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Statement of

Edward J. Baler, Deputy Director, NIOSE

I am Edward J. Baier, Deputy Director of NIOSH. With me today are:
Richard F. Boggs, Ph.D., Division of Criteria Documentation and St;ndards
Deveicpment; David H. Groth, M.D. and Richara W. Niemeiar, Ph.D., Division
of Bicaadical and Behavioral Science; Robert B. Hill, Jr., Ph.D. and
Robert T. Bughes, Division of Physical Sciences and Engineering; Rcberc H.
*Schuetz, Testing and Certificatiom Branch, Division of Safety Research;
Richard J. Waxweiler, Divisiocn of Surveillance, Hazard Evalua:ibns, and

Field Studieg; and Howard A. Walderman, Cffice of General Councily HEW.

We walcome the opportun{:y to appear'today ta discus& the Notice of
Proposed Rulemaking by the Department of Labor, Occupational Safecy and
Healch Admiaistracien, eutitl;d: "Identification, Classification and
Regulaction of Toxic Substances Posing a Potential Occupational Carcinogenic

Risk."

The OSHA proposal to establish a geﬁeria regulation for con:rél aof
occupaticnal carcinogens is; to date, one of the most complece compilations
of major seiencific dpinians, judicial decis;ans, and Tederal agency policy
statements concaralng occupationmal carcinogenesis. NIOSE shares OSHA's
concern to develop new proceduras for the regulation of oécupacioual
carcinogens. Our concern starts with the fact thac apéroxima:ely 2,000
substances have been identified by NIOSH as being "sugpect carcinogens.’

By definizion, :hié means thac NIOSH has found some sciencific evidance,
based on observations in human populaciocns or om resﬁl:s from experimencacion

bich laboratcry test animals, of varyiag degrees of qualiry and quanticy,
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identifying thosé substances as having poteantial carcinogenic activity.

Qur comcern is heightened by the fact that the list is’expec:ed to grow
larger as 1) new evidence is obtained on existing chemicals, 2) published
data on unlisted chemicals are reviewed, or 3) new chemicals are manufacture

and tested.

NIOSHE supperts the overall <ouncepts contained in the 6SHA proeposal., There
are, however, several techmical points, modifications and comments chat we
wish to offer for comsideration. The proposed scandard has beén revie&ed
by a oumber of NIOSE occupational safacty and health professiopals. While
ic is difficult to formulate a concensus ;ta:tncnt on such a broad issﬁe
as the regulation of carcinogens, wve have attempted to bring forward the
best thinking of our staff on what we consider 2o be the critical issues

of the proposal. The issues we wish to addraess concern:

a) Terminology

b) Classification of Chemicals

e) Collection and Evaluazion of Data

d) Determination of Exposure lLimics, and

e) Model Standards

a) Terminology

Throughout the propesal the term "Toxic Substance" is equatad with

carcinogen and cousists of substances for which a reporﬁ of carcinmogenici.



is‘available. fo use the term "toxic substance' in this manner is likely
to lead to future ;onfusion, since carcinogens constitute ouly‘a subset of
toxic substances.A The Toxic Substances Coantrol Act (TSCA) comsiders toxic
subgtances to include all aspects of toxicity--not omly carcincgenicity.
We recowmend terminology consisteat with TSCA. In order to obviate this
potential confusion, we recommend that the term "toxic substance” be

delaced from the proposad ca:egnfy nomenclature and propese the following

e

terms:

Category I - Probable {or Confirmed] Occupational Carcincgen
Category II = Suspect Occupational Carcincgen
Category 1III - Carcinogenic Evidence IncdnclusiVe

Such a deseriptive title system would idemcify our present understanding of
the sericusuess of the carcinogenic potential. We do not recommend a
Caécgory IV in this classification system since U.S. workers wouyld oot have
the potential for exposure to Chess agents and hence they chld fall beyond
the regulatory responaibilicy of OSHA as we undarscand ic. Should these
substances enter the U.S. éorkplaca. they would automatically become

eligible for classification into Categoriaes I, II, or III.

Ve are in gesaral agreement with the definicion of "Poteatial Occupational
Carcinocgens.” We also generally agree with the definition of short-term

tests and cheir use in che infitial assessmenr of carcinogenic potencial.

b) (Classification of Chemicals

There are a series of steps by which chemicals are classified into che



categories of carcimogens. Initially chemicals are identified as "Poten.
Occupational Carcinogens” based upon some evidence for carcinogenicity

and/or mutagenicity.

Our concern is with Part III. "Classificacicn and Regulation: The
Proposal", subpart A. "General", regarding OSHA's approach for the orderly
handling of the large list of potential carcinogens, e.g., thaose already
identified by NIQSE. One option proposed Sy OSEA for accomplishing this is
to establish a separate schedule of substances for handling on an
alphabetical basis. We think a prefarable ai:ernative is to set priorities
for evaluation of the substgncas based on an estimace of the degree of
potential occupational hazard. This might be accomplished by cross
referancing the NIQSH suspect ca£cinogen szfile wich data from NIQOSE's
Wational Occupational Hazazd Survey. This m;:hod for ordarly handling of
the large number of pocential carcinogens could be done either prior to
evaluating the data and making catagory assignments or after categorization

but pricr to initiating any rulemaking efforc.

4nc:her concern is the adequacy and scundness of animal and human data
which indicate the substance may be carcinogeaic. As classificacion can bde
"on the basis of ocher scienzific evidencs,” dus comsideration of the
seiencific adequacy of tast ressults can be proparly incorporated into the
decisioﬁ-uaking process. If chemicals are reviewed on a case-by-case
basis, NibSH is satisfied that the proceduras are sufficilemzly flexible co

provide due consideracion of the adequacy of the data.



Apother concerm in this section relates toc issues of carcinogenic potency.
Ve cbnsidered this issue in additien to che impertance of éo-carcincgens
and promoters in the development of this testimony. However, as these are
difficulc.issues to resolve, no conclusions have yét been reached which
would enable us to make a definitive recommandation as to how they should
be dealt with in OSHA's proposed standard. We feel that chese are
important issues and warrant further evaluatiocn in subsequent rafinements
of the generic standard and policy statement. Perhaps this is an area
where we might discuss in some depth the issue and attempt to iden:ify

prudent actiocns in the absence of clearcut recommendacions.

A criterion for "Potantial Occupatiomal Carcinogen' is a "statistically
significant decrease in latency period berween exposure and omset of
neoplasns."‘ We recommend that the tarm "statiscically significantd be
defined as "at the 95% confidence level." 'Fu:ther, because many exposures.
oay be coutizuocus, we recommend that the words ''ouset of" precede the word

"exposure'' in the critericn text.

