Respiratory cancer, allowing for 10 yr tatency, 0.1-1 1 ppm
ppm : (1.5 mg/r?) 36
Pathologic changes in nasal mucosa at 0.1-1 .1 mg/ m* 37
Glutaraldehyde Increased respiralory symptoms and headache below 0.7 mg/m® 38
0.04 mg/m?
Lead (naphthenale) Blood lead concentrations over 60 ug/dL. mean 150 ug/m® a9
ZPPt of 265 xg/dL, at 0.96 ug/m®
Manganase dust {inorganic) Fatigue, rrembling, tinnltus, irritability at 1 mg/m® § mg/m? 40
Mercury vapor EEG changes at 25 ug/m’ 50 wg/m® 41
Melhy! chiorotorm Behavioral performance deficits with 3 h at 175 ppm 350 ppm 42
(1,1,1-trichloroethane) and 350 ppm
Decreases DNA concentrations in the brains of ger- 43
bils afier continuous exposure 1o 70 ppm lor 3
mos
Ol mist, mineral Cross-shift decline in 1-sec FEV at 0.2 mg/m® 5 mg/m? 44
Siica Lung scarring In bricklayers exposed to dust (2.1% 2 mg/m?® 45
freo silica) 0.5-2.0 mg/m*®
Styrene Occupational asthma al 62.7 mg/m® . 215 mg/m’ 48
Sultur dioxide Bronchoconstriction among asthmatics after 3-5 min 5 ppm} 47
- at0.5 ppm
Sulluric acid mist Laryngeal cancer at 0.2 mg/m® . 1 mg/m’ 48
Toluene Neurobehavioral effects in rats exposed 20 min to 100 ppm; 150 49
125 ppm ppmi
impairment in human performance after 6-6.5 h at 50
100 ppm
Increased faligue, short-term memory changes, re- 51
duced concentration at 11.5 ppm and 41.8 ppm
Neurobehavioral changes (visual vigilance) alter 4 h 52
at 100 ppm
Toluene diisocyanale Asthma developed within 1 yr in 9 workers, at 0.002 0.005 ppm 53
ppm.
Triethylamine Blue haze {loggy vision), corneal edema, ey irritation 40 mgjm® 54
at 18 mg/m’
Zinc oxide fume Lung function changes in guinea pigs exposed 3 h on 5 mg/m® 55

* This tabla was compiled from review of the conlents of 33 months (January 1987 to September 1989) of 4 joumals: Journa! of Occupational

Madicine, American Journal of Industrial Medicine, Scandinavian Journal of Work Environment and Health, and 8ritish Journal of Industrial

Medicine.
4 ZPP. Zinc protoporphyrin.
1 Short-term exposure limit.

An Increasing number of persons are appearing before
the courts with conditions medically attributed to chem-
ical exposures. The courts are interested In knowing
the state of medical knowledge when these people’s
exposures to chemical products and wastes occurred. A
rationale often uscd to parry charges of negligence and
assessment of liability 18 known as the “TLV defense.”
This amounts to: We thought that the exposures here
would be below the TLVs, and we also thought the TLVs
were safe, 80 what happened is not our fault.

But although those in other professions may say, “we

thought tha TLVs were safe and sound,” It Is the opinion
of the medical profeasion (le, not the medical opinton of
the industrial hygiene profession) that ls most often
sought to test such claims today. Consequently, doctors
mey be asked to appraise the TLV for one or more
chemicals, the TLVs in general, and possibly even the
TLV committee, too.

It is hard enough to look back on the withholding of
medical expertise and medical knowledge that left so0
much to the TLV committee for so long. But it s
professionally humiliating when doctors are asked to
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dignify the medical stature and safety of guidelines that
were never roally n product of industrinl medicine.
Lawyers defending chemical linbility cases may find that

the TLV defense is easier for them to raise in an opening

argument than it is to support with credible medical
tegtimony.

Alternatives to the TLVs

There is an urgent need to compile the information
thet is available but has been ignored in the TLV
development process. For example, the New Jersey De-
partment of Health recently utilized chronic health
effects data from the Environmental Protection Agency
known as the Integrated Risk Information System
(IRIS) data base. Workday air concentrations were
caloulated for noncarcinogens and carcinogens, report-
edly corresponding to no risk of chronic health effects
or (for carcinogens) a one-in-a-million lifetime risk of
cancer. The resulting exposure limits, even for noncar-
cinogens, were morkedly lower then the TLVs, not
infrequently by 3 or more orders of magnitude (R.T.
Zagroniski, 1988 testimony of the NJ Department of
Health at informa! hearings on OSHA's proposal to
update permissible exposure limits for toxic sub-
stances). IRIS data exist on mony more chemicals and
could be used to suppiement our understanding.

Further use needs to be made of the international
literature, particularly the industrialized countries.
Much information on chemical effects is available in
English from the Scandanavian countries. In addition,
the Soviet Union has exposure limits on more than 1400
chemicais. These limits were reportedly developed to
prevent physiologic alteration, not just clinical disease.
Critics of the Soviet exposure limits have sometimes
raised a separate presumption that the Soviets in prac-
tice follow less stringent limits. But the medical issue is
not the state of Soviet engineering practice. Physicians
need to have as many data as possible on long-term
effects of chemicals to understand what levels could
cause harm. Philosophic and political differences have
not prevented soientific cooperation in other health-

related nreas, and international relations now offer hope

for expanded USA-USSR contact on ‘matters of impor-
tance in Industrial medicine.

_ BExposed workers themselves are a potentinlly vest
gource of data. The US experience in cccupational health
is that medical and environmental monitoring that is
not legally required Is often not conducted. We are thus
missing an enormous amount of potentially useful
health-elfects dota on early functional changes in work-
ers. OSHA's expected medical and air monitoring stand-
ards may soon help stimulate industry to generate this
dose-response data. However, doctors should not wait
for legally mandated monitoring to begin to conduct
medical evaluations for potential health effects below
the TLVs.

Industry needs to provide adequate resources to allow
physiciens to visit workplace areas regularly, to monitor
all exposed workers medically, and to update their
knowledge about toxicologic elfects regularly. Doctors
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need adequate computer and other literature access for
all substances used, released, and produced in the work-

place.

Doctors also need to be provided with sufficient time
to do o thorough "review of systems.” Experiencs has
shown that o great deal of knowledge on chemical health
hazards is not in tha books, and clusters of adverse
offects can be clinically identified sometimes before one
of our busy medical colleagues has gotten the problem
into print. Clinical coses are frequently the first avi-
dence of occupational disense phenomena, and the pa-
tients themselves are an indispensable source of infor-
mation, With the deficiency of published llterature on
the chronic offects of most chemicals in use, the need
for dootors to take the time to listen to patients is
underscored. Occupational medicine is a demonding
field, and a full evaluation of a single person with illness
potentially related to chemical exposure can take gev-
eral hours.

Much better use can be made of industrial nurses,
especially in small plants, where it is nurses who are
the first to see problems and hear workers’ health
complaints. Industriai nurses and physician assistants,
working with physicians, are capable of playing a more
sophisticated role in occupational disesse assessment
than they have been offered in the past. To be most
affective, however, these professionals will need to de-
velop andditional skills in occupational disease recogni-
tion. For example, they will require further training
regarding the toxic effects of chemicals, taking medical
and occupational exposure histories, and conducting
physical examinations. Their preliminary sssessments
can then be useful in a team approach, working with
the physician.

Industrial hyglenists can expand their reconnaisance
capability far beyond the generation of numbers on
exposure levels. Industrial hygienists, as well ns nurses
and worker heaith and safety repregsentatives, naed
gpecific training on the toxic effacts of chemicais on the
body and on how to interview workers for health effects
in the intervels between medical monitoring. These
health effects interviews, nlthough not a substitute for
medical evaluation, can nonetheless assist in the early
deteation of effects from irritants, sensitizers, and nerv-
ous system toxins.

The New Jersey Department of Health is developing
a Guide to Workplace Inspection that could facilitate
this process. That agency's Hazardous Substance Fact
Sheets, now available for about 1000 chemicals, include
target-organ toxicity information that can help to focu:
workplace health-effects interviews.

Because the TLVs lack scientific validity, the role ol
sir monitoring should be a different one. A specific alr
concentration should never be relied upon as indicating
safety. Rather, air monitoring should be used to assess
the effectiveness of controls. In addition, because at this
time there are no known safe exposure levels, physicians
os part of the monagement team should Insist on controls
that reduce all exposures to the maximum extent tech-
nically feasible. To ndvocate a lesser degree of proteotion
would violate the dictum to “do no harm.”

Threshold Limit Values/Ziem & Castlemar



Similarly, workplace inspectors may be better off not
using the TLV booklet as now written, because of the
misleading assertions stated in its preface. These inac-
curate claims (“based on the best available informa-
tion”; "nearly all workers may be repeatedly exposed
day after day without adverse effect”) provide a false
sense of security to nonmedical personnel. Unless such
olalms are deleted from TLV booklets, Industrial physi-
cians would be prudent to instead obtain or encourage
development of other sources of information.

Despite laws and regulations giving workers the
“right to know,” most hazard communication training
programs are general and prepackaged, and do not
address the specific toxio effects of the substances used
in the workplace. If workers are not properly informed
about such daagers, they will not be prepared to alert
the medical department when early symptoms develop.
Industrial physicians should ensure that all hazard com-
munication training fulfills the legal requirement to
include hazards of the specific chemicals used. The New
Jersey Hazardous Substance Factsheets are particu-
larly useful in this regard, as they discuss early symp-
toms and effects in lay English that the worker and
supervisor can understand.

Of course, it is primarily industry's respousibility to
provide and encourage ndequate, coordinated occupa-
tional health programs. Just as management provides
engineers with flow charts to monitor the industrial
process, doctors need to be informed about the materials
used and created in every department. It is manage-
ment's responsibility to encourage cooperation between
health professionals, to provide the resources and a
framework for monitoring exposures and health of work-
ers, and to grant industrial physicians the authority to
fulfill their professional obligations to the people at
work. Industrial physicians will not be able to do their
job well unless and until industry respects the impor-

tance of industrinl medicine and makes the commitment

to prevent, not ignore, occupational dissases.

The judgment of how much exposure can cause disease
in humans is ultimately a medical decision. Industrial
physiclans, as a profession and through the American
College of Occupational Medicine, have the obligation to
step forward and assert their reasponsibilities In assess-
ing health hazards in Industry. In fact, to not do so
could be viewed as malpractice by some. Workers have
been 1l served by having critical decisions about their
health delegated to engineers carrying TLV booklets.
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Leadership Style
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Many modern managers are flexible about technology and organizational struc-
ture, but ... they lack the quality of caring about people and their development.
Only their economic values are articulated. For most managers, organizational
development is evaluated solely in terms of productivity and profit. Paradoxically,
this total concern with profit is what causes distrust and limits efficiency. People
only trust leaders who articulate a moral code, who care about people nnd are
competent in the exercise of power.

Here one may question whether these leaders are not limited by their unwilllng-
ness to sacrifice people for power, whether the same qualities that gain trust do not
1imit success in reaching the highest positions. . ..

There are two answers. One Is that leadership is needed at different levals. All
leaders do not need to reach the top. The second is that the new-style leaders must
flnd allies and build coalitions. Given that they are less charismatic and narcissistic
than past leaders and that people resent overbearing leadership, it is logical and
necessary for new leaders to share the functions of leadership and thus increase
their power, as they also Incrense the power of others who share their goals.

—From The Leader by Michnol Mnccoby, Simon and
Schuster, New York, 1981, pp 222-223.
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But They Are Not Thresholds: A Critical Analysis of
the Documentation of Threshold Limit Values

S.A. Roach, DSe, PhD, and S.M. Rappaport, Ph0

Threshold Limit Values (TLVs) represent conditions under which the TLV Commiuee
of the American Conference of Governmenial Industrial Hygienists (ACGIH} believes
that rearly all workers may be repeatedly exposed withuut adverse effect. A detailed
research was made of the'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 corvesponding exposure. yielded
.158 paired sets of data. Upon 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%1. Although. the TLVs were poorly cormrelated with the incidence of adverse
effects. a surprisingly strong correlation was found between the TLVs and the exposures
Jeponed in the corresponding studies cited in the Documentation. Upon repeating the
seaich of references to human experience. ar 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 2 minority of studies showed no
adverse effects and TLVs were poorly comrelaied with the incidence of- adverse effect and
well correlaied with the mecasured exposure. Finally. a careful analysis revealed that
suthors” canclusions in the references (cited in the 1976 Documentation) 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 TL Vs appear to reflect the levels of exposure which
were perceived at the time to be achievable in industry. Thus, ACGIH TLVs may
r?“resemv guides of levels which have been achieved. but they are certainly not thresh-
olds.

Key words: TLV. Industrial experience, air contaminants, workplace exposures, irritation. heaith

impairment. narcosis _

INTRODUCTION

The list of Threshold Limit Values (TLVs) of the American Conference of

Governmental Industrial Hygicnists (ACGIH) has had a profound influence upon the
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state of occupational hvgicne inabe U.S. and. indeed. throughout the world, Al-
though intended as unolliciul guides of acceptable expasure o chemical and physical
agents in the workplace. these limits are widely applicd as olficial limits by many
states and countries. In point of fact. in the U.S.. the Occupational Safety and Health
Administration (OSHA) has twice adopted essentially the entire list of TLVs for
Chemical Substances as enforceable limits: first the 1968 list under a one-time pro-
vision made for incorpornting cxisting federal and natiopal consensus standards (Sect.
6(a). OSH Act) [OSH Act. 1970]. and recently the 1987/88 list in an unprecedented
action {OSHA. 1989]. ACGIH TLVs formed the basis of the West German list of
maximum workplace concentrations (MAKs) [Henschler. 1984}, the British list of
occupational exposure standards (OESs) [Health and Safety Executive, 1989}, the
Japanese list of maximum permissible exposure limits (PELs) [Tovama, 1985). the
- Swedish list of hygienic limit values (HLVs) [Nordberg et al.. 1988), and many other
lists.

The ACGIH defines TLV's 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 mearly all workers may be repeatedly
exposed day after day without adverse effect.” This statement clearly implies that the
TLVs arc based primarily upor health considerations since “*nearly all”™ 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 [Mastromanco. 1988]. **TLVs are health-based recommendations derived
from assessment of the available published scientific information from studies in
exposed humans and from studies in experimensal animals. For each TLV, there has
1o be a published documentation supporting the commitiee 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 working population. Yet recently. both the process by which the TLVs have been
established [Castleman and Ziem. 1988) and the dam supporting the limits [Hen-
schier, 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
Commitee member, in a robust defense of TLVs, remarked recently that ™. . .

. throughout-all the more than 40 vears existence of threshold limit values, there has
been no instance of serious heaith effects. provided exposures were kept at or below
the TLVs.” [Stokinger. 1988] Why then. it may be asked. have TLVs for such
chemicals as benzene, vinyl chloride, and methy! chloride come down from early
values of 100 ppm, S00 ppm and 20.000 ppm [Ceok 1945) to current levels of 10
ppm. 5 ppm and 1000 ppm [ACGIH. 1988], respectively? Since most values are
eventuaily 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
again the current Chairman of the Committee offered the following clarification
[Mastromatteo, 1988): ““TLVs are based on the belief in a threshold or thresholds

below which no adverse health effects would occur in workers . . . although . . . some.

workers with individual susceptibility may not be protected by the tecommended

TLVs." This notion that the TLVs protect all workers save. perhaps, a sensitive
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subpopulation of persons especially susceptible on grounds o abnormal heredity .
semsitization. disease. habits, sex. or reproductive status fde Silva, 19861, is real-
lirmed annually by the ACGIH a» follows [ACGIH, 1938}

Becausc of wide variation in individual suscepiibility. however. a small
percentage of workers may cxperience discomfort from some substances
at concentrations at or below the threshold litnit: 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 expericnce discomfort. as
perhaps would occur with a respiratory irritani, and that **a smaller percentage’™”
might contract a chronic disease at or below the level of the TLV. To find further
enlightcnment 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 Limir 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 Comminee has traditionally placed greatest imponance upon studies
involving human experience. This was stated unequivocally by a former Chairman of
the Committee. H. Stokinger. about 20 vears ago {ses Stokinger. 1984] and supported
more recently by Smyth [1984], who indicated that evidence based upon 2nimal
experiments must only serve until it can be replaced with documented human expe-
rience. Some 10 years ago one of us studied the references to human experience listed
under each substance in the /1976 Documeniation of the TLVs for Chémical Sub-
stances [Roach, 1982]. We have recently analyzed the 1986 Documentarion [ACGIH.
1986] to investigate whether the situation has changed since 1976, and in what
follows we will summarizc 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-
continucd when the arbitrary target of 80% of the published references to human
experience had besn 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 zlso 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 10 1,802 employess (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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timpairntent of hezlth, iritation. or nurcosis). The ey relerences from which the data
were extracted are also indicated.

The perinent results are summarized in Tuble | where the incidence of adverse -

effects is given for persons expuscd at or below the TLY. Some studies did show
every employee (o be free of advens effects when exposed at or below the TLV (11
instances). However, scrutiny of Tuble | shows that most studies demonstrated an
incidence of adverse effects which was substantially above zero at the TLV and which
was even |00% in some casés (8 instances). This was particularly true regarding
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 (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 Documenation was highly significant (Fig. 2:
r=0.26: p<0.001). The ‘mplications of these observations will be discussed later.

1986 DOCUMENTATION

"It is well known that over the vears TLVs tend to have been lowered, in stages,
sometimes by large factors. On the other hand. TLVs have been developed for
substances new to the list each vear. Consequently, the overall picture may or may
not be changing. In order to examine whether the situation has changed in 10 years
the 1986 Documeniation was analyzed. The labor of the exercise waos reduced by
limiting the-analysis to those published references which. on reading the Documen-
tasion. appeared to contain dam 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 all'* 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 part 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 asidc as were those
where the number of exposed persons was unclear. This left references to 29 sub-
sances. 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 9-10); a
comprehensive listing of these data is provided in Appendices D and E that again
includes the key references from which data were exmacted.

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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Analysis of Threshold Limit Values

TABLE 1. Individuais Exposed st or Belms 1976 TLVy

731

Expwsure
Eifect Chemical Esponed Alleied TLV 7 altected
impariment  Acetonitrile LI 1 .00 N
w health . Asbestos 5 | 0.96° h
' Asbestas 22 0 0.70 0
Benzene 47 [ 0.72 (&
Benvilium n 93 > .00 25
Carbon disulfide 16 I6 ~ 1.00 -100
Carbon disulfide 100 19 < 0.53 »
Carbon disulfide 100 53 0.73¢ 53
Carbon tetrachloride 6 - 0 .00 0
Chlorine dioxide 12 ? < 1.00 58
Chlorodiphenyl=2% <l 14 ? 0.10 50
Ethylene oxide 37 0 0.18° [
Plucride 189 48 0.66° 28
Lexd 143 2t 0.93 1S
Magnesium oxide fume 4 1 0.58 28
Magnesium oxide fume 4 2 0.41 S0
Mercury k| 0 0.80 0
Mercury 9 l 0.40 I
Mica 109 I 0.10 92
Mica 6l 20 0.50 33
2-Nitropropane 2 0 0.80* 0
Sulfuric acid 15 0 0.43° 0
Temryl 1182 50 1.00 4
Toluene - 3 i 1.00 3
Toluene 2 ! 0.50 50
Toulene 2,4 diisocyanate 12 [} 1.00* 0
. Toual: 2524 369 14.6
leriation Allyl alcohol 6 2 0.39 33
Butyl alcohol 10 10 0.50 100
Bunyl alcohol 10 10 1.00 100
Cyanogen 5 0 0.80 0
Ethyl acerate 10 10 1.00 100
Ethyl ether ] 10 0.75 100
Propyiene glycol monomethyl
ether | 0 0.47 1]
Propylens giycol manomethyl
ether 6 4 0.95 67
Selenium 62 9 0.15* 15
Styrene monumer 6 3 0.9% 50
Styrene monomer 3 0 0.5) 0
- Vanadium pentoxide 8 8 0.72 100
Vanadium pentoxide 2 20 0.40* &
Vanadium pentoxide 5 S 0.40 100
Vanadium pentoxide 2 2 0.20. 100
Vinyl chloride 6 o 030 (4]
Touwl: ’ ' 173 9 534
Narcosis Perchlorocthylene 8 2., 0.96 25

'E:pom assigned at midpaint of range.
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Fig. I. Exposure expressed as 3 rﬁultiple ol the TLV' vs. the percent of individuals adversely affected.
From references to human experiznce given in the 1976 Documemiarion of TLVs. (Data given in Ap-
pendices A-C.) .
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Fig. 2. TLV va. the exposures reponed in al! siwdies for panicular air contaminanis. From refereaces
1o human experience given in 1976 Documentarion 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. Uniike the data gleaned [rom 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=0.17; p=<0.001).
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Fig. 3. Exposure expressed as a multiple of the TLY vs. the pereemt of individuals adversely affected.
From references 10 human experience given in the 1986 Documentation of TLVs. 1Data given in Ap-

pendiczs D. E.i

1

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

(=0.61; p<0.001).

VALIDATION OF THE TLVS?

The above finding that. at or below the TLV, the incidence-of adverse effects
ranged from 0-100% and that overail one employee in 6 or 7 was adversely affected
is clzarly at odds with the official definition of TLVs. Indeed, we were so stuck 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
agninst 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 obuined 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 Documentarion. Both sets of statements 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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733 Koach and Rappaport
TABLE i1 Individuals Expemed ut or Beins 1986 TLVS

Litect Chenuval Expacd  Aliecied  Expnure TLY G affecied
Impairment to health
: Acetvnitrile . ) | 500 33
Carbun disulfide 100 39 < 1.0 k1)
Chlurine dinnide 12 7 < 1.00 58
Chlonwiphenyi-

20 14 7 0.10 50
Cyclonite 538 0 0.19 0
Fluoride 189 <8 0.66° 28
Hexane 10 0 1.00 0
Lew 143 <l 0.93 15
Magnesium oxide

fume 4 [ 0.58 25
Magnesium oxide :

fume 4 2 0.41 50
Mercury 18 0 0.26" 0
Mercury 3 9 0.80 0
Mercury - 9 1 0.40 n
Nitroglycerine 8 7 0.72 83
Nivoglycerine 7 6 1.00 86
Propylene plycol '

dinitrate 3 0 0.50° 0
Quarz ) 233 0.50 30
Suifur dioxide T3 0 0.50 - 0
Sulfur dioxide k] 0 0.15 0
Sulfuric acid |5 0 0.43* 0
Teuryl 1.182 50 1.00 4
Toluens b 1 1.00 3
Toluene 2 1 0.50 50
Touwal: 3on 425 . 13.8

Irritation -
Acetone 4 0 0.13 0
Acetone 4 ] 0.67 0
Alvl alcohol 6 2 0.40 33
Cyanogen s 0 0.80 0
Ethy! acetate 10 10 1.00 100
Sthyl alcohol 3 3 0.79* 100
" Ethyl ether 10 10 0.75 100
Propyiene giycol 6 4 0.95 67
" monoethyl cther 1 0 0.47 0
Sclenium 62 9 0.13* 13
1.1 2-Trichluro- 50 (1] 0.67 0
1.2 2-trifluorethane
Total: 161 38 23.6

‘Exposuﬁ assipned at midpoint of range.

