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Comments to DOL 

NIOSH Ccmments on OSHA 

Identification,. Classification and Regulation of 
. . . 

Potencial Occupational Carcinogens 
. . 

Advance NOeic~ of Pro~o.ed Rulemakin3 (ANPR) 

S Al't'il 1982 

These. comments address the ,~ecific issues requested by OSHA ~n its 
. . . . .. 

January S, 1982 Idencificatiaa, Classification. ana Regulation of Potencial 

Oe~patioC&l ~ci~~g~~~ ANPR (29 C?! Par~ 1990)~ It may be necessary to 
. .. , . . . . . 

~and or modify tnis response, after the April 5, 1982 deadline established 
. . 

by the AKPI,. particularly with reference to new data that ~y become availabla 
. .,. 

be~een AprilS, 1982 and public hearings on the proposed changes. NIOSH will 
. . . I . 

''Pecifically res~oud to· those points in the AN'P1l relevant to NIOSH's ro1& as 
. . .' .. 

the scientific- com~onent of the Occupational .Safety and Health Act. In. 

addition, NIOSH refers you to its previous ,ub~ssion of April 4, 1978 t~ the 

Docket Officer on its "Testimony for the OSHA Rearing on Identification, 

Classification and Regulation of Toxic Subs.tanees Posing a Potential 

Oceu~ational Carcinogenic R.isk," as a sURP1ement to the current comments that 

follow. 

. 
Issue 1: Row should OSHA consider the cost-ef{ectiveness of provisions which 

are inco~orated into a standard regulating carcinogens und~ the 

policy? 
REPRODUCED BY: trn§, \ 

U S Department of commerce . ) 
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nom believes' that the final OSHA. policy coucerning careinoge12s. 
.. 

should aho c01IIl'ly- with, the- District of Columbia Circuit.. Court of 
. - .. .. . . 

Ap~.l. decision 012 the cott012 dust standard a12d not include 

cost-effectiveness provisions. 

N!OSK maintains that the most effective mea12S of controlling 
." .. . 

workplace exposures are engineering controls and design standards. 

~ork practices, personal protective equipment and medical 
.. 

surveillanc~ are all !u~plementary to engineering controls and 
. . . 

should noe preclude the requirement to eliminate hazards from the-

W01:lqJlac:e environmen.t. Respirators and-. other personal protective 

equi~t should only be required as a secondary means of 
I 

c01lll'liance. Medical surveillance is not a method to be used for 

cOllqlliance, 01: as a sole means of worleer protection, it can, 

however, serve as an a~propriate adjunct to environmental monitoring 

to determine if workers have been adversely e~osed. 

N!OSH's position is consistent with the decision of the District of 

Columbia Circuit Court of Appeals in-American. Textile Manufacturing 

Institute vs. Donovan concernin"1 the proposed cotton dust 'standard. 

The Court ruled that the'word "feasible" in Section 6(b) (5) of the 
I ~ 

Occupational Safety and Health Act lIIeant "capable of being done" and 

that the intent of this Section is that n~ employee will suffer 
• • ,I ~ - ~" , .. ... 

material i~airment of health. NIOSH agrees ~ith the Court that it 
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. . . '.' . . 
placed: aboye all other coarictuationa and that my sta1ldard', I:hae 
. .' 
acc...,t& to· balaac: .. costs and beaefits. violates Sec:tiOlt 6(b) (.5) ~-

Although tftOSll rec:oaaendati01ls t'yltically coataitt a variety of 
. . . . 

elemeats including work practices. and medical ~rgeillaac:., they ar~ 
· .... .. . . 

llOt:- iZlcnded: to· be- used in place of eugineering controls even if 
. .. . . 

th.,. ar .. IIOr .. cost. effec:tive~ , .. 

. ." . ., ., 
Is. it: proper or al'vro,nata for OSHA. to retain the- ~uiremeae for-

· . . 
setting &; no-ezposure-. level ~ere & suil:able subscicute exists' for a 

uae or a }n:'Ocess of' a potential oc:cul'ational carcinogen? 

. . 

NIOSH' lIUliDtai.n.s- that discuss.ioas of safe levels- of eXl'osure should 

· . 
ba limited to only those situations for which ~o substitute exists 

or the i~bstitute is itself a' carcinogeu~ 

Prucine public health policy maudates cessation of worker eXl'osure-.. 
to oc:~patiODal carcinogens by "iither- substitution of a safe 

alte1"'llate~ or by contro111ng the carcinogeu' to a. level believed to 
J ~ 

proVide the greatest protection. to woricers~ Substicution has- merit: 

since it eliminates the po~sibility of exposure to the carcinogen.: 
'. . .. '. , ..... 

However, substitution may require major proces~ ~hanges and it is 
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po •• tbl .. thae: the subS1:ieuce' agenc -T itse-lf be •. c:arcinogea. 

CoaerOllinC ezl,Osun. tct: • cminogmr is oftn: difficult because- of 

c:nzr lWt8d abiliey to aCcUrat~ly eetimate • safe level~ The 
. . 

que. cion posed is. whether it is: In'oper to require- a no U'posura 

1 ... 1 whft.e- a sUb.ti~t .. exists~ Rejeetiotl ,oC this requiremene 
. . .. . 

voulcl: imply that, even wheft a substitute exists, the' level of 
..... - ... . 

