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ZXECUTIVE SUYHARY

This reportlwaa preparad in f;spanse Lo a requesé by che EPA Office of
Health and ENV1£onmoncal A$9953meﬂ::tp develop a merhod fo;vassessing the
v ganc?r risk of polycyclic aromatic hydtacaibonﬁ {PAHs) for which inaﬁaquaté
ihgastion~9f inhnlacién'btoass;y Aaca exisT, as well as to improve existing
risk Qsﬁiﬁa:es using mﬁthodﬁlogiei that are consistent with the akpctimoﬁcdl.
pro:ocols and observations. A relative potency approach.wta'dAQQIoped'as Qﬁ
al:ernaclvo to the cuzron: ptnccicc of assuning that 111 carcinogcnic PAH: are
equivglan: in poccncy to bonzo[n]pyrono (Bla]lP), whlch has littlo scioncific;
support. B[a]? hcs consis:antly boon demonstrated to be one of ch: mosc po:enc
carcinogenic PAHS to which people uighc be expectad to be oxposcd
‘gnv;;onngncally. AS & tcsult,_escinatcg of cancer risk usin; a B[a]P one-cto-
-one éq;lvaloncy apptpcéh vill\éroatly‘ovctoatinnta the ¢arcihogon1; poc;ncy of
most mixtur-s of PAH; Use of a relacive poclncy appronch that cakas inco
| iaccounc the diffcring potencies of carcinogenic PAHI would yiold 'y uorc
resliscic es:inn:o of :isk with a sounder blelogicsl bnsis

In chis report, & new method is dovolopod for oltinscin; the cancer tisk
_associa:od vith oxposu:o co nixturos of PAls chA: l::nnpcs to toc:ify the
problans\inhqrong in na:llor apprcnchos in use by BPA and others. A two-stage
mgchcu‘tical dono4;op010 modal i; péséulicad that is consiscent with che
.;biologictl’-.chihinns of accion of PAls. Tﬁo nodnl puranacofs are estinmated
using rodnn: eulnt r.aponlo daca folldwtng oxpocu:o to B{s]P. The cwo-scago
model is ‘a spescial case of :ho Moolgavkar and Knudson (1981 1986) ‘cancer risk

model that waa adlptod by Thorslund et al (1987) to account for oxposute to _

known levels of. carcinogenic agonts: Tha modal aay also bo viawed as a special

il
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case of the classic Armi:ége and‘Dol} (1956) multistaée model in its time- -
ind°pcrdent form and a restricted case .af che Armi tags 3nd‘ Dnll. (1957) rwe- |

se nod.l in Soth Lts ..i...rl..uepenueuc or ~cepennan: forms. The d.vanr.ages
of the mod.l ~are rthac ic ts !-ased on a strong theoxatical argtuu*c derived fmn
biological Drincinles yet is simple enough :o,qbtain estimares for Lc§ -
.:oaramecers ucxng very ‘imi'ed data. Ualng this amodel, the esciza:o of cancer
potency for Bla]P was chnngod from 1l1. 53 (EPA 1980) to 3.22 (ug/kg/day)" for
ingoscion exposuro and fton 6.11 (EPA 1980) .to 0.45%3 (ng/kg/day)‘l ‘or

)

inhalation exposure. B - o ..

The second crig;éhl element inlcho d.iblqpnonqlo£~ﬁho n;thod‘vin ob:#ining
estisaces Qf relative potcncics for catciﬁogonic PAHs‘o;hor chan‘B[;]P using
- the seruccural form of the nodnl d.rivod for Bla]P. Th.l. iatiiateb ch. ﬁijcd-
'on bioassny rosults cha: vere obcainod from syltc-s that are noc suitnblo for |
direc: oxcrapolution to hunans bccnuso the routoa ot cxpoluzc cuploycd are not .
coupgrablo,co those by which humans are exposed in ‘the oqvigonn.nc (with chq
- exception éf dermal oxpolﬁzn). Expirinoncs‘ln vhich ccfcinognnic,PAﬂs and
B{a]P have been :ostnd concuxt;ncly can be used to cstinnto the rnla:ivo
potencies of o:hot PAls colpctod vich B{a]P. Thoso relative poc‘nctcs ‘have ab
Vspociflc blologicnl Lntorpt-tation at low dnnol under the assu-pclons of the
| model: Thoy pt0V1d. an c::inato of the ratio ol c:poouxooinducod uucation \
rates per uni: ot exposure. Thcso sutations are thou;h: to ‘transform a normal
sten ccll inte & pron.oplastic cell and. a pronnoplnacic coll inco . nalignanc

 cell. U.in..ll oxportnnn:;l cudios. estimates of poc;ncy ‘for carcinogonic

PAHs were obeaincd that ranged from 0.004 to 6. SO as couparod vi:h B[a]P The




sscimates were consxscenc among scudxes for a particular PAH. Those that were

~bta~red from ‘the most *eliable studies are supmarized .in rhe cable he;cu

SUMMARY OF RELATIVE POTENCY ESTI&ATES
" DERIYED FOR PAis

Anthanthrene
Benzo[a]pytenc
Benzo{e]pyrens
Benz[a]anthracene
Benzo(b] fluoranthens
Benzo(] ] fluoranthene
Benzo[k]fluoranthene
Benzo{ghi]perylene

oOroOo0000000~0O
. s >

o

)

»

Chrysene

‘Cyclopentadieno(cd)pyrene 023?
Dibenz(ah]anthracene 11" -
Indeno(l,2,3-cd]pyrene . - , 232*
Pyrenor - e - 0.081°

4

_;Deucsch Vcnzcl et al. (1983)
cBinghnn and Falk (1969).
Habs et al. (1980).

dwynd.: and Hoffmann (1959).

) ®Wislocki et al (1986)

The relative poconcy cstina:os can’ be used in conjumction with thc a[a]P

'~ dose-response uod.l and the ‘dose nddiclvtcy nssulpeicn to obtain estimates of

cancer tisk associa:od wich any spocifiod cxposuxo co uultiplo ‘PAHS (fot which

pocency estimates are :vailablc) The dose cddicivicy nssuuption is synonynous-

‘,~w1:h wha: is rofatrod eo by Finney (1964) as sinplo sinilar action ¢nd a

advocated for use in- chn EPA (1986a, 1986b) ;uidnlinoo ‘for assessing the cancer

»risk of nixlll'o vhen 1uad.qu4ct dltl on the. nixtuxo 1tsol£ are available.

Simplo sinillr ac:ton 1191100 chac all cntcinogonic agents in a aixcure Lnducu

carcinogencsis by sinilsr u‘chanisus ~ Since carcinogcnic PAH. sppear co be

" metabolized to similar toact#vo derivatives, produco comparable adducts wich

OQOQQG
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DNA and nxscoxogxcally 51m1lar trumors at the site of introduction and

‘metabolism in experimencal ‘animals. the assumpcion of a common mechanxsm of

" actionm (L.e., dos. additivicv) is D)austble

inder the assumption of dose additivicy, the cancer risk causad by

exposure to multiple PAHs can be obtained as follows. The total exposure units

3

‘ equivalenc to B{a]P in a meturi to which An individual is-oxposnd is

calculated by taking cho sum of cho ptoduccs of the rola:tvo potoncies and tho

exposuxe levcls fot nnch PAH. Thcso B[a]? oquivalon: cxpo‘u:o units are chen

- substicucad inco the’ doso-tuspona. uodol for B{a]P to ob:nin chc cancer risk

associated vi:h cxposu:. to cho PAH aixture. This proeoduxc is ovalua:od in
this document using blonssay tllultl fron an experiment conduc:od by Schmahl et
al. (1977) using cvo diffo:onc nixturcl of PAH: Thc ‘resulting ptodiccions
wers oncouxagingly cloao to the tumor rates oblcrvod

'

For the sak. of conpatison. the more familiar linearized uul:istago nodnl

has also been used in this toporc to .stina:o relative potoucics although it

is Iess defensible biologicnlly. Rosulcs raasonably coupntablo to choso fron

‘the cwb-s:ngo mod.l_voro obtained, suggc.ting that eho rosul:s ate not highly

modcl ‘dependent.
| This study hns danonstra:od cha: .ltilltion of :h. total cancat risk fton
exposuxo to a nixcuxo of PAls should bo bascd on measurements of the .