A criterion for assigning chcni;als to an OSEA Category I Toxic Subacance
is the necassicy for rsplicated :ésul:s. Replicacion may be achieved by
cbtaining a similar sigﬁifican: increase in tumor incidence in the same
species where the experiments were performed with at least an independenc
sat of con:rol animals. Although we agree with the need for '"replicating'
animal experiments in order c& include the substance in Category I (an
exception might be made when highly significant results are obtaized in an

adequataly conduccad and biologically-appropriate testc), we believe zhat



simple replicacion using the exact study design may not be.particularly
dafinirive. We would hope that where researchers have the c¢ptiom, such
confirming ezperin.n:s.would.be’pctforned ia a different laborazory:
perhaps using a different sax or strain of test animal, additiomal dose
lcini:, or a different route of ;dninistratian 30 as to provide for a more

comprehensive and accurate assedsment of the substancs.

The concepts exprassad in :haﬁstoposal (1990.111) on the rebuttal of a
Cateagory [ classification are well-founded but sufficiently general as to
provide wide latitude for d}gas;gtmnn:. A reviaw machan@ém as suggesced in,
the following sectiom on Callictién aud Evaluation of Da;a, which includé§
xperts from various agencies should 1) minimize conflicting treatment of‘
substance by various enforcemeat agencies; 2) assisc in che convergence of
the avaluation process; and 3) minimize controversy during regulacory

exarsises undertaken with this proposal.
¢) Collecrion and Evaluacion of Data

Wa bclilv§ that the determinacion of c;:;inogunic hazard and the
appropriate control recommendacions should be arrived at by a thorcugh.
analysis of all available data, plus a raview by sciantiscs ineluding
occupational health expercts, and with the comclusions documented. Ouly by
such an in-depth evaluacion can scien:ificallylsound judgments be made as

to the potential hazards and the control unecassary to protect U.S. workers



Seccion 1990.103 provides for the review of data submitted to OSHA from

"{nterested persons’’ or obtained by OSEA's avn‘"cognizance."

We beliave :ﬁa: there should be a systemacic method to obtain and evaluats
data in order to assure that appropriate data are secured and that all
occupationally significant potential carcinogens are identified. Such a
system could include the assembly and review of all relevant human and
animal data bearing on the potential for carcinogenici:y, including thac
contained in the NID§E Registry of Toxic Effects of Chemical Substances,
and the analysis of data basged on ccnparisonsfof pharmacokingtics.
metabolism, and other factors such as dose levels, route of administracion,
lesions induced, and statistical considerations. Ome way to evaluate these
data is for OSHA co insti:uce a procedure whieh would utilize the expertise
av;ilabln within other Federal agencies. NIOSE could take the lead ia
asduninz primary responsibility for this evaluaction including drawing upen
the sciencific expertise of other agencies such as NCI, FDA, EPA, C2SC, and

NIEEHS.

d) Determination of Exposure Limits

It is important that che "lowest feasible level" be determined by
incorporating a sufficient concern for health effects. The proposal does
not indicate how and the criteria by which "feasibilicy" will be
determined. The lowest feasible limir is likely to be a funczion of

engineering controls, and/or momitering and analytical mechodology, and/or



economic factors. We believe that good public health policy dictaces thaw

the health risk be the primary consideration in this process.

It has to be recognized that if the lowest feasible level cannot be set so
that it is lower than that concentratioﬁ which has been found to cause
cancer in humans and/or animals, thea exposure in the workplace should not

be permitted.

An example of a real situation to illustrate these points is the experience
of industry to comply with proposed envirommental limits for vinyl
chloride. Initially the producers of vinyl chloride claimed that 1z would
be imposaible to comply and that the industry would be virtually destroye
1# the standard were enforced. Serious negotiation and a positive stance
by OSHA, based on health effects data, aencouraged reavaluation of rhe
feasibilicy of reducing the permissible exposurs limic of';inyl‘chlcride to
balow 50 épn and canplianct‘a: 4 much lowar leval was achieved. We believe
that demonstrated health effects and safatly fac:ors.should bave ap
"tachnology forcing" effect iz zhe direccion of reducing risk and
iacreasing protection of workar health. In this regard, wa feel that new
source performance s:anﬁards should be considered in zhe OSHA model

regulaclons so that new facilities would autcmatically incorporace the best

available control technology.
ea) Model Standards

Io our opinion, caerctain raquirements of the Model Standards are not



sufficiently flexible to account for differences in properties of the
various substances to which they will be applied. Specifically,
requirements for (1) prevention of dermal and eye exposures; (2) protective
elothing and equipment; (3) hyglene facili:ieé and praccices; and (4)
lunchrocm facilities, should be tailored to the chemical aod physical
properties of the substance rather than standardized for all substances.
Instead of developing different requirements for every substance comnsidered,
wa believe that b@sic requirements for large groups of substances, e.g.,
gasas, vapors, &usts. etc., can be developed and applied as appropriate. A
similar apbroaéh was used in the NIOSH/OSHA Standards Ccﬁplecion Program

and could have application in this standard.

The reporting requiremaents under "No:ification of Use and Emergencies'' may
prnacn:.an axcessive burden on both employers and OSEA compared to the
benefits tco be darived. We believe OSHA should carefully consider whether,
in order to adequately develop an affeccive compliance program, such
excensive reporting is required. Perhaps as a minimum {ir might only be
necessary to report the carcinogens being used in the workplace ;nd the
approximate number of workers employed in the area; appropriate use records
could chen be maintained only at each employer's worksite or other
recordkeeping location. They could be submitted to OSHA Area QOffices oniy
in "emergency situations.” NIOSH believes this should significancly reduce
- reporting requirements and 3till provide adequate informatiom to enable

protaction of workars,
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Under the "methods of compliance™ requirements, cthe proposal doces not
require warning signals when process control failures occur mor periedic
measurements iha: demonstrate the continued effectiveness of ventilation
systams or other control techmologles whera they are used. NIOSH

recommends that the standard include both requirements.

1f concrols are "feasible" and utilized, they musE be evaluated if there is
d} process change. In addi:ion; a paintanance program for the coumcrol
systens 1s essentisl. The OSHA proposal does not address such
;qquircncnts. Work. practices preveanting exposure of maintaenance personnel

5durins maintenance proceduras or system rapii: should also be required.