Acetaldeyde : . .

Effect. *“The TLV, 100 ppm. is recommended to prevent excessive eye irri-
tation and potential injury to the respiratory tract.” [ACGIH. 1976).

Validation? **Several of 12 volunicers objected . . . strenously even at 25 ppm
... A majority . . . experienced . . . eye imitation at 50 ppm."* [Silverman et al.,
- 1946]. :
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Fig. 3. TLYV vs. the exposures reported in all studies for particular sir cortaminants, From references
© human experience given in the 1986 Documentanion of TLVs. (Data given in Appendicss D. E.}

L
" Acetone

Effect. "*In 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].

Validation? “*Acetore produced slight irritation at 300 parts per miliion. but
500 ppm was stiil tolerated by most of /0 subjects.”” [Nelson et al., 1943].

Allyl Alcohol
Effect. **The threshold limit of 2 ppm would appear to provide protection
against systemic effects and injury 10 superficial arsas of the body, and to provide a
reasonable fresdom- for most individuals from irritation.** [ACGIH, 1976].
Validation? *‘Slight nose irritation was checked off by 2 of 6 volunteers ex-
posed to 0.78 ppm in an exposure room which was specially designed for the
purpose.”” [Dunlap et al.. 1958].

Allyl Propyl Disulfide
Effect. TLV 2 ppm **to minimize irritation and lactimation.’” [ACGIH, 1976}.
Validation? *“Personal observation revealed that the general workroom atmo-
sphere in the onion dehydration plant where the concentration of allyi propyl disulfide
was 1.7 ppm caused marked irritation to the eyes, nose and throat . . ."* [Feineretal.,
1946]. . -

Asbestos
: Effect. *‘On 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}.
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736 Roach and Rappupurt

Validation? **Inarccent study . ., of men lrom a fuctory pmu.:sm-' cheysotile
asbestos none of 22 cxposed to 3 mean dust concentration.of 3. 'S fibresfern® haaed basal
rales. which were considered s the key symptom of the earliest demonstrable effects

on the lung due 1o asbestos.” [BOHS I968]

Benzene
Effeet. *"A TLV of 25 ppm is believed low enough to prevent serious blood

changes.** [ACGIH. 1976].

Validation? /n *a study . . . of the benzene exposure of workers in the rubber
coating industry . . . the mea.mred benzene vapor concentrations averaged /8 ppin
and ¢ of 47 cmpiovees showted) a louered hemoglobin of below 13.5 grams.
[Pagnotto et ai.. 1961].

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

complaints about odor and irritation.”* [ACGIH. 1976).
Validation? * Bu:anone producad slight nose and throat irritation in some of 10

volunteers at 100 ppm.™" [Nelson et ai.. 1943].

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

loss in the younger 2ge group of workers and to impair vestibular function at levels
somewhat below 110 ppm. a TLV of 50 ppm as a ceiling valye is recommended. "
- [ACGIH 1976},

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

* Carbon Disuifide
Effect. **The limit. 20 ppm. although protecting against serious systemic ef-

fects. would appear to have lirde margin of safety, especially for those with mineral-

deficient diets.** [ACGIH, 1976].

Validation? Ar a plant where **concentrations of carbon disulfide . . . are less
than 10 ppm for long exposures. with occasional scattered higher ﬁgunes in some
areas for short exposures . . . in a group of 100 employees . . objective neurological
signs were noted in 39 sub;ec-zs who had one or more' devxanons from the average."™

[Rubin et al., 1950].

Chlorine Dioxide :
" Effect. **The recommended limit of 0.1 ppm is...tw pmvent irritation and

possible bronchitis.”* [ACGIH, 1976].
Validation? **At a factory for the producuon of sulfite-cellulose . . . extensive

investigations . . . showed the occurrence of slight bronchitis in 7 of 12 workers
exposed 10 chlonne dioxide . . . ar concentrations lower than 0.1 ppm.*” [Gloemme
and Lundgrea. 1957] '

 Chiorodiphenyl—42% Chlorine - |
Effect. *It is believed that this limit, | mg/m>, will oﬁ'cr reasonably good
protection agazinst systemic intoxication but mav not suarantee complete !’reedorn

from chloracre.™ [ACGIH. 1976].
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.Analysis'df Threshold Limit Values 737

validation? **1n a chemical plant concerned with arpanic chemical praduction
where the chlorinated diphenyls in the actual breathing zones of the warkers were
0.1 merm* of air . . . seven cases-of mild 10 moderate chioracae of the facz and head
occurred among 14 chemical operators exposed . . ™ [Meigs et al.. 1954].

Cyanogen -
Effect. ** . . . lo prevent irritation, as well as systemic effects. a TLV of 10
ppm is recommended.™ [ACGiH. 1976]. A
vValidation? ** . . . no effects from 2 concentration of eight ppm were expe-

rienced . . . by three males and 1wo females . . . exposed in a sealed room.”
[McNemey and Schrenk. 1960}.

Ethyl Acetate '
Effect. **The threshoid limit, 400 ppm. is believed to provide a level with 2
large safety factor from the standpoint of health. but may prove mildly irritating to
some workers unaccustomed to the exposure.” [ACGIH. 1976]. .
Validation? **Ethyl acetate at 200 ppm was objectionable to some of 10 vo-
unteers because of the strong odor at that concentration.” (Nelson et al.. 1943].

Ethyl Ether ’
Effect. **Regular-exposure-at this concentration (400 ppm. the TLV) should

cause no demonstrable injury to health nor. produce irritation or signs of narcosis
among workers.”” [ACGIH. 1976].
" Validation? **Cohplaints of nasal irritation began at 200 ppm in the majorify
" of 10 volunseers.’* [Nelson et al., 1943).

Ethylene Oxide .
-~ Effect. **The results of these investigations of the chronic toxicity of ethylene
oxide indicate that a threshold limit value of 30 ppm offers-an adequate margin of
safety from ostensible systemic effects.”” [ACGIH. 1976].
validation? At a **plant wihere chemical operators engaged in the manufacture
of ethyvlene oxide who had been exposed for many years (0 sub-threshold-limit-value
(TLV) levels of this chemical . . . the general level of long-term exposure for the
operators appeared o be in the order of 5 to 10 ppm . . . A thorough study of the
over-all health level of . . . 37 individuals . . . failed to reveal evidence that the study
group had suffered any il} effects from their cxposure.”” [Joyner. 1964].

Fluoride as F _
Effect. **The limit. 2.5 mg/m’, is sufficiently low to prevent irritative effects
and to protect against disabling bone changes.™ [ACGIH. 1976).
Validation? Ar g factory where the concentration of fluorides ranged from
0.14 10 3.13 mgim’ **radiological examination revealed signs of osteosclerosis in 48

of 189 workers.” {Largent, 1961].

isopropyl Acetate : ) ' -

. Effect. **The limit, 250 ppm. . . - is considered adegquate to prevent significant
irritation of the eyes and respiratory passages.” [ACGIH. 1976]. .

Validation? **We found that at 200 ppm. the majority of . . . twelve subjects

of both sexes . . . experienced some degree of eye irritation.” (Silverman et al.,

1946).
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738 Ruach and Ruppapnri

Magnesium Oxide Fume
Effect The limit. 10 mg'm®. is reccommended on the basis that this value

represents a maximal desirable limit for dusts of relatively minor hazard.” [ACGIH
19764, ’ .

Validation? /i I of 4 subjects exposed 1o an average concentration of mag-
nesizm oxide of 5.8 mgmr' and in 2 of 4 subjects exposed 10 an average concentration
of mugnesiim oxide of 4.1 mgim' “was found . . . a leukocytosis and 2 fever
resembling thase caused by the heavy metals.™ [Drinker et al.. 1927). '

Mercury
Effect. “*Following 2 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 concained little or no margin of satety.” [ACGIH. 19761.

Validation? **Svmpioms 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 /9 and 40 pe/m’, respec-

tively,” [Bidstrup et-al.. 1951].

Mica

Effect. **The limits of 20 mppef . . . should prevent disabling pReumoconiosis.
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. . . . which contains less than 1% free silica. When the dust concentrations
'to which most workers were exposed-ranged from 2 to 21 mppef. with an average of
10 mppef. . . . 27 of 61 workers examined had ground-glass 2 readings of their chest
x-rays.”” [Heimann et al., 1933]. .

Propylene Glycol Monomethyl Ether :

Effect. **It can be concluded that the methyl ether of propylene glycot is low
in systemic toxicity but that the vapors should be conuolled 1o 100 ppm. . . . the
TLVC, . . . to avoid complaints from the odor.” [ACGIH. 1976}.

Validation? **Upon eatering the exposure chamber containing 47.3 ppm pro-
pylene. givcol monomethyl ether . . . a physician . . . perceived the odor to be
moderately sirong, not objectionable. When six subjects entered the chamber con-
taining 95.0 ppm . . . four immediately asserted that the odor was (00 strong o be
tolerated and expressed a desire 1o promptly terminate the experiment.”* [Stewart et
al., 1970). .

Selenium

Effect. **The limit of 0.2 mg/m’ for eiementary 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? /n 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 mg/m”™” [Kinningkeit. 1962).

“———————..
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Analysis of Threshuld Limit Values 7

Styrene (monomer)

Efect. ~"On the basis of human responses at the 100 ppm fevef. . . . mild.
untoward. but trunsient subjective responses in half of thuse exposed . . . . a time-
weighted average concentration of 100 ppm is recommended for a TLV. " [ACGIH.
1976}.

Validation? “*Three of . ... six subjects exposcd to 99 ppm styrene vapor . . .
noted mild eye or throat irritation developing 20 minutes after the exposure had begun
.. . No untoward subjective symptoms of objective signs of iliness were noted during
. . . the vapor exposure 10 31.4 ppm for | hour.” [Stewart et al.. 1968].

Sulturic Acid '

Effect. “The TLV of | mg/m? is rccommended to prevent irritation of respi-
ratory passages and injury to the testh.”” {ACGIH. 1976}.

Validation? °**Sulfuric acid mist . . . could not be detected by odor. taste of
iritation . . . by 15 subjects exposed at 0.35 10 0.5 mg/m’.” [Amdur et al., 1952).

Toluene )
Effect. “On the basis of the above data . . . human subjects exposcd at 200
ppm suffersd slight but definite changes in muscular coordination. . . . prolongation

of reaction time. decrease in pulse rate and in systolic blood pressure. . . . 2 reduction
in the TLV for toluene to 100 ppm is recommended."* (ACGIH. 1976].

validation? “*During exposure to 100 parts per million of toluene in air . . . for
8 hours. . . . two (of three) subjects . . . had no subjective complaints except for
moderate fatigue and sl=piness. . . . the third . . . complained of a slight headache,
in addition to fatigue and slespiness, on one occasion . . . With exposure to 50 parts
per million of toluene in air . . . for 8 hours. . . . one (of Avo) subjects(s) had no
subjective complaints. whereas the other complained toward the end of the experi-
ment. of drowsiness and very miid headache.’” [von Oettingen et al.. 1942].

Turpentine
Effect. ““ATLV of 100 ppmiis. .. recommended to prevent chiefly irritative

cffects.”” [ACGIH. 1976]. , .
Validation? **Turpentine at 75 ppm. caused nose and throat irritation in sev-
erai of 10 volunieers.™ [Nelson et al., 1943].

Vanadium Pentoxide Dust .

Effect. *The ceiling limit of 0.5 mg/m® for the dust of V.0 . . . is currently
under review . . . in the light of the above reports. . . - of upper respiratory tract
irrication in the form of persistent productive cough at an average concentration of 0.2
mg/m®." [ACGIH. 1976].

Validation? **All five volunteers . . . cxposed for an cight-hour period ar 0.2
mg/m® . . . developed 2. . . persistent . . . loose cough the following morning . . -
When two . . . volunteers were subjected to an eight hour exposure of vanadium
pentoxide dust at 3 concentration of 0.1 mg/m®, a distinct clinical picture of pulmo-~
nary isritation appeared.” {Zenz and Berg. 1967).

Vinyl Chloride

Effect. **A time-weighted average threshold limit value of 200 ppm vinyl
chioride (with a few ppm vinylidene chloride) seems appropriate to prevent systemic
effects from long-continued daily exposure.” [ACGIH. 1976].

R T T

e anddna ]
——— - ca

B L L



740 Ruach and Rappapurt
Validation? "~ No signilicant untoward cifects were poed by . . . six subjects
esposed [0 & 59 ppun time weizhted uverage conceniration bused on 7.5 hours

including a 0.5-hour lnnch period in an uncontaminated ared . . . The exposure had
no noticeable effect on neurological responses. nor did it produce significant changes

in the resuits of mental. coordination. or manual dexterity tests conducted during the

exposure period. All clinicallaboratory studies performed in the post exposure period
were normal-and not significantly different from pre-exposure values.” [Barena et al.
1969]). _
Even a cursory inspection of the quotations given above indicates that adverse
cffects had. in 1976. long since been reported in people exposed below the levels of
2] of 28 TLVs. Also. in one further case. carbon disulfide. exposure to the substance
may have contributed to the signs reported and in one other. fluoride, the radiclogical
effects may have been forewarnings of some risk of heaith. In the remainder, -
though only 5 substancss: the conclusions of the original authors and of the TLV
Committes appear to have been consisient. Among these 5 substances, it is interesting
to note that to date. since 1976. three of the TLVs have come down (asbestos.
ethylene oxide. and vinyl chloride), and 2 have remained the samc (cyanogen and
sulfuric acid). the latter being the only ones out of 28 to have rewined 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 ume are notable for their paucity.
Published survey data upon which TLVs are based refer to 200 or so subszances but
the total number of employees.in all these surveys added together amounted (o less
" than 10.000. Nonetheless. because the TLV Comminee placed great weight upon
such data when they were availabie. we feit compelled to conduct this investigation
of the original refersnces used by the Committee in assigning the limits.

Individual TLVs are supported by data obtained from such small aumbers of
persons that a single study showing alarmingly high -prevalence of adverse effects
could perhaps, by itseif. be dismissed as a chancs erTor lacking real significance. It
is the multiplicity of such data scts among TLVs as a whole which is most disturbing
and which requires explanation. ]

Three suiking results emerged from this work, namely. that the TLVs were
poorty correlated with the incidence of adverse effects (Figs. 1. 3), that the TLVs
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-
mensation and the TLV Committee. Taken together these observations suggest that
the TLVs could not have been based purely on considerations of health.

While factors other than health appear to have influenced assignments of par-’

ticular TLVs, the precise nature of such considerations is a matter of conjecture.
However, we notc that one interpretation is consistent with the above results, namely,
that the TL Vs represent levels of exposure which were perceived. by the Comumittes
to be realistic and atzainable at the time. Such an interpretation was voiced by the past
chairman of the Commiftee: H. Stokinger. The most illuminating example of this is
the following quotation from a 1968 paper [Stokinger. 1984):

* reod wiewre v
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Some TLVs . . . have been based on a decade or twa af industrial
experience (acetone. butanol and several ather alvohols. 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 **realistic’™ suggests that such TLVs represent levels which had
already been achieved in the induswies which harbored the contaminaats. In fact.

Figures 2 and 4 indicate that the typical TLV was generally within a factorof 2 of the’

average exposure reported in studies cited in the Documeniation. Consideration of
feasibility in the senting of occupational limits is properly embadied 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 Commitee is capable of accurately determining the levels
of conirol which are achievable across the range of industries which experience 3
particular contaminant.

A past Chairman of the Committee, V. Carter, indicated that the TLV Com-
mittee **, . . must cooperate with and solicit information from all available sources
including industry”* [Carter, 1982]. Although it is difficult 1o argue with this position.
one presumes that such cooperation would be restricted 1o the solicitation of dana
regarding exposures and health effects. Yet, Castleman and Ziem [1988] presented a
more sinister role for industry by suggesting that industrial influence extended to the
actual deliberations of the Comminze. This view was recently, and surprisingly.
supported by the reflections of a past Chairman of the Comminee who hinted at
**chicanery’ on the pan of industry consultants [Elkins. 1988]. While the extent 10
which such manipulations cannot be known, it is difficult to escape the implication
that at least some TLVs have bezn influenced by vesied interests. .

Our conclusion is that TLVs for chemical substances are 3 compromise berwesn
heaith-based considerations and strictly practical industrial considerations, with the
balance sesming to stwrongly favor the lagter. In other words, most TLVs may repre-
sent guides of levels which have been achieved bur they are not thresholds. We,
therefore, regard the definition of the ACGIH TLV as incorrect and the term
“‘threshoid"* in the name of the limits as singularly inappropriate.

In the days before the OSH Act, and similar picces 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 chemicais.
Thus, the TLV Committee has become an anachronism with 0o clear roie to play in
the deveiopment of exposure limits. The National Institute for Occupational Safety
and Health (NTOSH), on'the other hand, includes a full-time group, indzpendent of
indusuy and organized labar, charged with preparing Criteria Documents on hazard-
ous chemicals. Each of 129 draft Criteria Documents prepared up to 1988 has besn
reviewed by expents representing affected jndustries, 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 cxposure in the U.S., we were concerned to sce OSHA rely so heavily
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upun the ACGIH TLVs. ruther than information supplicd by NIOSH. as the basis for
recently updating its standurds [OHSA. 1989].

The dcpendence 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 lirtle
protection. we recommend that occupational hygienists and other heaith professionals
" routinely investigate the Documentarion and. more importantly, the reference mate-
rals perining 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 (o 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 kesp
the average exposure of the employees below a small fraction of the TLV, say of 1/4
to 1710. If this were done. and assuming exposure distributions 1o be quasi-log-
normal, then fewer than 1-5% of exposures would be expected to excesd the TLV
[Rappaport et al., 1988]. ‘ ' '
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APPENDIXES

mical agenus. lo Zenz € tedY: **Occupational
2ad Edition. Chicago. 1): Year Bouk Medical.

APPENDIX A. Documentation of 1976 TLVs Based Upon References to Human Experience:
Hazard—"*Impairment of Health™ -

Air concenration {ndividuals Organ
Substance | - Esxposure . TLV (ExposureTLY)  affected affected
Acctonitrile’ 160 ppm 30 ppm 4.0 12 Lungs
80 ppmn 40 ppm 0 (4723 . Lungs
40 ppm 40 ppm 1.0 13 Lungs
Aldrin® 1-2.6 mgsm* 0.25 mgim’ 3104 o -
Anisidine’ 1.9 mg'm’ 0.5 mzm’ 3.8 a3 -
Animony*? . 10.9 mgrm? 0.5'mgm’ 219 69/78 URT
3.1-5.6 mgm? 0.5 mgm? 6.2-11.2 8125 {Death)
© 3.1-5.6 mg'm’ 0.5 mym’ 6.2-11.2 31715 Heart
Ansine®? 70-300 ppm 0.08 ppm 1.400-6.000 22 (Death)
. S ppm 0.05-ppm 100 5i5 Blood
Asbestos 11-27 frce § liec 2.2-5.4 14153 Lungs
11 fecc 5 Lec 222 . 1158 Lungs
3.5-6.0 ffee -5 Uee 0.7-1.2 /57 Lungs
35 fice Sfree 0.7 on —_
Benzenc” "' 208 ppm 25 ppm 83 130/332-  Blood
: 100=150 ppm 25 ppm 4.0-6.0 n2 Blood
0—100 ppm 25 ppm 2.8—.0. /7 S Blood
v 18 ppm 25 ppm 0.7 a7 Blood °
Beryl- 0.018-0.060 n}pm’ 0.002 mgrm’ 9-30 wso —_— '
lum!>" > 0.002 mg'm 0.002 mgm’ >1 93372 Lungs
Cadmium cpds. 0.02-0.24 mym® 005 mym’ 0.4—4.8 1219 Kidney/lungs
. dustS 0.13 mgm’ 0.08 mgm® . 2.5 a7 Kidney/lungs
0.07 mg/m® 0.05 mg'm’ 1.4 1422 Kidney/lungs
(consinued)
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APPENDIN A. Dncumentation of 1976 TI.Vs Based Upon Referenves 1o Humun Fxperience:
Hazard=—""1mpairment of Health* (cuntinued}

Air cuncenieation Individuals Organ
Substance Expuaure TLY (Expusure TLV)  affected affected
Carbon 20 ppm 20 ppm 1.0 16:16 CNS
disulfide'®""  3-26 ppm 20 ppm 0.15-1.3 53100 CNS
< 10 ppm 20 ppm <05 Jorto0 CNS
Carbon texa- 85 ppm 10 ppm - 8.5 a8 Liver/kidney
chiluride'™'®  45-97 ppm 10 ppm -4.5-9.7 15n? Liverkidney
49 ppm 10 ppm 4.9 Y6 Liverrkidney
10 ppm 10 ppm 1.0 o6 - -_—
Chlordane® 14 mg/m’ 0.5 mgm’ 280 o2 -
Chlorine 0.2-ppm 0.1 ppm 0-20 2569 Lungs
dioxide™®! < 0.1 ppm 0.1 ppm <1.0 2. Lunags
Chlorodiphenyl- 0.1 mg/m’ 1 mg/m? 0.1 -4 Skisvliver
42%
chlorine™
Cobait™=* 0.1-1.7 mgrm’ 0.t mg'm 1.0=17.0  1.3571.802 Lungs
0.t-0.2 mg:m’ 0.1 mgm 1=2 311500  Lungs
Conon 2.6 mg'm’ 0.2 m.m 13.0 142277 Lungs
dust™ = 0.6 mym?® 0.2 mevm 5.0 203793 Lungs
: 0.3 mgm’ 0.2 mg'm 1.5 - 160:366  Lungs
Ethyiene 300-500 ppm 1 ppm 500-500 66 Liver:CNS
chlorohydrin™ .
Ethylene 5-10 ppm 50 ppm 0.1-0.2 0.37 -
oxidz™
Fluoride®®” .81 mgmd 2.5 mgm’ 1.1 1713 Bones
0.14-3.13 mgm’ 23 mgm’ 0.06-1.25 4%/1%9  Bones
Fluorine™ 1.2 ppm 1 ppm 1.2 0.61 -
HexansV 500 ppm 100 ppm 5.0 (1] —_—
Hydrogen < 0.2 ppm 0.08 ppm <4.0 52s  Lungs
selenide™ v .
Lead™ 5.0 ngm 0.15 tngm 33 2128 Blood kidney
2.0 mg/m 0.15 mg,'m 13.3 2431 Blood/kidney
1.0 mgm? © Q.18 mem’ 6.7 5669 Blood/kidney
0.14 myln 0.15 mprm’ 0.93 21143 Blood/kidney
0.5 mgm 0.15 m_v/lu’ 33 15132 Blood/kidney
Magnesium 5.8 mym? 10 uwm 0.6 e ‘Lungs
oxide | 4.1 mym’ 10 mgm® 0.3 %4 Lungs
fuma™
Mercury 0.50 mym 0.05 mym 8.0 18 NS
(lnorganic)™  0.27 mym 0.08 mgfm 5.4 626 CNS
0.19 mym 0.05 mym 33 &l NS
0.13 mgm’ 0.05 mpm 2.6 w2 CNS
0.08 mg'm? 0.08 mg/m’ 1.6 217 NS
0.04 mym-‘ 0.05 mym’ 0.8 o CNS
0.02 mg/m’ 0.05 mgrm’ 0.4 19 CNS
Methylens 985 ppm 200 ppm 4.9 21 CNS/blood
i 650 ppm 200 ppm "33 . 1 CNS/blood
515 ppm 200 ppm 2.6 0.8 —
213 ppm’ 200 ppm 11 ] -
Miga™ @ 80 mppef 20 mppcf 4.0 347 Lungs
* 42 mppef 20 mppcf 2.1 1”2 Lungs
10 mppef 20 mppef 0.5 20461 Lungs
2 mppel 20 mppcf 0.1 v109 Lungs
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APPENDIX Al Documentativn of 1776 T1Vs Based Upon Referenees (o Hunan Expericoe:
Hazurd—""impairment of Health™ wominovd?