concontrations ot ics caretnogonic conponcntn and’ rolccivo estimates of choit

pp:cncy. , S
' Tﬁis tepest is otgnnizodjil'follel; Section I dnlctibos the spocinl
problenas aaaociatnd with cnctnacing cancer tisks of complex nixtutos of

chenicals in the onvironnonc vhy adding oscinaccd individual risks cogc:ho: Ls

approptiace fbr mixturos of PAH: and why using B{a]P as a suzrogn:a for other

4
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A

Pkﬁs is not appropriace.' Thé assumpcions reqﬁired for using-a cio:stage model
’Eor PaH carCLnogenesis are descz1bed and their exp;;iuencal suppotc presen:ed
A broada: contcxt for the davalopmenc of biologicallv bcsed cancer risk models
is provided and chon a specific m?gel §9r B(alP gg derived. \In Sec:ion_II, the
model dgrivgd for B{a]P is_#pplied to cﬁiqr daﬁa froam an LAhaia:ion bidassafA ‘
2 performed using hazsters (Thyssen er al. 1981) ahd an-ingcstién bio:ssay/using
‘mice (Neal and‘Rigdon‘l96?) and unit risk o;:ih;cni‘nzn oBcalnodl Studiéi ih-
_which'cho c;rcinbgonicicy of other PAHs vas ovgluqto&lund compared wich that of
_3[;]2_::‘ revieved in Section iil and used toloctnblish relative ﬁqcenciés‘fsr
the other PAls. The results of ﬁocciénllli'ar- tocnlcuiacdd‘in siction fV; v
using the. s:iﬁddrd'liniarizcd ﬁﬁlcistagc‘nodoling approach to d‘nons:rac; how .

ifforent biological and unchona:ical ansuup:tons affect tho:o tosults
Soccion v uses. tho biologically based uod.l and rolacivt po:oncy method -to
 es:imAco cho cancer risk of nixturcs of PAB: costod in the luborncory and
comparcs the tcsults vith :hoso actually obn.tvod A | o

This rnporc is an lntozin finnl report bccauso rasourccs wers 1nadequaca

\

c§ thain tho boat cancer poccncy cscinatos p°ll1b1. or B{a]P and :h- best
tonparncivo potoncy o:tinacns posaiblo fot the othor carcinogcnic PARs - Uso of
individual aninnl data and other supplcn.n:a:y data sets, as wvell as more
sophiscicaccd scaciscical ostination procoduzoc slcng with ov:luation of :ho
sonaitivicioo of :ho ostilntos to the ns.u-pcions aade in ord‘: to d.rtvo :hen.
- are nocoasa:y tot the eo-plocion of this votk The tollovtng list consticutos
the specifie tlnka :hac ro-nin to be porfornod {n order to £inalize this o
project and ’llvtd. ad.qua:n support for tho potcncy as:inacos d.rivcd

1. Use individual anlnnl oxposurt and pathology data from Thylscn ot al{
(1981) bionsnay to recalculate inhalation risk for B(A]P
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a. GSscimate individual animal exposure levels from analytical data for
- B{ajP, exposure durations, and daces of initiation and terminacion of

- exposure.
1

b. .Code individual animal exposure and pathology data and placo in a
compucar ’xlo to enaoxe computer manipulations.

c. Usa individual animal data tc derive more precise, target aite- ~
speaific tlae-ctc-tumor dose- -response models for imhalacion exposure to
Bf{a]P. :

" Estimate 1ugas:ion risk for B[a;P using the Thyssen ot al. (1981) bioassey

data by relating the portion of the inhalad dose that was svailowed

. following wucociliary clearance and gnsctotntcscinal :racc tumor formation.

Esclnnco And improve :ho ptocision of the rolaciv' potency cscinaces

a. Devnlop methods for thé simultaneous csttnntion of doso-tcsponsc undnl
parameters within a singlc bioussay and obcain confldnnco limics on the
rolacivo potencies obcainnd o ‘ ,

b. Excond the methods dnvolopcd in (.) to lnclud. sultiple bioassayl

c. Use the methods developed in (b) to estimate t.lltiV. potoncios for :ho
PAHs used ln the nixtu:c bioassay conducted by Schnlhl st al, (1977) '

“;d.‘ Exaninc chc :Lnn d‘pcnd.ncy of - tho PAH- lndncod tumor ronponso who:e
time-to- - tunor data are available. '

Improve confidznco associn:od with B[c]P ingontion tisk derived fron Neal

" and Rigdon (1967) bloassay.

a. 'Use the dolo-rcnponso nod.l dotivod for the ingoction risk of B{a]P to .
"~ predict tumor responses for the short- tera exposure data and the data
from the other Rigdon and Neal biosssays. If the predictions are .
consistent with vhat is observed, incorporate ehoso data 1nto chc dose-

response modsl parameter estimates. : :

' b. Evaluate the scnsicivity of the ingo-tion risk uncinato to the. ;
' assumption that one-half of the animals in the bioassay were exposed to
B(alP for an catltct cxposu:t duration vhiln one-half wers exposed for

a latser dnrscion. _ N

c. Evaluste the sensicivity of the 1n;.scion rtak estimate to chc use of
surrogate background tumor rates. A

d. Derive an Ln;os:;on risk es:iunco for B[a]? froa the Triolo ot al.
(1977) bioassay data for che purposes of comparison to chnc based on -
Neal and Rigdon (1967). ' ‘ ,

“wiidl
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Extend zhe zmodel to account for addxtlonal PAHs and ocher biological

information:

a. Develoo zethods for using hfscorical concrols and other assumnc*ons
about background tumor rates in the escimation process.

b. Develop ‘a cri-nomial dose- xeapoﬁse model n which che response can be
expressed as no tusor. adetioma, or. hatcinoml (insread ot the btnomxax
chai&OnSuLp. +ith or without cuno:)

c. Uevelap mathods of estimating tsln:ive pocancies for PAH: for which no
cancer nioassay data are available based on, for example, DNA adducc
formaticn or structure- accivity relationships.

d. Refine the dose-response models for B(a]P to {nclude information. on
- potential tumor prouo:ion;l off.ccs and effects fron the sacu:n:ion of
activacing enzymes. .

a. Dev.lop a method for the estimation of relative potencies when the
transition rate parameters are not proportional between cell stages.
Investigate the bias that is incroducod vhen the propottionality
assunpcion is made- bu: 1s invalid,

Evaluat- the dose-response rola:ionahlpn'for B{a]P and oihﬁr_PABi'in ‘
bigassay systems other than those examined in the report for their -

_consistency with the two-stage modsl. Thess data may include complex

mixture biloassays in which B{a]P vas used as a positive control, bicassays

" using alternative routes of exposurs such as intratrachesl inscillacion, -

and data on experimental PAHs sucb.aa 3-¢nchy1cholanchrcn.

A

Use tumor data £or sovornl PAls ndninistorod by different routes in the

saze bioassay to ovaluatc the roucc-indcpcndnnco of tolativo potency
estimates. L : N

Using cho sane cochniqu.n that wvere developed for cho .scinntion of
relative potencies for PAls as compared with B[a]P, estimates of che
relative potencies of cigarette smoks condensate, roofing tar emissions,
and coks oven emissions, can be obtained using the SENCAR mouse tumor .~
initiacion and complete carcinogenesis studies discussed by Albert et al.

\

' (1983). Two-stage dose-response models using human epidemiological data
wouid also be obtainad for each of these complex mixtures. Estimates of

the cancer tisk from e single PAH would then be obtained by multiplying the
follavia; eh:.o factors togecher: A

" a. Relative potency of the PAH as conpcrcd vith l[a]P

b. Rolletv. potency ot B(c]P as compared with the conplnx sixture; and

c. The unit cancer risk for the complex nixtu:o.