The propdsal also requiras chat cthe employer instituze a respiracory
protection program in accordance wizh 29 CFR 1910.134(e). However, 29 CFR
1910.134(e) (5) allows tha use of qualitative fir tests to‘maet the
requiremenzs for having che respiracor "ficced properly." We recommend the
raquired use of quantitative £4{t taests in all respiratcor programs,
especially those used for protection agg;ns: potantial occupational
carcinogens. Test cquipmnn:rfar this type of quancitarive testing is
counnréially available, and NIOSH will work with OSEA to develop unifeorm

guidalines for this type of testing.

We recommend that Table 1 of each standard that contains a listing of the
appropriace type of respirator for various condicions of use be gemeratad
with a standardized method for determination, such as the Joinzc NIOSH/OSEA

- Standards Completion Program Respirator Decisiom Logic.



We also reccmmend that where any potemcial occupational carcinogen may be

released into the workplace air, smoking by employees be prohibited.

We agree that a work history, medical history, and physical examination are
‘esaan:ial to maintain effactive medical surveillance. For the sake of
clarity, however, we think the propesal should be so gtated as to specify
the eatire urinary cract and not just the renal system. lWe also feel
strzongly that medical exams must assess toxicity for all target organs aad
not just those shown to be positive for cancer iz animal and/or
epidemiclogic studies. A chemical showﬁféo cause cancer i& an£ﬁals at one
site may cause cancer io humans at anoté;r sica;' Furthermo;e,-carcincgens

may also produce toxic effects ocher than cancer. The physiciaz providing

tedical examinations should be urged 2o consider all coxic effects.

Uoder the Tecordkeeping availabilicy requiremenc, ﬁhe propogsed wording '"The
employer shall assura that employee medical records requized to be |
waintained by this sectiou, be made available, upon réques:, for
examination and copying, to the affecced employee or former employee, or ta
a physician designaced by the affected employes, former employee, or
designated representative" should be changed to conform with the recent
wording proposed by OSEA (42 FR 55623)‘under "Ac:ass-:o the Log of
Occupational Injurias and Illnessss to Employeas and their
Rapresentatives.”" That wording as proposed in the Federal Regiscear on
October 18, 1977, allows record accessibilicy tc "the amployee, former

employee, and their represeacative.”



In conclusion, we reaffirm the commitment of NIOSE to continue working
clogely with OSHA in further identifying and controlling ocgupational
bhazards, including carcinogens. We look forward to cooperating with OSEA
in developing and applying this ;eneric standard for poteuntial -occupatiocmal

carcinogens in order to arrive at regulacions which provide the best

attainable protection of workers.

Tﬁa: concludas our formal statemenz. However, aftar submisgion of this
stacemenc, for the record, we received a series of questions from OSHA.
We have attempted Co answer these quastions to :hi best of our abilicty
in the allowable time-frame. The quastions from OSHA are attached as

APPENDIX A. Our responses to cthese gquestions are atctached as APPENDIX B.



APPENDIX A

1. ' Support the definition ofia carcinogen as defined as a potential

occupaticnal carcinogen in the proposed 1990.102. This must inciude

a full scientific discussion of each of the following words:

{a)
(b)
(¢)

(d)
(e)
(f)
Ag}

"causes”
"at any level of exposure or dose"
as the result of any oral, respiratory or dermal expoéure, or

any other exposure which results in the systemic distribution of

- the substance under consideration in the organism tasted

"and increased incidence"

"of benign or malignant necplasms or a combination thereof"

"in humans or ia one or more experimental mammalian species"”
"or in a statistically significant manner decreases the latency be-

tween exposure and onset of neoplasm”

2. Suppoert the criteria for a Category I classification or discuss why

they did not go far enough. This will include a full scientific discuss-

"{on of each of the following words:’

(a) A "presumption" exists that

(b)

(c)
(d)

"the toxic substance meets the definition of' potential occupational

carcinogen' in humans"

®e..0r two mamalian test species”

"...0r 2 single mammalian test species if those results have been



‘ “:l;rreplicated in the same species in another experiment _

(e} or a2 single mammalian test species ff those<re§u1ts ére suppofted
by short term tests or if |

(f) The Secretary finds any other eviaence s sufficient to convince
‘him that the toch substance should be classified as a Categony 1
- toxic subs.ance.

3. Defind the 5 criteria for a rebutta1 of a Category 1 c1assTf1cat10n

or discuss why they go too far. Thzs will 1nc1ude a full sc1ent1f1c dis-

cussion of each criteria.

4. DcchAtionaT cancer as part of fhe overall cahcer grobTem
,Somé author?ties'estidate octupationa1 cancer as “only" 1-5% of total
‘(a} Is thi; a correct estimate or only a minimum based on the few
good indicies done to date? - |  ; N o
fb) Is this a meaningful question anyway? Or are all cancers multi-
ﬁausa1 with occupational exposure just one of many contributing
- factors?
(c) How many industries have been meaningfu1‘surveyed epidemiologically?
- 5. Role of human épidémio]ogy in identifying carcinbgens
{a) How mahy carcinogens have been identified by occupationaf epidemiology?

For how many of these do we have good quantitative dose-response data?



(b}

(c)

(d)

How many studies of occupationally exposed females?

How many studies identify only types of occ&pation and not
specific agents? | |

What are limitations of occupational studies? What is lower
1imit of relative risk that can be identified?

How much wéight {if any) can be placed on negative epidemiological
studies? Are there any chemicals conclusively identified as non-
carcinogens by human studies? In what circumstances would regular

human studies out weigh animal postives? (if any). Are "negative”

. human studies useful in specifying upper limits or risk?

!
If we place low weight on negative human studies, how can we avoid

discouraging epidehiologica] studies to the point where no one does

them?

6. Reliance on animal studies in absance of strongly countervailing

human evidence.

(a)

(b}

Is the general principle of extrapolation from carcinegenicity in

‘animals to predict potential human risk valid? Is the correlation

between species sufficiently good?
Rates of exposure. Occupational exposure is mostly dermal and
respiratory? In the absence of good studies in animals by dermai

and respiratory routes (as is usually the case) what should we do?



In what circumstances is it valid to use oral or s.c. routes to
_ identify carcinogens? QSHA proposes to consider any rdute of
expasure as valid except where tumors appear only at the site of
exposure (e.g. injection site sarcomas). Is this valid? Should
indication of injection site sarcomas be discarded in this wa&?

(c) Is it valid to use maximum tolerated doses in rodent bioassays?

Do positive results at high doses indicate a risk at low doses?
If not, what are the specific limitations and haw are exceptions
to be {dentified? If a threshold.is hypothesized, how do we
"identify what it is? |
| 7. In what circumstances should quantitative estimate of risk be made?
(a) Given that occupaticnal exposure is usually fairly, intense, is it
| ever possible to say that a carcinogen is so weak that it posés
a neglibie hazard?