Air cvnveniration Individuals Orgun
Substance Exposure v (Expmure:TLY)  affected affected
Niiobenzen=' 6 ppm 1 ppm el 0.39 —
p-Nitochloro. 20 mgrm* | mgm' 20 039 -
benzene'
Nimogen 196 ppm 5 ppm 39 £ Lungs
dioxide*' 80 ppm 5 ppm 16 n Lungs
2.Nitropropane'® 20-45 ppm 25 ppm 0.8-1.8 5:8 NS
10-30 ppm 23 ppm 0.4-1.2 a2 —_—
Phosphins™? 3-35 ppm 0.3} ppm 10-120  35/67 Lungs
Picvic acid”®  0.009-0.193 mgrm® 0.1 mgm® 0.09-1.9 m Skin
Platinum 0.007 mym® 0.002 mg'm’ s 5291 Lungs
soluble
Sl‘l.‘“"’
Silicon 100 mppef 30 mppet 3.3 19:53 Luags
carbide*’
Sulfuric 3-16.6 mg'm’ I mg =’ 317 57:63 Lungsiceth
azid** <08-25mgm' tmgm 0.5-2.5 918 Lungsiteeth
0.35-0.5 mg'm’ ! mpm' 0.35-0.5 o135 —_
Tewabromo- < 14 ppm | ppm <14 66 Liver
ethane™?
1.0.22-Tee 53 ppm S ppm’ 10.6 586 CNS
chloroethane™ 43 ppm 3 ppm 8.6 397107 CNS
. 4 ppm | S ppm 28 [EER] CNS
Terry*® 1.5 mgm 1.5 mgm' 1.0 50/1.182  Skie
Totuens™ 800 ppm 100 ppm 8.0 33 Blood/CNS
600 ppm 100 ppm 6.0 k1] Blood’CNS
400 ppm 100 ppm 3.0 n - Blood/CNS
300 ppm 100 ppm 3.0 3 Blood/CNS
200 ppm 100 ppm 2 33 Blood/CNS
100 ppm 100 ppm 1.0 113 Blood'CNS
50 ppm 100 ppm 0.5 12 Blood/CNS
Toluene-2.4- 0.05 ppm 0.02 ppmm 2.5 19/260 Lungs
diisocyanme  0.03-0.07 ppm 0.02 ppm 1.5-1.5 112 Lungs
{TDNH>* 0.01-0.02 ppm 0.02 ppm 0.5-1.5 0.12 —_

'Pozzani UC, Carpenter CP. Palm PE. Weil CS, Nair JH (1959): Mammalian toxicity of acetonitrile. J
Occup Med 1:634-642. o

*Princi F, Spurbeck GH (1951): A stdy of workers cxposed o the iasecticides chiordane, aldrin.
dieldrin. Arch Ind Hyg Occup Med 3:64=72,

3pacseri 1. Magos L. Batskor IA (19581 Threshold and toxic limits of some animo 3nd nitro compounds.
Arch Ind Health 18:1-8,

*Reney LE (1953): Antimony poisoning in indusiry. Arch Ind Hyp Occup-Med 7:99=108.

Brieger H. Semisch CW, Stasney J. Piatnek DA (1954): induswial antimony poisoning. Ind Med Surg
23:521-523.

*ipling MD. Fothergill R {19641 Arsine poisoning in a slag-washing plant Br J Ind Med 2[:73-77.
IMorse KM. Sendind AN (1950%: Arsine poisoning in the smeiting and refining industry, Arch ind Hyg
Oceup Med 2:148-169. o

3B rirish Occupational Hygieoe Socisty—Cumminee on Hygiens Standards (1963): Hygiene standards for
ehrysodle asbestos dust. Ann Occup Hyg 11:47-69,

*Greenburg L. Mavers MR, Galdwater L, Smith AR (1939): Benzene (benzol) poisoning in the rotogra-
wyre printing industry in New York Cicy. J Ind Hyg Toxicol 21:395-420.

pyenotio LD, Elkins HB. Brugsch HG. Walkley JE 11961); Industrial benzene exposure from petroleum
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APPENDIX B. Documentation of 1976 TLVs Based Upon References to Human Experience:
Hazard—*Irritation”’ : :

Air concentration (Exposure;  [ndividuals Organ
Subatance Exposure TLV LV affected affected
Allyt alcohol’ 25 ppm T 2ppm 128 5i5 Eves'nose
12.5 ppm 2 ppm 6.3 47 - Eyesinose
6.25 ppm Ippm 3.1 36 Eves/nose
0.78 ppm 2ppm 0.4 26 Evewnose
2-Butoxy 195 ppm 50 ppm 3.9 33 Evesiblood
ethanol® 113 ppm " 50 ppm 23 66 Eyes/blood
n-Butyl agewte® 300 ppm 150 ppm 20 10010 Eyes/URT
200 ppm 150 ppm 1.3 110 Eyes’'URT
Butyl aleohol 50 ppm 50 ppm 1.0 1o EyewtURT
- (p‘butanoly® s ppm . 50 ppm 0.5 10 EyewCRT
a-Chlorosceto- 213 ppm 0.05 ppm 4.260 3 Eyes
phenone? 119 ppm 0.08 ppm 2.380 24 Eyes
93 ppm 0.0 ppm 1.360 23 Eves
Chtorobexzilidene 0.2 ppm 0.0S ppm 4.0 44 Eyessskin
malonicile?
Cyanogen® 16 ppm 0ppm | 1.6 " EvevURT
16 ppm 10 ppm 1.6 i EyewURT
8 ppm 10 ppm 0.3 s "
Cyclohexanol® 100 ppm 50 ppm 20 30/10 EyevURT
Ethwl acetate’ 400 ppm 400 ppm 10 110 Eyes
Ethyl ethe 300 ppm 400 ppm 0.75 60 URT
(continued)

[
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APPENDIN B. Ducumentatiun of 1976 TLVs lused Upon References tiuman Fapericnce:
Hazard—""Irrilalion™ Icuntinued)

Alr conventratin _tEvpwure  ndividuas  Orgun
Substance Expunure TLY TLAY affected alfected
Hydrogen 350-¥0 ppm 10 ppm 58 8125 Eyes
 sulfide™ 18=28 ppm 10 ppm 1.8=2.% 2518 Eves
lodine” 1.63 ppm - 0.1 ppm 10.3 +3 Eyes'URT
0.57 ppm - . 0.1 ppm 7 (2] —_ i
Isoamy! alcohol” 200 ppm 100 ppm 2 110 EyewURT
fsophorone'® 28 ppm S ppm 50 812 EyewURT
10 ppm % ppm 2L B 1 b3 EyewURT
Mesiryl oxide'” 50 ppm 25 ppm. 20 12 EyesURT
Methyl-2-cyano- 20 ppm 2ppm 10 1413 EyewURT
acrvlate!!
Osmium 0.1-0.6 mz'm* 0.002 mg'm’ 0N-300 77 EyesURT
tetroxide'*
Ozone! - 2 ppm 0.1 ppm 20.0 11 Lungs
0.8-1.7 ppm 0.1 ppm ) S=-I7 1714 Lungs
Propyiene giveol 95 ppm 100 ppm 0.98 &6 URT
monomethyl 47 ppm - 100 ppm 0.27 ol —
ether’*
Seleaium’® . 0.007-0.05 0.2mgm'  0.035-0.2% 962 Eyes’URT
mem
Stoddard 984~1.051 ppm 100 ppm 9.8-10.5 19/30° Eves
solvent'”"? 497-528 ppm 100 ppm £0-5.3 1820 Eves
270 ppm, 100 ppm as %13 Eyes
163-200 ppm 100 ppm 1.6-2.0 730 Eyes
160 ppm 100 ppm 1.6 48 Eyes
Styrene 376 ppm 100 ppm X &5 EyesCNC
monomer'® :
216 ppm 100 ppm a2 n . EvessCNC
117 ppm 100 ppm 1.2 TR -
99 ppm 100 ppm 1.0 36 - Eves:CNC
51 ppm 100 ppm 0.5 N —_
Vanadium t mgm’ 0.5 mgrm’ 20 n URT
pentoxide 0.36 merm’ 0.5 mg'm® 0.7 83 URT
dusc-* 0.)-0.3 mg'm* 0.5 mgm’ 0.20-0.6 20024 URT
0.20 mg:m’ 0.5 mg'm’ 0.4 5is URT
0.1 mg/m’ 0.3 mgm® a.2 2 URT
Yinyl chloride= 460-490 ppm 200 ppm 232235 4] Eves
260 ppm 200 ppm 1.3 V2 _
60 ppm 200 ppm 0.3 o6 —_

'Dunlap MK. Kodama JK. Weilington MD. Andersan MD. Hine CH (1938): The toxisity of allyl al-
cohol. AMA Arch Ind Health 18:303-3L1. , .

3Carpenter CP. Porzani UC. Weit CS. Nair JH. Keck GA, Smyth HF (19561 The ‘toxicity of buryl
cellosolve solvear. AMA Arch ind Health [4:11$=131.

Nelson KW, Ege JF. Morwich R, Woodman LE. Silverman L (1943): Seasory response to cermin

. industrial solvent vapors. J ind Hyg Toxicol 25:282-235. .

puaie L. Gutemiag PJ, Owens EJ. Gongwer LE (1963): Inhatation studies with chloracetophenone,
dipb;’yl;l;inoehlomﬁna and pelargonic morpholide—{I. Humsn exposures. Am Ind Hyg Assoc J
23:199-202. .

SPunts CL. Owens EJ. Gutenuag PJ. Arsenal E (1963): Exposurcs to orthochlorobenzylidene malonitrile,
Arch Eaviron Health 6:366-374.

McNerney JM. Schrenk HH (1960): The acuie tonicity of cyanogen. Am.ind Hyg Assoe J 21:121-124.
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"Barthwlemy HL 19395 Ten sears” expeneney with indusirial hygicne in connection with the manufug.
ture uf viscse rason, J Ind Hyg Tonienl 280041181,

*Krancnburg WRH. Kewener 1119281 Hyidnrzen sulphids 3ad carbon disultide puisoning. Gewerbchyy
Unfailverhut (NF 2:338. (Quoted in Division of Industirial Hygiene (1931 Hvdrogen sulfide: Iis toxicity
and potential dangers. Publ Health Rep 56:681-692.)

YAmerican Indwstrial Hygiene Association ¢ |965:: Hygienic guids series—iodine. Am Ind Hyg Assoc
36:423 426, v A
Mgiiverman L. Schulte HE, First MW (19461: Further swdies on sensory response 10 cermin industrial
solvens vapors. J Ind Hyg Toxicol 28:262-2

- Vi\cGee WA, Oglesby FL. Raleigh RL. Fassert DW {19681 The determination of 3 sensory respanse (0
alkyl 2-cyanoacrylate vapur in air. Am Ind Hyg Assoc J 29:558-561.

13Mel auphlin AIG. Milton R. Perry KMA (19361 Toxic manifestations of osmiun tetroxide. Br J Ind
Med 2:183-186. )

UGriswold $S. Chambers LA. Matley HL (19571 Repor of 3 case of expasure to high ozons conczo-
trations for rwe hours. Arch Ind Health 15:108-110.

lChallen PIR. Hickish DE. Bediard J 119581 An investication of some health hazards in 3n inen-gas
wagsten-arc welding shop. Br J Ind Med 15:276-282.

1grewant RD. Baretz ED. Dodd HC. Torkelson TR (19702 Experimental human expasure ta vapor of
prapyiene glvcol monomethyl ether. Arch Enviren Health 20:218-223.

‘*Kinnigkeit G (19621 Untersuchungen selenexponicner Asbeiter cines Gleichrichterwerks, (lnvestiga-
tion of workers expused to selenium in a factory producing rectifiers. ] Z Hyg Grenzeelbiete 8:350-362.
"Drinker P. Yagiou CP. Warren MD 19331 The threshold toxicity of gasoline vapor. J Ind Hyg Toxicol
2£:235-232 .

180avis A. Schafer LS. Bell ZG (19601 The effects on human volunieers of expasure to air conuining
gasoline vapar. Arch Enviren Health 1:343-354.

%Srewarr RD. Dodd HC. Baretta ED. Schaffer AW (19681 Human exposure to styrent vapot. Arch
Eaviron Heslth 16:656-662.

2 eris CE (19591 The biological eifects of vanadium—II. The signs and symptoms. of occupational
vamdium exposure. Arch Ind Health 19:397-503.

317207 C. Berg BA (1967): Humaa responses 10 controlled vansdium pentoxide exposure. Arch Environ
Health 14:709-712. )

2gorem ED. Stewant RD. Mutchler JE (19691 Monitoring exposures to vinyl chloride vapor: Breah
analysis and consinuous air sampling. Am Ind Hyg Assoc J 30:537-544,

APPENDIX C. Documentation of 1976 TLVs Based Upon References to Humaa Experience:
Hazard—"*Narcosis'"

‘ Air concentration Individuals Organ

Substance Exposure TLY (Exposure/TLV) affectedt alfected
Chloroform’ 77-237 ppm 2S ppm 3.1-9.5 9710 Brin
21=77 ppm 25 ppm 0.8=3.1 10 Brin
" Methyl cellosolve® 61-3.960 ppm 25 ppm 2.4-158 638 Brain
Methyl chloreform’ 560 ppm 350 ppm 1.6 &S Brain
. 520 ppm 350 ppm 15 an Brin
490 ppm 350 ppm 1.4 n Brain
. 440 ppm 350 ppm 13 &7 Brain
Perchloroethylens® 104 ppm 100 ppm 1.0 6 Brain
. 96ppm. . 100 ppm 1.0 ), ] Braia

iChallen PJR. Hickish DE. Bedferd J (1958): Chwenic chioroform inzaxication. Br J [nd Med 15:

243=249. -
37avon MR (19631 Methyl ccllosolve intoxication. Am Ind Hyg Assoc J 24:36-41.

3§1coan RD. Gay HH. Schaffer AW, Erieg DS, Rowe VK (1969): Experimental human exposure to
methyl chloroform vapor. Arch Environ Health 19:467-472.

45iewart RD. Barera ED. Dodd HC. Torkelson TR (1970): Esperimental human expasure to terrachlo-

rocthylene. Arch Environ Health 20:234-129,

-
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APPENDIX 1. Docusientation of (986 T1,Vs Based Upon References 10 fluman Fxprrience:
Hazard-—"*Impairment of licalth™

Air goncentrativn Individusis Orpan
Substance Expasure TLY {Expasure:T1.V1  affevted alfected
Acetonitrile’ 160 ppm 40 ppm 4.0 L2 Lungs
80 ppm 40 ppm 20 a2 -
. <0 ppm 40 ppm .0 13 Lungs
Carbon 20 ppm 10 ppm 0 |16 CNS
disulfide™ 3=26 ppm 10 ppm 0.3-2.6 53100 NS
< 10 ppm 10 ppm < Lo 39100 CNS
.Chlorine 0=2 ppm 0.1 ppm 0-20 25/69 Lungs
dioxide*~ < 0.1 ppm 0.1 ppm <0 m2 Lungs
Chlorodiphenyi® 0.1 me'm’ 1 mgem’ 0.10 ma Skin
Cyvlonite’ 0.28 mg'm’ 1.5 mg/m 0.19 o558 -
Fluoride®* 2.81 mym® 25 mgm’ 11 17174 Bones
0.13-2.13 mgm® 25 mym’ 0.6-1.25 48189 Bones
Hexane''! 500 ppm 500 ppm - 1.0 w0 -
Lead'® 5.0 mg'm’ 0.15 mg'm’ 33 228 Bloodrkidney
2.0 mem’ 0.18 mg'm® 15.3 2431 Bloodkidney
1.0. mv.‘m’ 0.1S mgm® 6.7 56/69 Blood/kidney
0.5 mg'm 0.15 mgm’ 33 15:32 Blood/kidney
0.14 mg.'m 0.15 mgm’ 9 212143 Blood/kidney
Magnesium 5.8 mg'm 10 mym 0.6 174 Lungs
oxide fumz" 4.1 rngmr 10 mg.‘m 0.4 2 Lungs
Manganese'? 6.23 m,rm . 5 mgm’ 1.28 15:373 CNS
Mescury 0.09 mg/m 0.05 mpm 1.6=2.0 021 —_
{Inorganic)'*~** 0.08 mg/m* 0.05 m;m 1.6 1778 CNS
0.004-0. 0"" mg/m® 0.05 mpm’ 0.2-06 018 -
0.40 mglm 0.08 ms!m’ 8.0 s . - CNS
0.27 mg,.'rn 0.058° mym X 626 CNS
0.19 mg/m 0.05 mg.'m 3.3 811 CNS
0.13 mg;m 0.05 mmm 26 932 CNS
0.08 mg/m? 0.05 mglm 1.6 217 NS
0.04 mgm’ 0.05 mg'm’ 0.3 o3 CNS
0.02 mg/m® 0.0 mgm’ 04 - 9 CNS
Nitrogivezrin'” 2.0 mgm’ 0.5 mym’ 4.0 516 Headacke/CVS
0.7 mzm’ 0.5 mym’ 14 110 . Hesdache'CVS
0.5 morm’ 0.5 rng/m 1.0~ 67 Headache/CVS
0.36 mym’ 0.5 mpm’ wn u Headache:CVS
Di-uc-octyi-. 1.7-66 mgrm? 5 mgrm® 04132 69147 CNS
Propyleaz glveol 1,35 ppm 0.05 ppm 27 &6 CNS
dinitrate' 0.26 ppm 0.0S ppm 5.2 g2 CNS
0.1 ppm 0.05 ppm .0 12 " CNS
0.01-0.03 0.05 ppm 02-06 03 -
Quare23t 0.08 mg/m 0.1 mgm’ 035 2337184  Lungs
Sulfur 1 ppm 2 ppm 0s o3 —_—
dioxide™= 0.3 ppm 2 ppm 0.18 03 —
Sulfuric 3-16.6 mg/m’ 1 mglm 3-17 ©  S163 Lungs/tecth
aeigP~ < 0.8-25 mym® | mglm 0.8-2.5 913 . Lunpsieeth
0.35-0.5 mym? | mgim” 0.35-05 01s -—
Tewyl® 1.5 mgim* 1.5 mgm’ 1.0 SO/.182  Skin
Toluene™? 800 ppm 100 ppm 3.0 n Blood/CNS
600 ppm 100 ppm 6.0 n Blood/CNS
400 ppm 100 ppm 4.0 n Blood/CN3
(continued)
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APPESDIN 1. Dicumentation of 1956 TLA « Basetd pon References i Homan Esperience:
Hazurd=""Impairment of Health™ icntinuedd

Aif comenizasi m Indis iduzds trrzan

Subntance Exparnane TLN, eEvpunure TV allevted altected
Tuoluene™ X0 ppm (0 ppm L L] Bl CNS
wantinued) 20 ppm e ppm 20 33 Bloud CNS
100 gpm 1192 ppm Lo 1.3 Blowod. CNS
50 ppm 18 ppm ' (/R "2 Bliud CNS

‘Pozzani UC. Carpenter CP. Falm PE. Weil CS. Nair JH (19591 Mammalian tovicity of acewnitrile. J
Oveup Med 1:634-642, ‘

*Kleinfeid M. Tabershaw IR (19551 Cartwn Jisultide poisoming. J Am Med Assx 159:677-679.
‘Rubin HH. Arieff AJ. Tauber FWV 119801 Carban disultide 11. A lollow-up clinical study of low grade
evposures. Arch Ind Hyg Occup Med 2:529=533.

‘Gloemme J. Lundgren KD (19571; Health hazands irom chiurine dioxide. Arch Ind Health 16: 169=176.
*Ferris BG. Burpess WA. Worcester § ¢ [9671; Prevalence of chronic respiratary disease in 3 pulp mill and
a paper mill in the United States. BrJ Ind Med 23:26-37. :

"\Mecigs JW, Albem JI. Kantin BL 119541 Chloractie from 3n unusual exporure o arochlor, J Am Med
Assoc 154:1417-1318.

“Hathaway JA. Buck CR (19771 Absence pff healthi hazards associated with RDX manuiacture and se.
J Occup Med 19:269-272. i
“Dernvberry OM. Banholomew MD. Fieming RBL 11963): Fiuoride exposurs and warker health. Arch
Environ Health 6:203-511. .

YLargent EJ (1961): **Fluorosis.” Columbus: Ohio Swte University Press.

15\ elson KW. Ege JF. Ross M. Woodman LE. Silverman L (1943): Sensory response 10 certain indusirial
soivent vapors. J Ind Hyg Toxico) 28:382-255.

""Tsuchiva K. Harashima S (19631 Lead exposure and the derivation of maximem allowable consen-
trarions and threshoid limit values, Br J [nd Med 22:181-136,

1Drinker P, Thompson RM. Flinn JL (19271: Metal fume feves: lIl. The effects of inhaling magnesium
oxide fume. J Ind Hyg 9:187-192.

YSchuler P. Ovanguren H. Mawrana \'. Valenzuela A, Cruz E. Plaza V. Schmids E, Haddad R (1957
Manganese poisoning. Ind Med Surg 26:167-{73. -

“Daaziger SJ. Possick PA (19731 Meaallic merzury exposure in scientific glassware manufacruring
plants. J Occup Med 15:15-20.