Dl'08un to· a carciftogen would be- based Oft rislc asseanent and 
. . . " .. 

~~o~c~. ~.~eft ~~e lev~l of' eXl'o.ure.,~nd SUbSri.Cuticm 

811·, economic md not & public health decision~ 

would become' 

. " .... .. . . 

'the lliatory of bladder cancer in the dye indu.cry is all excellet exallll'le-
-----.-----:--:--- - -... 

of tbe potential coats of ~. pr""o.~, policy chaDg.~ Beta~a"thylamine ,. 
. ., .-.. 

a, syathetic: dye, was recognized to be a bladder carcinogeD in the first 

half of this. Celltury~ The British banfted its u •• in the 1950',~ In the 

United Stat •• , Oll. the other hand', ·we devctloped over- thct years a· series of 

increasinglY' rigorouS' standard. but exposure was noe eliminated U1ltil the 

1970's~ E.ach oev rec01lllllended level of e%posure thought to provide 

protection was ultimatelY demonstrated to be ineffective. The ultimate 

cost of that approach to regulatiOft can only be counted in cases of 
. . 

'bladder cancer that resulted. f~om ~.uret but because of the ratency 

between exposure and clinical mAnifescacion of disease, we do noC yet know 
I ~ 

the total number of bladder cancers that will result because of this 

ste~se app~oach~ .. 
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Setting a: lever of &c:ce,;Uble ~8U~e- by ri.sk. as.e.SIIl8IIt. b •• ic:allT means: 

• _11 ~.t8cL ~ .... of the. effects-· of tMrect·· expo8Ur.~ tfIOSlt ccmteudsc 
. .... .... .. .. .. . . 

that vile!!' we reject substicutioa: as a·viabla- altemativ .. we ar .. gambling 

011 tU=r8 outcomes. a. d8lllOlZstrat~d in. the case of beea~al'thylamiDe 

induced. bladder cmc.r~ 
. . . 

A IIIOr8' prudent policy i" to· zain.imize risk by 

eli.minating exposure or cbrough subseieutioa .. 

Issue 3: Should OSllA amnd the provisiOlU' for the review and utiluatioa of 

u ... tiv" (ua~~itive) &l1imal &itd. h_a data? 

---~--... ---
It. is the NtOSR positiaa that negaeiv. (n~ositive) studies should 

be ccmsidered. only we they have met t]1e following erieeria as 

specified' in 29 en 1990.144: 

n(t) !be epidemiological study involved at least 

20 years' exposure of a group of subjects Co the 

substance and at least 30 years' observation of 

the subjects after initial exposure; ... 

(ii) Documented reasons are provided for 
J • 

predicting the siee(s) at' which the subseance 

would induce cancer if it were carcinogenic in . .' \ 

... / , ...... 

humans; and 
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. . ..... .. .. . 
C .... • ) 
1.11· The: grou~ af ~.ed- subj.cts wa .. large 

. . -
auoup for- an incr ...... ·in canc.r illcid8llC& of SO-

• .. .. OO' ..... • 

perceae above ehat, in unexpos.d' controls to h .. ~ 

b~ detectea at aur of th~ pTedicted sites~" 