(b) In definfng the word “feasible” for the "maximum feasible"” level
of control, should econcmic costs of control be balanced formaT]y
‘against quantitative estimates of risk?

(¢} If so, how? What models should be used for low dose risk extrapola-

tion? What are their justification and limitations?



Laboratories
What standards are reasonable to set for rescarch laboratories without
bringing cancer research to a halt?
10. Additive and synegistic effects
How do we deal with these in making decisfons about levels of risk?
11. Consequences of classification
Are the pfoposed engineering standards reasonable? Will they be effec-
tive? What is the trade-off between engineering controls and personal
protective devices?
Does medical mpnitoring achieve anything for carcinogens?
.Should standards be set separately far liquids, solids, and gases?
12. Policy issues | -
What does NIQSH do in the f0116wing areas? How does it consider these
factors in §stab1ishing criteria?
(a) "Negative" epidemiological studies
(b) Positive animal studies. One species? HMouse? Mouse~liver?
(c) High dose levels
(d) Routes of exposure
(e) Quantitative estimates of risk

(f) Single animal studies



13. Full scientific discussion of cancer rates

14. A full scientific discussion of nature of the disease

15. A full scientiffc discussion of possible additive affects in man
and why thase affects make irrelevant dase responsé data in test
animals | |

15.- A full scientific discussion of synergistic effects in man and why
these effects make irrelevant dose-reponse data in test animals

17. A full scientific discussion of social and economic impacts

18. Why most toxic cﬁemica1s are not carcinogens even at high doses

19. A full scientific discussion of 1aten;y.  |

20. A full scientific discussion of irreversibility of effect

'21. A full scientific discussion of the fact that all known human
carcinogens are also carcinogens in animals (exc;pt arsenic

~ and perhaps benzene).

22. A full scientific discussion'of human epidemiology and its draw
backs and its géod points

23{blA full scientific discussion of quanitative extrapolation and

mechanisms from animals to men



23,
24.
25.

26,
27.

28.

29.

30. .

3.

32.

A full scientific discussion of quanitative extrapolation and
mechanisms from animals to men

A full scientific discussion of why positive results in animals
should receive negative results in animé]s or in men

A full scientific discussion of the lack of species or organs
specificidy as to any given carcinogen

A full scientific discussion of "safe” or "no-effect” levels

A full scientific of discussion of quantitiative extrapolation
and its inadegacies

A full scientific discussion of short-term or in vitro tests

A full scientific discussion of molecular structure or s%mi1arity

“as to regulation of carcinogens

Importance of some type of policy

A full scientific discussion of the adequacy of the mouse as

a test hodel. Critize the Butler-Newberne bock "Mouse Hepatic
neoplasia.”

A full scientific discussion and justification of each and cvery
requirament in the model standards including:

Permissible exposure Timits.



b

" Ce
d.

m.
n.
0.
p.
Qe

Dermal and eye Exposure.
Notification of Use.
Accuracy of measurement.

Written Plans.

Cleaning of protective clothing and equipment.

Showers and Washing.
Medical Surveillance..
Education and Training.
Signs.

Appendices.

‘Moni toring.

Disposal.

Require'a health specialist in every workplace.

émp1oyeé notification.
Signs |

Lunchroonms.



AFPPENDIX B

The following aré responses to some of those questions received

from OSEA. Responses to scme questions have not been furnished in this
appendix ei:né: bec?use they have been discussed in the prepared statement
or because oé the Eémplexity of the issues and the short amountz of time
availabla to ;?the: and evaluate the data, prepare an afpropriace response
and meat the A@ril 4, 1978 due date for submissions to the OSHA Decket

Offica.



Questions 1, 2 & 21

The proposal recommends that animal studies be used to identify potencial

buman carcinogens. This 1is quite appropriate. In fact, the pﬁrpose of
the Proposal is to decreass human exper;mentation, i.e., decrease
accupaticual axposures to carcinogens. Although there might oot be

100Z correlaticn between the effacts of chemicals on animals and humans,
ghat is not surprising nor should it discourage us from pursuing our goal.
It should be notad that of the chemicals and/or classes of chemicals thac
have been found to cause cancer ian humans, including: benzidine; 2-
naphthylamine; bischlarcncthylether; chloromethyl methyl szher; 4=
aminodiphenyl; N,N-bis(2-chloroethyl)2-naphthylamine; chrysotile;
crocidolite; annai:n; cadoium compounds; chromium compounds; aickel
conéaunds; arsazic ;aupounds; beryllium compounds; benznne;'auramine;
diethylstilboestrol; and vinyi chloride, all excapt‘possibly.benzene

have been found to cause tumors in animals (Tomatis, 1976; Newberme, 1975;
Bayliss and Wagnn;:, 1977; Infance, et al., 1977; Oswald and Goerttler,
1971) . Thousands of workars have d.veloéed cancer as a result of
exposuras co these agenrts. They havae unwitccingly provided scientists
with the informatiqﬁ needed tc make the correlation between animal and

human responses to carcinogens.

Anochar important ¢onsideration is the animal species and strain chat

should be used iz che test syscems. The degree of correlation between each
species and humans as well as the relative cost in perforﬁiug the scudies mus:
be considered hefora recommendatiouns can be made. Obviously, those species

which have been comsistently positive when tasted with kmown humaz



carcinogens are acceptable. Of tha human carcinogens mentioned above,
almost all have been shown to be pogitive in rats and several cof them ars
positive in mice. Fortunately, these are the mammalian species which are

least costly to process, and, therefore, their use can be recommended with

very few or no qualifications.

Some scientists believe, however, that the mouse 13 too sensitcive to
carcinogens, and, tnerefore,_:na rat is a bettar medel. Implied in this
opinion is that aice will respond to lower doses of carcinogens than will
humans. éince quantitative data on carci;ogen exposures to humans is
almost non-existent, thac comparison is impessible to make. The facc ﬁha:
the mouse 1is slightly more sensitive to carcinogens than the rat is well-kzmown
(Tomatis, 1973), hoqunr, the model shoﬁld be designed to protect humans,
Qot rats. Another argument that nhas beea frequenzly used to exclude mice
is that they have a high frequency of spontanecus ctumors which aight be
induced by'hormonns and/or viruses, and that tumor promotion, but nqﬁ
induction, is measured when chaz model i3 used. What the proponents of
that argument fail co recognize 1s that wnatever vafiables are present in
mice might also be present in humans. Human tumors might also be induced
By yat umrecognizad viruses, and hormones certainly play a role in human
carcinogenesis (Fu{th, 1675). Iz is not unreasonable to expecE that che
mechanisms of carcinogenasis operacive in mice might be ideatical to those
in humans, for e:anﬁic. humans have no zymbal gland. It is certainly
possible chat many carcinogens io humans are in fact co-carcinogens. There

is no method to determine this with any degree of certainty in humans.



gges:ion 4

It has been estimated that occupational cancer represents about ome to
five percent of the cancer cases reported amnnually iz the United States.
We don't know how valid the estimates are of the total incidence of
occupational cancer. We know that there are a significant oumber of
occupational cancer casas &.g., from 2-nmaphthylamine, asbestos,

arsenic, vinyl chloride and this alone jusctifies vigorous preventi§e

action.