This apptocch clininatns the need to exc:apolatc animal bioan:;ys direccly
to humans. ‘

ix




. IVTRODUCTION 4 TWO-STAGE MODEL -FOR CARCINOGENESIS AND ITS
APPLIZCATION TO POLYCYCLIC AROMATIC HYDROCARBONS

Tﬁe'unjqriéy of oécupational éhd anvironmental chemical exposures are to
conplex mixtutes Ezissions from combustlon sources and i;ucha:es froi
,hazardous vasre si-es are exapples. of cocplex mixtures chac con:axn hundr?ds of
éomponencs that hdve not been completely characterized. Estimating the |
potential human health hazards associated witﬁ such mixtures Ls-difficﬁlc
because of inad‘quato cheuical and :oxicological charac:orization. as vell as
the extent of hotorogenoicy bocvcon sinilct mixtures fron different’ sourcos

For conplex nixturos of polycyclic nronatic hydroca:bonn (PAH:).'
scandnrd approcch to’ escinacing ‘the hunnn cancer rink associa:od with cxposuxo
'hns bcen to. assume that the carcinogonic PAB conponan:s (oxcluding hccorocyclic
compounds such as’ the: nitro.:onatics) are equivalent by weight to
benzo[a]pyreno (B(a]P) in :erus of their ctrcinogonic ‘potency (EPA 1980 1986) '
.\Based on a limited chcnical characterization of cho mixture, a nuaber of PAHs
~are idantifiod ‘and thoir conctibucions to cancor tisk are ostlnacnd based on -
thelir rolgcivo concontrations in the nixtu:o. chcir cxpcctod contributions to’
human oxposuro. cnd chc staciscical uppot bound on the poconcy of B{a]P. This
ptoccduxo has saveral sortous probl.ns o l

The assunpcion :hae a11~chc carcinogenic PAB: havn poconcics cquivalcnc to
cha: of B(a)P 1. not cupportod by the scicnzific literature. In s:udies that
have bcon p.l!btlnﬁ to evaluate tho couparativo po:ancins of PAH: B[a]? has -
consisconely'ptOth to be one of the most pocon;,ca:einogons tested. Theso
studies will be dascribed in detail Ln.Scccion I11. Sthdiog of the
carclnogoniﬁ.po:onctoa of‘couplix mixtures of ?Aus]as coiparb4‘w1:ﬁ B(a]P have

s

shown that most aixtures are considerably less potent cthan B{;}P alone. For

1-1 B . - 0@‘\)01?{)~
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example. 7arious k}inds of combustion emissions and B{a|P ware c'es:.ec'i for
pocency as .eum'ot fniciacors on the skin of SENCAR mice (Slagt ec al. 1980).
Table I- 1 shows that the m‘xtu*~s (predou‘nan:ly composed of PAHS) were much
less p;ttnt as cunot iniclacors chan B{a]P. The ~authors calculacod relative
potency. csciuntes that ranged from 0. 007 for coke oven emissions extract to
less than 0. C02 for diesel engino exhuusc extract, using p;pillouns/mouso-ng as
the end point.. In nnothcr study, the tunorigonicicy of an automobile emission g
condansate (AEC), a diesel emission condensate (DEC), a rcprosontacivo_nixcurej-
of‘ca:éinogcnic PAHs, and B(a]P were tested for cd:einogonicit}.yy chronic
application to mouse skin (Kisfold 1980). " The }o;ults uro:shovn-Ln‘Tablc 1-2.
'Rclacivc po:oncins vere: calculacod by cho authors to be 0. 00011 0.0053, and
-40 36 for DEC, AEC and the PAH uixcurc. r.spcc:iv.ly, as compared to B[a]?

Such results nak. the use of thc nssunpclon that all carcinogenic PAHs'aro ll

potcnc as B[a)P to prcdic: the total ‘carcinogenicity of PAH aixtures difficult

”

' to supporc
Another problea with tﬁ. qst'ofbs(i]P as e surrogate fpt the ;ogponehcs of
PAH nixtﬁ?ds'ia thi: if hllunos’thac\éﬁortocnl‘cancot.tisk of- the nixturo';an
" be predicted on the basla of response additivity The EPA guidolincs for
assessing the. cancer ri.k ot chemical mixtures in tha abscnco of conbincd
exposux. dacn. hov!v.t, cdvoca:a the a:aunp:lon of doso addicivicy (EPA 1986b).
Dose addi:tvicy is syooaymous vith vhat {s referred to by Finney (1966). a3 -
'simplc sinilgs sction. When a;cncs induce cancer by the sane uochan;sn. ;hey ‘
ar; chatactiti:‘d by_lilpic }Lnilgt‘cccién and the canﬁct tisk‘dun';élcoublncd

" exposure can be obtained by estimating the risk due to the total additive dose

of the agents.-
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TABLE [-1

RELATIVE . TUMOR- INITIATING POTENCY OF VARIOUS
EMISSIOHN EXTRACTS AND BENZC[a;PYRENE

Reliti?e Potencyb

. : ) o Based on
qustancea' o o - © ' (papillomas/mouse-mzg)
Benzo{a)pyrene ' ' o ‘ 1.0
Roofing-tar eaission extract : ‘ _ *0.004
Coke-oven emission extract . ' ' . .0.007
Catetpillar diesel exhaust extract , . . - )
Oldsmobile diessl exhaust extract - S 0.002
‘Nissan diesel exhaust extract . 0.007
Mustang gasoline-engine sxhaust extract : o ., 0.002
Cigarette-smoke condensate ‘ 4 <0

aMacetinl vas applied to Sencar mice once as 1n1tiaeot Phobol myristate
. acetate (2 ug). twice s week, was used as pronotnt Emission exposurss that
were used in the relative potency calculacions were rcstrictod to tho linear
pottion of the dose-response curve. '

bAs calculn:ad by cuthors

°Thcsa entries tefer to poconcios ch.c wers not significantly differentc
frou zero at p-O 05. . . .

~

Sources: Slags et "al. (1980) and NAS (1933j.- K

1-3
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_ TABLE I-2
CARCINQGENIC ACTIVITY OF AUTOMOBILE EMISSION CONDENSATE (AEC),

DIESEL EMISSION CONDENSATE (DEC): AND PAHs
| ON MGUSE SKIN :

N

o : - . ‘ Relative
Treatment - WMice with Tumors ' Pocency®

o
r—

Solvent control

Benzo{a]pyrens:
3.86 ug 32.8
7.69 ug 60.9
15.4 ug 89.1 o
AEC:S £ 0.0083
290 ug 10.3 . '
880 ug 46.3
2,630 ug o 83.3 _ o S
DEC:4 . , ST ' 0.00011
4,300 ug ‘ e 0 SRR
- 8,600 ug 2.6
- 17,150 ug 12.7 -
Mixture of PAH: . 0.36
3.5 ug 1.3 - o
10.5 ug 8.7

i0btained vith leaded fuel.
bAa calculatod by ¢uchots

Sou:co;: Hiltold (1980) and NAS (1983)

Tl
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" To use this mechod for mixcures of PAHs, estimates of the relacive
-potencias of cthe components are regquired. The relacive petency of the jth
carcinogenic PAH compared rn rhe rnrancy of 23{g]P 2t responis level p can ne

Aafinad as _ . : -

h :RJ.<5‘>.>‘ - x(,p)/ij'p,
whor§ x(p) -and yj(p) are chdxnunbotldf aiponu;o'uni:s.of Bta]P.agd»ghﬁ jcﬁA'
caicinog;nic PAH, rospo;tivily, roﬁuttoq to ptoﬂuco s ;otal‘carcinogtqig '
-responic‘ratc of P 1d4th; c;lc4sy:ccn | i | |

If\tho sechanism of accion of B(a]? is cho same as that ot the jth
carcinogonic PAH ic follovc cha: Rj(p) - Rj (1 e., the rolativ. po:oncy is.
1nd.pcndane of the: rosponna lcvol) . - : : . ,

© Under’ tho hypochonis of simple stnil.t action, the joint tosponso to a
set of carcinog‘nic PAHs is’ dcpcndon: upon the total PAH oxpoluzc. T .expressed

. in units equivalent co_B[a]P. . This exposure may be written as

i- : jgl Rjyj‘} < : N - ‘, ‘(I_-l)‘ -
where » . : ‘ o
“ﬁ | - -‘th;'tbehlAnuibor ofviqdlcucot PAHn'ofgluiivi-of B(;]P:
| yi = the exposure to the jch indicicQ: PAH;
x - 0*50.“!0 to 5[!)? and '

'le - relative poconcy of the jth indica:or PAH co-pcxod to B(a]?