.' . 
29 en- 1990.144 additionally states: 

~~~~aOQ~o.itiv~ results obtailled ia h~ . } 
. . '. .. ... 
epidemiological studi.s should be· used to 
.. .. 

establish numerical upper l~t.· ~ potential 
. . 

risks· to hu:mans exposed' to specific levels of a· 
... oo .. 

substaDce· vill be considered only if criteria (i) 

aDd. (ii.) are met ~nd ~ ill additioD.: 

(iv) Specific data OD che lev.l of exposure of 
. . . .. . 

the group of vark.rs are provided, based eith.r 
. . . . 

on direct m.asurements made p.riodically 
. . 

throughout Che period of exposur., or upon ocher 

d·ata which provide reliable evidence of che-.. 
magnitude of eX"Posur.~" 

I ~ 

NtOSH contends that the present policy is scientifically credible and that 

IIIOdific:ation i. not necessary. T.le have sev.ral suggestions chat may h.lp to: 
. !" ",1 " '_ t. , .. .' 

clari~ some of the important coneepts. First, the terms-"positive" and 

,~ 
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. ...... .... . . 
Secoaci .. the- concept of- aJI ability' eo .. !l'd.tect'l" aD' inc:rea.eci caacer risk 

. .. ...... .., 
should be defined' or,quantified'. beeau •• it:. is .ttated that: aegative' studies,_ 

. , 

1llUt' have: thu ability" before they are' e0ll8idered'.. '1'hird. while truly 
. ' 

aeptive studies Ca. OWOead to- thoe.' having iuuffie;81It sallll'l .. size or 
, , 

other probleu> should b .. , siven consideraeioa equal Co that giveD Co 
. . .. . . 

posieive studiee, a definitiOll az.e b. established .s to what cOllstitute. a 

"tnly ~.gatift" study • 
. } 

In che fo.Uo.ug puasraph., .. rill defiD. the tenaa "poeitive~" ''negative,'r 

and "detecti.m of 00 ••• ri~k" aDd' show that' aegative studieS' can, b • 
. .. . . .. " . ..... . .. . -
segregate! into those Char: are, likely to be cruly aegative and those that 

. . ..' 
have little ability 1:0 b. po.itive, ad that: vbeD both positive aadaegative 

studies ezi.tt, Chere are m.thods for resolving the appuent conflict beareen 

cheir results. 

l)efinins,lIposieivell'studies 

'l'here- are'many interpretations of the term "poeitivelt when applied to health 

risk studies~ For example, a very liberaL interpretation would be ehac: 

studies showing any inerea.te in cancer' rates are positive, regardless of the 
-. . . 

magnitude of ebe increase or the s~le size. 

" ,. '" \ - " 
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Bec"" of chance varia·cion·,. ic is. pnd~-tO' consider· the probability thac 

• po.iei~ renle is· .. talse po.i.tiv"'~; . 'l'hi's' probability is. coaaoaly called 

"the level of scatistical sigDifiemee.~"' 'l'he choic .. of • cutoff valae for 
. .. . . . . 

decermining- whether a: positive result is statistically- sigaificanc is 
. . . 

sOlll8Whae arbitrary. but. a generally aecel'ted value is a· probability of S 
. . .. 

percent. In other word., if ther~ is les. than a S percenc. probability that 
... ,. . . .. .. . . 

m ob.enatiOll is' du .. to' came .. , then conversely-, there is: a 95 percent 
.. - .. 

probability that the study i.s-· !:nly positive. We rec:oiiilhii1d that- tests of 
.. _. 

statistical significance be used as a criteri01l for determining "positive" 

or "n.i.tiv.~" with ~ positiv. outca.a defined a. havin~ ~ probability of 

l.ss: than S p.rcent. attributable 1:0 chanc.~ 

DefiDins·"nesativer.i·studies 

thera are two kinds of Itnegative" studies, chos. that provide cruly nelativ~ 

results anet those that have little ability to be positive possibly because 

of poor experimental design~ Studies likely to be truly negative are those 

that have sufficient saJlll'le size (assuming sufficient, exposure study 

design, and length of observation) Co detec:e aft excess risk if one exists • ... 
Such studies should be given as much consideration as positive studi~s. 

Determination of a truly negative ou·tcOIIle· requires the setting of a 
( 

J • 
statistical probabili~ level for accel'tance. A study with a stati~tic~l 

power of 90 percent: is genera·lly accel'ted as being able 1:0 demonstrate 
. ~ .. \ ' .. '. , ..... 

,,~ . -

excess risk. We recammend, therefore, that the crieerion. for determining 
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.caei.tica.I power of 90'" peR"at: or mar., for-., SO pe1:'Ceftt inc" ••• in· a· 

sit~~8citi~ eancer rat., •• ~g statistical significance at th. S 

perc8111:: l..,.l...· . 

. . , 

!esol~ng'conflictinl'evidenc. 

. . 

Wh~ bo~ positive ana negative studies exist for a given substance and 
. . . .. .' 

cmcer site. then are several ap~aches that. can be taken to r.so.lve the 
... '. ., ..... . 

• Pl'area.e conflict~ On •• ~ach is to consider the study results rith 