Since cumerocus studies (vinyl chlori&e - 3(3)?, Maltoni and Légémine, 1975;
Bingham and PFalk, 1969) 9::.,»have provan that a dose-response relationship
is evident ia the area oiiharcinaggncsis Jué; ;gjin other areas of
toxicology, it is ruadil; appa:egﬁ’that pcsiiiv; rosul:; obtained at high
dosas indicace that lower risks ars to be expectad at lower doses. The
specific limitaciomsin estimating the lower risk factors are inherent in
the specific limictatious of thae data gathering system. Such factors as
animal cumbers, number of dose levels, confidence limits and ocher factors
Tust ba considered in properly evaluating the dose-response ralatiomship.
In addizion to a3 socially acceptable value of risk, :hé establishment of an
absoluce value of risk, rather than a relative value of risk (Subccmni:tee
on Environmental Mutagenasis, 1977) is mandatad by the 0SHAct ia regard o

occupational carcinogenesis.



Questiocn 5

a. The first direct connection between an ocﬁupacional exposure
and risk of a specific camcer was that of chimney sweeping and
cancer of the scrocum pointed out by Poct in_l775. Be recognized
this association because he saw several affected chimney sweeps
but little or none of the disease in persons with other occupazioﬁs.
The disease was exceedingly rare in the genmeral population, and the

risk ratic for chimney sweeps was quite high.

About 1880 Bircting and Hesse showed that "mountain disease” was a

lung neoplasm. This conditlon was recognized as ac entity in the

Middle Ages because of its frequent occurrence among young miners despite
the raricy in the general populatiomn. In 1895 the German surgecm,

Rehn, published oo the hazard of bladder cancer among dye woTkers.

Rahn's association was based not on an exceedingly high risk ratio

bﬁc Tather on the absolute high frequancy of the diseASe aﬁong

axposed persons,

During the pagt sevaral decades instances of occupational carcinogens
bave coutimued %o be recognized bocth on the basis of an extremely

high risk ratio and a high incidence rate among exposed persocns.

The following tablas show variocus agents which have been identified as
occupational carcinogens on the basis of epidemiclogic studies and

confirmed and suspected carcinogens by targer organ.



® TABLE Y
Qassiflcation of Occupational Carcinogens

A, Oiganic zgents

1.  Aromatie hydrocarbons .
lncubation
Agents Affected organ(s) period (years) Risk ratle Occupation

Cual tout Lung, larynx, skin, 9=23 2«6 .  Gashouse workers. stokers,
Coal tar scrowm, urinary bladder ) and producers; asphait. ,
Other products of coal tar, and pitch workers:

£oal combustion coke-oven workars: miners;

' - still cleaners; chimney
; . sweeps

Petroleum © Nasal cavity, larynx, - 12230 -4 Contact with lubricating,
Petrolaum coke lung, tkin, scrotum cooling, paraffin or wax
Wax fuel oils, or coke; rubber
Cieosote fillers; retortmen; textile
Anthracene weavers; diess! jet testess
Paraffin
Shale
Mineral oils \
Benzene Bons marrow (Jeukemia) 6-14 2-3 Explosives, benzene,

or rubber cement
workers; distillers; dye
users: painters; thosmakers

* Philip Cole and Marlene Goldman, Chapter 8-0

"Persons at High Risk of Cancer”, edited by J. Fraumenic, National Cancer
Institute :



A, Organic agents (continued)

1. Aromatic hydrocarbous {continued)

Incubation
Agents AfTected uegan(s) perivd (ycars)
Auranting " Urinary bladder 13-30
Bensidine
a-naphithylamine
B-naphtrylamine
Magenta
4-aminodiphenyl
4-nitrodipheny!
2. Alkylating agents
Mustard gas Larynx, lung
. trachea, bronchi 10-25
3. Others | .
Isopropyl oil Nasal cavity 10+
Viny! chloride Liver (angiosarcoma), 20-30
brain -
A.  Organic agents (continued)
3.  Others (continued)
' Incubation
Agents Affected organ(s) period (yean)
Bis(chloromethyl) Lung (oat cell carcinoma) S+
ether
Chloromethyl
methyl ether
B. lnorganic agents
1. Metals
Arsenic Skin, lung, liver 10+
Chromium Nasal cavity and sinuses,  15-2S

lune, larynx

Risk ratlo
2-9Q

2-36

21

200 (liver)
4 (brain)

Risk ratio

745

3-3

340

Qcrupation

Dyesta{ls manufacturers
and wsers; rubber workers
(peessmen, fillennen,
laborers); textile dyers;
paint manufacturen

Mustard gas

Producen

Plastic workers

Occupation

Chemical workzers

Miners: smelters;
insecticide makers and
sprayers; tanners; chemical
workers; oil refiners;
vintnern

Producers, processors, and
users; icetylene ind aniline
workers; blcachers; giass,
potiery and linoleum
workers; battery makers



B. Isorganic agents (continued)

1.  Metals (continued)

Agents

lron oxide

Nickel

2. Fibers
Asbestos
- 3.

Wood
Leather

Dusts

C. Physical agents

1.  Nonionizing radiation '

Agents

Ultraviolet rays

2. lonizing radiation

Xrays

Uranium
Radon
Radium
Mesothorium

3. OQther
Hypoxia

Incubation
AlTected organ(s) period (years)  Risk ratio
Lung, larynx - . 2-5
Nasal sinuses, lung 3-30 $-10 Qung)
100+ (nasal
. sinuses)
Lung, pleural and . 4=50 135-i2
peritoneal mesothelioma
Nasal cavity ind sinuses 3040 -
Nasal cavity and sinuses, 40-50 50 (nasal
urinary bladder sinuses)
2.5 (bladder)
Incubaticn
AfTected organ(s) period (years)  Risk ratio
Skin varies with -
skin pigment
and texture
Skin, bons marrow 10-25 3-9
(eukemia)
Skin, lung, bone, 10-15 3-10

bone marrow (leukemia) ~

Occupation

lron ore (hematite)
miners; metal grinders and
polishers; silver finishers;
from {oundry workers

Nicke! smelters, mixers,
and roasters; electrolysis
workers

Miners; millers; textile,
insulation, and shipyard
workers

Woodworkers
Lezther and thoe workers

Occupation .