2 aGill OM. Ladd AC. Jacobs MB. Goldwater LJ (19641 Merzury esposure in 3 chlorine plant. J
Octup Med 6:335-337.

"Bidserup PL. Bonnel) JA, Harvey OG. Lockets § (1951 Chronic mercury poisoning in men repairing
direet-current meters. Lancet 2:856-861. i

"*Trainor DC. Jones RC (19661 Headaches in explosive mapazine workers. Arch Enviros Health 12:
231-233,

*yfilkov LE. Aldvreva MV, Popova TB. Lopukhova KA. Makarenko YL. Malyar LM, Shakhova TK
(Jan. 1973): Health staws workers eaposed 10 phihalate plasticizers in the manufacture of artificial leather
and films based on PVC resins. Environ Health Perspect 14:175-178.

9 wart RD, Peterson JE. Newton PE. Huke CL. Hosko MJ. Lebrun AJ. Lawton GM (1974): Esper.
imental buman exposure 1o glycol dinitrate. Toxical Appl Pharmacot 50:377-395.

Thdrinult GP. Peters M. Johnson WM 1 19741: Pulmonary function and roentgenographic changes in
gramite dust exposure. Arch Enviren Health 28:23-27. ‘.

3 Thériault GP. Burgess WA Di Berardinis LJ. Peters JM (1973): Dust exposure in the Vermont granite
sheds. Arch Eaviron Health 28:12-17.

SWeir FW., Stevens DH. Bromberp PA £1972); Pulmonary function studies of men exposed for 120 hours
to sulfur dioxide. Toxicel Appl Phasmacel 22:319.

3 Amdur MO. Silverman L Drinker P t19421: Inhalation of sulfuric asid insrt by human subjects. Arch
Ind Hyg Occup Med 6:305-313. ‘

Svialcolm D. Pl E {19613 Erosion of the teeth due 10 sulphuric acid in the bantery industry. Br J Ind

Med 18:63-69.
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Siergaun BB 1922 Tetrs] ity s b sununaty of 109 seats’ evpetience. Arch lnd Hye Uc.'uf Mad
.l ) . .
ea Oettingen WE. Neal PAL Dunahge DD, Svirbsly St Bacntom HD. Monaew AR, Valeer 1M,
Mitchelt JL 01942 = The Toucins and Potential Dangers i Toluene. With Spevial Relerenae e i
Mavimal Permissible Concentration. ™ Puhl, Health Buil. 2™, Winhingtan: Goserament Printing Ollfive.

APPENDIN E. Ducumentation of 1986 TLYs Bused Upan References to Human Experience.
Hazard—""lrritation**

Air Cuncenteatinn (Esponare  Individuss Organ
Substance ' Expusure LY T TLV) affected atfected
Acetone'= 1006 ppm 750 ppm 134 79 Eves URT hrzin
100 ppm 750 ppm 0.13 04 —_
300 ppm 750.ppm 0.67 va -
Ally! alcohol 2% ppm 2 ppm 12.5 55 Eves-nose
1.8 2 ppm 6.3 77 Evesnose
6.23 2 ppm R S 36 Evewnose
0.78 2 ppm. 0.4 lé6 Eyesnose
Camphor® 59 mez m' 12 mgm?! 39 L6 URT
Cyanogen® 16 ppm 10 ppm 1.6 77 © Eves’URT
16 ppm 10 ppm 1.6 57 Eves’URT
8 ppm 10 ppm 0.8 0:5 EyvesrURT
Ethyl asetate® 400 ppm 400 ppm 1.0 10:10 Eves LRT
Ezhyl alcohol’ 1.300- 1.900 me-m*  0.68-0.89 33 EvesiLURT
1.700 mg'm®
Ethyl ether® 300 ppm 400 ppm 0.75 10:10 URT
Propylene giveol 95.ppm 100 ppm 0.95 +6 URT
monsthyl ether® 47 ppm 100 ppm .47 01 URT
Selenium’ ' 0.007-0‘.05 0.2 mg'm* 0.035-0.25 9:62 Eyes’'CRT
mym’
1.1.2-Trichloro- 669 ppm 1000 ppm 0.67 T 0% -
1.223.Tri-
fluoroethane’®

'Raleigh RL. MeGee WA (1972): Effexts of shon. high-concentration exposures 10 acetone 2s detesmined
by observation in the wark ares. J Occup Med 14:607-610.

2D Vincenzo GD. Yanno FI. Astill BD 11973 Exposure of man and dog 10 low concentrations of
acetane vapor. Am ind Hve Assoc ) 34:329-336.

3Dunlap MK. Kodama JK. Wellingion MD. Anderson MD. Hine CH (1958%: The toxicity of allvl
alcohol. AMA Arch Ind Health 18:303=311. .

4Graonka PA. Bobkoskie RL. Tomchick GJ. Rakow ‘AB 119691 Camphur exposures in 3 packaging plant.
Am Ind Hyg Assoc § 30:276~-279.

3nMeNerney IM, Schrenk HH (19603 The acute toxicity of cyanogen. Am Ind Hyg Assoc J 21:121=124.

*Nelson KW. Ege JF. Morwich R. Woodman LE. Silverman L (1943): Sensory response o cenain.

industrial solvent vapors. [ Ind Hvg Toxicol 25:282-21S.

"Lester D. Greenberg LA (1951): The inhalation of ethyl alcohol by man. [ Indusiial hygiene and
medicolegal aspects. {I. Individuals rexted with tetzethylthivram disulfide. Q J Stud Alcahal 12:167-
178. )

Stewart RD. Barema ED. Dodd HC. Tarkelson TR (1970) Experimzntal human exposure 1o vapor of
prapylene giycel monomethyl ether. Arch Eaviron Health 20:213-223. :

“Kinnigkeit G {1962): Untersuchungen selenexponierner Arbeiter cines Gleichrichterwerks. [Investigation
of wurkers exposed 1o selenium in a factory producing rectifiers.] Z Hyg Grenzgebiete 8:350-362.
Imbus HR. Adkins C (1972} Physical examinations of warkers exposed 1o trichloretsifluorocthans.
Arch Environ Health 23:257-261,
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Documentation sur les Health Based Exposure Limits
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Introduction

Occupational exposure

limits (OEL's) are maximum
concentrations recommend-

ed for loxic substances in -
. the air workers breathe.

Many occupalional exposure
limits have been set near
the maximwn tolerable lev-
el, with little regard for the
risks of long term harmful
effects. The result has been

widespread cancer and other.

discases in workers.

Scienlific studies show
that, for some widely used
chemlcals, lifetime worker
exposure al the allowed liin-
its could lead to more than 1
worker in 10 dying from an
occupational disease. [For
many more substances, (o
which millions of workers
are exposed, working at cur-
rent exposure limils is ex-
pecled to cause death rates
from  occupational cancer
grealer than 1 per 100 and 1
per 1000 exposed (Alvanja

. 1990, Cunningham 1988).

Health-Based Exposure Limils - Page 3 :
m '

Why a new booklet on ex-
posure limits?

One goal of this booklet is
to compare existing OEL’s
with levels that would virtu-
ally eliminate the risk of oc-
cupational disease, called
“health-based” exposure
limits. For each chemical,
the worker exposure levels
allowed in the U.S. and the
strictest international gov-
ermmmental standard are
compared with the level be-
lieved to correspond Lo very
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
1.6 mg/m3 but the exposure
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 inany old
OEL’s are tainted by cor-

porate influence and based
on shoddy scientilic 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 Ainerican

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 limits
were called 'Threshold Lim-
it Values or TLV'’s.

In realily, the ACGIH does
nol represent a consensus of
governmental industrial hy-
giene opininions. The min-
utes of the TLV committee
show that, starling 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. This 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 loday

(Castleman 1988, Ziem 1989)..
The TLV comunillee had no
conflict of inlerest rules to pre-
venl corporate employees and
consultants on the committee
from, in eflect, prescribing al-
lowable poisoning limits [or
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 Lhe TLV’'s are ade-
quate lo protect “nearly all

workers”, close examination

shows thal to be untrue. The
published reports of human
data cited as the basis for the
TLV'’s often reflect harmful ef-
fects at and below the TLYV lev-
els (Roach 1990). The litera-
ture used for the TLV’s was
sometimes misrepresented as
showing no health problems
when significant problems
were presenl (Roach 1990).
Current medical reports regu-
larly show that work-related
illness and death occur in
workers exposed to toxic sub-
slances at levels lower than
the TLV’s (Ziem 1989).

The 'I'LV booklet claim that

TLV’s are based on the “best
available information” is
also false. No complete liter-
ature searches were done in
writing most TLV's. The ef-
fects of long term exposure
was especially neglecled.
Much medical information
was missed (Ziem 1989).

The TLV booklet implies
that TLV’s are updated year-
ly, which is misleading.
Only a small number, a lew

dozen at most, are updated |
yearly. Some chemicals are |

not reviewed for many years.
TLV’s tend Lo juslify 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
adopled internally by compa-
nies lo preveni 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
TLV’s by OSHA in the last
week of the Reagan Adminis-
tration in 1989 came as a re-
sponse to requesis from
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chemical companies. Un-
ions, who have had no
role in selting the TLV’s
for more than 40 years,
criticized these limils 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 [ailure of
OSHA to follow the proce-
dures for standard setling
outlined in OSHA Regula-
tions.

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

substances. Environmental

exposure of the public to the -
same - air pollutants is regu-

lated much more strictly.
Workers exposure Lo toxic
substances should be no
greater in Lhe workplace
than in other regulated sct-
tings of human exposure to
toxic substances.

. 10/21/93 Draft7 Health-Based Exposure Limits - Page 7

- 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§) 69 USSR © 0.0001
" Acrylonitrile 107-13-1 4.3 0.5% USSR 0.000077
{1 Aldrin 1309-00-2 0.26 0.01 Poland, 1977 - 0.000001
Allyl Alcohol 107-18-6 5 2.4 Japan 0.053
Anlimony 7440-36-0 0.6 0.2 USSR 0.0045
Arsenic 7440-38-2 4(0.2§§) 0.01 Norway, 1989 0.0000012 -
Asbestos  133-22-14 0.2fcc  0.1ffccNorway, 1989 0.00003**
Benzene 71-43-2 3.2 1.6  Sweden 1990 0.00063
Beryllium  744-04-17 0.002 0.001Y USSR, 1984 0.00022%¢
1,1-biphenyl 92-52-4 1 1 Norway, 1989 0.053
bis-(Chlaro-
_methyl)ether 542-88-1  0.006 0.00025 Czech 0.000000083
1,3 butadiene 106-99-0 2200 22 Norway, 1989 0.000019
- (22)(4.4§%)
Cadmium  7440-43-9 0.1fume 0.01 Denmark 0.0000029
Carbaryl 63-25-2 5 1 Poland 0.9
Carbon
tetrachloride 56-23-6 12.6 1 Bulgaria, 1977 0.00036
Chlordane 57-74-9 0.5 0.019 USSR, 1977 0.000014
Chloroform  67-66-3 10 10 USA, 1989 0.00023
109 Hungary
ChromiumV1 7440-47-3 1(0.05) 0.001 lolland, 1977 0.00000044

2

e e e e ————— S —————— 8 78 % o o o ¥ 1 Yo
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Table 1: Comparative Exposure Limits

Substance Chemical OSHA Lowest National Health-
Name Abstracts PCL Occ. Exp. Level Bascd
Service (TLV) (mwg/m3) Country Exposure
Number (mg/m3) Year Limit
(mpg/m3)
Cresols 1319-77-3 22 5 Poland, 1977 0.53
Cyanogen  460-19-5 20 3 Romania, 1977 0.43
~ Dibutyl 4 France
phthalate 84-74-2 5 05 USSR, 1977 1.1
1,2-Dichloro-
ethane 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%8) 19 USSR .0044
Ethyl
benzene 100-41-4 435 100  Poland, 1977 0.35
Ethylene .
oxide 76-21-8 1.8 19 USSR, 1984 0.000053
Formalde-
hyde 50-00-0 1.2 0.4 Denmark 0.00041
' (0.3C§) 0.6 Sweden, 1987
Formicacid 64-18-6 9 19 USSR, 1977 21.3
Heptachlor 0.5(0.05§) 0.01% USSR, 1977 0.0000041
Ilexachloro-
butadiene 87-68-3  0.24 0.24 Norway, 1989 0.00024
llexachloro-
cyclopenta-
diene 17-47-4 0.1 0.019 USSR, 1977 0.000252

Table 1: Comparative Exposure Limits

0.075(0.1) 0.005 USSR, 1984

Substance Cheémical OSHA Lowest National Health-
Name  Abstracts PEL Occ. Exp. Level Based
Service (TLV) (mg/m3) Country Exposure
Number  (mg/m3) Year Limit
(mng/m3)
Hexachloro-
cthane 67721 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
Methyl ethyl . '
ketone 78-93-3 590 150 Sweden, 1987 1.0
Nitrobenzene 98-95-3 b 3 Italy, 1977 0.0069
Pentachloro-
phenol 87-86-5 0.5 0.05 Germany 0.000022
"Phenol 108-95-2 19 0.39 USSR, 1977 64
Phosphine 7803-51-2 0.4 0.1 ussr 0.0001
Strychnine 57-24.9 0.15 0.15 Australia, 1977 0.0032
Styrene 100-42-6 215 301 USSR 0.0092
1,1,2,2-letra-
chloro-
ethane 79-34-5 17 5 Poland - 0.000091
Tetrachloro- '
ethylene  127-18-4  170(340) 10y USSR, 1977 0.01
Tetraethyl
Lead 78-00-2

0.0000018

o i St b S B
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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)
Toluene 108-88-3 376 60y 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 46 10  Hungary 0.00033
Trichloro-
ethylene 79-01-6 270 109 USSR, 1977 0.0031
Trichlorofluoro-
methane  75-69-4  6600C 500 Poland, 1977 24 -
1,1,2-trichloro,
1,2,2-triflu-
oroethane 76-13-1 7600 2600 Yugosl.,1977 93.1
Vanadium
pentoxide 1314-62-1 0.0 0.051 Sweden 0.096
Vinyl
chloride 1.0 USSR 0.000053
KEY:
* from Alvanja 1990 9 Short Term Exposure Limit
** from OSIIA, 1983 Temporary Emergency Standard
§ ACGIH Proposed level
§§ OSHA Proposed level

Health-based exposure lisnits (HBEL's): For carcinogens these are Occupa-

i

Daily Exposure  Estimated
-Substance  IARC  TLV  Adjusted  Associated Cancer
Class pg/m3 UnitRisk With Risk of  Risk@TLV
B 17106 17103 "
Acrylamide 2° 30 244104 24:103 42 0.0072
Acrylonivile ~ 2A 4500 13105 774102 77410 0.057
Benzene I 30000 15100 67-107!  6.7-102  0.044
Beryllium 2A 2 451004 22-10 22 0.0009
1.3-Butadicuc 2B 22000 52:10 19-102  1.9-102 0.68
Cadmium 24 10 33104 30103 30 0.0033
cCl 2B 30000 2.8:106 36-1001  3.6-102 0081
Chloroform 2B 50000 43100 23.100 23102 019
BCME 1 5 122102 83105 83102 0058 ‘
Chromium(Vl) 1 o0 22:103 45104 450! o010 i
Mectliylene Chluride 2B 175000 76107 1.3 13100 012
Ethylene Oxide 2A 2000 2.0-109 50-102 5?.0'10 0.039
Formaldehyde  2A 1500  24-10°0 42.1011  42:102  0.00098 ?
Vinyl Chlfoside 1 10000 13100 77.10-0 77102 0.013
From: Alvanja MCR, et. al.(1990). Risk assessment for carcinogens: A
comparison of approaches of the ACGlII and the EPA. Applied Occupa-
tivnal and'Erwimnmental Hygiene 5:510-619.

Notes for Exposure Limits Tables

Heallh-based exposure limits (HIBEL'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 Lo be protective, not necessarily predictive. Hence
the use of safety faclors, and 95% confidence bounds.

Table 2. Estimalted Lifetime Cancer Risk from Occupational
Exposureto the TLV 8 hrs/day, 40 hrs/week, for a 40 year career ;
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TABLE 3-HBELs DERIVED FRROM ENVIRONMENTAL IRRISK _ - TABLE 3
VALUES (See Appendix 2 for calculation methods) ' UBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
‘ 't NAME DATA STUDY RFD 1IBEL
NAME DATA STUDY RFD % 1IBEL o : SOURCE EFFECT (mg/cubic meter)
SOURCE™  EFFECT®  (mgleubic meter) d. :
(Cancer statement is below name line) “
, ! ACIFLUORFEN, SODIUM ] NEP 013 14
ACENAPHTHENE 14 HEP 06 .64 tf - Carcinogenicity under evaluation
' ACROLEIN - 81 RES .0001* (C) .00035
ACEPHATE 11l NER 004 .0426 ,
2 yr mouse-liver (C) , HBEL = .002 5| ACRYLAMIDE 1 NER  .0002 021
_ " 2 year, ral-CNS, mam, thy, ut, oral cav,(B2) 0.0013**
ACETONE 111 HEP,NEP .01 1 .
k[ AciyLic acip 1 WT,TIS .00003* .0001
ACETONE 11 Carcinogenicity under evaluation
CYANOHYDRIN H 01 .035 ° 5
ACRYLONITRILE | 7.7x10°
ACETONITRILE 1H HEM HEP 05+ 17 h human oce.-lung,(B1), 6.8 (-5)* (also oral rat, many sites)
ACETOPHENONE 111 CIRMEP .00002¢ 000007 it
ALACIILOR IH 1IEM .01 .10
“ D2-IRIS input pending, 0.081, IBEL = 2.2 x 10°3
FOOTNOTES: i
a. See abbreviations on page 51. ALDICARB () 11 NER  .00002 .0002
b. Effects reported in IRIS for reviewed studies, exposure route was via ¢
oral or gavage unless noted by * indicating inhalation route (see abbrevia- | 4| ALDRIN IH HEP  .00003 ~ -00032
tions, page 51) J diel,2 years, mouse-liver, (B2), 4.9110'3"‘, IBEL =1 x 10°C
¢. RFD=Reference dose in mg/kg/day oral exposure; * indicates inhalation ¢
. 3 "{ ALLYL ALCOHOL IH HEP,NEP .005 053
exposure in mg/m | : _ ]
d.Length of study, species, tumor site, EPA cancer status & risk 5 ALLYL CHLORIDE (C) Il NER 001* .0034
per 1 mg/kg/d unless noted with * designating inhalation in ing/m t ,
based on inhalation study or ** designating inhalation in mg/ma extrapo- § ALUMINUM PHOSPIIIDE 1H WT, M .0004 " .00043
lated from non-inhalation study by EPA.

-
——
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TABLE 3
HDBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA  STUDY RFD 1IBEL
SOURCE EFFECT (mg/cubic meter)

AMDRO C WT . 0003 0032
AMETRYN 1 HEP © 009 096
-AMINOPHENOL I THY,WT .07 5
4-AMINOPYRIDINE 111 HEP,NER 00002 00021
AMMONIA H ODOR  .35* 1.21
AMMONIUM SULFAMATE 1 WT .02 21
ANILINE 1 1 SPLEEN .001* 0035

2 year, rat-spleen, (B2), 5.7 (-3), 11BEL = 3 (-3)

ANTHRACENE 1H none 3 3.2

NOTE: FORM FOR ALL ANTIMONY IS POTASSIUM TAR 'RATE,
THERE IS QUALITATIVE EVIDENCE OF CARCINOGENICITY.