r8ll'ecc to. scatia-tical .po;,.r~ If the. nbstftce is a ca%'Cinogn; t:h81l a' 
.. ... .. .... .... .. .......... .. 

pattft"ll. should. bee ... a"".rent'i til g8llual, tbe studies with ~.atltt power 
I ' . , . _ .. 

~hould be- poritive, and tho •• of le~ser power sbould be negative. '1'bis 
. . -

apln'Oach. vas recacly used to support the hypothesis that although vinyl 

chloride is carcinogenic. ill ette brain,. it: IlIA,. not be carcinogenic. in the 

lung .. 

Another approach, which is useful when examining studies' of similar design, 

is to calculate their cOmbined relative ri.k~ --The overall significance of 

the assoeiation can then' be as.essed and ~ests of homogeneity can indicate 

which seudies contained u~sual res~lts~ Close examination of individual' 
I ., 

studies can be helpful in resolving differenc results~ Variations in extent· 

of eXllosur., length of observation, and control gro~s may provide insight.,: 
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tn· saa.&rT; we'hm proposed· d_finir:iems: o.~ positive md. aqative: J:'.sult .. ~ 

aDd: ctf~cUHcL u.thoda: tor detecting" ac~ •• " risk~ ID: additio~t noSH· 

n.affirD .i~~~ of the criteria set torth in 29 CP'lt 19'90~ 14Jk 

Should OSHA alter or coaciDUe its' process for reviewing data Oft· 

" . .. . . 

th. substantial DUmber of substances for which there is some 
• •• ,I..,. ",. .. ;. 

md"ncc of careinogfticity, md for setting-priorities? 

. . . 
... _-- .. nu.aw •••. NIOsa vim the- pre.enr: pOlicy conce~ing the. review process to' be 

. ....... . 
VUT r .... oaabl .. · mel. i. aot in. a __ d of .. jor modificati01ls> In· 

. . 
adclitiOll, we· view the incenc of publishing boch the Candidace" and 

Priorieys Liscs a. oae which- will solicic co .. ats. t~ the- ~~liC'· 

sector and' is therefore beneficial sinca public sciencific debate 

i .. the' result. Such debate is beneficial to pft)ceccing the public 

he.lth- and far outweighs allY concern over "cmca-r. scares." 

Th .. rederal GoverameD~ ~loy~ highly' qualified personnel who are 

quit. ea~able to evaluate the evidence of carciaoReniciey in the 

three-stage review process. Use of an outside panel to perfo~ ". 
these scientifi~ evaluacions is boch·~ttme.and eost ineffe~ive. 

We suggest that a liberal ince~recacion iJ defining positive 

studies should be used during the initial screening, procedure 
. " 

" 

siace a stricter screening may unnecessarily' limit the ;co~e of . 
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Issu .. s: 

AD8Ve1:': 

- .. 

~ 1t 

. . . . . . '" . 

the wtiaL rm.... Izt· contra.~ •.. we ~ecoiiW41lci' that statistic .. l 
. . .. ... . .- . 

lilllificallCe be uaed ••. one- o-f the criteria at the- seccmd stage of: 
. '.' . . ". . -

the OSHA rmewo p~ ... , to p-roYide w. IDar .. searehing Ici81ltifie 

- . . -
Rovr should OSHA incorporate the ~ovili0D5 of !xecutive Orde~ 

-. 
1%%91:. iDtIUdi:a.g caetlb81lefit analysis, in its prio~ty setting . . 

I 

lIon h .. no co __ t oa thiS" iSlue. 
-----------.---.-~-~. ~--~-:::::----------.------------ - .. --

Issue 6: Should tbe policy specify _thocl. or techniques of quantitative 

risk •••• S..a:a.t .nd significant ~isk determinacions? 

As stated in the ANPI, the Poliey Preamble contains a lengthy 

discus.ioa of' risk assessmenc techniques and uncertainties. It il 

necessary to realize- that- th .. basil -for thil dilcus.iou is the 

scientific community's laCK of understauding of the precise­

mechanism' of carcinolenesis~ This lack of understanding is 
J • 

clearly reflected in that discussion and these comments'. While 

some' ,of the participants argued that only .one biological eVeTlt is 
-. 

required to induce carcinogenic mechanis .. ; oehers argued thae 
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.. . ... .. . ... .. ~'" 

1UZI1- ..,entsp. pemal'a occurring sequ~ially" are required'~- 'l'tru. 

fte.- of cous~; abade., of diff.ft.~" betveelL ttle •• two- theo~ie • 
. .... '" 

mci" aa .- result'" ~ou. _thematical anet- biological lIIOdels- h." .. 
. .... - " . .. . . 

beea. offenel. to Ul'laiD, deS'pit'e the- abseac:a of p1:'ecis. lmovledge, . 
.. -' . . 

the carcinog8Di~ mechanisa. 

aecaue our unclultmcling ot the lIlechauS1II of cai-cinogea.icity i. 
. ... .. 

incOliplete .. our use of _thematical madels to. predict its outcome-

~ -. . -
1IBISf: be- etBl'loyed nth exe:o ... cautl.01t. To select a model or 

. .. . . . . . 
lIIOCIel. froa 8I8OIlg the IUDT choices- and to- have thea inco11'Qrated 

SiDe.- thar&- h no single lIIOdal ttlat' will satisfy all the-

requirements- for pe~f01:'lllins risk ass eS81lle1lt s , noSli believes that 
- -