Farmers; sailors

Radlologists; medical
personnel

Radiologists; miners;

radium dial painters; radium
chemists '

Cainzon workers i



Table 2 Confirmed and suspected occupational carcinogens®

by target ocgan.
7 — Oecupational Caranogea
Tharpet Orpan/Tisue Confirmed Suspected
Bone Berylium
Brain Vinyt Chloride
Gastroenteric
Tract Asbestos
Hematopoietc Benzene
Tissue Styrenc Butadiene and other
(Jeukemia) Rubber Manufacture
' Substances
Kidney Coke Qven Emissions Lead
Larynx Asbestos, Chromium :
Liver Yiayl Chloride Aldrin
Carbor Tetrachicride
_Chloroform .
- DOT
Dieldrin
Heptachlor
PCB's
Trichloroethylene
Lung Arsenic Beryilium
Asbestas Cadmium
Bis (chioromethyl) ether Chioroprene”
Chioromethyl methyl ether  Lead
Chromates
Coke Qven Emissions
Mustard Gas
Nickel
Soots and Tars
Uranium
Vinyl Chioride
Lymphatic Arsenic
Tissue » Benzene
Nasal Cavity Chromium, Isopropyl Qil,
’ Nickel, Wood Dusts
Pancreas Benzidine
PCB's
~ Pleural Cavity Asbestos
Prostate Cadmivm
Scrotum Soots and Tars .
Skin Arsenic ‘ Chloropreac
Coke Oven Emissious
Cutting Qils
Soots and Tars
Urinary 4-Aminabiphenyl Auramine
Bladder Benzidine 4-Nitredipheayl
‘ B-Naphthylamine Magenta

*Occupational Diseases - A Guide to their Recognitien - U.S. Department of
Haalth  Fdueation and Welfare - NIOSH



Table 3 Suspected carcinogens basad upon structural similarity
ts vinyi chioride.

Vinyl Chloride H,C=CH

: a
Bromoprene : H,C=CHCH,Bs
Chloroprene I
Epibromohydrin ' H,C: SH ~CH,Br

e N
Epichlorohydrin ' H,C-CH-CHQ
0

Pesbromoethylene : Br,C=CBr,
ch:hloroethy!ené Q,C=CCq,

Tribromoethylene -
T aeec

a
Styrene Mnﬂ Beazene) " H,.C -?!
Vinyl Bromidé -
Vinylidene Bromide -
"Vinylidene Chloride HC=CQ



No one study approach can provide'all or even most of the need;d

health information. While epidemiocleogic studies in :hé occupaﬁicnal
getting have the potential to determine effects of long term low level
exposures, the difficulty in making quanritative estimates gf pteéen:
exposures and Che aven gfea:ar problem iﬁ determining past exposuies |
makes it hard to obtain accurate dose response data. Om :hejother hand,
while more accurata dosa response.da:a can be derived from ﬁgxicological
studies using experimental animals, ocne is always faced with the d;ffi-
culty 3?'extrapolating results from e#perimental animals ﬁo humans and
often with the additional problem of extrapolating from observed higner
dose levels to lower doaeA;Qvels. However, whea the two study appreoaches
are ;tiiizid in a coordinated way, bgnefi:s of each approach can be
maincained and many of the individual methodological weaknesses can be

overcome.

The following tabla shows cthese s:rang:hs and veaknesses.



Disxiplins _P_O_-Juho studied

Table 4*
DISCIPLINARY APPROACIS TO IIEALTTI EFFECTS OF.AIR POLLLTION

Streagths

Waknonses

Epidemiology Commaunities
Diressed
groups

Texieslogy Animals

Biochernieal

*Dr. Carl Shy, "Strengths and ¥

Natwral exposures

Qbgervation in maa

Neo estrapalacions

Yulnerahle groups
ineluded

Loag t¢rm. low-level
effects eralusted

Stedy many people

id data. sequisition
et move
179
Muchsnisme of reipoase
Prediet shapes of done
Tetponse curves

Administer lazie marerial
Sl-:r seule and ’:;mjg'

and Toxicological Study Approaches,’

1975, U.S. Energy Research

Quastilying caposare
diicvk

Many emariates
Micimal dews 2e1ponss
dou '

. Atsccistion va csusition

Can only make few
beaith meusasements
Loug latens pevimds

for disazse » peablem

Resliste mudels of
heman disense?

Extrspalation frem
ABimals e man -

Thresbold of humpien

mponse?
Anifieial exporeres

reaknesses of Epidemiological, Clinical
Chemist/Meteorologist Workshop
and Development Administration



The impact of epidemiologic studies in cancer research, such
ag the gtudies on cigarette smoking and lung cancer, prompted a recent
Nobel Laureate co proclaim these scudies as the major scientific

finding of the 20th century.

It is doubtful that the impact of smoking on lung cancer incidence

would have been known if research had been limited solely co cellular

- and whole animal studies. Although agents contained im cigaracce smcke

havae bean shown to induce cancar in laboratory animals, the sum of che
carcinogegic effacts of the known agents does not equal that of the
cigaretce smoke condénsaca. Particular difficulcy has been encountered
in izhalation studies of cigaracte smoke on laboratory animals because
the animals, particularly smaller species such as the rac, frequencly
die from the acute toxic affects of the aicotine and carbon mcmoxide in
tobaceo smoka. Anothér problem scems from the fact that the upper
respiratory tract of experimental animals, particularly the nose,.is
much different from analogous human structuras resulting in a more
efficien: fil:ra:ioﬁ of smoka in che upper respiratery cract of these

animals.

There is mountizng epidemiclogic evidence from a series of
occupational health studies incrimina:ing benzene as a possible
leukemogenic agent. Thus far, no animal studies have beea able to

demonstrate this gffec:. Similarly, the carcinogenic acrivity of



argenic has been demonstrated through epidemiclogic but not by
toxicologic studies. If reliance were placed solely om cellular and
animal tests, then the importance of benzene and arsenic as

carcipogenic agents would presently be unrecognized.