ANTIMONY 1H HEM .0002* 0007
ANTIMONY PENTOXIDE 1H HEM .00025* 0009
ANTIMONY POTASSIUM

TARTRATE i HEM 00045* 0016

R ————

TABLE 3
'HBELs DERIVED FROM ENV IRONMENTAL RISK VALUES
NAME DATA STUDY RFD " HBEL
SOURCE EFFECT (mg/cubic meter)

ANTIMONY TETROXIDE 11f 1EM .0002* -.0007
ANTIMONY TRIOXIDE IH HEM .0002* .0007

APQLLO (3,6-BIS(2-CHHLOROPHENYL)-1,2,4,5)TETRAZINE (C)
| .0013 .014

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

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

ASBESTOS - DONE WITHIN THE HBEL GROUP
For reflerence [rom IR1S:(A) 2.3 (-1)fibers/mi*

ATRAZINE {11 REP,CARD .005 .053
2 year, ral-mam & others, (C) .22, 11BEL = 8.2 (-5)

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

BANVEL (SEE DICAMBA) |

BARIUM (BaCO3,BaCl) IH REP,CIR .0005 .0053

T
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, TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL INISK VALUES
NAME DATA STUDY RFD IIBEL
SOURCE EFFECT (mg/cubic meter)

BISPHENOL A 111 wT .06 53
BORON 11 REP .09 .96
BROMODICHLORO-

METIIANE IH NEP .02 21

2 year mouse, liver, lg.intest, 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 114 HEP .02 21

2 year rat-large intest,(B2), 1.1 (-6)**, HBEL = 4.8(-3)
BROMOMETHANE

(METHYL BROMIDE) 1 H NER, HYP-EPIi .0006* .00021

Cancer data pending
BROMOPIIOS I NER = .005 .063
'BROMOXYNIL IH NONE .02 21
BROMOXYNIL

21

OCTANOATE IH NONE .02

10/21/93 Dra(t7  Health-Based Exposure Limits - Page 19

TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD HBEL

SOURCE EFFECT (mg/cubic meter)

1,3-BUTADIENE

mouse, rat-hem, Leydig cell, thy, (B2) 2.8 (-4)*, HBEL = .
1.9(-5) ‘
1-BUTANOL (N-) 111 IIEM 1 1.1
| BUTYLATE 111 HEP .05 b3
BUTYL .
BENZYLPIITHALATE 111 WT, REP,IIEP NEP .2 2.1

preliminary evidence of cancer

BUTYLPHTIIALYL
BUTYGLYCOLATE 1 NONE 1.0 10.7
CACODYLIC ACID H NONE .003 - 032

(BASED ON ARSENIC EQUIVALENTS )

CADMIUM 11 ,
human occ, resp.lract, (B1), 1.8 (-3)*, IIBEL = 2.9 (-6) |

CALCIUM CYANIDE
(CYANOGAS) 11 WT, THY,NER 011" 012
USED MORE RECENT LOEL WITH ADDED SF=10

CAPROLACTAM I REP (?) b ' 6.3

e o
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HBELs DERIVED FROM ENVIRONMENTAL KISK VALUES HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA  STUDY  RFD HBEL NAME PATA ~ STUDY — RFD HIBEL
SOURCE EFFECT (m gleubic meter) SOURCE EFFECT (mg/cubic meter)
3 CHLORANIL '
C AFOL : 1L HEP,BLA 002 021 y L5 year, mouse-liver, lung (C), 4.0 (-1), HBEL = 4.5 (-5)
mouse, lymphosarcoma (C), 8.6 (-3),HIBEL = 2.1(-3) ‘ D year » e T, 20D o
CAPTAN I - C"éO R‘AMM'N'L d l luation, + MOUSE Ligllrfn S'rum('16
s 1on, D 0
hmlled dat,a: Bz. 3.5 ('3)' [lBEL - 5.2 (-3) urcmogemcl y under evajua n
CHLORDANE IH
CARBARYL - I NEP, HEP .1 1.4 mouse, liver, (B2), 3.7 (-4)**, IIBEL = 1.4 (-5)
CA:? B;zl'(t)n[;E liver, (B2) 2.2 (-2), HBEL = 8.2 | | CULORINE CYANIDE 111 WT, TIIY, NER .07 15
year mouse, liver, (B2) 2.2 (-2), =82(4) (CYANOGEN CHLORIDE)
CARBOFURAN . '
HLOROACETIC ACID H MYOCARDITIS .002  .0213
(FURADAN) 1H HEM, REP .005 053 CHLOROACETIC AC ’
A )1 PLEEN .004 0426
CARBON DISULFUDE 111 REP 01 .11 Bt S N0
_ ENZENE , P, NEP .02* 021
CARBON cuwuonpnznuc, 14 HE 0 ,
TETRACHLORIDE 1H ' ' \
SRt 0 ' 1 NONE 2 21.3
liver, (B2), 1.5. (-6), IBEL = 3.5(-4) ' | CHLOROBENZILATE I ©
»CHLOROBENZOICACID H  NONE 2. 2.1
CARBOSULFAN I WT. ACII, OTHERO1 .11 p-chLo
4-CHLOROBENZO-
N
CARBOX] ! ORGAN WT .1 1.1 TRIFLUORIDE 1 NEP 02 21
CHLORAL 111 HEP 002 0213

2-CIILORO-1,3-BUTADIENE
(CLILOROPRENE) 1§ ALOYPECIA .1* . 346

e A — . m——-aas v &
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TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD IBEL
SOURCE EFFECT (mg/cubic meter)
GRO
I.CIILOROBUTANE I NER, 11IEM 4 4.3
CHLORODIBROMOETIIANE
2 year mouse-liver (B2), 8.4 (-2), HBEL = 1.5(-6)
CHLOROFORM 14 HEP .01 A1

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

HBEL =23(4)
CIILOROMETHANE : :

2 year mouse-kidney, (C), 1.8 (-6)*, HBEL = 2.9(-3)
4-CHLORO-2-METHYL-ANILINE

L.5 year mouse-vascular hemangiomas and angiosarcomas, (B2)
5.8(-1), HBEL = 3.1(-5), based on results from 4-chloro-2-2-
methylaniline hydrochloride
4-CHLORO-2-2-METIIYLANILINE HYDROCHLORIDE

1.5 years, mouse-vascular hemangiomas and angiosarcomas,

(B2), 4.6 (-1), HBEL = 3.9(-5)
CHLOROMETHYL METHYL ETHER (cimme)

human-lung, (A), no risk values
o-CHLORONITROBENZENE

1.5 year mouse-liver, (B2), 2.6 (-2), HBEL = 7.3(4)
p-CHLORONITROBENZENE

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

2-CHLOROPHENOL 111 REP 005 .053
2-CHLOROPROPENE I HEP 3+ 1.0
CHLOROTHALONIL

2.6 year rat-kidney (D2), 1.1 (-2), HBEL = 1.7(-3)
0-CILOROTOLUENE 11 DECRWTGAIN .02 .21
CHLORPYRIFOS 1H NER .003 032

E—
'

T —

TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD HBEL
' SOURCE EFFECT (mg/cubic meter)
CHILORPYRIFOS- )

METHYL H REP, HEP .01 11
CHLORSULFURON I WT,IEM .05 53
CIILORTHALONIL 1 HEP .015 .16
CIILORTIIOPIIOS 1H NONE  .0008 .085
CHROMIUM I 111 HEP,M - .000002*  2.1x10°°

(FROM Cr IV AS CHROMIC ACID FROM HUMAN STUDIES)

CHROMIUM IV I IEP,M  .000002*  2.1x10°8
(FROM Cr IV AS CHIROMIC ACID FROM HUMAN STUDIES)
human oce, lung, (A), 1.2 (-2)*, HBEL = 4.4(-7)

COAL TARS
humau oce, lung, 6.2 (-4), IIBEL = 2.9(-2)
COPPER CYANIDE I HIEP, IIEM .005 .053
NEP, WT
CRESOL(c) 0O, M, AND P-CRESOL
ALL EVALUATED USING SAME STUDY AND
WITH SAME RESULTS: 11 WT,NER .05 53
CROTONALDENYDE : .
2 year, rat-liver, (C), 5.4 (-4)**, HBEL = 9.7(-6)
CRYOMAZINE (VETRAZIN) 1 HEM .00075 .008
CUMENE IH NER,IR  .009* .031
: ‘ NEP '
CYANAZINE 111 WT, IIEM .002 .021
CYANIDE Il WT, THY .03 32
NER
CYANOGEN - Il WT, THY,NER .04 - .43
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‘TABLE 3

HBELSs DERIVED FROM ENVIRONMENTAL RISK VALUES

{AME DATA

SOURCE EFFECT (mg/cubic meler)

STUDY RFD

HBEL

(CALCULATED BY ANALOGY TO FREE CYANIDE ADJ USTED FOR

MOLECULAR WEIGII'T.

CYANOGEN BROMIDE 111

WT,THY,NER .09

.96

(CALCULATED BY ANALOGY TO FREE CYANIDE ADJUSTED FOR

MOL.WT.)
CYCLOHEXANONE 1
CYCLOHEXYLAMINE IH
CYCLOPENTADIENE H

DACTHAL (DCPA) il
DALAPON 1H
DANITOL (FENPROPATHRIN
2,4-D 111
2,4-DB IH
DDD

2 year, mouse-liver, (32), 2.4
DDE

REPRO 2.0*
WT 2
HEP,NEP (.3)*
NEPAD WT 5
NEPWT .03
)1 RESP .0005
HEM,HIEP .01
NEP
HEMOR .008

(-1), HBEL = 7.6(-5)

mouse, hamster-liver, (B2), 3.4 (-1), lIBEL = 5.3(-5)

DDT 11
mouse, rat-liver, (B2), 9.7 (-5
DECABROMODIPHENYL
ETHER (C) : I1H

- (DBDPE) Preliminary cancer evidence so ADDED SF = 10

DEMETON (SYSTOX) 1

HEP .0005
}**, HBEL = 5.4(-5)

HEP .01
ACH, ORGAN WTS,

OPTIC, MANY
OTHERS .00004

70
2.1
1.0
5.3
32
.0053
11

0063

.01

.00042

2 year mouse-liver, (C), 2.4 (-2), HBEL = 7.6(-4)
3,3-DICHLOROBENZIDINE '

2 year rat-mammary, (B2), 4.6 (-1), HBEL = 4.0(-5)
1,4-DICIILORO-2-BUTENE

90 day rat-nasal passages, (B2), 2.6 (-3)*, l1IBEL = 2.0(-6)
DICIILORODIFLUORO ‘

S .
‘I'ABLE 3
IIBELs DERIVED FRROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD HBEL
SOQURCE EFFECT (mg/cubic meter)
DIALLATE '
1.5 year mouse-liver, (82), 6.1 (-2), [IBEL = 3.0(-4)
DIAZINON I ACH .0009 .0096
1,4-DIBROMO-
BENZENE ¢ IIEP .01 A1
DIBROMOCIILORO- )
METHANE L HEP .02 .21
2 year mouse-liver, (C), 8.4 (-2), IIBEL = 2.2(-4}
1,2-DIBROMQO-3-CHLOROPROPANE
rat, mouse-lung, nas. cav., tongue, pharynx, adren.
cortex,(B2), 6.3 (-3)*, lIBEL = 8.4(-6)
1,2-DIBROMOETIANE
! 2 year rat-nasal cav., (B2) 2.2 (-4)*, lIBEL = 2.4(-5)
| DIBUTYL-PITIALATE
(bBP) IH MORT 1 1.1
REPRO
DIBUTYLNITROSAMINE (DBN)
mouse-bladder (B2), 1.6(-3), 11BEL = 3.3(-6)
DICAMBA (BANVEL) | REPRO .03 .32
1,2-DICIILOROBENZENE 111 WT,IIEP .2* .69
| p-(1,4)DIC1ILORO-
BENZENE H 11IEP,NEP .7* 24

o o i v me o

e e e n el . —— - = =+ =i eoca
POTpNEE AP PO



Page 26 - Health-Based Exposure Limits Draft 7 10/21/93 10/21/93 Draft 7  Health-Based Exposure Limits - Page 27
L T S —

TABLES I TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA  STUDY  RFD _— NAME DATA  STUDY  RFD HBEL
SOURCE EFFECT (ng/cubic meter) SOURCE EFFECT (“‘ch“bi‘: meler)
METHANE (FREON-12) 11l RESP!IIEP,WI2* . DIMETHIPIN 1 ngp .02 021
1,1-DICHLORETHANE 1l NEP B¢ 1.7 ADD SF=10 DUE TO POSITIVE CANCER STUDIES
rat-preliminary evidence of cancer - hemangiosarcoma DIMETHOATE
1,2-DICHLOROETHANE (PHIOSPIIAM1D) i HACII .0002 .002
rat-circ. sys., (B2),2.6 (-5)**, [1BEL = 2.0 (-4) HEM
1L,1-DICHLOROETHYLENE IH HEP 009 3-3-DIMETIHIOXYBENZIDINE

1 year mouse-kidney, {C), 5.0 (-6)*, HBEL = 1.1(-4)
1,2-C-DICHLORO-

ETIIYLENE 11l HEM .01 11
1,2-T-DICHLORO-
ETHYLENE IH M .02 21

DICHLOROMETHANE - SEE METHYLENE CHLORIDE
2,4-DICHLORO-

PHENOL IH IMM 003 032
1,2-DICHLOROPROPANE |

mouse-liver, (B2), 6.8 (-2), HBEL = 2.7(-4)
13-DICHLOROPROPENE 1H M, WT .02¢

2 year mouse-lung, (B2), 3.7 (-6)*, HBEL = 1.4(-4)

human: suspecled lymphoma and leukemia

DICYCLOPENTADIENE H NEP .0002* - .000G9

DIELDRIN IH HEP .00005 0V053
mouse-liver, (B2), 4.6 (-3)**, HBEL = 1.1 (-6)

DIETHYLENE GLYCOL 11 NEP 2 21

DIETHYLFORMAMIDE 11 NONE 1 1.1

DIETHYLPHTHALATE 1H wT 8 8.5

DIETHYLSTILBESTEROL :

rat,mouse-mam, uter, cerv, (A), 1.4 (-1)**, HBEL = 3.8(-8)

lifelime hamster-forestomach, (B2), 1.4 (-2), HBEL = 1.3 (-3)
N,N-DIMETIHIYL- .
ANILINE 1l SPLEEN .002 .021

. 24-DIMETIIYLANILINE and 2,4-DIMETI{YLANILINE

HYDROCHLORIDE
1.5 year mouse-lung, (C), 7.5 (-1), IIBEL = 2.4 (-5)
study used 1ICI salt
3,3-DIMETHYLBENZIDINE
30 day ral-mam, (B2), 9.2 (0), IIBEL = 2.0 (-6)
N,N-DIMETHYL-
FORMAMIDE 111 HEP .03* 10
1,1-DIMETHYLIIYDRAZINE
lifelime mouse-vascular sys.(C), 8.7 (0), HBEL = 2.1 (-6)
1,2-DIMETHYLHYDRAZINE
1.5 year mouse-vascular sys. (B1), 1.4 (+3), HBEL = 1.3(-8)
2,4-DIMETHYL-
PLHIENOL IH NER,HHEM .02 21

2,6-DIMETIIYL-
PIIENOL IH MANY  .0006 .0064

o ———
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TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY  RFD HBEL

SOURCE EFFECT (ng/cubic meler)

3,4-DIMETHYL.

PHENOL 11 WLIRR 001 011
DIMETHYL

PHTHALATE N NEP 1 11
DIMETHYL

TEREPHTHALATE  IHI NEP* 1 1.1
M-DINITROBENZENE 111 SPLEEN  .0001 0011
DINITROBENZENE (0,p-) SPLEEN  .0004 0043
2,4-DINITROPHENOL 11l THERAPUTIC .002 021

CATARACT

2,4-DINITROTOLUENE AND 2,6-DINITROTOLUENE
2 year‘ral.-liver, mam, (B2), 6.8 (-1), lIBEL = 2.7 (-5)
BASED ON A MIXTURE OF 2,4 AND 2,6 ISOMERS

DI-N-OCTYL-
PHTHALATE Ir HEPNEP .02 21
' WT
DINOSEB 1H 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)

A—

TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY  RFD - 1IBEL

SOURCE EFFECT (ing/cubic-meter)

DII’IIENYLAM]NE (DI'A) 111 WI,HEDP & NEP WI .026 .27
1,2-DIPHEYNLIIYDRAZINE

2 year rat-liver,mam, ear, (B2), 2.2 (-4)**, lIBEL = 2.4x 10
DISULFOTON 111 ACH, OPT .00004 .00043

DYES: DIRECT BLACK 38
93 day rat-liverr, (A) 8.7 (0), IIBEL = 2.1x10°5

DIRECT BLUE 6

91 days rat-liver, (A) 8.7 (0), HBEL = 2.1x10°5
DIRECT BROWN 95

91 dny rat-liver (A), 9.3 (0), IIBEL = 1.91{10'6

ENDOSULFAN IH NEP 00005 .00053
ENDOTNALL IH STOMACH .02 21
ENDRIN . 111 1IEP, CNS .0003 .0032

EPICIILOROHIYDRIN [I1I NEPM .0003* 001
lifetime rat-resp. tract, (B2), 1.2'(-6)*, HBEL = 4.4 xlO'3

HEMWT .2* .69

2-ETHOXYETHHANOL 1H
ETHYL ACETATE 11 MORT, WT .9 9.6

[ p—— e,

-\ -
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TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD liBEL

SOURCE EFFECT (mg/cubic meter)

ETHYL ACRYLATE

lifetime rat-forestomach, (B2),.048, HBEL = 3.8x 10'4
ETHYLBENZENE IH HEP, HEP,REP .1* 35
'ETHYL CHLORIDE H REP  10¢ 34.5
EPTC I CIR .025 27

ETHYLENE CHLORIDE - SEE 1,2-DICHILOROETHANE

ETHYLENE CYANOILYDRIN i BRAIN WT, W' .3 3.2

ETHYLENEDIAMINE H HEM, MEP {.1)* 3.5

ETHYLENE DIBROMIDE - SEE 1,2-DIBROMOETHANE

ETHYLENE GLYCOL 11  HEP, NEP, MORT 2 213

ETHYLENE GLYCOL
MONOBUTYL ETIIER H HEM .02¢ .069

ETHYLENE OXIDE .
lifetime, rat-blood cells, brain, (B1), 1.0 (-4)*,
HBEL = 5.3(-5)

ETHYLENE THIOUREA
lifetime, rat-thyroid, (B2), 3.6 (-2), HBEL = 5.0(-4)

TABLE 3
1BELs DERIVED FItOM ENVIRONMENTAL RISK VALUES
NAME " DATA STUDY RFD HBEL

SOURCE EFFECT (mng/cubic meter)

L

under review by CRAVE

ETHYL ETHER 1M HEP 5 -~ 5.3

. ETHYL METIIACRYLATE H NEP .09 .96
ETHYLPHALYL ETIIYLGLYCOLATE (EPEG) I 3 3.2
FLUORANTHENE 111 HEP,HEP, lIEM .04 .43
FLUORENE IM HEM .04 43

: FLUORIDONE IH TEST,NEP .08 85
FOLPET 111 1IEM .1 1.1

lifetime, mouse-digestive tract (B2), 3.5 (-3),
HBEL =5.2(-3)

FORMALDEHYDE

lifetime rat-nasal cavity, (B1), 1.3 (-6)*, HBEL = 4.1(-4)
FORMIC ACID H GRO 2 21.3
FURAN 111  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 1H HEP,M .05* 0117
FURIUM

hall-year, mouse-leukemia, (B2), 5.0(0), HBEL = 3.6 (-6)
GLYCERALDEHNYDE IH NEP,WT .001* .0035

70 week, rat-site not listed, (B2)
HEPTACIILOR IH IIEPWT .0006 .0053

[
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TABLE 3 ‘TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD HBEL NAME DATA STUDY RFD HBEL

SOURCE EFFECT (mg/cubic meler)

MALONONITRILE " H HEP, SPLEEN .00002 .00021

MANCOZEB II  GOITER .03 32
MANEB IH  THYWT .05 53
IH RESP,NER .0004*  .0014

MANGANESE

MEPilOSF OLAN 1 HEP, NEP,IIEM,ACH .00009 .00096

MERCURY (INORGANIC) 111 NER, HEP .9003* 601

MERP110S IH  NER .00003  .00032
MERPHOS OXIDE IH NER .00003 .00032
METHACRYLONITRILE ~ IH  NER, map' .0007* 0024
METHANOL il HEP,NERWT 5 5.3
METHOMYL In  NEP .03 32
METHOXYCHLOR Il REP 005 053
2METHOXYETHANOL H  TEST .02¢ .69
2-METHOXY-6-NITROANILINE

SOURCE EFFECT (mg/cubic meter)

lifetime, ral-skin (note dielary exposure), (B2), 4.6 (-2),
IBEL = 3.9(-4)

METHYL ACETATE 11 HEP 1 . 10.7

METHYL ACRYLATE H NONE CALCULATE*
2-METI{YLANILINE A .

lifetime, rat-skin (note dietary exposure), (B2), 2.4 (-1),

HBEL = 7.6(-5), BASED ON EXPOSURE TO HYDROCHLORIDE
FORM.

2-METHYLANILINE HHYDROCIILORIDE
lifetime, ral-skin (note dielary exposure), (B2), 1.8 (-1),
HBEL = 1 (-4)

1 METHYL BROMIDE (SEE BROMOMETHANE)

METHYL CHLORIDE (SEE CHLOROMETIIANE)

2-METHYL-4-C1ILOROPHENOXY ACETIC ACID (MCPA) 111 1IEP
0005 .0053

4-(2-METHYL-4-CHLOROPHENOXY)-BUTURIC ACID (MCPB)
I II HEP, NEP, REP .01 A1 '

PROPRIONIC ACID (MCPP) 1II. NEP .00l 011
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TABLE 3
HBELSs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD IIBEL

SOURCE EFFECT (mg/cubic metcr)

4,4-METHYLENE-BIS BENZELAMINE - ‘
lifetime, rat-liver, no class, 2.5 (-1), HBEL = 7.2(-6)

4,4-METIIYLENE-BIS(2-CHLOROANILINE) Hl  BLAD, LIEP .0007
0076 '

lifetime, rat-lung,(note dietary exposure), (B2),
3.7(-5)*%, HBEL = 1.4(-4)

4,4-METHYLENE BIS (N,N,-DIETHYLANILINE)
lifetime, rat-thyroid (B2), 4.6 (-2), HBEL = 3.9(-4)
METHYLENE BROMIDE H HEM CALCULATE

METHYLENE CILORIDE H HEP 3* 104
no term given, mouse-lung, (B2), 4.7 (-7)*, IIBEL = 1.1(-2)

4,4-METHYLENEDIPHENYLISOCYANATE 11 M .00005*

METHYL ETHYLKETONE [IH CNS,REP .3* 1.0

METHYL HYDRAZINE
lifetime, hamster-liver, no class, 1.1 (0), IIBEL = 1.6 (-5)
METHYL ISOBUTYL KETONE IH HEP, NEP .08* .028

METHYL MERCURY H CNS  .0003 032

. MIREX 111 REP
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TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES

NAME DATA  STUDY  RFD 1IBEL
' SOURCE EFFECT (mg/cubic meter)

L]

METHYL METIIACRYLATE il NEPWT .08 .85

2-METHYL-5-NITROANILINE
lifetime, mouse-liver (C), 3.3 (-2), HBEL = 5.5 (-4)

METHYL PARATIION 111 HEM,ACH 00025 2.6(-3)

METHYL STYRENE (INDUSTRIAL MIXTURE) 11 IRR .04* 14

.000002 - .000021
lifetime, rat-liver, (B2), 1.8 (0), HBEL = 1 (-5)

- MOLYBDENUM H M 004 043. -

00017

MOLINATE IH REP .002 021

. MONOC]IWROBUTANES H MORT 4 4.3
NAPIITIIALENE 11 | WT .004 043
NICKEL SULFATE H CANCER .02 021

nickel refinery dust-

human-resp., (A), 2.4 (-4)*%, HBEL = 2.2 (-6)
nickel subsulfide-

human-resp., (A), 4.8 (04)*, HBEL = 1.1 (-5)

—
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HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES TABLE 3
NAME DATA STUDY RFD HBEL HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
SOURCE EFFECT (mg/cubic meter) NAME DATA  STUDY  RFD IIBEL
SOURCE EFFECT (mg/cubic meler)
NITROBENZENE Il IIEM, NEI’, HEP,AD .002* .0069
' ]
NITROFURANTOIN  H  TEST .07 ~ .15 N-NITROSODIPHENYLAMINE
~ lifetime, rat-urinary bladder (B2), 4.9(-3), HBEL = 3.7(-3)

NITROFURAZONE . ,

one year, rat-mammary, (B2), 1.6 (0), HBEL = 1.2 (-5) N-NITROSODI-N-PROPYLAMINE

v _ lifetime, rat-liver (B2), 7.0 (0), IBEL = 2.6 (-6)
NITROGEN DIOXIDE IH  RESP, HEM .02* .069 '
, N-NITROSO-N-METHYL-ETHYLAMINE .