. The probability of a c;nc.r renponso givon T is (T, vhere P(e) is the

doso-responso rala:ionship for B{a]P. Fot ‘this approach’ to bo valid the

) I‘s . - ,
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funecion ?(o).mgsc be monotonic in the éxpetimental range with values of % and
yj expressgd ﬁnf:ﬁe samé ﬁni:; ’
In Eho case of mixtures of cércinogeAic PAHs, dog. 2ddirivicy hae haen
‘postulated to de a raasonable‘éséunpcion becauae; as a gtouﬁ, PAHs héve similav
biological pechanisas of action: they appgar‘to be me;abqllzéd to similar
reactiva darivatives thac angract with CNA and produce hisfologically'siéilar :
tumors at the site of in:réduétioh (IARC 1983). 'Kadan et al. (1979) fouﬁd a
simple additive riiuciohship‘of thc mucagenicity of sooc’tnd»addod Bta]?-
Schmahl et al. (1977) tested B[‘]P and two mixtures of ca:einogonic and weak or
noncatcinogcnic PAH: when applied to cho bccka o! nicc The cunot tospon;o 1:_
shown ip»Soction V of chia dp;unonc-to ba prodictablo on :h. bllis of o
| addicivity of doa;s of the c&rcino;&nid aixcure cc-pononts' Aa.uning stnplo
siuilnr action (i.e., dose addi:ivi:y) for tho purpose of An-ossin; the cancot
risk of PAH aixtures seems plausible.. ) '
-‘Choosing a dbci-rosﬁbﬁso~nod.1 to ‘assess the cancer risk of PAHs thac is
- consiscon: wich :hoir biologic;l nochanisns of accion toqultcs some 1npott¢n:

assumpciona ~ The anau-peions togardin; aspects of PAH n.tabollsn that -

influence the chotc. of dnlo-tasponac nodnl are as follows:

i c.rcxnomue PAHs form adducts with DNA (Sims and Grover 1974).

This ltl’ appears to be cssoncinl for the produceion of PAH-induced
neopluil (GeTboin 1980, Veinstein ot al. 1978). Paretira et al. a979) applied
singlo doses of l(c]? coptcclly to ICR/H‘ atcc and found a 1Lnost tclncionshtp

between the applied dose and the amount of'oqch of zho tvo major B{a]P-DNA

1-6
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adduccts .omed .Ln the epxdermis over a dosa range of 0.01 to 300 mg Blai? per
mouse. The level of adduct formed .reached a_maximun at ‘7 hours and remained
conscant for thi‘n.xt.69 hours. indicating thar ‘Tepair of such lesions i3 slov.
Adriacnascns et al. (1983) adminiscered single doses of B[a]? orally via
‘1ncubacion~¢o rats and examined the fornacion of DNA adduc:s over a dose rango
cf 2 to 1,351 umol/kg (0.048 to 29.7 pnol/nouse\ Tho ratc of foruntion of the
. major diol epoxidn -DNA adduct vas lln.ar with roapoc: to dOI‘ in che
foros:onach as seen in Figure I 1; and; although thc suthors stated ochsrwise
linenricy was observed in the lung as vell.  The extent of the doviacion fron
linearity in :ho lung wvas slighc and consiatont with tho level of error
tassoclntod with this cype of ncnlurcunn: |
PAH nocabolitos have been found to bind to DNA in every tissue chnt has
been examined, rogn:dlosa of spocics. dolo..or route of adliniatracion ‘Tho!
physical nuturo of the adduccs fotu‘d ch. lcvils at which :hoy occur .and- the
extent to which they porsisc unrop.itcd appear co be stuila: in vnrioua '
:issues whechcr or not choso cisau.s are llk.ly to davolop cunots (Scowors and g
Andorson 1985). the fornacion of DNA ;ddncca appoars to be a necessary, albol:
insufficient. condition for PAH - induc‘d cazeinogonolis Since the extent to

which PAH adduc:s are fotn.d appears to bo lin.axly rolntcd to adniniscnrcd

' dose, administered dose can be ditoctly related to cho ac:ual dose to the

cargoc cislun
\

b. PAH DXA adducts can load to uu:acions 7
8[.]? dtnl opotidn 1. s vcll-escablishod nuca;on in a va:i.ty of uannalian

(Newbold cnd Brook.o 1976) and baccctial (Biscnacadt 14 ll 1982) systens.
Marshall et al. (1984) have shovn chac reaction of B(n]P dtol opoxidn Ln 1::9

.7



FIGURE I-1

DOSE-RESPONSE RETATIONSHIP OBSERVED FOR DNA .
A2DUCT FORMATION IN THZ 9AT FORESTOMACH FOLLOWING.
THE ADMINISTRATION OF BEN20{a)PYRENE BY GAVAGEA

-

B(a]P-DNA Adduct
(pmol/mg DNA)

10

014

001

(I 1) 1000
- B{alP Doss (umolkp)

3The rolaumhiﬁ depicted is thac of the formation of the deoxyguanosine

. .adduct with (+)-benzo(a]pyrene diol epoxide 1, considered to be the major .
adduct formed as vell as that responsible for benzo(a]pyrene’s carcinogenicity.

SOURCE: Adriaensseris et al. 1983,

1.8
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¥ ’ . B
wich DNA can lead to cthe activation of a transforming ras oncogene; which. 7hen

introduced intd the DNA of &ammal;dn cells, can lead to transformation. The
;ifferenco betwasn the nncogena hefore gndbaf:e: astivation s Lhaﬁ of a siugle
hase-palr substitution. - B

The extént of PAH-induced mutation has been found not to differ
‘elgnificantly at equivalenc lavels of DNA adduct formation for several PAls
‘tested (n v79 colls (Wigloy et al. 1979, Novbold et al. 1977) Irduc.d ,
mucncion ftequ.ncion were shown co bo linoltly rolncnd to DNA adduct l.vals in
‘ V79 cells at sublochal dosns of B(a]P (Novbold et al. 1979) as well as in-
'§‘Lngng11;_;gph1nugxnn colls (Fahl et al. 1981). fhb extant to wﬁich PAHi form.

DNA adducts thus appca:s to correlate well with indu:od autacion frcqu.ucy in

N

colls undorgoing :cplicacion (NAS 1903)

Ofice a coll has undnrgono a critical nucacion, 1: uay ‘be considatcd to bo
151:1‘:06 _ Boronblun and Shubik's (1947) oazly skin pcintlng studies »
dononscraccd that oxposu:o to an initiating agonc ptoduc.d changco 1n tissue -
that pcralstad for many months follaving corninacion of exponuro A sccond
mu:ational changc is :houghc to be nnccsscry bcforo a partially cransfornod
cell boconns fully unli;nnnc (Land- et al. 1983). The ac:ual nnchanisna

_1nvolvod in :hoso cellular. ovtnts are unknovn buc ic Ls hypo:hosizod that thay

{nvolve oncpgonon»(uonnings‘o: al. 1983).

Ce. Two nu:a:ion- are required tot PAHs to Lnducc cancer.
_ Expctil-lzll cvid.nco appoa:s to support cho asnunpcion :hcc ac least two
“ mucucions are roquirod for PAHs to 1nduco cancer. Lase and O 80111 (1971)
applied B{a]P to the bunhs ot albino nico ac intcrvnls of 2, 3, or 4 days until

':he_dgach_of_chc sninal or until sncrifico at 70 weeks. ?ho nunbers of

1-9 o



carcinomas of cthe skin were recorded and on the basis of their results the

authors concluded,

"It is certainly not uossib‘e for any 1nr..-31
values of © (1.a., power of dose] but 2 to be consiscent

with the data so that Lf the multisrage model nf :
4raicags and Doll \L)SQr were true then benzopvrene affeccs

two stages. of the cancer process.” :

Chu et al. [1987) used 4 zulcievent mathematical model to mo¢e; several
assumptions about che nntu:o of skin tumor initiaction and’ prouocion 'Di‘forsnt
assumptions ptoducod differcnt predictions of tusor 1ncid‘nc-s oxpoccad in S

*Lnitiation/prouo:ion and ini:iacion/pzonneion/1n£:1¢cion bioallays Analysis
of existing tumor data shoved’ thoa to b. Ln agreement with a two: stnga nod.l
proposod by H-nnings and Yuspa (1985). nuppottin; a 'soqunntial cunot foruacion -

‘ hypothcnis' ‘and cho view that iniciat-d colln become papillomas, some of vhich

are autonouous (as opposod to promoter- dnpcnd‘n:) and can become cnrcino-ns )

7

(Colbum 1980)

Further support for tho tvwo- scng. model 1- provided by the cxpotimcnts of
Netteshein et al. (1987), .who oxponcd rat trnch.al epithelial colls‘to.an
alkyl&cing agtn: j.n._xxm and 10 vivo and were able co detect a subpopuhcion