a-4Y ,att ... e to III&Ildate- use of sl'ecific madels- 01:' techniques of 

risk a •• es81lleftt for- regUlatory purposes: will 01111' p~olong ttl..-

• controversy and will deeract f~om the goal of public health 

protection. 

~ order to further define the role of -risk ~ss~ssment as a method 

for recowweuding standards for worker protection, a review of the 

- . 
NIOSR approach that addres.es the caMplexicies of these techniques 

folluvs. 
-\. ... ,., ... 



\ 

----------------; ---------------------

- 13 

. . . .. 
Hia~icallT,. nom ~ecOlllllellclaf:i~., for- vcn'icl'tace st'aDd.rd.-

.-,101eci:- .. ".riety" of methOds_ t'o- establish ecmcliticms that: nosa 

~linecl woulcl; b •• e Fneae anuse: effects-: fa DIOse e •• eS' • 
. ... 

s.f.ey factor vaa 4wlied- to< ~her ensure- that eYe1l'- the- mose 

.a.c81lcihl. individual would ~ealiz .. a dearee- of safety-~ When 
... -. . . . . 

addres.ing issue. of carcinogenicity, noSH typically assumed that 
... ........ . ., .. . 
t1O' apo.~e: could, b. eOt18idered safe. this: .. ~cioa is, not 
'. . . - . 

tDlique. to. noSH. the 1958 De-l&Dey AllleDdmeal: iDlpOsed a zero: 
. . - " . 

tol.raace for carc:iDOgenie food additi"es~ this position was 
.... . .., 

8Uli~t8Cl in: 1970 by the Ad HoC· eo-itte .. R.el'Ort to the Suqeoll. 
r -

-Gam-I:!-

"!h.' principle' of a zero- toleraace- fae carcinogenic: 

ezpo81lre' sbould be- "ained in all are.s of legislati01l 

presently cOYered. by it- and sbould be- extended to cover 

ocher' ezpo.uns a., W811~ Omly~~ ~wber., c01ltamin.ation of aft 

eaYiroameatal sou~e by a carcinogen has been proved to be 

unavoidable should exee~tion be made (and then) only aftar 

the most extraordinary justificatiOft is 
~~ 

presented ~ ~ ~Periodie ~ev1.ew ••• .slLould -Se ma$fe ~ndatory ~ " 

this c:once~t continues to guide NtOSH. 

• I, ,. 
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- ... - ... 
oa. J'uly 1,.. t980 •. ttu~ S"u~_ Coure" Itated' thac OSl!A had 

.... ,. ... ..' .... 
aceeded.' its Itatueory auchority by f.i1i12g to sbow thae 

the bam. standard' was "re •• oaab.l"; u.ces •• ~ or 

. - . ..... . . -

Occu"acioaal Safety and Health Ace required OSllA to- p'l"oduce. 

"substaneial endence" which demollstrates that the 
.. .. . ....... 

replated substane. poses a significant risle of aterial 
. . 

iDq,airmeac of health and that th. new stanclard would reduce 

that risk. '!'he. Cou~e stat8ci; however; chat "subst.antial 

mdenc:e't does' not necessarily ~ scintific certaincy~ 

!he etmre cited secticm. 6(b)S af eh.Ikt eo· stres. ehat 
. .,. 

regalaeion: eanaoe .t~~e to p'l"oduce a risk·tre. wo'l"kplace 
. .. . ... " .. . . 

by replating "insignificant" or "aceelltable" risks, but ie 
. . 

left to OSHA the determin.ati01l of what "significanc" or 

"wcc.~table" _&n.~ 

.. 

The' District of Columbia Circuit Court of Appeals decisioa 
. , 

on August IS, 1980, u~held the lead staadard, ia which aa 

acceptable- risk was estimac.ed for a aterial that is !tot .. -" kuown to be a carcinogen. These two decisions 'provided the' 

impecus for the inclusion 'o'f a quantitative risk assessment , .. 
. . 

effo'l"t in. nOSH's standards recommending program. 
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Other fadera·l agencie. have, had eXperie1lc~ wi tft 

C(1Imrieacift. risk. a •• ~s~t~· . ~y of- tho •• agenci •• 

provid~ te.c~·b.fO~. the ~.e· of aepr •• eacatives 

~bc~tt ... 011 Scinc.~ hsmch. ~Dcl orechllOlogy h~aringS' 

OCt "!aw lisk Compariscm caD Bee_ a Val,ubl.· In.t~81lt of 

the 11.S. Regulatory Po1icy~" 'the p1:evailiDg Ol'iDioa 

appeared' eo be that ~titative risk a •••• ~t caD. be 
... . 

u.efUl· i~ e.tab1ishing priori tie. and' in e.timating the 
.. . -

aeic:l.l'ated reduction in ri.tk a. a re.1Ill: of resulaeory 

actiou: 
. . ... 

However. the- t •• timolly' indicate. that 
.. . .. . . . .. . .. . 

quaae.i.taeiv .. ri." a •••• ...at should. aoe b. u.ed a. the sale 

b •• i$ for raPtatiOGa· becau •• of the: uncertaintie. inhu81IC 

ira th •. p1:'Oce •• ~ nOSH'malysis of the utility of 

qu&ncieaciv. risk a •••• ~nt r.inforce. this opinion. 

. . 
Certain· regulatory statuee. provide sam. guidanc. regardin~ 

. .. . 
the u ••• of risk as.es~ts. This guidance differs not 

O1'Ily fram Oft. statute to anoth.r, but often from 0tI. 

. . 
seetiaa to anoth.r within the same sCatute. Quantitative 

• .It- .• 

risk a •••• sm.nt techniques have -S.en used exten.ively by 

EPA, USDA~ and CPSC~ EPA·~s.s risk as •• ssment techniques 
I • 

to determine acceptable risk with respect to its National 
. . 

,. . 

~ater Quality Standards~ USDA, on the other hand, does not 
• • .Ii \ 

employ risk assessment tec~niques for the same pu~ose as 