2-NITROPROPANE ~ IH HEP .02* - .069 - lifetime, rat-liver, (B2), 2.2 (+1), HBEL = 8.2 (-7)

lifetime, rat-liver, {B2), 2.7 (-3)*, HBEL = 2.0(-6)

- N-NITROSOPYRROLIDINE

NITROTOLUENES(O M P) ll SPLEEN -01 .ll no termn given, l‘nl.-]ivet, (BZ). 6.1 ('4)", llBEL = 8.6(-6)
N-NITROSO-DI-N-BUTYLAMINE OBPDE I HEP 00062  .0066

lifetime mouse-bladder, esophagus, (B2), 1.6 (-3)**,

HBEL = 3.3 (-6) OCTABROMODIPHENYL ETHER IH HEP 003 .032
N-NITROSODIETHYANOLAMINE | OCTAMETHYLPYROPIIOSPHORAMIDE 11 ACH .00z  .021

lifetime, rat-liver, (132}, 2.8 (0), HBEL = 6.4 (-6)

N-NITROSODIETHYLAMINE (DIMETHYLNITROSAMINE)
6 and 12 months, rat-liver, (B2), 4.3 (-2)**, 1.2(-7)

N-NITROSODIMETIIYLAMINE (DIETHYLNITROSAMINE}
no term given, rat- liver, lung, skin, seminal vesicles,
hem/lymph, (2), 1.4 (-2)**, HBEL = 3.8 (-7)

| OXAMYL I ACIl 025 27

- PACLOBUTRAZOL | HEP, TERAT .013 .14

| PARAQUAT (C) 1 RESP  .00045 .005

PARATHION 13} ACIl  .006 .064

-y}
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TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL IIISK VALUES TAULE 3
8 %
” . . HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD HBEL . ,
. NAME : DATA STUDY RFD HBEL
SOURCE EFFECT (mg/cubic meler)

SOURCE EFFECT (mg/cubic meter)

PBBs see POLYBROMINATED BIPHENYLS . M-PHENYLENEDIAMINE 1l UEP .006  .064

PCBs see POLYCHLORINATED BIPHENYLS o-PHENYLENEDIAMINE DIHYDROCHLORIDE

| 15 years, rat-liver, (B2), 4.7 (-2), HBEL = 3.8(-4
PEBULATE il HEM .05 53 years, rat-liver, { 2) 8t4)
- ' PHENYLMERCURIC ACETATE Il NEP .00 .
PENDIMETHALIN H  HEP .04 43 ‘ B 11 008 .00085
‘ 2.PHENYLPHENOL (SODIUM SALT)
PENTABROMODIPIIENYLETHER IH HEP 002 .02l

lifetine, rat-urinary bladder, (C), 1.9 (-3), HBEL = 9.5(-3)

1,2,3,4,6-PENTABROMO-6-CHLORO-CYCLOHEXANE

- PHOSPHINE Il NEP .00003* .0001
lifetime, rat-large intest, (C) 2.3 (-2), HBEL=7.8(-4)
based on alpha isomer 'PPHIHALICACID H  BLAD 1 10.7
PENTACHLOROBENZENE IH HEP,NEP 0008 0085 buuyir i ANIVDRIOE 151 RESP, NEP2 23

PENTACHLORONITROBENZENE 1H HEP  .003 032

: POLYBROMINATED BIPHENYLS H HHEP 000007 .000076
1.5 year, mouse-liver, (C), 2.6 (-1), lIDEL = 6.9(-4)

(Firemaster FF-1 tested for cancer)

' ’ one year exposure & one year observation, rat-hepatocellular.
PENTACHLOROPIENOL 1l NEP,HEP .03 carcinoma and neoplastic nodules, (B2), 8.9 (0),1IBEL=2(-6)
lifetime, mouse-liver, adrenal, circ, (B2), 1.2(-1), :

_ " POLYCIILORINATED BIPHENYLS
HBEL = 2.2 (-5},technical grade and Dow product (USED ARACIILOR 1260 FOR CANCER STUDY)

) no term givern, rat-liver, (B2), 7.7 (0), HBEL = 2.3(-6)
PERMETHRIN 1 HEP.WT .01 11 _POTASSIUM CYANIDE  |H  WT,THY,NER .05 .53

POTASSIUM SILVER CYANIDEIIl  WT,THY,NER .2 .21
PHENOL IIl REP 6 6.4

(CALCULATED BY ANALOGY TO FREE CYANIDE, ADJUSTED FOR
MOL WT.)

Jopipm
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TABLE 3
HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA STUDY RFD l11IBEL
SOURCE EFFECT (mg/cubic meler)
PROFLURALIN 11 NONE .006 064
PRONAMIDE 1H NONE .08 .85
PROPACHLOR IH WT 013 .14
PROPANIL I SPL.HEP .005 053
PROPAZINE 191 WT,CARC .002 021
PROPOXUR (BAYGON) | ACH, NER .004 043
PROPYLENE GLYCOL H HEM 6* 20.7

PROPYLENE GLYCOL MONOETHYLETHER 11 WT .7

PROPYLENE GLYCOL MONOMETHYL ETHER 1

1t 15

PROPYLEN OXIDE 1H IRR .03* 10
lifetime, mouse0-nasal cavity, (B2), 3.7 (-6)*, HBEL=1.4(-3)

PYDRIN

(FENVALERATE) 1  NER,PIT.GL
LYMPH.N,
HEP, SPL, 0025 027
PYRENE IH NEP .03 .32
PYRIDINE IH HEPWT .001 011
QUINALOPHOS I .0001 001
QUINOLINE

20-40 weeks, rat-liver, (C), 1.2 (+1), HBEL = 1.6(-6)
RDX(CYCLONITE) IH 1IEM,M .003 032
lifetime, mouse-hepat. carc, and adenom., (C}, 1.1.(-1).

HBEL = 1.6 (-4)

RONNEL n NEP, HEP .05 53
SELENIOUS ACID 111 DERM .003 032
SELENIUM SULFIDE

NER, HIEP, NEP

10/21/93 Draft 7
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SILVER CYANIDE Il WT, THY,NER .1 1.1

l wolecular weight)
| SIMAZINE 11

HEM, WT .002 021
! limiled data, (C), 1.2(-1), HBEL = 1.5 (-4)
"SODIUM AZIDE I HEP.WT .004 043
SODIUM CYANIDE 11 NER .04 43

(CALCULATED BY ANALOGY '1'O FREE CYANIDE ADJUSTED
molecular weight)
SODIUM DIETHYL-
DITIIIOCARBAMATE 1 11 HEM, NEP, WT .03 32
no term given, mouse-hepatoma, (C), 2.7 (-1), HBEL=6.7(-5)

SODIUM METAVANADATE 11 NEP  .001 .011
STIROPHOS - SEE TETRACHLORVINPHOS

STRYCIININE IH M .0003 0032
STYRENE |} HEM, HEP .2 21

20 month, rat-leukernia, (B2), 5.7 (-7)*, HBEL=9.2 (-3)
2,3,7,8-T1CDD

no term given, rat-several, (B2), inhalation units unclear,

possible picograms, use conversion from oral, 1.5 (+5),

1IBEL = 1.2(-10)
chlorophenoxys or phenoxy herbicides,
TEMEPHOS H NONE .02 21

i TABLE 3
! HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA  STUDY  RFD HBEL
‘ SOURCE EFFECT (mg/cubic meter)
- v lifetime, rat, mouse-liver, lung, (B2), number pending
IRIS input pending
i SELENOUREA H no data 005 .053
'SETHHOXYDIM 1 HEM, HEM, REPRO .09 .96

(CALCULATED BY ANALOGY 710 FREE CYANIDE ADJUSTED FOR

FOR

NOTE: human cancer evidence is withmixture with

e ey s it oaa
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TABLE 3 'TABLE 3
HBELs DERIVED FILOM ENVIRONMENTAL RISK VALUES HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES
NAME DATA  STUDY D BEL NAME DATA  STUDY  RED {BEL
SOURCE  EFFECT" (mg/cubic meler) SOURCE EFFECT (ing/cubic meter)
TERBUFOS 11~ NONE .0001 .00l CHLORIDE 111 HEP,M .00008 .00085

1,2,45-TETRACHLOROBENZENEIH NEP .0003 0032
1,1,1 2- TETRACHLOROETHANE h
lifetime, mouse-liver, (C), 7.4 (-6)**, HBEL=17.1(-4)

(CALCULATED FROM THALLIUM SULFATE)
2(THIOCYANOMETHYLTHI0)-BENZO

THIAZOLE (TCMTD) H STOMACH .03 32
1,1,2,2-TETRACHLOROETHANE (TCE) TIIOFANOX H ACHH  .0003 .0032
no lerm given, mouse-liver, (C_), 5.8 (-5)**, HBEL=9.1(-5) THIRAM i1l REP .006 .064
TETRACHLOROETHYLENE ‘ TIN & COMIPOUNDS H HEP, NEP 6 6.4
(PERCHLORETHYLENE) IH  HEP .01 11 TOLUENE 11l NERIRRNEPHEP WT 2* 21.3

no term given, ral, mouse-leukemia, liver, (B2), 6.2 (-7)*, TOLUENE-2,4-DIAMINE

HBEL = 1(-2) T lifetime, rat-mammary gland, (B2), 3.2 (0), 1I1BEL = 6.6 (-6}
2,3,4,6- TETRACHLOROPHENOLIH HEP .03 .32 TOLUENE-2,5-DIAMINE 11 NONE .2 21
p.n,a,8-TETRACIILOROTOLUENE O0-TOLUIDINE

no term given, mouse-lung, (D2),2.0 (+1),I1BEL =9 (-7)
TETRACHLORVINPHOS(STIROFOS)1H HEP, NEP,WT, REPRO .03
.32 1.5 year, mouse-liver, (C), 2.4 (-2), HBEL = 7.5 (-4)

1.5 year ral-skin fibroma (nole dietary exposure Lo sodium
salt), (B2), 2.4 (-1), HBEL = 4.3 (-6)

'pTOLUIDINE
TETRAETHYL DITHIO-PYROPHOSPHATE 1H HEM, ACIL 0006 " )y 1o oo e o0 0 1) HBEL = 3.4 (6)
-0053 TOXAPIIENE

TETRAETHYL LEAD 1H HEP,THYMUS 1(7) 1.1(-6)
THALLIC OXIDE (1il) AND TIIALLIUM IN SOLUABLE SALTS
H HEP, M .00007 .000756

lifetime, mouse-liver,(B2), 3.2 (-4)**, lIBEL = 1.6(-5)

TRIALLATE 111  SPLEEN, HEP .013 .14
(CALCULATED FROM THALLIUM SULFATE) ~ .
THALLIUM(DACETATE AND THALLIUM () NITRATE, AND THALLL |5 4 oot b O MOBENZENE 111 HEP 005 053
UM
SELENITE IH  HEP,M .00009 .00096

2,4,6-TRICHLOROANILINE

no Lerm given, mouse-vasc. sysl., (C), 3.4 (-2), HBEL=6(-7)
exposure Lo sodium salt.

(CALCULATED FROM THALLIUM SULFATE)
THALLIUM{)CARBONATE AND THALLIUM (I) SULFATE, AND
THALLIUM (1)

[ —

i e e ————
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TABLE 3 '
| TABLE 3

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES - 4y ¢ pieit1vED FILOM ENVIRONMENTAL RISK VALUES

NAME DATA STUDY RFD R IIBEL NAME DATA STUDY RFD [IBEL
SOURCE EFFECT (mg/cubic neter) : SOURCE EFFECT (mg/cubic meter)
2,4,6-TRICIILOROANILINE HYDROCHLORIDE ‘
no term given, mouse-vasc. syst., (C), 2.9 (-2), - :
) : - 1,1,2“TRICHLOROPROPANE 111 P, , THY . 05
HBEL = 5.2(-7),exposure to sodium salt ! HEP, NEP, THY 005 053

1,24-TRICULOROBENZENE H  DLAD - .009* .03
1,1,1.TRICHLOROETHANE H  HEP 1* 3.45
004 043

1,1,2-TRICHLOROETHANE IH M

no term given, mouse-;liver, (C), 1.6 (-6)**, HBEL = 3.3(-4)

TRICHOETHYLENE
no terin given, mouse-lung, (B2), 1.7 (-6)*, HBEL = 3.1 (-3)
new values pending input to IRIS v

TRICHLOROFLUOROMETHANE (F-11) | H RESP, MORT .7* 24
2,4,5-TRICHLORPIIENOL I1H  HEP,NEP .1 1.1

2,4,6-TRICHLOROPIIENOL
no term given, mouse-liver, (B2), 3.1 (-6)**,
HBEL = 1.7(-3)

2,4,5-TRICHI..OROPHENOXYACETIC‘ACID IH MORT .01

© 22,4,6-TRICHLOROPHENOXY)PROPIONIC

ACID(SILVEX) IH HEP 006 .064

VANADIUM (SULFATE) 11

' 1,2,3-TRICHLOROPROPANE 11
CARC UNDER EVALUATION

HEM, IIEP, NEP, ST0, SPL
.006 .064

1,1,2-TRICHLORO-1,2,2,-TRI

FLUOROETHANE H WT UNDER REVIEW: 27* 93.1

-TRIFLURALIN IH HEP,HEM .007%6 .08
- lifetiine, rat-kidney, bladder, thyroid, (C), 7.7 (-3),
HBEL = 2.3 (-3) '

TRIMETHYL PHOSPHATE
10 week, iouse-ulerus, (B2), 3.7 (-2), HBEL = 4.9 (-4)

'1,3,6-'RINITROBENZENE 1H  SPLEEN WT .00005 .00053

TRINITROPUENYLMETHYLNITRAMINE 11 HEP, NEP, SPLEEN. .01
A1

‘ 2,4,6-TRINITROTOLUENE 1H ‘ HEP  .0005 .0053
lifetime, rat-urinary bladder, (C), 3.0 (-2), HBEL = 6 (-4)
NONE

.007 076
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TABLE 3 e

HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES Ls DI ) I:ABLE 3 ' .
NAME DATA STUDY = LFD NBLL HBELs DERIVED FROM ENVIRONMENTAL RISK VALUES

SOURCE EFFECT (mg}cubic meter) .N AME DATA STUDY RFD_ HBEL
o . ‘ SOURCE EFFECT (mg/cubic meter)

“VANADIUM PENTOXIDE 1l NONE 009 .09 T
VANADYLSULFATE H NONE .02 ~ .21 |
VERNOLATE(VERNAM) IH WT 001 .01t
VINYL BROMIDE - SE: BROMOETHANE
VINVLACETATE Il IRR 2 21 -

VINYL CHLORIDE
one year, rat-liver, (A), 8.4 (-5)*, HBEL = 5.3 (-5)

VINYLIDEN E'CHLORIDE-SEE 1,1-DICHLOROETHYLENE
WARFARIN | HIEM  .0003 0032
ZINC PHOSPHIDE IH  WI'M .0003 0032

ZINEB 1 Ty .05 53
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R ]
LIST OF ABBREVIATIONS | p—
A cancer classification indicating known human carcinogen !
B1, B2 “cancer classification indicating probable human carcinogen [
C cancer classification indicating suspected human carcinogen kg
ad adrenal Ig
ach acetylcholinesterase inisc
bla bladder, urinary unless noted - mam
carc carcinogen, carcinoma 'mg
cav cavity ol
card cardiac ;“ ol
cerv cervix inort
cir circulatory nas
CNS © central nervous system nep
decr “decrease ner
derm dermal opt
EPA United States Environmental Protection Agency pit’
esoph esophagus PNS
gl gland rep
gro, growth res
{1 HEAST= Health Effects Assessment Summary Tables RC
HBEL health based exposure limit | hll)
HEAST health effects assessment summary tables (EPA) SF
hem hematological 6pl
hemor hemorage stom
hep hepatic, liver 8ys
hyp epi hyperplasia of epithelium test
1 "IRIS= Integrated Rigk Information System 'thy
im immune is
incr increase vase
inh inhalalion wi
intest intestine :
IRIS Integrated Risk Information System |
irr i(riwtion

R

LIST OF ABBREVIATIONS (continued)

kilogram
large .
- miscellaneous,e.g.clinical parameters unspecified
maminary
milligram
milliliter
molecular
mortality
nasal
nephrotic, kidney
nervous system
oplic
pituitary
peripheral nervous system
reproductive
respiratory
reference concentration (airborne)
reference dose (contaminant/body weight/day)
salety faclors (see Technical Information)
spleen
stomach
system
tesles
thyroid
tissue
vascular
weight body

(overall unless

organ

EE—————— ]

specified)




Page 50 - Health-Based Exposure Limits Draft 7 10/21/93

— 10/21/93 Draft 7 llealth-Based Exposure Limils - Page 51
LIST OF ABBREVIATIONS - e ae——
t
A cancer classification indicating known human carcinogen LIST OF ABBREVIATIONS (continued)
B1, B2 cancer classification indicating probable human carcinogen { ‘
C cancer clnssiﬁc_ation indicating suspected huwman carcinogen kg kilogram
ad adrenal I large .
ach ~ acetylcholinesterase misc miscellancous,e.g.clinical parameters unspecified
bla bladder, urinary unless noted mam mammary :
carc carcinogen, carcinoma ’ mg milligram
cav cavity ml milliliter
card cardiac mol molecular
cerv cervix inort mortality
cir circulatory nas nasal
CNS central nervous system nep » nephrotic, kidney
decr decrease ner nervous system,
derm dermal . opt _ optic
EPA United Stales Environmental Protection Agency pit pituitary
esoph esophagus ' PNS peripheral nervous system
gl gland rep reproductive
gro growth yes respiratory
11 IIEAST= Health Effects Assessment Summary Tables RC reference concentration (airborne)
HBEL health based exposure limit ‘ 'Rfl) reference dose (contaminant/body weight/day)
HEAST _health effects assessment summary tables (EI'A) SF safety faclors (see Technical Information)
hem hematological spl spleen '
hemor hemorage stom stomach
. hep hepatic, liver Bys syslem
hyp epi hyperplasia of epithelium test testes
1 IRIS= Integrated Rigk Information System 'lhy thyroid
im immune ' is tissue
incr increase vasc vascular
inh inhalation wt weight (overall body wunless organ specified)
intest intestine ' :
IRIS Integrated Risk Information System |

irr irtitation

ce  wmmmes e
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Appendix 2
Methodology for Calculating HBEL's

L. Introduction

IRIS and HEAST data were
used to calculate air' concentrations
which shou‘ld‘pose minitnal cancer
risk to workers (6ane 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-
posﬁres 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 Lo the
availability of extensive chronic Lox-
icity data for many chemicals, they
were not based on a clear and con-

“sistent calculation mnecthodology,

they often lacked scientific docu-

mentation and they incorporated |

considerations of feasibility and

cost. Many TLVs and PiiLs are | imum exposure recommendations

Health-Based Exposure Limits - Page 53

Appendix 2 (Continued)

Methoglo‘logy for Calculating HBEL's

in need of substantial revision.

‘ Reference Doses (RfD's) are max-

based on effects of short-lerm exps developed by EPA for non-

'sure such as skin or eye lrntnuon

The IRIS and I1IEAST guidelin

based on current toxicity data, ubi

» carcinogens found in air or water.
! RfDs are maximum recommended

intakes per day in milligrams per

lize stale-of-the-art risk assessiner kilogram body weight per day (ing/

methodology which has pained a

broad acceptance iu the scientific -

" kg/d). The RID is estimated Lo be

the maximum lifetimme daily expo-

communily. They are derived fro1 g, e Jovel at which no adverse non-

systemic (non-carcinogenic) and cg carcinogenic effect is expected to

cinogenic studies of chironic and s goeyr. EPA's first priority in devel-

chronic exposure. Due to the chrs 5in0 R(Ds was to obtain values rel-

ic nature ol most occupational

exposures, the air concentralion .

' evant to drinking waler guidelines.

Consequently, RfDs calculated for

guidelines calculated for this repo{ orp) exposure were developed first
]

may be most appropriate. The cor‘ and are the only values available

parison of occupational guidelines:

for non-carcinogens as of this writ-

ful in ‘idenlil'y ing occupational “’“? for the inhalation exposure route

—i relevant Lo occupational settings for

the HBEL's. In cases where RfDs
were based upon inhalalion stud-
ies, results were calculated direct-
lyand arg-indicated in table 3 with
an asterisk.

There is not considered Lo be a
"safe” level of exposure to a carci-
nogen. Insltead, EPA provides
risk estinnates, Uit Risks, ex-
pressed as the estimated cancer
risks per microgram per cubic me-
ter of air (ug/in3). These were
converted to mg/m3 in this book-
let.

The RfDs and Unit Risks were
calculated by EPA using standard
risk nssessmeni methodology
which introduces significant mar-
gins of safety. The margins of
salely are reflected in the HBEL's.

Consequently, the cancer risk es-

J

-t s meme wiiw  we . oe =
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Appendix 2
Methodology for Calculating HBEL's

timates (e.g. individual cancer risk

al a specific exposure level) are pro-

I.octive rather than predicitve. In
most cases they represent the
upper 95% confidence bound of the
potential risk of exposure for a

working lifeLime of 40 years.

The HBELS are preliminary al-
lernalive exposure limils. They do
not take into account significant
considerations such as feasability,
anecdotal reports of effects follow-
ing human exposure, and routes of
exposure other than inhalation.
In spite of Lhese constLraints, the
HBELs are preliniinary health-
based guidelines which are signifi-
cantly safer for workers than cur-
rent PELs and TLVs,

1I. Methodology

Health-based exposure limits

10/21/93 Drafi 7
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Appendix 2 (Continued)

h' Standards. 9/86, USDIIIIS.

(HIBEL) were calculated using | - 3. TLVs: TLVs and Biological
methods which follow the federal F,pusum Indices for 1987 - 1988, *
Guidelines for Risk Assessment drcal.