L of colls that mnnifosccd abcrtanc growth conCtol lost thoi: roaponsivenoss to
. ' negac1v¢ grovth regulatotl, -and ul:inncaly oxp:ooncd an inapproptiaca grovth
factor rccepcor gene in the neoplastic trans!o:nancg. ’ |
A doao-rclponno.lodol fof«cntcihogonnlls that incotp&rs:os cell -
proliferation paxunituri ihdﬂthat assuies caﬂcor is the rosult of fwo.disetg:o.
spocific, hexritab'a cellular events ls coastston: vich cpidosiological ‘
observations. When tissus ;rovth kinetics ate taknn into aecoun: two stlgls

ato‘suificicne to generate the whole spectrum of cancer incidence curves
observed in human populacions (Moolgavkar and Koudson 1981).° In fact, uhile

,

- "‘ 1-10
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.xxnzcxaczon.ptomocxon experxmen:s in animals and data on’ human tumors thac accur
in bézh that..ad and ¢po1ta—eous forms suggest that at leasc twe stages 2re
tnvnlved in ﬂarﬂlncgere 13, ¢ is di:ficult o give a biological LnCetprocatién
af more 'han rvo avents. in Phe prohoss (Hoolgavkax and Venzon 1979). n
Heredi;e;y cance;s such as neuroblastoma and Wilms'’ éﬁno: sestegate_in-ah
‘autosomal “dominant fashion Alchaugh évory dall-in'tho Quaccp:iﬁld-:tssﬁa |
carries tho cancer gono. only a fav cells ptocood to nslignancy, indicacing
that at least one other event is necessary for ualigéant :tunsfornncion A
hypochcsis'thac is consistent with eho doainant inheritance of some cancefi is
that the first event, probably a nucacion, h‘s occurrod in a gern coll &
-socond ovent gives ris. to nalignan: :ransfornacion (Hool;svkar and Knudaon
1981). For exnnplo tvo nucatious at a honologous site vould confc:
;honozygosicy at a 5on. locus  Hereditary cgncors are no dlffcrnnc _
- phthogono:icilly from choso that arise sporadically:and offer @n o?pottunicy to
.s:udy cancer in general. | | |
The two-stage 1ncotprotation of :ho tac. of change of age- spocific '.'
b‘background cancer rnt.s over tin. is also a ronsonnblo hypochosls Rather than
incerprecing ch. rnco of chnngo as rolacod to cho nunbot of s:agol tequired for
catcinogonolis as is assumed by cho uultista;o model (vith the nunbc: of
| stagas dopond‘nc upon call cypc), it can be vieved as tho gtovth rate of
preneoplastic cells. Thia lnccrprotacion doos not toquirn that a difforent
: mechnnisn of action for lnltgnane cransfornacion be hypothesized for each cell
‘cypo as do.c the lulttltago nodnl _and'is consistent vith che obsorva:ion of
low tumor raeoa in tissues :huc hav. lov grovth raccs. such a8 nerve cells.

~ Two nolocular sta;c. of cnrcinogonasts should not bo confuscd with

,morphological stages ot :unpr.dpvolopnonc. although some correspondance ndy;

L I-11.
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e'xis\;:.‘. More cha;x :wo"sia.ges may, ac‘cu.all.y be requiréd Ec.;n: PAH-'induced
careinogenesis} althougzh nothing 2ore co:plicacedxis néeded to explain’
axperimental observé:ions On -:tha basis of parsizony- of paran.cot:, a two-
stage model 'rl.ll therefore be used.

Tha evidence discussed above- thu: suppot;s the assumption chac in tho case
of carclnogenic PAHs the papil omas that appear after dermal appllcacion using
an initiation-promotion prococol may bo_connidotod‘to be nonnnlignén:'anﬁ to
requir; furcher mutation éo become nnli;n;n: / -

In the next scccion. these ansunpcions are usod to suppotg cho use of a
sinplo two- scngo nodel of PAH-induced carclnngcnolis. in vhich :ho tato of
transition between scages (uucacion) is linn‘rly proportional to the
adainistered dose 6f'cho PAH; the ratios of the .xpdiu:c-dopcndnnt mu:a:ioﬁ
rates 60>chc.21ckgtound titc are the same for both stages (vhi;h is rqssonnbl.

i

if the mutations arise from. the saze type of adduct).
| A fvp;qtago aodel éf cardinoginosls ha.\b;cn propo;od Sy Moolgavkir._i\
Venzon mdknudaon (1979, 1981).. This model is depicted in Figure I- 2.
According to :hc model, the population of cells at risk is prolifntueing colls.f
-ofton referred to as stem cells. Stem cells are :hooo fro- vhich most o:hcr .
cells 1n an orm arise. Onco 'a steas c-u hu diffounciand and lefe :ho pool _
~of prollfcrcein; colls it is no longot snscoptiblo to heritable alcoracions of
ics DNA. A ll!lll suncopeiblc ston ‘cell may do one of novotal things. Ic_nay
'dividc into :-. dasughter secn cells, terninally dittorontiato. die, or undntgo
mutation at & critical site that rcsulcs in foruacion of s prnnnoplascic or

”

internodiato-clll.A A preneoplascic cell has und‘tgon. one ot the . changcs
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necessary 20 become a cancer cell but is not yec cancerﬁus. The pt”ene.opLas:ic _
cell may, in curﬁ, divide into cvé daughter prenecplasctic cells, differencia:él
A»die. or undergo further mutation at another crirical site .":o produce a
cancerous cell.- Thc‘canqgtous cell will, afrer a sufficlent iength of ﬁimh,
'divida into enough cells.cha: ;c-becgmcs 8 detectable tumor. All of these
prcce;se;:éan'b. described mathematically by pbs:ﬁihting spoclfic'
exposurcédopondint rates fdr :ho cg}l ch‘ggos. ﬁoolgtvkar and‘Knudson KIQSI)

showed that to a close approximation, the age-specific tumor rate 'at time t for

their two-stage model may be exptphicd as:
. - ’ ) c . . 4 ' . -
I(r) = MMy f°c°<v) (exp (B-D)(t-v)] dv R ¢ £

- where

I(e) - a;o-spocifié_cancir'incidancq at age t;

Mg = transition rate from i:onA:oAprbh.opll;cic cell;

Ml - crnnsicién rate fréu preneoplastic to cancerous cell;

Co(v)'- number of susceptible stem cells por individual targ.: organ at
age v; _

B - bi:th rate or rate of cell proliferation of preneoplastic cells; -

D = death rate of ptanoopliscié cells.

.Easdntialiy.‘:h. céuac;qn d.sériboq’gho progression froa a‘uptual sten
B _cell~£o a cancercus céll under the aséplptions of the :uo-itp;.andql; »Thii
modhilld a ealbtn.ticn'of d;totninihtic and stochastic components. The numbers
of ptcnnoplnltic end fully malignant cells at any tiame are assun‘d to be randon
variables that asl d.pondnn: upon chcsc event rscos. vhilo the number. of norunl

‘cells at ti:k of transformation at time v, donoeod by Co(v)..ig'assuncd,co be .

/

-

deterministic and known.
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Using :his_carcinogenesis mo@el,.ﬁoolga§kar and Knudson (1981)
succ;ssfully'dbscribed ot explainedlsuch phsnometa ‘as
. genet predispesizicen o c-nceL;
° nat*-rne~1n childhnod~cancer r%ces'
] IhormORalty {influenced changos in btea;c cancer rates;

o tha resu‘ts of xnitlacion promoc.on expctimdnts for multxple
3gen.s,

¢ changes in respirtcory cancer rates a:cocia:ed with variable
smoking patterns; and

. the fact that for many hnnn# carcinona-. ch; ago specific
" i{ncidence rates increase roughly wich the fouxth to the saventh'
power of age. _ .

: Tho Hoolgnvk‘r -Knudson modsl is thus more ;on‘tul in applicnbllity than tho
Aruicago-ooll nod.l which van dnvnlopcd sp.ctticllly for’ carclnonas {n
epithtlial cells and ptcdiccs an cgc spocific incid.nco apptoxinaccly

‘proporc onal to Rt whoro k is the assumed nunbor of stages. ‘_ .

The biological procossot dnsctibod by cquation (1-2) éan be affocted by

:ho level of exposure to catcinogonic ngonts. and are more likely to occur as .

; tha 1ength of exposure inctons;s as a t.sult :hoy are exposure and cinc
dependont Thorslund ot al . (1987) hnvn described an exposure- and .
timo d.pand.n: vnraion of ehn nodal In :h‘ ccneoxt ot blolo;ical unchnnisns

of carcinogonosis the nodol can bo used to ptcdicc thc risk of agents. that

exert thoir offoctn in e nulbor of ditfotcn: vays. Hutttion-inducing

Lniciacin; agsnts vculd affect the crannition racna between cell stages (H or .