.--

- " , 
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IPAe. th .. !feae mei Poult'ry' rn.lIectiOtl Acts· elq'liciely 
. . .. . ...... ... ...... .. 

stat •• · that: 110. sub.cnee,. whataver its· COlllllftCul. benefit.,. 
. . 

mar b .. add.d. to' 1llUt" md poultry- if ie pos .. my riak to' 
. . . 

hUlUJr heal tit. cpse bas: bact Ul'uience with bot!! 
. ~. . .. .... -.' ..' .. 

careiDageai¢ aDd acute DOn-carcinogenic quantitative· ri.k 

••••• 81D81lt •• 

.. . . .. 

Althoup' noSH hu bad only limited Ul'erience witb 
. .. .. . 

theolde. md techniqu •• ot quaatit.ativ .. riak a •• e.sment, we 
.- .. ..... .. .. ..... 

. do recosnu. the nece •• ity to cOIUider at least the 

foll~D~ l.aeral coac~Pt.~ Generally amyquautit~civ~ 
. . ... ,-, . . .... . 

riak. ••••• naen1: nnzat: cOG.id.r:. 

1. biological reversibiliey or irreversibiliey of the 

~ocess, 

2. potential cumulative aature of the proces., 

4. rates. of absorptiom, metaboli.m, de-toxification, and 

excretion, 

. -, ,. 

5. biochemical p~ocesses such as rece~to~ occu~ation, 
. . . . . . . . . 
alkylation,. repair, and enzyme" induction, 
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. . . . . . 
chaage. in ha.eo.eacic mechaaisma such a~ hormoaal 

, . . 
balaace.' md cellular Uialimity. 

mel 

. . .. . .' ". 
temporal variable~ such as aging. 

· .. . .. " '" . 
baed 011 hUllaIt el'id.m.ological data •. 'Wilell there is 

----------._-.. -
iDftfticienc data of thi .. kind to aI1'lay tec:ll1iiquea'- of· 

quDtitative ruk ..... 81IIIftC;_ atra1'Oiatioll' of- data from-
.., . 

other s1'ec:ies ,_ mut b. performed. '1'0 make such 
- . ' 

exerapolationa requires the ado1'tioft of~sets of a.~ti01l. 
· . . 

coac era ing' eh. quantitative aD~- qualitaciv. biological 
· - ., . 

relationships berveeD s1'ecies. Because of this assumed 
. . . . . 

intersl'ecies concinuiey, great uncer~ainty i$ introduced 
...... 

into the risk .sseSS1IIetlC process. In-order to minimize--,. 
this utlcertainty~ objective crite~ia ~st be applied 

wbenever pos.ible. 
. . . .. . 

The mo.t 41'1'ro1'riate mathematical , ., 
, , 

models should be, sought for, each analysis. The scientific 

a.s~tion. must be clearly stated and ~1~catioDs of 

those models must be carefully examined to make certain 

.', f 



result .. obtained ~ ey s~cb-, .. th_tical treatDIetlt must 
. . 

also b. carefully scrutinized for. consistellcy with observed 

hQlllalt" outcomes. 

Ae l ... t three different eypes of' excra~lations may be 
. .. . 

DK ... ary to .. estimat .. humall risle. u.inl animal data. 'l'bes • 
. . " . . . 

u.: (1) ucra'POlatimr of tmOVll outcomes at high dos •• to 
. . . . ... . . . .. ... ,t . 
anticipated outcomes at law dos.s, (2) extrapolation of 

~ . . . 
obs~ effects· in law.r s~ecies Co aDticip~ted effects· in 

_~ ad' (3) extl:' • .pola~D trOa ccmtr011ed laboracory 

. . 

EXtrapolation from effects observed at high doses to 
. .. . 

anticipaced effects, aO. much lover dose. assumes that all 

imvolved systems o~rat.· i~ identical fashion over the dos. 
,-- . 

ranle. Vast experience with chemical and biological 

kiDetics bas demons crated that this is not always true. 

Specie .. to' species extrapolatiaaa assume tnat the biology 

and~ therefore~ the mechanism of toxicological respollse~ is 

uniforB acro.~ 'species; If it is det~ined that the signs 

md SympC01IIS of eoxicicy in· ehe test speciH are consistent 
• 

with observed human effects,. the persuasiveness 'of this 

.~ 

'.' .', ., ~ .. 
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. - ... - - .. .. ..... . 

tilUiWAt voalcl be greatly streDIthene<i" but in many 

ulSeDc ... that ia not:" cn.~ . len:' e~le, arsmic:-. is 

aCCeptH cO· be- • h1DDllll c-areiDoi.it; b~t a· parallel effect 

hu flOe been: obam8d· in erperimantal a1li.mals~ 

.. '" . .. . ..... -.... ..... . 
haaIaIl d·.U,. also' require. eznoal'Olaticm or at lea.e 

. . .. " . 
n=malizatioll of data from· well defined laboratory 

. ~ . .. , ... . 

ccmditicms to ill defined humam wo~l.ce erposure 

COIICiiciOlla', ill which a precise uaderstallding of ehe extet 
... .. ........ 

of exposure is often impossible, and is additionally 
. ., . 

=-plicated by a variety of lifescyle md' wa-rtq,lace. 

variable.·~ AIIoIlg the,.· lifestyle variables are use of 

alcohol; tobacco; and drags~ Wortq,lace c~lication. may 

illClude heat arcold stre •• ~ lZIeIleal stres.~ physical stress· 
. . . . .. . . 

such as noise or vibratioa,. and multiple· chemical 

exposures. A basic underscanding of interactioa. of these 

killds is ~licic to performance of a meaningful 

quantitative risk as •• ssmenC.. Ae r:.he=-'Present time our 