Carcinogens (51 FI 33992-34003, 4, NOELs, LOELS, 1ItFDs,

Sept. 24, 1986. The mcthodology Blope Factors and Unit Risks:

employed to develop Lhe IRIS andj IS Data Base, EPA Office of Re-

HEAST values also follows the pearch and Development, Washing-

fon, D.C. 1992.
plained in the IRIS Supplemental” HEAST: Health Effects Assess-

Documentation available from

Federal guidelines and is ex-

ment Summary Tables, USEPA,
EPA. ' < 1992, Washington D.C.
Sources: | Assumptions:
Standards, guidelines and Ris‘ Numerous assumplions were re-
Assessment values (RFDs and umred tocalculate HHIBELs. The as-
NOELs) were obtained from the guwmptions are listed below. As

following sources:

1. PELs: 29 CFR,

jnore information becomes available
!Vn Lopics such as dose rate and
1910.1000, Tables Z-1, Z-2, Z-3 [hresholds these assumplions may
2. RELs: MMWR Supple- require modification. In addition to
ment, NIOSH Recommendations the assumptions required for the

for Occupational Health and Safework done on this report, assump-

Lions were required Lo develop the
IRIS and HEAST values. These are
discussed in the IRIS documenta-
tion available from EPA.
" BREATHING RATE = 10
m3J per 8 hours work

BODY WEIGHT = 60 kg

WORKDAY-= 8 hours

WORKDAYS PER YEAR

= 240 days

WORKING LIFETIME =

" 40 years
l Body Weight: The body

weight used in all calculations is'
based on average [emale weight
(IRCP, 1975). This was done Lo in-
sure tlxe‘ group at ére‘nter risk was
adequately considered. The total
lung ventilation is very similar for
men and women, 22.8 versus 21.2
for 24 hours and 9.6 versus 9.1 for

light activity for 8 hours (ICRP,

o e v
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1976). Consequenlly, women's ex-
posure per kilogrnm. 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 incorpomle con-
siderations of womens’ health con-
cerns and increasc the margin of
safety for men. ‘

2. Absorption: A variely of ab-
oorpl.ion factors have been used in
risk assessments Lo adjust for dif-
ferences in absorption via dilferent
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 Lo be similar via

any route of exposure. Except in

those rare cases where actual

measurements have been made yse5 changes in absorption factors

for a specilic chemical, there is I“"!ould result in minimalchanges in

tle scientific foundation for the se-j¢ final numbers.

lection of a particular absorplion { 3. Body weight versus target Lis-
factor (Hallenbeck and Cunning- !xe mass: An adjustinent is incorpo-

ham, 1986). Consequcntly, for i'“d into the I1BELs derived from

this report, it was assumed that ims based on oral exposure studies.

the proportion of a toxicant ab-  "§;s adjustment is equal Lo the ratio

SOl’bed would be the same Via omlrbody weighl to lhe 2]3 power ror

or inhalation exposure and that ityman versus animal exposures. It

would be the same for study sub- ; discussed-in the RIS documenta-
jects (e.g., mice) and workers.  jon. An example of how this has
Whether it is assumed that een derived and used for n specific
90% or 10% absorplion occurs, theiemical along with a more detailed

HBELSs would not change as |°“8rscussi0n can be found in the Health

as study subjects and workers arejssessment Document for chloroform

assumed to absorb Lhe same per- !.;pA, 1985, pages 8-76 to 8-87).

centage of the toxicant. Although For inhaled toxins it was assumed

differences in absorption do exist,liat lhe effective exposure of the tar-
detailed information on this is nolyet tissue in non-huinan species is

i
PR

| Appendlx 2
| Methodology for Calculating HBEL's

ailable for most chemicals. In most |similar to that of humans when

corrected for body wéighl. This fol-
lows the aoproacll taken in IRIS for
inhaled toxins. |

4. Thresholds: Thresholds are
assumed Lo exist for non-
|carcinogenic effects. Cumulative
exposure over iong time per‘iods
coul.tibotes to the occurance of ad-
verse health effecls by aggregating

Jchemical exposures Lo a level at

" Iwhich the effects occur. This may

take place by increasing the body
|burden, incrementally increasing
organ damage w a level where it
can be ovserved, or through some

other mechanism. 'l‘hfesholds are

assumed not Lo exist for carcino-
gens.. Consequently, the aggregate
exposure over a lifetime is relevant

to the individual's cancer risk.

i G - St ——

T

e —
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Appendix 2 (Continued) :

6. Dose Rate: The rate at which .
a chemical exposure occurs may be
a significant faclor in the occurance
of non-carcinogenic adverse health
effects. There are clearly difTerent
effects observed following acute
high level exposure and chronic low
level exposure. Ilowever, this re-
port deals with chronic exposures
only. Consequently, the assump-
tion is made here Lthat 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 HBELS for dose rate differences.

Some studies have been conduct-
ed which indicate cancer risks asso-
cialed with low level exposure may
vary with dose rate. For example,
radiation induced cancer risks in-

crease (a higher risk per unit of

10/21/93 Draft 7

Health-Based Exposure Limits - Page §9

dose exists) at lower chronic expo-

sure levels than at higher chronic

A "sale” threshold for working
exposure levels (Mays et al. 1978;

lifetime exposure was

BEIR, 1980; Upton, 1984; Clm;- icalculated using a previously ;sl,i-

meaud et al, 1977). Current lmal,ed "safe” threshold for

knowledge of the impact of dose  ;enViroenmental exposures obtained.

: in mosl cases from USEPA. Air

rate, continuous and intermittent .
concentration guidelines (RfCs)

exposure on risk is very limited. | .
po ! y limited swere used when available; howev-

Consequently, no quantitative ad- 'er, only oral intake guidelines
justmenls were made for these fac- ' (RfDs) were available for most
= chemicals. A roule-to-route ex-

tors. As information becomes -

trapolation was used to eslimnale

available on this topic, adj.usl, sale” air concentralions (rom

ments may be recommended to im- Ry's.

prove the accuracy of dose- '

1. WHEN AIR CONCENTRA-
| TION GUIDELINES WERE
_PROVIDED: the reference con-

centration (RFC) in mg/cubic meler

response estimates.

CALCULATION OF IIBELS
* was adjusied to account for work

DifTerent methods are used to l lime exposure duration.
| HIBEL = RIC x 365/240 days per

" year x 20/10 cubic meters breathed
and non-carcinogens because they ! =IIC x 3.45

calculate HBELS for carcinogens

are based on different Lypes of ex-

posure and response data. |

Appendix 2 (Continued)
NON-CARCINOGENS: 2. WHEN ORAL INTAKE GUIDE-

LINES WERE PROVIDED: RfD
in mg/kg/day was adjusted for work
time exposure duration and body
weight, and the units were convert-
ed to airborne exposure units.
1IBEL = 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
per pg/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 rigk lev-
el.

HBEL = 1 x 10 (-6) x (U R x 1000
ug/mg x 240/365 days per year x 40/

-——o———— =

i e it - e
T ..
Pl TR
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Appendix 2 (Continued)

70 years x 10/20 cubic meters per
day)

=526x10(-9/UR

2. WHEN ORAL INTAKE
GUIDELINES WERE PROVID-
ED: the unit risk was adjusted for
work time exposure duration, the
oral exposure unils 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 /70 kg '

" =URx 2.9x 10(4)

b. --adjustment for occupation-
al exposure duralion using the
same equation shown for inhal-
tion unit risks:

" 5.26 x 10 (-9)/ URair

A SIMPLIFIED APPROACH FOR
CARCINOGENS COMBINING
THE TWO EQUATIONS DI-
RECTLY ABOVE YIELDS:

HBEL = 18x 10(5YUR I

10/21/93 Draft 7 Health-Based Exposure Limits' - Page 61
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IChemicul name JARC

Appendix 3
1ARRC Definite, Probable or Possible Human Carcinogens
With OSHA Regulations or NIOSH recommended Standards
{as of 1088)
Organ system
Vol:pg definite carcinogens
(probable carcinogens)
(possible carcinogens)
(animal carcingen, with
human data lacking}

OSHA  NIOSH

Acrylonitrile  19:73 (Lung, trachea and bronchus) X
: {Stomnach;ProstateBrain;Lympopoietic)

2-Acetylamino fluorine

(Acetamide) 7:197 (Animal carcinogen} X
Adriamycin 10:43 (Leukemia, osteosarcoma)
Aflatoxins 10:51 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

l

(Lung, trachea and bronchus)

Volatile Anesthetics 11:285(Pancreas;lymphatic and hematopoietic)

Analgesics w/ phenacetin 24:1356 Renal pelvis (bladder,ureter)

Arsenic & cpds. 23:39 Lung, trachea and bronchus X
Skin(Angiosarcoma of liver;lymphatic& hemat)

Artificial sweeteners-cyclamates,

-saccharin 22:171 (Bladder)

Asbeslos 14: Mesothelioma of peritoneum X
Mesothelioma of pleura; Lung (Gl tract;larynx)

Auramine 1:69  (Bladder)

Azathioprine  26:47 Lymphomal(liver;lung;thyroid;leukemia)
(soft tissue sarcoma; skin; melanoma; bladder)

Benzene 29:93 Leukemia X

Benzidine 29:149Bladder X

Benzidine-based dyes
*Direct Black 3829:295(Bladder)
*Direct Blue 6 29:311(Bladder)

*Direct

Brown 95 29:32 i(Bladder)
Benzo(a)pyrene 32:211 .
Beryllium 29:321(Lung) X

Betel quid and tobacco 37:141 Oral

[—

1
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Appendix 3 (Continued)

IARC Definite, Probable or Possible Human Carcinogens

With OSI1IA Regulations or NIOSH recommended Standards
(as of 1988)
Chemical name IARC Organ system
Vol:pg definite carcinogens

(probable carcinogens)

[possible ca rcinogens)
[animal carcingen, with

human data lacking}

N,N-Bis(z-chloroethy 1)-

P —

asla  NIOSH

A —

h
Appendix 3 (Continued)

IARC Definite, Probable or Possible Human Carcinogens

' With OSHA RRegulations or NIOSH recommended Standards

' (as of 1988)

temical name IARC  Organ system

Vol:pg  definite earcinogens

(probable carcinogens)
Ipossible carcinogens]
lanimal carcingen, with

| human data lacking)

OSIIA NIOSI§

“yclophosplmmide 26:165 Bladder (skin;lymphatic;leukemia)

ZB-naphthyIamme 4:.119 Bladder ) . hrysene 32:247 (Animal carcinogen) X

Bgag ; 26:79  (Leukemia) Coal tar J35:83 Skin '

B 'C_MME 4:2.31 Lung . X 2.4-D and esters 15:111 (Sofl tissue sarcoma;lymphoma)

: l;omycms 26:97 (Leukemia) Ortho- and para

-Butanediol dimethane- e . i

sulfonats 4:2"‘7" Leukemia ,D:chlorobenzenes29:213(Leukemm) | X

Cadmium 11:39 (Pharynx;colon;rectum) X
(lung,trachea and bronchus;prostule;kidney)~

Carbon black  33:35 (Animal carcinogen) '

Carbon tet. 20:371 (Liver)

ChemoRx (MOPP) 26:311 Leukemia (lymphoma)
Chlorambucil  26:115 Leukemia
Chloramphenicol 10:85 Leukemia

Chlordane, heptachlor 20:45,129 (Neuroblastoum;leukemia)

Diethyl sulfate 4:277 (Larynx) .
Dimethyl sulfate4:271 (Lung, trachea & bronchus)
Epichlorhydrin 11:121 (Lung, trachea & bronchus)
Estrogens and Progestins:

* conlraceplives 21:103 (Liver; Breast;Cervix)

#*Diethiylstilbestrol 21:173 Cervix; vagina (Breast;Endomelrium;Ovary)

:Ethyleneimine 9:37

Ethylenc oxide 32:189 (Stomach; leukemia)
{Animal carcinogen) X

1-52-chloroethyl)-3- cyclohesgl 1. f;‘;:::ll(]l:::,ycd:|o-29:3w (GI tract;skin;prostate;kidney;Brain;Hodgkin 5)
n:lro§ouren 26:137 (Leukemia) i hexanes Y 20:195 (Leukemia)

Chlorinated toluene production: 'llydralnzine 24:85 (Breast)

*Benzalchloride 29:49 (Lung) INIH 4:159 . (Lung, trachea & bronchus)

*Benzotrichloride 29:73 {Lung)
¢ Benzylchloride 29:185 (Lymphoma)

.

Iron&Steelfoundry 34:133 {(Lung)

. . Lead&epds. 23:325 (Lung, trachea & bronchus)
8::::::3::::1; 20:349 (Soft ‘tlssue sarcoma) Leather goods mig.25:279(Bladder;leukemia)
. . -|Leath i d
herbicides 41:319 (Soft tissue sarcoma; Lung, trachea & bron- wa;cez:i:agnmng 32:20 1 (Bladder)

chus)
19:131 |GI tract;lung,trachea&bronchus|

(Lym phatic&hematopoietic systems]|
23:205 Lung, trachea & bronchus X
(G1 tract; nose and nasal sinus)
Skin, lung, trachea & brenchus X

Chloroprene
Chromium V]

Coke production 34:101

Lumber and saw mills

lincluding logging) 25:49 (Adenocarcinoma of nose & nasal sinus)
(Soft tissue sarcoma;lymphoma)
(Hodgkin's Disease)

Man-made Mineral fibers: Glass,Rock,Slag wool

*Slag wool 43:152 Lung

— \—'l-"-.. _——
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Appendix 3 (Continued) ?v’wu ngt* L ~} ity '1 o ”
i 3 2t ppendix 3 (Contmued) *'r'Mr .
wlf:;tc Dcfinite, Probable or Possible Human Cnrunogcns ‘: "~ IARC Defimtc, Probable or Possible Human' Carcmogen

Ith OSHA Itegulations or NIOSH recommended Standards -5,3 With OSHA Regulatnons or NIOSH recommonded Stand;rds

. (as of 1988) ¥ m'*t;; sidnts .. (as of 1088) ¥
Chemical name IARC  Organ system OSHIA  NI1OSI|! Cl:tt:ucil]name 'IARC Organ system

Vol:pg  definite carcinogens }l ’3'* #

(probable carcinogens)
Ipossible carcmogens]

lanimal carcingen, with

human data lacking}

Vol pg definite carcmogens“.
‘ * (probable carcmogenS)‘f‘ %
.* [possible carcmogens] e,
- animal carcingen, 'with
- human ,dn,'l,gllgckmg!;

M(g. isopr. alcohol 16:223Nose and nasal sinus (Larynx)
Mlg. of magenta 4:57  (Bladder)
Melphalan 9:167 Leukemia

Bladder; leukemia 4" <6 ¢ 7 A :
(Esophagus.sl.omach,colon,pancreas)

A Rubber mfg. ° 28:

Methoxsalen L . (Lung, trachea & bronchus; thyrond),‘
+UVA(PUVA)  24:101 Skin , .- - - (Skin;testis;brain) ;2

M.BOCA ) 4:73  [Animal carcinogen) . Shale oils . . 35 761 Skin i,

Mineral oil 33:87 (Lung) ¢ Silica (crysmllme) 42: 39 (Lung;GD) - 35
Mustardgas  9:181 Lung, trachea & bronchus(pharynx;larynx) . Soots, tars ‘: 3:22 - Skin (GI I.ract larynx, Lung, AL !
1-Naphthylamine 4:87 (Bladder) X : * Styrene . - 19:231 (Lymphoma myeloma; loukemia):¥, V12 I
2-Naphthalanmine 4:97 Bladder X “l.: .. 24,5-T and estersl6 :273 (Soft tissue sarcoma Iymphoma) 5 p_{j

n-Nitrosodimethyl- L ‘Tobacco smoke 38:37 Lung, trachea & bronchus; pancreas;’ i

anine 17:125 (Animal carcinogen) X T " Renal pelvis; oral; oropharynx; hypopharynx
Nickel refining 11:75 Nose; Lung (Larynx) X A Larynx, esophagus bladder~-" nS
Nickel and cpds. 11:75 (Nose; Lung;Larynx) X 'l‘ns(l-azmdmyl) 0 :

i+ phosphine sulfide 9:85 (Leukemm)
.Treosulfan 26:341 Leukemia .
i Underground hematite mining (exposure tojy:i; ..
. radon) -~ - 1129
: Vmblastme, " 96:349" (Leukemia) -
Vincristine . 26:365 . (Leukemia) . - ‘f]‘ :
; Vinyl chloride 19 377 Angiosarcoma of liver,25:0y% SR
R (Glg:.ract Lung; Brain; Lymph) S5 yalhs

Nitrogen mustard 9:193 (Skin;Leukemia)
Oxymethalone 13:131 (Liver)
Pentachlorophenols 20:303 (Soft tissue sarcoma;L, I 5
ymphoma;Leukemia)]
Phenacetin 24:135 (Bladder; renal pelvis) :
Phencbarbital 13:157 (Lung;Brain)
Phenoxy herbicides 15:111,273 (Soft tissue sarcoma; Lymphoma)
Phenylbutazone 13:183 (Leukemia)

n-Phenyl-2- . 3
naphthylamine 16:325 (Bladder) “,,, v e AR AN Dl -«me f !
Phenytoin 13:201 (Neuroblastoma; Neural crest;Lymphoma) - [Adapted from Cone J RosenbergJ Medncal Surveillance and: onmo ‘%“‘5'. ,
PCB's 18:43  [GI tract;liver;pancreas; Melanoma; Lyinph] ‘ toring for Occupauonal Cancer Endpomt.s. OccupgjgonalMed % -
Procarbazine  26:311 (Leukemia) ’St,nte ofthe An Revrews 1990;6: 563-581 ]g“ "a*__t i .
B-Propiolaclone 4:259 |Animal carcinogen) X A I ; - &

Propyl thiouracil 7:67  (Thyroid)

Pulp and paper mfg. 25: 167(Lymphoina; Hlodgkin's Disease)
Radon 43:241 Lung

Reserpine 24:211 (Breast)
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ANNEXE N°7

Méthode utilisée par ie Dr.K.Cunningham (communication personnelle)
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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 (TLV's)
and NIOSH'’s Permissible Exposure Limits (PEL’s) 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 ailr concentrations which should pose no risk of ;hrouic healch
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 chroniec
environmental exposures by EPA and were modified for application to chronic
occupational exposures for use in chis‘repoft. A comparison of occupational
standards and guidelines to IRIS based guidelines was considered useful for
two reasons.'ﬂthe IRIS guidelines are based on current toxicicy data, are
extensively peer reviewed and utiliée state-of-the-art risk assessment
methodology which has gained a broad acceptance in the scientific communicty.
(Appendix A contains a detailed explaination of the methodology.) Most
TLV's 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 feasibilif} and cost.. Secondly, IRIS values
are based on systemic.{(non-carcinogenic) and carcinogenic effects of chromnic
and subchronic exposure. Many of the TLV's 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
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derived for this report from the IRIS values may be more appropriata. The
comparison of occupational guldalines and standards with IRIS values could
be useful {n identifying occupational limits in need of substancial
Tevigion. ‘

IRIS waximum exposure recommendstions wafe daw;loped by EPA for
non-carcinogens vhich the general popula:j.on would be exposed to (e.g. via
air Qr vater pollution). They are givan in the form of Reference Doses
(RfD'g) which sre maximum recommended intakes per day in miligrams per
kilogram bedy weight per day (mg/kg/d). The RfD is estimated to be the
maximum lifetime exposure level at which ne adverse systemic
(non-careinogenic) effect 1g axpaeted to occur. EPA';; first prioricy in
developing IRIS RfD’s was to obtain values relavant te drinking watar
guidalinaes; consequently, RfD’'s calculated for eral exposure were davaloped
firac and are the onli values available 'for nen-carcinogens as of this
writing. The oral REDa’ were adapted for the inhalation exposure roure
relevant to o.ccupncional‘ settings for purposes of this report. In cases
where RfD’s were based upen inhalarion studies, both resulcs caleculatad
directly from the studies and from the oral RfD’z are given in this reporc.

Fof carcinogang, IRIS does not provide a relevant RfD, sineca there {s
not considered to be a “"safe” level of exposure to a carcinogen. Instead,
risk estimatas are provided: Slope Factora which- give the estimated cancer
risks per mg/kg/day and Unit Risks which giva the estimated cancer risks per
nierogranv per cubic metsr of air (ug/mi). | These were used to calculate the
estimatad individual cancer risks based on a vorking li{fetime of exposura
fer this raport. Slope -Facgars and Unic Risks are defined in defail in the
Key and methods used in IRIS to calculata these values are presented in

Appendix A. For potentially carcinoganic chemicals which do not have IRIS

. N ‘ 2



cancer risk values, but which have other EPA 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 vorke¥ risk levels and exposure limit
fecommendations~ca1culated for this report. Consequently, the risk
estimates (e.g. individual cancer risk at a specific expos;te level) are
protective rather than predictive. In most cases they represent the upper
95%‘confdidence 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
liferime 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 inclu&ing feasability,
anecdotal reports of effeccS»follq;ing human exposure, routes of exposure
other than inhalation, and othgr eritical informacion. Also, the WAC's for
non-carcinogens are based primarily on ofal exposure studies. In some cases
there may be inhalation studies which are more appropriate for use in
setfing 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
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which are useful as indicators that eurrenc PEL's and TLV's may naed
rTeevaluation.
To compara the occupational guidelines and standards with the

environmantal (IRIS) recoumendations, & Risk Facter (RF) was calculated

. vhich reflects the degree to vhich the TLV and PEL for a chemical exceeds
the WAC, For example, the PEL for allyl alcohel is 11l times greater than
the WAC so the RF 1" 111. The comparison betveen the racommended
health-based exposure limit and the limit wvhich is recommended as safe for
workers has different implications for carcinogens than for non-carcinegens.
If the WAC {s bsed upon mnon-carcinogeni effects, it is agsumed To be at the
threshold for adverss effects, 'with safety factors bullt in for individual
and 3peei-es differences in response. Exposure a-:. levels which exceed the WAC
may, therefore, result in adverse effects iin some workers. It is likely
that cthe proportion of worksrs affected increases victh increases above that
concentration; although the statistical nature of the i{merease is not well
understood and Bay differ for different compounds ( e.g. the distribution of
responses may be normal, log-normal, ete.), If the WAC .is based on
carcinogenic responsas the WAC has been calculated to generate a risk of
one per millien. Consequently, a risk factor of 1000 would {ncrease tha
estimated risk by a factor of 1000 to one in one thousand. As the exposure
levels increase the validit:y of the Unit Risk wvhich was used to calculate
the WAC and Risk Factor decreases so that the risk factor iz less reliable.

For 'careinogem a Worker Risk Level éVRL) wag caleculated which

estimates the individusl lifeeime cancer rigk to a worker exposed at the TLY
or PIL based on the IRIS Unit Risk and WAC. The risk is expressed ag a
probability (e.g. .04 or four out of one hundrsd) of ecancer. The WRL i{s an

95¢ upper bound on risk and {8 a protective estimate rachar than a



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 documentarion for more
detailed informacion 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 b§ probabilistic. The expectation is that
they will occur if exposure exceeds a specific threshold. Although
individual differenceg 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 TLY or PEL for non-carcinegens. 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 WAC. |

A summary of informa:ion 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 E?A carcinogen classification was based upon and healch effects
observed in the study,.the WAC calculaced for this,repér: 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
determina;ions provided in the Hazardous Substance Fact Sheets, and

additional information which may be relevant to evaluation of this chemical.
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Methodology
Three types of values were calculacted for this report: workday ambient

air concentrations (WAC) vhich are wvorking lifecims exposure levels {n mg/m3
are estimated to pese no systemic health effects risk or negligible
carcinogenic risk (one in a millien) derived from IRIS data, risk factors
(KF) which are the ratiocs of WAC's and either TLV's or PEL’s, and worker
risk levels (VRL) vhich are the individual cancer risks for lifetina
exposure at the TLVs’ and PEL's. The methods follow the Guidelines for Risk
Assessment of Carcimogens (SIFR 3399234003, Sept. 24, 1986) and the
approach taken for IRIS.