-H ), while pcnlotfng ngnnta nay 1nc:¢n:. the ptolitorucion rate of |

pteneoplasctc colls (1ncronsin; B without affecting D). Cocarcinogons may
incte;so cho proliferation :acc of normal scc- cnll: (co), thoroby anraasing

che size of‘cho carget for initiating agents. Inhibicors could remove cclls

-1-15 .
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from the populations of susceptible stem or preneoplastic cells through‘
toxicicy (e.g., increasing D without affecting 3} or by inducing
A{ffnrensiation.. Wisthin the contaxt of the wedel, the following cbservations

can be explaired:

-

‘e -umor rates at very high exparimental doses ars nften lover than
az lower dcses, even afrer adiusting for differencial morcalizy,
'as a resulr of high-dose toxicity to stea and preneoplastic célls:

* exposure to aultiple carcinogens can 5160 antagonistic, additive,
aultiplicative, or super-multiplicative tumor rats responses by
affcccing difforenc model parameters; ' ‘

e such a rasponsn to conbin.d .agents appears to be dose- dapondon:
because some responies such as increased stem cell proliferation
may both occur And have an impact: on ctumor. rates only at high

~ doses; and . A

s some preneoplastic, benign cell masses that may be ptoéurso:i of :
tumors vill regress and disappear upon cessation of exposure as’'a
. result of a decline in the birth rate and no changc in the d.cth
rate of such colls

‘The uultiscnge uodtl providns no satisfcccory oxplnnation for any of these .

_obsotvacions.

Aa. . . o 0 ]

B;sed on thi evidence p:o;ontod:;arlio;,-tho cvo-lcagc.uédnl {s a useful -
approach for oscinncin; the cancer risk nscocincod vith cxposuro €0 B[a}P
fwtchouc 1nccrnodiary oxporil.n:al Lnfotnncion nbou: coll sta;o. and diffa:onces
:in oxponuxo over time, howsver, it is not polliblo to ootinaca the 1nd1v£dual
background cn‘_q:posurc-indncod nuga:ion rates for preneoplascic and
ctansﬁbtnig ocslls using tumor rate d#ﬁa/tron a standard animsl carcinogenesis
bicassay, nor can th.\rilncivi traﬁitciOn faeos.;hnc éotrospond to oaéh stage
be identified. What can be estimated from bioassay data are two

' gxposu:iﬁinducc& roi‘civo,transicibn rates and a background transition rate.

1-16
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© In che ab;ence of Ln:ormacion‘co the contrary »hé assumpcién can be made :ha:i
the cvansi:toﬁ rates from normal to preneoolascxc and pteneoplastic to:
cancetous colls ars oqual‘y ltkn’v' which co,ld sceur Lf the mucac;uns chat
causad the transfornations resulted Erom che same cypo of DNA adduct. If thcse.
~ransicion rares are 1inaat functions of dose (which is likoiy at low doses),
- Ehey may be expressad as Mo = ag + ﬂox and H1 - a1 + ﬁlx where a is the

' background transl:ion rate and 8 is the PAH-Lnducod transition rate pet unit of
exposurc for each stago It isnreasonablc to assume that the fnecors
influcncing the background :tansition rates and thc PAH 1nduc¢d cransicion
rates hnv. :h- scnc rolacivcreffcccivcnoss for oach stago Undnt :his
assunption. ﬂo/ao - p1/¢1 -, :ho tclacivo transicion rate, so thn: -
MMy = aoa1<1+3x)2 - M(1+5x)2, where n - agay. ‘

Prouocional effocts :asulc frou uultlplo noloculnr Ln:otaccions As a A‘

rosulc tho grovth rate of pron.oplascic colls at low doses is vittuslly |
.1ndopondcnc of oxpo-uro lovul so chnc G - B - D If :his aalu-pcion is
‘violatod ac highor doacl, ‘the shspc of chn curvc vill have groatot curvature
lchan qusdxacic and tho quadra:ic nodnl vill be rcjoc:cd. ‘Finally, as a first
"apptoximncion it is cssunod that tho nunbct of stem cclls poat-n;euxity. Co(v),.

s relacivcly constant lnd may be cak.n to be unicy (1 .., Co(v) « Co -.1). ‘

| Subs:itucin; chnco cxprossions (G, M, s Co(v)] tnto oqua:ion (1-2) and
: inccgtacing yiolds a culnlueivc hazard funccion H(x :). so chat the ptobabilicy;

‘that e cuno: '111 dav.lop by time ¢ as & rnsule of -xposuro to e lavol of.

gonocoxic a|'-c x can bc oxprcsscd as:

P(x, :) - 1 - oxp {-H(x,t)] =1 - exp [ -M(1+Sx) ][oxp (Gc) -1 - G:]/G (I-3)f

vherse

M = background .tumor rate pafanc:o;{'

.t
1
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- funccions of x with ptoportionnl coofficionea Tho.consoqucnco of chcso

5 = fractional increase in the transicion rate between cell stages per
unit dose, assumed to be che 'same for each stage,

- B -~ D and {3 the exponsure- independenc growth ra:e of oteneopLascic B
. c.lll and . o

¢t = 'the time (ot age) at which risk i{s-svaluated. .

The level of x a;/éhc ca?gét gissuofis.aisgnqd to boAAitoctly telafeq'co ﬁhe :
gdninistd;ed dose, ba;eg on ob;qtvaciong of experiments discussed éarliet in
which the rate of fofun:ioh of the major Bin)? dlol'opéxidi DNA adduct was
found to be lincarly rolatod with tllp.cc to dose in the fotontonach lung. ana
skin (Peretra cc al. 1979 Adrilenssans ot al. 1983) '

The spccific dose-response nodnl dnrivod for B[c]? [oquation (I 3)) is a
ros:ricccd forn of che uodnl developed by Arnicagc lnd Doll (1957), aoolgavkar.f
and Knudson (1981), and Thorslund et al. (1987) It is t.otric:ad by alsuning '

..

chac G 1: 1ndnpond.n: of x and chnt cho two cransition rates arse linoat
|

N

assunptions 13 thac at cona:anc c ‘the doso-ronponso Eunction hns only tvo

pa:anotcrs

"B(x) = 1 - exp- A(1+ Sx)z S aw

_-whoro A =M [cxp(cc) 1 Gt]/G and t = ago at lasc oblorvation

This nod.l has a nunbct of cdvancages Alen; tho most iuportanc are cha

. folloving

o At low doses, the nodel convorgoo to.a linear, no-ch:oshold forn wich
- slope para-.tor aqunl co ZAS .

o The medel can be ttte‘d to daca from an cxpotin.n: in vhich only one
-oxpOCIll zroup c:hlblcod a positive response. i

e The model has only tvo pntanocors that have to be qseinnccd so chnc X2
goodnena-ot -fit tests can be run on the data fron the standard bioassay

.wich cn. control and two exposurc groupl.

o A stable point estimate of risk cln be obtainod ditoctly
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e The mathematical form of -he model follows directly froam Jhat is
currencly the most wxdely acrepted hypochesis of the mechanisams of
cancer iﬁduct'cn »

¢ Thse nodal is consistent Jith the mechanisms of cumotigenests for Bta‘P
and other PAHs

\

It shodld be nnted that equacioﬂ (1-4) 1is leo‘a restricted fdrb.cf\che'
.Armicage Doll (1354) model, wich their two Qcagos affecced'proporcidn;lly by
" the carcinogen and differing only in their dspcndanca on t. .It (s not po;sible
) discinguish between the ‘Armitage-Doll (1956) uod.l and chc two- stago model
discus;ed here on the basis of the change over time, unlosl an integer power of
't s inconsiscenc with the data. Ia such a case, the mic;gn-ooll. (1956)
model wculd be rejoc:od .

The assunpcion that tho patlnotot: A nnd 8 4n oquscion (I -4) are groltot f.
" than Zero avoids unny of the dis.dvancagos of the lin.CtIZCd uultis:agc nod.l :
. and as a result, oqua:ion (1- 3) or (I-4) can bo used co dnrivn scablo point

estimates of lov-dose risk. Such oacinacca are da:tvcd for B[‘]P {n Section II

and for other PAHs in Section III.