knowledge of such interactions ia-quite el~encary~ 

The modeling of irreversible effects such as cancer, is 
. . 

currently the subject of much debate. TWo·~eneral classes - .... , . . 
of mathemat1cal treaemenC have been proposed for performing 
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. .. ... . . . - . . 
, 'l'he •• madeI .. ar&-' botlt .. thematicallY" 81ld.-biologic:al.ly 

differne .. 

.. .. .. . 
of carciDogerae.is based, 011 ehe occurrence or • single 

irn.errlble bioloiical ~e (the onrnie theory) ~ The 
. .',. 

one-hit theory' i. the s~le.e po •• ible model that relate. . } 

A ''h~~ ~ ft·· th~, fuDdaaau1., proce •• ~ is 
- ~.: 

...... 
do.e co res~s •• 

" 

believed to' transfcmia ~;aOrmal cell into .' ~"l!gn.mt 

~.ll~ 'the- expecC8d, tlIIIIIber of. ''hit.~ ft· or traasformatioas' i. a.~ eo, be' directlr propor:iaaa~ to the do ••• 

a, aumber of iuv.stigators noted that the death 

rUe hoar !UIIY' fonas of human cancer increased 
, , ' 

proporeiot14tely with' the- fifth or sixth power of 

ale~3,4,S Because the data were' coasidered coasistent 

with an incidence race propor:ioftal to the fifth or sixth 
, , 

power of duration of e~osure, aC a. constant coacen-tratioft t • 

-.-. - .' . 
ewo plausible ~lauatioas of this phenomenon yere 

offered~ Fisher and aOliOmau3 propo.ed,~at five or six , .. 
--

differenc cells were transfoT'llled as- a. result of a toxic 

e~osure into an organized single tissue and subsequentlr 
I ,_ '. ',' ... 

formed a tumor. Alternatively, multiple changes in a 

0' 

. " 
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" 

. ... - .... . 
siDgle cell. that: occtlJ:re~ in- dia:C1:eee stel'& was p~o1'Oaed by 

· . . .. 4. .... . . -
RoritiDg. 'th .... lIBIlei-hit:or-, multi-stage medels are; 

· .. .... . 
couut:8IlC: with. both the- biological ineve~sibil.ity anel the 

~l.tiv. na~' o~ the ~c.~.~ . 

ADother mathematical a,preach to· modeling carcinogenesis is 

a~'li~tioD of the lo~obi~ mOdel~ The' basis of. the 

· ..... ,.. .. '. . . 
rea,oaaea a~. diseributed log-ftormallYi a reflectiaa of the 

· ..... ,. ... . 
heterogeneity md, seuitivicy of the 8X1JOaed l'OlNlatiotl • 

.. .. . 
'this· 1lDiel. tends to ~edicr laver degrees ot risk thatl th .. 

oa~ie ~ malti~tage madels~ 

Several type. of biochemical lIleChatliS1llS have been In'opo.ed 

.s the biological b •• i. for risk e~timatioD~ !h~eahe~16 
· . 

suggested' that risk. estimates should, be derived from the 

GIOUDC' ot cOvalent binding to DNA~ Con1field 7 suggested 

that competing chemical p~oces.es· such as damage' and 

rel'air, and activatiotl and inactivatiotl~ be cOftsidered'~ 
. ,8, -

Gehring. et al., have combined e.,harmacokinetic 

princil'les with knowledge.at covalent binding to predict 

the dose-resl'ODse characteristics of the metabolically 
. . 

activated carcinogen,. vinyl chloride. Mode,.ling, based on 

these principles, is advancing ,rapidlybeeause af a more 
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- - -
OD· tha other- hanci. the 

~ •• 4 •• • ••• • ," 

MIon·", e.phaais 01l the reliability of quantitative risk 
..... - .. - . . . 

a •••• SIIIe1lt"' vill b. 01l1y aa great as the adequacy of the 
, . - . . . ., ... . . 

iZlfonaatiOD ba .... ailabl;.. The informatioa ba •• lIIII.t 
. . ... ......... .. . . 

iDc.1ude- data' O'D' Gl'0.ur. pattera.·, chemical and biological 
.. . .. 

relationahipa, and epideBiological studie.. Animal 'tudies 
. - . . 

,hould be u.ecl only when similarities to bUlUll biology cn 
• I' • ... ••• •• 

b. deImUtrated. '111. evaluati01l '-should: trace the asent: 
. .,. ..... .. . 

th~p its: UDufaceare,. trallSl'~, storage and use to-
. . , . .. 
UDderstad; c01Iditioaa- of ezopoeure; identify unusual use.s- or 

I . . 

~er practices that could subject workers to dangerous . 
ezposura.; det.min. if the' asnt being evaluated is used 

a, a COlapo1l8!lt ill aIIOther ~oducc and consider' the 

pot8lltia·l fa!: _tasoUstic~ addicive~ M' syftergiscic 

accioQ8 that ~ occur; identify additional e~oeures_ to 

the asent outside the oc~.tioft.l emviroftment; and discuss 

gaps in knowledge that require additional research. _. 
Chemical and biological as~ts of the as.es~nt should , .. 
~rize information Oft transport, metabolic fate 

biotransformatiotl products,. and the excretio.1l of the 
," ... ' 

agent. When possible, structure activity relationship 
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.. , . - ... . . . . ... . . .. .. ~ 

malogi ... tc) r.lated c~ds. sbould:- b~ included.. 'l'be. 
. .... .... .. . .. ., . . . .. .. . .. 

di.sc:uN.ioa-. should· also· COIIqIue" ¥baa: there i~ sutficine 