According to Sir Austin Bradford Hill, more weight must be given to
pesitive as opposad to negative studies. Negative epidemiaglogic

studies, particularlyain cancer, capnot be coustrued as providing

firm evidence of safety, This is because af»:he p;oblema of lacené}

and che small number of pecple often observed in epidemiologic
catcinoganiq.s:udies which oftgn preclude demonstracion of statistically
si:nificané‘diftc:en;es. T |

If the appropriate steps are used in epidamiologic research, then
descriptive studies have the potential to identify unusual clusters

and high risk individusls for subsequent study which sﬁould then limi:

_ the mumber of negative studiss.



Question 6

It has been customary to rely ﬁpon animal studies in the absence of human
evidence for a carcinogenlc assessment of chemicals. An examination of cae
literature and of the experience in this method of approach reveals that

animal data can be satisfactorily used as a predictor of human response.

The development of the vipyl chleride study, the coal tar/coke oven
emission studies and various other examples Lllustrates the predictive value

of animal bloassay methecds.

Iz addicion, the ¢orrelacion becween species with certain carcinogens
such as benzo(a)pyrens, bischlorome:hyle:her, aninodiphenyl,.benzidine,
vinyl chloride, etc., have been Iin excellent agreement, even ticugh tle
cafge: tissue may differ among the species tesced. Ia the case of
benzo(a)fyraae, aine gpecies of animals have been tested and all fcumd te
respond to this widely tested ubiquitous cazcinogen. (Survey of Compounds

Which Have Been Testad for Carcisogenic Activicy - NCI).

If the responses of animals to knowm humap carcinogens are examined it
becomes cbvious chat all human carcinogenic chemicals, with the possibie
exception of arsenic and henzene, are also carcinogenic for animals.

The inhalation and percutanecus routes of exposure are the obvious routes
of choice in experimental carcinogenesis studies when considering

eccupational axposure to chemical carcinogens. These roucaes are also :he



choice when considering experimental design of studies to investigate otk
toxic agents. BHowever, it 1s well koown that clearance from both cne-uppu.
airways and the deep lung involves the mucociliary e;calator in which
ma:eiials are cleansed from these areas and usually find their way into the
alimencary tract, iz lieu of expectoratiom. Therefore, the orai route of
‘adniﬁis:razion via either stomach intubation, for purposes of exact
quantitation of doge, or through consumption of food or wa:ef containing
countaminants, is a perfectly adequata route of administratiom to test the
carcinogencity of chemicals and complex mixtures found in the occupaziocnal

engvirocment.

Inhalaeion is ugually the breferred routa of a adminscracion in animal
studies for judging the cardinogenicicy of airbotne substances. Because
the expanse of this type of study and methodologic difficulties, othar
routes, especially per oral, are used. Ia the ususl case, this route gives
valid, cx:rapola:aélu information, but each case has to be-comsidered
individually. Similarly, o:hgr>rou:oa, e.g., topical applicé:ian. give
useful information. Injection sitavsa:ccmés by themselves, probably do not
'indica:e carcinoganicicf by other exposure routas. Thay may indicace
specific hazards in the avent of accidenzal implancacicn of the substances.
The vali&ity of using cthe maximum tolerated dose in rodaent bicassays has
beean discussed and debated for a nn;bcr of years. It is appropriate to
mention that the Nacionmal Cancer Institute as well as other agencies such
ag NIOSH, FDA and EPA continue to consider this as am appropriate approacs
in experimencal bicassays. The reasons for this choics are cbvicus when

considaring economics and the probabilicy of response.



Questicn 10

Present knowledge does not permit development of a consistent and racional
basis for decisions on additive and synergistic effectcs. Complicating this
problem is the question of promoting agents and co-carcinogens, widely and

variously used terms without the same meanings to everyoue.

Additive affects should be assumed when two agents cause cancer at the

same site, especially when the ewo agenﬁs also have chemical similaries,
such as PN'; oT arcmatic amines. Synergistic effects should be assuméd -
ouly when there are dats or principles suggesting in the specific case thac
potantiation is likely. Similarly, co-carcinocgaenicicy and promocion should
not be assumed except in a specific case where :hefe are datca or principlés,
that apply. Ia cleazeut ‘avsas {ovolving personal habits.such as smaicing,
counsaling of workars should be callgd for. Othaer areas of persomal habits,
guch as diet or lifestyle,rshould not be considered in this proposed

atandard, at least uncil the i{ssuas are clearer.



Questions 15 & 16
Questicms 15 and 16 are closely ralated and will be answered together. Tuc

problam of additive and synéfgis:ic effects is exzremely difficulc co
assess with available scientific methodologies, either toxicology or
epidemiology. To date, the scientific community has g0t adequately dealt
with this problem. Toxicology and epidemiclogy both provide valuable
information about carcinogenic risk. The problems of additive (or
antagoniscic) and synergistic effects do not maka dose-respomse data in
tast animals irrelevant. Epidemiology and toxicology have bath strengths
and weaknasses. EHowever, by combining twe methodologies, in thig case
toxicelogy and epidamiolagy, it is often possible to overcome scme of the
wveaknesses of esach individual methodology, yet retaininog their strengths.
From this poiznt of viaw, corroborh:ing data on carcsinogenic tisg from bor

| epidcnioiagy and toxicology provides the most dafensible data as to
carcinogenic risk. Mbsc.:oxicolagy studies issess effacts of single
axposures. It is virtually impo;;iblg :o.aftificially generara anr exact-:
replica of the complex workplace enviromment in aay zoxicologic experiment.
One of the greatast s:r;ng:hs of the epidemiology approach is to observe
tha effects of chis complex anviromment directly iz man. Eowever, unless
the possible synergistic or addic;vc effect is specifically tested either
epidemiologically or taxicologically, it is impossible to assess the
imporctance of such inceractions. In the final analysis, though, health may
still be procected even if precise iaformation om interacticns is aot
available. This is because a given compound 12 a complex mixture may often
sarve as an index, which whes coantrolled, will also résul: in decreased
exposura'co all compounds in the complex mixture. The ;i:ﬁaticn with coke

oven emissions is-an axcaellent exémple in this regarzd.



gges:iou 19

Latency refers to the lcng period of cancer induction. Because of the
uncertaincies in identiffins the specific time or event in the genesis of
the cancer and the uncertainties in identifying the cancer itself, the term
latancy i3 not precise. ‘I: usually i3 taken to be that iaterval be:weén
the firsc known exposure o :he cancer-causing substance and the first

evidance of the consequent cancar, which is often at autopsy.