The values calculated for thiz report are based upen IRIS Reference
Doses (RfD’a), Unit Risgks, and ir; a fev cases, studies selected for use in
IRIS. Consequently, the methods used for IRIS are criticai to the resulcs
obzaincd.foi' this woerk. The uethodoleg} aﬁployed to develop the IRIS values
i3 explained {n the IRIS éupplomencal Documentation in Appendix A. It is
necesary to revicv the documentation to gain a complete understanding of how
the results were obtained,

Chemicals were selected for evaluation based on the availability of
both IRIS dacta and PEL’s and TLV's. An a:taufpt: wvas made to match all
chemicals listed in the March 1986 IRIS Decumentatien, Volume II, Chemical
Files wich current TLV’s and PEL's using the sources lis:ed‘balow. ‘Those

" chemicals which matched vare included in the evaluation. In addition, the
4/15/88 1lisc: Chemicals om the Integrated Risk Information System frem EPA
were reviewed. All designated carcinogens were alse searched for a match
with current TLV's and PEL's., CAS numbers were. matched in all caséa. A
very small number of chemicals were eliminaced from the evaluation dus ta a

lack of mactching between CAS numbers of iucoupleté daca.



SOURCES ;

.S:gnéards, guidelines ;nd-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_Recomnendac;ons for Occupational Health and
' Safety Standards. 9/86, USDHHS.

TLV's:  TLV's 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

Nuﬁerous assumptions were required to calculate WAC’'s, Risk Factors and
Wbrke:-RiSk‘Levels.‘ The assumptions.gfe listed below. As more information
becomes a;ailgble on topics such as dose rate and thresholds these
aSsumptioqs nay require modification. In addition to the assumptions
required for the work done on this report, assumptions were required to
develop 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 ,7 8 hours
WORKDAYS PER YEAR 240
| WORKING LIFETIME 40 years i
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The body weight used in all caleulations is based on average female veight
(IRCP, 1975). This was done to insure the group at greater risk was |
adequately considered. The total lung veatilation is very similar for men
and wvomen, 22.8 versus 212.1 for 24 hours and 9.6 versus 9.1 For light
activity for 8 hours (IQRP, 1975). Consequently, wemen's exposure per
kilgoram of body wefght will rasult in a higher dese ( in mg/kg) than for
males. By using the lower (femsle) body ;rci.ghi: in caleulations, the Workday
Ambient Air Concentrations, Risk Factors, and Worker Risk Levals
incorporates censidarations of womens health concerns and increases the

n2rgin of safety for men,

Absorption: A variety of absorption factors have been used in risk
asgsessments to adjust for differances in absorptien via different routes of
eposure or via the same route of expeau;:e in diffarent species. Absorption
{s most relevant to the non-carcinegen WAC and Risk Facror calculations
which encauaa a conversion from the oral to inhalatien eposure routa.
Cazeinogenic hazards are genarally assumed to be similar via any reute of
sposure. [Except in those rare cases where actual measurements have been
mada for a specific chemical, thera is little scientific foundation for the
selection of a particular absorption factor. Conmsequently, for this repors,
ig was assumed that the proportion of a toxicant absorbed would be the same
via oral or inhalation exposure and that ic would be the same for all
species. Although differences do exist, other assumptions can not be
supported without detailed information and arnalysis which is ner available
for most chemicals. In most cases absorption factors would result in minimal

changes in the final numbers,



Body weight versus target tissue mass: No additional adjustments were made,
in addition ﬁo 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'exposu:eg. _ It is discussed
in the IRIS documentation provide& 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 Qas‘assumed that the -effective exvosure 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.

Threshblds:.Thresholds are assumed to exist for non-carcinogenic effects.
Cumulative exposure over long ﬁime pefiods contributes to the occurance of
adverse health effects by aggreg#cing 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
Carcinogeng. 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.
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. Dose Rate : The rate at which chemieal exposure occcurs may be a significant
factor in the occurance of non-carcinogenmic adverse health effects. There
are clesrly different effects observed following acute high level exposure
versus chronic low level exposure; hovever, this repert is dealing with
chronie exposures only. Consequencly, assumption {8 made hers thar low
level envirormental exposuras vhich are dealt with in IRIS are very similar
to low level.occupational exposures and no adjustments were made to tha -
WAC’s for dose rata differences. This follows the approach of most risk
assaessment methods {necluding those discusesd in the IRIS documentation and
the Cuidalines for R{sk Asmessment cen:ainoﬁ in Appendix A,

Some 3eudies'havn been conductad which {ndicate cancei risks asscciated
vith low level exposure may vary with dose rate. For example, radiation
induced cancer risks increase (a higher risk par unit of dose exiscs) at
l;va: chronic expesure levela than at hlgﬁe: chronic exsposure levels (Mays,
1978, BEIR, 1980, Upten, 1984, Charmesud, 1977). Current knovledge of the
impact of dnaéhrata,-continuous and intermittent exposure om risk is very
limited. Consaquently; no quantitative adjustments were mada for these -
factoras for this report. As information becomes available on thiz topic
adjustments may be recommended to impreve the accuracy of dose-responsa

estimatasg,



II. 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 ﬁpon the Reference Dose (be).

Two modifications must be made to most RED's to adapt them to occupational
exﬁosure situaci;ns. The exposure is modified to reflect 240 d&ys 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 caleculate 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:

uﬂc - RED x 240/365 davs per vear x,60'kg

10 w3 air breached per day
The simplified equation is WAGC = RfD x 9.

For non-carcinogens the cumulative exposure over long time periocds is
relévanc to the health effects observed, so an adjustment was made for days
exposed per year. A threshold for'thicicy is assumed to exist and the
cumulative exﬁosute 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 i{s provided for this chenicgl because ‘1: was deatermined to be a
systemic (nen-carcinogenic) toxicant.

IRIS RED: .005 mg/kg/day

WAC = .005 x 9 = .045 mg/m3

In soma cases modification of this method wers mecessitated by the type of
data that was available (e.g. an inhalation study). When the WAC was
calculated diractly from study 'da:a‘. the same method of calculation was used
in this repoxt as w.;m uged for IRIS. In those cases the method used to
caleulate the WAC is presented with ths 1n£omti§n on the chemical. The
methodology diseussad Iin IRIS documentation provided in Lppend:l.x A should be
referzed to for an explaination of safety factors and other calculation

parametazs.

Carzcinogens .

The WAC for carcinogens is based upon the Unit Risk (UR) which gives
the estimated cancer risk for a lifetime of exposure at 1 ug/m3. An
adjustment to the Unit Risk was made for exposure duration and to convert
the units frem ug/m3 te mg/m3. A factor for the proporticn of air breathed

. by workezs versus envirommentally exposed individuals dealth with in che
IRIS Unit Risk (10 versus 20 liters/day) was used. This was considered more
accurats than using the number of hours exposed per day since the hours per

day do not reflect the variation in breaching rate with variacions in

activity level over 24 hours.



An equality was set up to identify the air concentration which would.

yield an estimacted individual risk of ome in a millien:
Unict Risk/l ug/m3 = 10 (-6) risk/ WAC

This equalicy, with the adjustments dicsussed above yields the following

equation for WAC:

WAC =~ 1x 10 (-6)
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 wag fecently incorporated inte law by the New
Jersey legisi#cure’to bé used as a health-based guideline in the devlopment
of standards for the m#ximum allowaﬁle 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 reporec.
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EXAMPLE: acrylonitrile

An IRIS Unit Risk is given for this chemical because it was determined to be
a carcinogen. _

IRIS Unlt Risk: 6.8 x 10 (-3) risk per ug/m3

WAC = 3.26 = 10 (-9)/6.8 x 10 (-5) = 7.74 % 10 (-5) mg/md

In some cases modificationz of this mathod vere mecessitated by the type of
data that were available (e.g. & cancer risk estimsts from the Air Texies
Branch of EPA rather than IRIS). In those cases the method used to
calculate the WAC is presented vi:h.:hc information on the chemical. It is
very similar to the method presentad sbove and all necessary assumptions
(e.g. amount of water consumer ‘per day) are discussed in tha IRIS

documantation in Appendix A,

III. CALCULATION OF RISK FACTCRS
Risk Factors weore calculated di{rectly from the WAC'’s. ‘They are the
ratio of the occupational standard (PEL) or guideline (TLV) and the WAC.
They indicate the degree to which the PEL or TLV exceed the health-based
VAC. The following equation was used;
| Risk Factor = TLV or PEL/ WAC

EXAMPLE: allyl alechel
VAC: .04S mg/m3
TLV and PEL: 5 mg/m3
Rizsk Factor = 5/.045 = 111



EXAMPLEg‘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
-caleculated for caréinogens because probabilistic fisk estimates are only
relevant to carcinogenic responses; The Unit Risk (individual cancer risk
per ug/ml lifecime‘exposure) wis multiplied by tﬁe TLV or PEL, ﬁith —
modifications.for expesure duration tﬁ obtain the estimacted risk for a
working lifetime of eiposﬁre at the TLY or PEL. An adjustmenﬁ was‘made to
convert_the unics for Unit Risk (ug) to'the units used in;TLV's én@ PEL’'s
(mg). The following equation was used:' |

N

WRL = Unit Risk(1000) x 240 days/year x 40 years x 10 m3 air breathed x TLV

365 70 20 per day
The simplified equation is WRL = Unit Risk x 19 x TLV

EXAMPLE: écrylonitrile
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 FRQM THE HAZARDOUS SUBSTANCES HEALTH FACT SH!ETS‘

‘Data on chronic health effacts f:om the Hazardous Subatancé Fact Sheets
vas summarized in a brisf paragraph at the end of each chemieal information
sheet. If the Fact Sheets indicated evidence of mﬁageniei:y,
carcinegenicicy, decreased fertility, or organ damage tha paragraph includes
a scatement that the chemical may be mutagen or may cause bema:, decreased
fertility, or organ damage. If the Fact Sheets indicated avidence of
:ozatogenieity, fatot;:oxiéity. onbryc;tcxicity. or fetal mortality the
peragraph states fetal damige may oceur. The reader is referad to tha
Hazardous Substancas Fact Sheets for &;éailsd information on acute and
chronic health effects, methodd of worker protectien, and current standards
and guidelines. The Fact Sheets can b; ob':ainad from the New Jersey
Dapartment of .Hoalth. Occupational Health éewieo, Right teo Know Program,
Fact Sheet Unit and £zom ,..THIS PAGE civm TO YVES MIKOL FOR COMMENT AND

REVIEW.



FORMAT
Thé following format is used for each chemical‘evaiuaced;Terms are

‘described in the KEY and calculation wethods in Methods and Appendix A.

CHEMICAL ' CAS Number

IRIS’(da:e evaluation was completed by EPA)

Non-carcinogepic Effects: |

- NOEL..Safe:y Factor(SF), Modifying Factor (MF), and study type

Reference Dose (RfD), health effects basis
Workday Acceptable Ambient Concentration (WAC)
Secientific Support
Other Relevant Data

~Carcinogenic Effects;
Basis for risk calculations and carcinogenic classificacion
Method of Extrapolation o .
Slope Factor for inhalation exposure
Unit Risk for inhalation exﬁcsuze
Workday Ambient Air Concentration (WAC)

TLV: ppm (mg/m3), target tissue
Risk Factors
Worker Risk Levels (carcinogens)

PEL: ppm (mg/mS), target tissue

| Risk Factors
Worker Risk Lavels

ADDITIONAL INFORMATION
"NIOSH recommendaticns are listed here.

HAZARDQUS SUBSTANCES FACT SHEETS: chronic health effects and mutagenicity

data are summarized followed by the Fact Sheet number in parenthesis.
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KEY
Defin{tions of terms and units of numerical valuea are given below in the
order that they appear on the chemical informarion sheet and Format.

Caleulation methods are described in Methods and Appendix A.

NOEL No Observable Effect Level cbtained from an animsl or human
study. Determined by EPA. Units: mg/kg body weight/day
unless otherwise noted. |

Study Type The study subjects (a.g. racts, mice), route of exposurs, and
lengcth of the study (e.g. chronic, subchronic) are listed,
These determine 'which safety factors are used and indicate
the relevance to secupational settings (e.g. an oral study is
legs relevant than an {ghalation study for mest compounds).

LOEL Lewest Obsozvabl.? Effect.Level obtained from an animal or

‘humen study and used vhen a NOEL is unavailable. Dstermined
| by EPA. Units: mg/kg body weight/day unless otherwise noted.

RfD Reference Dose is the maximum intake per day which is
egtimated to cause no adverse effects to humans. Calculatad
by EPA. RfD’'s ara ecaleulated for non-carcinogens only
bacuase {t is assumed that there is no safe level of exposure
to a carcinogen. Calculated by EPA for IRIS from che NOEL or
LOEL. The health effects liscted are adverse effects noted by
IRIS usually in the study which the LOEL or NOEL was ba;ed
upon cbcained. If no effects wers observed in the cited
study, effacts obsarvad in-other studies citad {n IRIS are

listed. TUnits: mg/kg body weight/day



KEY

WAC

AWAC

Risk Factor

Basis

Workday Ambient Air Concentration. vCalculaged 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 lifecime 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 methed or a
more relavant study tha; IRIS. Units: mg/m3

Multiplication factor by which occdpacional'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 classificatcion 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 parenthesi; by the alpha-numeric designation of
ics Farcinogénicicy 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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Method . The risk assessment method usad to extrapolate the cancer
risk to humans from either animal ox ep’i&emiological data.
The methods used for IRIS ara discussed in Appendix A,

Slope Factor Cancar risk per mg/kg/day assuming a lifetime of exposure.
Calculated by EPA for IRIS utilizing stanadard risk
aszsesmsent methods ({n most cases the linecarized mltis:hgo
medel). The values given usually reprasant the upper 958
confidence bound on risk. Consaquencly, they represent a
protective estimate rather than a predictive ome. Units:

‘ individual cancer risk, e.g. .009 or 9 per thousand

Unit Risk Individusl cancer risk per ug/m3 air concentration sssuming a
lifetime of exposure. Caleulated by EPA for IRIS utilizing
atanadard risk 'uuunen;: methods (.in most cases the

~ linearized multistage modsl). The values gﬁmp usually

represent the upper 95% confidence bound on risk.
Consaquently, they represent a protsctive esciﬁate rather
than & predictive ome. Units: individual cancar risk, e.g.
.009 or 9 per thousand

VAC Workday Ambient Alr Concentratiocn. Calculated for this
report. For carcinogens it is the maximum time weighred
average concentration which Lz expected to incur a lifetime
cancer rigzk no greater than one in s million (10 x -6). 'I:
was calculated for this report from the IRIS Unit Risk with

adjustments: for vorking lifetime exposure. Unics: wg/m3



KEY
Worker Risk Uppé# bound (usually 95%) of liferime cancér risk estimated
Level 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. Unics: individual cancer risk

TV 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
lisced. Unics:'pﬁm followed by mg/m3 in parenthesis.

PEL Permissible Exposure Limits set by the Occﬁfacional Safety
and Health Administration (OSHA). Unless otherwise noted
they are 8 hour time wéighted averages (TWA). Target tissues
and carcinogenicicy e;aluacion cited with the PEL .are listed.
Units: ppm followed by mg/m3 in parenthesis

REL Recommended Exposure Limit set by National Institute for
Occupational Safety and Healch (NIOSH); Untless otherwise
noted they are 10 hour TWA. Target tissues and
carcinogenicity evaluation cited with the REL are listed.

Unics: ppm followed by mg/m3 in parentchesis.
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Regults

Tabla I summarizes the quantitative results cbtained in this repert.
The current TLV's and PEL's are listed along with the IRIS-based WAC’s. The
comparisen of current occupational guidelines and standards with WAC's aze
expressed in terms of Risk Factor. Where an Alternactive WAC vas calculated,
the Risk Factor derived from comparison with the AWAC {s given (n
parenthesis. When both PEL's and TLV's were available, the Risk Factor
obtained from the TLV comparison is listed first followed by a alash (/) and
the PEL Risk Factor,

The WAC’s are heglth-based estimatas of exposure limits which would
pose minimal risks to ;rorkers. ‘are significantly lower than current PEL's
and TLV'z for most chemicals considered. Most are in the range of
micrograma or nanograms per cubic meter (ng/m3), with a low value of .&
ng/m3 for chromium VI. All buz three w;c's aze lower than 1 mg/m3., This is
in contrast to current TLV's and PEL’s for which 31 of the 49 chemicals
evaluated have limits greacer than 1 mg/m3 and 14 of these are greater than'
100 mg/m3. |
| The WAC’s calculated for carcinogens are lower than those for
noncarcinogens in most cases. This results both from the risk assessment
method ugsed (lineasrized multistage) and the level of individual worker risk
vhich was defined a3 acceptable for this raport (ems in a million). The
effaccs of using a carcinogen risk assessment approach versus a threshold
non-cafcinogen approach can be seen {n the results obtained for three
chemicala: chloroform, tetrachlorcethylene, and trichlorofluoromethana.
WAC's and Risk Factors for each of these ware calculated from both a Unit
Risk baged upon a cancer study vith a multistags extrapolation and om an RED

based on & nom-cancer study with a threshold and safety factor



extrapolation. For chloroform the nom-cancer based WAC is 391 times higher
than the cancer based WAC. For tetrachlorocethylene there is a 20 fold
difference and for trichlq_rofluorome:hane there is a 27,000 fold-difference.

Risk Facto‘rs range fro'qt .5 for formic acid to 56.600,000 for
:richlorofluo;:ome:ha.pg. 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 fi:s'c 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 .00l
for hexachlbfobutadiene to levels approaching 1 for 5 chemicals
(1,3-butadiene, chloroform, mechyler;e chleride, and trichlorofluorcmethane).

Table 1 provides a summary of the quanctitative data; for more
qualitative information on each chemical and an explaination of the
calculation methods for chemicals with Altermative WACV's the reader is
refered to the Individual Chemical Information Sheets. A review of the
QUalicacivg data on individual chemicals demonstrates that for most
chemicals designated as carcinogens by I'RIS the basgis 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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significantly, by factors of 68,493 (PEL), 47,000 (TLV and PEL) and 58,140
(TLV and PEL) respacivaly, ' '

The chemical information sheats also indicate fraquent differemces in
target tissues cited by IRIS and the TLV and PEL guidebooks, especially for
tha 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
nacassarily form the basis of the limits., For a thorough discussion of the
basis of the TIV’s gas Castleman and 2fem, 1988. More serious chromic
health affcecs ares noted as the basis of IRIS values and ars also noted in
the New Jersey Department of Heéatlh Hazardous Substances Fact Sheet
sumzaries.

A raviaev 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 th; IRIS data, incorporates curremt toxicological and
epidemiclogical data. The Fact Sheacs should be 'consulcad' for detailed
information on health effects, worker protection information and other types

of data.



TABLE 1. SUMMARY OF RESULTIS Results of comparison of IRIS (WAC), TLV, and

PEL exposure guidelines and risk evaluations.

CHEMTCAI, NAME OCCUPATIORNAL IRIS-BASED COEPARISbN

CARCINOGENIC
GUIDELINE GUIDELIKE R.;SKS
TLV/PEL Workday Ambient Risk Factor(RF)  Worker
in mg/m3 Alr Concentration based on WAC or Risk
v (WAC) or Alter- AWAC (in paremn) Level
native (AWAC)
in g/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, inorgamic .2/.01 .1.2 x 10 (-6) 163,532/8,177 .163/.008
benzene 30/39 6.3 x io (-4) 47,000 .047 .
1,l-biphenyl 2.5 .45 5.5 -
1,3-butadiene 227220 1.9 x 10 6(-5) 1,157,895/ 1l
| | 11,578,947
cadmium (dusct) .05/.2 2.9 x 10 (.-6) 17,123/68,493 .017/.0684
propo-sed TLV 01 same 3,425 .0034
carbaryl | 5/5 .9(‘. 10) 5.6(50)
. earbon tetrachloride 30/63 3.5 x 10 (-4) 85,714/180,000  .0855/.0171
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TABLE 1. (continued)
CHEMYCAL NAME TLV/PEL  WAC(AWAC) RF WRL
. chlordane .5/.% 1.42 X 10 (-5) 35,211 .035
chloroform 50/240 - .09 556/2,667 -
cancer-based .00023 217,391/1,043,477 .22/1
chromium(VI)water soluble .05/1 4.4 x 10 (-7) 1164,155/2,283,105 ,114/1
water insolublae .Q0s same 11,416 .014
cresols 22/22 (.0009) 24,444 -
cyanogen 20 .36 56. -
dibutyl phthalace 5/5 .9 5.6 -
1,2-dichlozoethane 40/200  2.02 x 10(-4) 198,020/990,100 .2/1
1,1-dichloroethylens 2 1.1 x 10 (-4) 1,901 .0018
epichlorchydrin 10/19 4.4 x 10 (-3) 2,283/4,338  .0023/.0043
ecthylbenzene 4357435 .9 483 -
formic acid 9/9 18 .5 -
heptachlor .5/.5 4.1 x 10 (-6) 123,579 .1235
hexschlorobutadisne .26 2.4 x 10 (-4) 1,004 .001
hexachlorocyelopentadiene .1 .063(.002) - 1,6(44.8) -
hexachlorcethane 100/10 1.3 x 10 (-3) 76,0467, 605 .076/.0076
proposed TLV 10 . 7,605 .0076
hydzogen cyanide 11/5 .18(.018) | 61(611)/28(278) -
hydrogen sulfide 14/28  ,027 519/1,037 .
isophorone 25/140 1.3 19/104 .
' 1tndane .5/.5 .0027¢.00052) 185(958) -



TABLE 1. (continued)

CHEMICAL NAME TLV/PEL = WAC(AWAC) RF WRL
methylene chloride 35071750 1.3 x 10 (-3) 273,438/1,367,188 .27/1
methyl ethyl ketone 590/590 .45(.693) 1,311(851)/1,311(851) -
nitrobenzene 5/5 .000625(.0025) 8,000(1,667) -
pentachlorophencl .3/.5 .27 - 1.9 -
phenol . 19/19 .36(.036) 53(530) .
phosphine YR .0027 148 | -
styrychnine .15/.15  .0027 56 -
styrene 215/430 1.8 119/239% -
1,1,2,2-tetrachloroethane 7/35 9.1 X 10 (-5) 77,178/385,888 07714/.3857.
tetrachloroetﬁylene(perq) 33s5/670 .18(.675) 1,861(705)/3,722(1410) -
cancer based: 9.1 x 10 (-3) 37,222/74,&AA .037/.074
tetraethyl lead .1/.075 1.8 x 10 (-6) 55,556/641,667 -
toluene 375/750 (.376) 997/1,995 -
l,z,a-trichlorobenéene 40 .18(.009) 222(4,444) -
1.1,2-czich1oroechan$ ‘as/as 3.3 x 10 (-4) - 136,778 .1368

trichloroethylene 270/538

4.1 x 10 (-3)
trichlorofluoromechane 5600 2.7
‘ cancer based: 1.0 x 10 (-4)
1,1,2-crichloro- 7600/7600 5358
trifluorocethane |
vanadium pentoxidé .05/ .18(.0001)
| .5 (dust)
.1 (fume)

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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