‘ | In_:hii';cction; s n‘:hod for obtaining toln:lvnlcatcinngonic p#cin;?

- mme.. foz PAls is derived. ml-‘ method is dependent upon the s;:zucc_uul,
form of the dono-tooponao sodel davulopod for B[n]? Dotifaiton'of r.laci@o
poconcy os:tnnt.n requires :h‘: poinc estimates of risk be obcainod becauso

- upper boundl en risk cannot be. coupa:od For thess reasons, point oscima:cs of
risk were d‘rivod by fitting equation (I 6) to dose-response data fot various

PAHs (Section III). ‘The potnc oscinatcs vere conpa:cd to the cotrasponding

a3

-19




"estimates for BiajP o obtain telacxve potencv escxmacaa These relacive
Fotency nscimates serve ag the parametets,aj in equarinn (1-1),
As digcussed earlier, it !5 raagongsl: to sudle that Lhe same :unc:xonax

1

rziatl onshxp oxiscs for PAHs in all animal test models The aaram.cec
stimates wauld undoubtedlyQSe species- and cissue dependen: but the
qndarlying structurai telacionsnips would _very likcly be chu Same.

Using cho lov-dosc linenr two- scago proportional t:ansi;ion rats wmodel
‘developed for B[IJP ch‘ dose-response tol;cibéship for a specified test sy;tem
« can be exptoslcd as . |
| P(x) = 1-exp[-A(1+8%)2]
for B(a]P and ‘ |

| B(y)) = l-exp-A(l + Sljyj 2 12 .. . a
for the jth carcinogonic PAH, where x 1: the ‘B{a)P oxpoluxc lovol and yy il the
exposurc lovol for the jth PAH ({n.the sane uni:l) '

I: is possible to obtnin 100s cfficlonc olcinntoo of the R.j values by

joine naxinun likolihood ostinltion uaing dac. fro- bloassays of individual
PAHs conductod sinul:anoou:ly, howovot "such cstiuation procodurcs are
time-consuning to d.volop nnd lie boyond th. scope of the proscnc ptojocé.‘.
.Fottunac.ly, a siuplc approxinntion for the estimates of the Rj values cin go.
obtained. To do so, the value A is oa:inaeod from che concrol data as
previously diacusacd It can be shovn thac tho tinal po:oncy ostinaeos are not
vory sonsictvt to Chil oltllnto Given this oscinneod value of A, cho tera SRJ
"can be - oscills.d bv an apptoxina:o goodness-of-fit ptocodurc for each PAH for
which daca are lvailnblo " The parameter S 1. estinated in a couparablo @anner
'using Bla)P dano-ro.ponso data fton the snn. bioaasay Tho final tulacive |

potency escinncas R.J which according to our gcnotal chooroticnl apptoach are

1-20 .
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independencAOflénimal :esc,sySCem used. are obtained from the ratio of thre
estiﬁates forhSR1 and §, determined frem the jth PAH and B[a]?; respécci;gly.

For many tesc systams, the hignésc doge may be the 1..5: relesvant for
deteraicning potency du; <0 acuze :Bxi:icy, ;ccivﬁcion of cell.proliferation
mechanisms, ;nd/nt sacuratioq_ﬁf 3eéabolisq or 1ocai ﬁen;:;séibn. Whern che
highesc‘dose yiélds a lav;l chgc is incoﬁsisn;nt Qith.:h;‘nssuaod dose-response . .
model, it will not be used in escinating tho paranac.ra in o;hor‘situations
only a singlo dose level for B(a]P may be avnilnblo In chis case, if BlajP ?
gives a high response, ; more stable ‘estimate may "be obcalnod by sinply using ‘
" "the PAH exposuto 1avol chat givea tho closest toaponso rate to that of B{a]P
sinco such a proc.duto is indopcndcnt of any assumed parnn.crie doso-rospons.

Irolntionship Even whnn a con::ol value and & ctnglc rolponso for B[l]? and :
.cho jth carcinogonic PN ars the only valu.s avcilablo, it,is possiblo to -

ob:ain an estimate of the rala:iv. potoncy To dnnonstruto hov such estinatns __/

' can bo obcainod consid.r thc following 11:1:.4 rosponso data: . ' : .

"OBSERVED RATES

Agent ‘Exposure = Response

Concrol o o lto/ﬁo‘ -
R{la}Jp = x  .¥/n
Jen BAH Ly, ry/my

Estina:-. for th. rolativ. po:encles can bo obtained by equncing the

observed rate vi:h the func:ioq response: Thls results in the equations

C1-21 | e
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'.ro/nolo,l-exp-A

. . )
. r/n - L-exp-A(lfo)"

j/nJ ~ l-axp- A\1+SRJ, ,2 j=1, e

which can be’ soIved algebraically bv hierarchical subscicution of Phe paramecer -

estimates for A and S i{nto the equacion defining che relative pocencies. ‘This

approach ylaids che algabraxc SOLution

x [ln(l- rj/nj)/ln(l to/n°)]1/2 .

1

Yy (1n(l-z/m)/In(1 /n°>14/2 -1

In the-

i=1.2.. . .a

next: section cancer risk escinntcc are derived for
ingestion and inhala:ion exposure co B[a]P In Scccion III. the relacive
potency vnluos (RJ) are es:inn:ed fot soloccod PAHJ cha: are liklly co'bo ‘

encoun:orod 1n thc environment.

e
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. ZSTIMATION OF CANCER RISK DUE TO INGESTION QR INHALATION
,EXPOSﬁRE TO BENZ0[ajPYRENE USING THE TWO-STAGE MODEL

re
red

In this chapter, unit cancer risks for B(a]P are obtained by applying che

-

_dose-response model for PAHs derived in the previous chapter to tumor biocassay

daca following ingestion or inhalatinm exﬁosuro.

1. Dose-Response Relationship for Oral Exposure to Benzolalpyrens

fﬁp studies vere -identified in which B(a]P was adaiﬁiscitod'ornlly :o'-

" . animals. - It may also be possible to oscinato 1ngostion risk on the basis of -

1

the dose of B[a]P svallovcd as a result of uucoclliaty cloaranco folloving

. inhalntion expoaqzo.

1.1 Triolo et al. (1977) -

‘ As part of & scudy to anontigncc tho cunorigonicity of B(a]P and chc'
:inducibility of aryl hydroca:bon hydzoxylalo in target and non:lrgot tissues in
the mouse, Triolo et al. (1977) adainistered dio:a concaining 0, 0.2, ot O. 3 ag
B[a]P per gran food to groupl of nine fonnlo Ha/lcn aice for 12 weeks. Animals
;ero 9 wccks of age at the start of troatnont . After 12 weeks of tteucment
animnls were . sac:ificcd and forestomachs, 11vors. and lungs wvere rcunvcd for
gross nacroscopic oblctvction Papillonas vers obnorvod 1n the forestomach;
: ochnt cissuan vere negative. Table II-1 shcws ch. tunor dooo-t-sponso

relacionship ohc.tvnd in cho forostonnch
Th- Triolo et al. (1977) bioassay (s considn:od unxoliabln as a basis for

f:ho dotivaciou of e unit cancer risk for Lngostion of B[c]? du‘ to the small

numbct of animals used and its briof duration. Doriving [ unic risk would be

11-1
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TABLE II-1

DOSE-RESPONSE RELATIONSHIP BETWEEN DIETARY B({A}P ADMINISTRATION
AND FORESTOMACH TUMOR FORMATION IN MICE

Dose . .. Effective No. . Mice with ' No.~oi Tuaoti

(mg/g food) . © of Mice Tumors (%) per Mouse
01 9 . 0 N o : ~
0.2. . 9 - 67 1.8
0.3 9 100 4.0

of interest for the purposes of comparison, howvaver, and should be performed

when resources perumict.

1.2 Neal and R‘iédo“n (1967) -
‘The ccrcinogonicity of B[A]P via ingution hll ‘also bun i.nvutigatod in a
: soriu of expormnts concmccnd by thl and Ri.d;on (1967) nnd Rigdon and Neal
(1966 1969). ‘I'ho most pronomod dou-tuponu rcltcion.lhip obtained under -
'rauombly comistanc condiciom vas observed in the Neal and Ri;don (1967) |
scudy. ‘l'ho ruulcs ot this cxpotuun: are roptoducccd in Tablo 11-2. Tho end
* - point in t:his study vas either s pnptllou or a squamous cell, carcinou in :ho

: .foru:ouch (sqm-o\u portion of ths stomh). althou;h squamous coll

- cnrcinom were far noro co-on

Doti.ntion of “1 .
As Table 11-2 nldlcnl:n. Neal and &lgdon (1967) cuployod an unusual

protocol in m the times o£ umzul and ttml cxposuru and thus the
: duucion of exposure vari.cd The cancor don-rupomo model. dorived in

Section I was podiﬂod to account for these varisbles.