.. .. . ... '" _.... . ... 

data,. the· toxic. _cbani ..... of action ill th. varioua slMci •• 

ad. serAiU of m~ls for which ~imilar data exists~ 

- . . , . 

lel...,aae toxicicy stud i.. should be. sUIIIIIAriz.d and 
. .. . ..... .. . .. 

presnted witb a. critical evaluatioa' of the muie of each 
- . . .. . . . 

st:uciy and .. I: coasider the- adequacy ot the Ul'uimental , .. . .. . .. ,. . . .. . 
d •• illl .. the quality of the experimental data, the 
- ... .. 
suitability of the coaeral., the inc.rp1:'etal:i011 of the-

ciata-~ met. the r.l~bility of th. c011clu.i011.~ 
Similarly, e~idemiololical studi •• must be eritically 

evaluated ill terma of the criteria coatained in the IlU.G. 
. ..... ... . ·9· 

~ideline.·for·eoc:um8!ltation·of·!1)idemiolo5ic·Studies. 

'th .... guideline. r8eollDEnd that the following tOllic. be-

dbcussed: scientific: background and objectives of the 

study; study d •• ign, with a de.cription of the pOl'Ulation 

from which the study subjects were seiected. and methods of --
selectioa;. detailed description of comparison subjects and' 

method. of· selection; data 'collection procedures used, and , ., 
description of the analytical methods and statistical 

procedures employed including. the power of1:he study and 

the confidence intervals of the risk estimates. The 

" III '. 
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should: b .. ezplicitly stat8d~ , 

a • • • .. • _.> •. 

m ~Z"T. NtOSll believe. that l"egariless' of the source' of 
- .. . . . 

the data used, epidemiological or animal. doubts COaCenl1Dg 
" , 

the "real wot'ld" sigDificance of th .. outcome are certaill. 
.. ....... . .. .. .' , . . . 

Becaa.. of th.,. tlDc&reainties and the public health 
.... " .. . .. "" - . . 

c=-equacee-.. lftOSll, •• veIL •• the IR.LG WorkiDg Groul» on 
\ . 
, • > 

li.~ ~.~.s.at;· fmNcl the policy ~f aking cautious 
. . .. .. . .. . .. , . ........ . ...... . 
....... ei01l. vbenever ell., are Deeded to C01Iduct a risk 

.. .. .. .. .. . ...... ...... . .. ... ...... . 

..... naent'.. rOt ezampl.t the' IllLG" ha. stated Chat u •• ' of 
. . ..... ' .. 

ella LiD.ar," aem-thre.hold: do .... 1:'e,l'OII'" madel to ... luat .. 
, ' 

the- risk of cancer provide. a c011.ervacive estimate that is 

cOaisteDt with ellis policy~ It was coacluded thae this 

madel ha .. aD adequate scientific ba.i. aad is less likely 

to ~d.rstate risk thaa ~ther plau.ible models~ HCweYer. 

NIOSH also believes that comparative risk analysis uSiDg 

several mathematical aad biological models should be 

performed. --
It is e%pected that the daea required for a risk assessment" , .. 
will usually be .. subset of the total data collected for a' 

givetl proj"ect~ Wbezsthe daea are sufficieft1!ly strong, risk 
, ,-

assessmeDts may be used to su~~ort N!OSH recommendations. 

',' 
'0 '..'" 



~ .... ~ .............. ~--.---------------------------------..... 
, . 

. ,~. 

-;; -' 

.. .... .. .. .................. .. 
Sa .. Yer,. le •• coarplete data setS:,nallSUitable- tor risk 
..... ".. .. .. .. .... .. ... .. ... . .. 

..... ...at .. CalL ofc8Il protrida- sufficient: cauae. for CO'IlCft1t 

.. .. ..... -. . .. .. .... ......... 
aboae th. effece. of" apGsur ... · l'~r' in.taace~. various in 

.. .. .. .. .. . .. .. ........ .. .... ..... .. ... 

ri.t%O' bioass.,. technique., bave beeD; used' to· successfully' 

acnen' cheaicals for pot~eial carcino8enicity~ otten the 
-------'-

positive renle. of- Nch-te.tj-aav.-l~-ter been corroborated 
.. ~ .......... - .. 

___ _---b~y~.J,a----v1.YQ- lcudies. By th ... elves, results from. iD. vitrO' ----
bio ... aY$ ar. iaa~pro~iate far u.. in quantitative risk 
. . . . . . . . .. t . . . 
..... ...at and, at this time, ue DOt sufficient to bas. a 

.. .... .. .. .... 

sUlldard·. Hove"er, th.· teats are· based em. well aOWft 

acieatilic principles- aDd: th.refot".~ ar .. suffici8lle to 

cliccau cautio,. cOncmiDg b~ ·8Sl'O~e~ 

....... 
Quantitative ri.tk assesS1lltlllt maat: b .. & value free, 

objective ~d~akiDg~ ID o~er eo help ensure- scientific 
... .. . . .. .... . 
objectivity and the public he.lth advocacy role the resules-

.. .. .. . .. 
of any risle. aSleSS1HnC \!IIIst be evaluated ill the- ablence of 

econOmic and political con.iderations~ 

--It must be understood that the nOSH risk .ls.esS1Ilent 
- . 

proSt"aD i~ not bein8 d~eld~ed eo provide justification for 
.. ... , -

its rec01lllllendations, but rather to fur1!her define the 
.. 

·he.lth benefit eo be anticipated if Insti~e 
. 

recommendations are subsequently promulgated into a 

workplace standard. 

.', 'I..... _ \.~ 
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