Whether the cancer processg is tniciated by the first exposure 1is no:t knowm;
ir is generally thought that the process is initiated by che effect of )
.repaa:ed expo;u:es? bgt there are ratiomal bages for suggescting that any
-oun of?:h.sa raﬁc;t;d?exposures m#y have been the initiating event. It is
counceivable chat both ideas are correct, for example, it might be thac the
canc;: is {initiated by onc-exposura and is echanced sufficiantly by
subscqﬁnﬁ: 4Xposures to progress to enough coverc cases cc-consci:u:e a
statistically significant excess (whecher in an epidemiclogic survey or an
axperimantal animal investigation). However, this speculatiom should not
obscurs the point that latency is ac imprecise cterm referring to the many
years required for the development of most cancers cto che point they are

observed and is defined more precisely in specific investigatioms or

surveys for the purpose of cthat scudy.



bggescion 28

According to a report from the DHEW Subcommittee on Envirommental
Mutagenesis (1977), mutagenesis (short-term or inm vitro) testing, in
addition to providing valuable informazion ou the risk to future
generations, can provide valuable information raegarding other toxicological
nanifescations. Examples are cited stating that there is an "appareat
relationship between carcinogenicity and mutagendcity" (McCann, et al.,
1975; McCann and Ames, 1976). However, the predictive value of short-term
mu:aganicisy tests for carcinogenigity is currently under investigation,
igvelving numerous efforts to asseﬁs the use of short-term mytagenicity
tests.

The Suhéouni:tac Report goas on further to state that the urilitcy of
mutagenicity test procedurss £or screeaing of chemicals for sematic effect,
for axample, ca:ciﬁogcniéicy 13 not predicated An the assumption that the
affect is due to uu:#tions in somatic cells; but "the empirical
demonstracion of a high correlacion becwean mutagenicity and the effect of
concern (carcinogenesis) is a sufficient basis for establishing a role feor
mutageaicity testing as a predictive tool regardless of che mechanism

iovolved."”

Tharae is widaspread belief among iuvestigators {n the cancer area that DNA
damage is inovolved in the induction of cancer. This is the basis for the
supposition that carcinogens amight be detectad by the consequences of DNA

damage ia simple systems (Bridges, 1974).



Question 3l

Iﬁ the attempts to develop models for predicting human carcinocgens
prolouged debates have centered around the type of lesion in animals‘that
must be induced befors a chemical can be called a carcinegen. Particular
attention has been given to the mouse hepatoma (Butler and Newberme, 1975).
Some scientists believe that most mouse hepatomas are not.cancers because
they do not metastasize, and imply thar the mouse hepatoma is, thereforé,
not predictive. This argument is illogical. In the first place, not all
hepatocaellular carcinomas metastadize in any species studled, yet they are
frequantly rasponsible for the death of the hosts. Of 33 mice chat died

. subsequent to chronic exposures to 4~dimethylaminoazobenzenme, 71% died as a
vesult of hepatocallular carcincma (with aséi:as and/or anemia) yet
pulmonary matastasas ware infraquently observed (Gellatly, 1975).
Metastases are cobserved in humans in only approximataly one-half of patien..
with hepatocellular carcinomas (Robbins, 1975). 1In the second place, even
the spontanecus hepatocellular carcinomas io mice seldom ;e:astasize: Iz
facz, very few of any of the spontanecus neoplasms in mice or rats ever
netastasize. In this way, rodents are more resistant than humans and possibly
ars 130C sensitive enough to the induction of cancar as we koow it

ia hun#ns. The raasomns for that might also be explained om various facrors:
that modify che abiii:y of tumors to metastasize (Fidler, 1975). Thirdly,
for predictive purpoacsrtherc i3 no reason why the rodent tumors need
metastasizs. Thers need only be a correlacion batween cancer in man and a

neoplasm in animals, and chis has already been demonstrated many times.



Short term or in vitro tests that have had some testing for validacion purpos
ipcluded those referenced by Bridges (1976). Many other validation tests
are ongoing (DeSerres, 1977; Dunkai. 1978). ‘Reports are available

commenting on the.gcate of the art status of in vitro testing for
carcinogenesls (Casto, 1977; Kouri and Schechtman, 1977; Conmservation

Foundation, 1977).

For sciencific purposes, justification of the use of short-cerm tests for
the purpose of screening thousands ¢of chemicals for their sguspected
carcinogenic aetivicy and for the puzpése of prioricizing these chemicals
for long~terz animal biocassay, appears o be adequate. However, the
original incant for utilization of these tests was only for these Cwo
objectives and not for use as a.confirmatianal_Ces: for lomg-term animal

bloassay.

It is inappropriata at this time to atszempt £o substitute a short-term test
for a long-term animal bipassay for at least two reasons:
(1) Validation procedurss are not complete and correlations

between the :.sﬁ systams have not been adequately performed; and

(2) The outcome of the short-term tests as compared to the lomg-term .
bloassay are noc biological equivalencts. Ia ome case the sad poiac
is mutagenesis, in the other case, carcinogenasis. However, one

(mizagenesis) mai oftan cause the ocher (carcinogenesis).



It has also been observed :ha; a carcinogen does not always produce CUZOrS
in the same organs in all species. The mouse liver responds mcre re;dily
than most other tissues with most of the carcinogens that have been tested.
Yat {c is still predictive for cancer ﬁ: other sites in other species,

ineluding man (Tomatis, 1973; Newberme, 1975).

Another canside:;tion in evaluating a predic;ive model for human
carcinogens 1s the routes of administracion. Although the réu:e of
adninis:raﬁion might oot be important in determining whether or mot an
agent is carcincgenic for rasearch purposes, it 1s important frem a
preventive health standpoint. Fo properly evaluate carciﬁogenicicy, the
suspect agents should be administared to animals by the same routes as
humans are exppsed, oanely, via the lungs, gastrointestinal cract, dermally
and in some cases intramuscularly, iﬁtrada:maliy and subcutaneously. The
lat:iz conditions would apply, for example, to those agents such as zmetal
fragzmentcs thac might become embedded in skin or muscles. .In isdustrial
eprsurcs to particulates, oral axposures are frequently as imporctant as
pulmounary axposures in as mucﬁ as the particulates that are trapped im the

upper respiratory tract are usually swallowed.

Although in the above discussions chemicals hava been given primary
consida:a:ion as carcinocgens, some consideration should also be given to
paysical agents, e.g., ultraviolet and infrared irradiation and heatr. To
exclude phy#ical agents from consideration ia the regulatory procéss is
unwarrantad. To exclude.anj agent on the basis of its proposed mechanism
of acﬁiau is also unwafran:ed, since the mechanisﬁ 13 not being regulated,
but ina:;a§ the agent. It is, cherefore, recommended that paragrapa (l) ia

saction 1990.l11]1 be deleted from the Proposal.