—
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. TABLE II-2
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FORESTOMACH TUMORS IN MICE FED BENZO(a | PYRENE

xiillgrams

Number with

209-294 -

Age Firse Number C Forestcmacl,
Expcsed of B{a]|P per of davs Age killed Taders
(days) . - - 'grem of food - fed B{a}P (in days) Number of Mice
.- 0.0 .- 300 0/249
30 0.001 110 140 0/25.
30 0.0l 110 - 140 0,24 - C
116 1 0.02 110 - 226 1/23
33-67 0.03 110 - 143-177 0/37 .
33-101 0.04" 110 143-211 . 1740
31-71 - 0.045 110 . 143-183. 4/60
17-22 . 0.05 . 107-197 1264-219 26/36 -
20-24 - 0.10 98-122 - . 118-146 19723
18-20. ‘ - 0.25 70-165 - 88-18S8 . ,66/73 :
T 49 N 0.25 1 155 0/10
56 0.2% 2 - 162 1/9
49 0.25 4 - - 158 1/10
62 . 0.25 - 168 4/9
49 . 0.25 .7 155 3/10
91 0.25 .30 198 26/26
74 - 0.10 7 182 ©. 0/10
48 0.10 - 30 156 12/18 .
- 98-180 5.0 1

17/33

| SOURCE: Adapted from Neal and Rigdon (1967).

/.’
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As nocted 5v Thors:iund et aj.
Razard rage) 38sociared wirh consrane

be expressad inx ite ganaryl farm ag

. e . ) & S
h(X,t) = M, (x,¢t) [} Colx.a) Ho(x.ﬁ)j[;xp S [Bi(x.y)~D1(x,y)]dydu" (12 1
' R £ ‘ R S ,

* For expésurexéo variable leveig °f a geno:= and
eXposure-dependent.

oxic agént, 4 timg-
model can be ohtained by making the
* In an adule, - the ¢

number of Susce

follovidg assunpcioﬁs: '
Ptible step
constant ggo thae ¢, ¢

cells {g rolacivoly ,

\x.u)-co. which hag 4 constante value thate may be
taken to be uni fl.e., ¢ -1]_w1:houc changing the shape of the
resulcing-dose-rcsponso_re?a:lonship. : -

* The birth and

death rates of
conscant (i.e.

ge (prcnnéplaatic) éolli are
» eXposgure- ‘ ndependent) 80 -that the pet 8rowth
clone i3 ¢ -‘Bl(x,y)ibl(x.y). :
. Th§ coil cranifornation rates are
" instant ipn time and-

transfornaciona are

thro X(t) is the eXposure leve]

at time or age ¢.
: Usinglchoic approxina

tions and ass
and'tinofdapondant form:

qnp;;éns; oquntion
exposure- "

(I1-1) has the -

= - . At. - ‘ "
RIX(E),e] = 3 (avpx(ey) S, g (a+fx(u)] exp (6Ce-u))eu

It is pbaitblo to evaluate ®quaction (I

-dependen

for the ting € exposure race x(t).

o.  05£<:s S
x(t) - - o

I
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Substit J:irg equa;.on (II- 3) into equacxon (I1-2) and integrating jLeLds an

explicit equation for the hazard rate of che form:

'102 {expGt-1] ) 05t<t; K
’ G | . \ . ) ,
h(x(e),el = ., T : (IT-4).
.- ya [exp Gt-1] + yabfx [exth-1.+ exp G(t-cs)-l] - '
¢ G )
180 fexp G(eoe) 1] est
+ —_—— :o- - o -
: G

The cumulative hazard can bold.finnd.li'cho sun of the hazards from time

zero until t or, in mathematical notation,

H [x(:);cl -Af h{x(w),ujda -~ . T sy

Sublcgcucing oquntion (11-4) into equation (II 5) and lnccg:acing givos an

exprossion for the cumulative hazard of the fotu

1az\f§xp Gt-1-Ge) » - 'c<:;

GZ

H (x(t),c] = va® [exp GE-1-Gt] L ane).

-icﬁ:.[oxpcc--xpcc,ﬁc(t-t.)+-xp6(c-=,i-ifc(c#es)l3
+ i .

T : 162

| 1(;;)2 [exp G(t-t)-1-G(e-£ )] £ <t

+ l "
Gz‘ L
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“hen ewposure i{s continuous (L e. Cs'o)-_the'mddel reduces to the less

complex form:

3 . . . .
7(a+fx)" [exp Gt-1-Ge| , (II-7).
Hix,t] = - : : ‘
' G

Since the PArametars in equncion (LI-7) are confoundod it {s not possibio to
estimaca ali of cheu 1nd1ViduaL1y hovevcr. the model can be repcranecerized o;
dafining tho following escinable Cerms: ‘A and S a9 702 and S/a, respectivoly
The terms in»qquacions (I1-6) and (II *7) can chon be replaced by the
relationships yaf = AS, 44° As?, and 1(a+ﬁx) = A(1+s0)2, which piruics;cha
revriting of equactons (11-6) and (II-7) as | |

A '[935 ccélfé;]_ .  :<:'

:—Gz : | L.

CH (x(E),€] = A [exp Ge-l.Ge] . . - S (11-8) -
ASx [oxpcc-oxpcc;fc(c-e’)fcxpc(c-t;)-leG(c-c’)]

A52x2 (exp c(c-c’)-l-c(t-c‘)]' c'(e* )
A(1+Sx) [cxp~cc-f-cc]. respectively - (I1-9)."

i and H(X t) ‘-hz

Uhcn adjlltllnca for diﬁtoronccs in survival times are not rcquired -an
addicional allplificaeion can bo nado yioldin; the two- parano:or forn: '

H(x)-A(1+Sx) \ . D o (11-.3).
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’

~ The cancef.tisk in :he'absedoe of competing mortality by oime'c is, by
definition,

PIX(EY.€] = 1-axp-Hlx(s) ] o {11-11). -

~

Applicacion of Model to Data

The Neai and ngdun \190 ) ingestion bioossay of B(ajP had a nuober o:

Lt

other pecu‘ior‘cios associated wvith it chnc nako fc difficult to f‘t any dose-

- response model co the. tumor incidence data. Among the zore iuportonc weare:

1

° A higher tosponso rate vas obcainod at an exposure lovol of 0. .02 ppm
.than at 0.03 or 0.04 ppm.

e A very sharp increase in the tooponso rate occurred at levels, oi Q. 065
to 0.05 ppn o ‘ ,

* -Tho highot oxposuro groups havo a rosponno rate :hac oppoors to roach a
plateau.

e The higher exposure groupo ware coapoood of oninnlo that received -
© different.durations of oxposu:o which are unknovn except for the
extremes.

~

Provioua attoupts to use an ox:onsivo patt of thase da:a to dofino a dose-

responao tolution:hip for B[o]P hovo boon unsuccoslful For oxanplo. in :ho o.

' EPA wator quality documents for B(a]P, oll oxpoouxo 1ovols gro.:oz chan

. 0. 045 pPpa vere discardod since the data did not fit.the standard Global

multistage uodoling procoduroo

Due to Nool ond li;dou'o (1967) unusual oxpoouro protocol in otdor co

"doscribo tho dooo-rolponno rolacionship £or the 1n;ooe1on ot’B[t}P and tunot

incidonco fo: olch oxpoouxo group, ostinacol fot ooch of the oxposuro vorioblos

zust be made. Sinoo the age at: inicial oxpoluto, duration of exposure, and age.

f.ac sacrifice leiod '1:h1n sovorol of cho oxpoouro groups, the cancer risks due

to B{a]P exposuxo for ooch oninal variod wvithin the 3roupl As a first

I1-7




approximation for these exposure variables, each mouse was assumed co be .

exposed to cuns of twd exposure pa::arﬁs:
‘(1) thosa that were youngest at firsr exénsugg and Qe:: szzziflicad ¢£ the
earliest age (e.g., for the group exposed to 0.04 mg B(al|P in.
Table 11-2, were first euposed at age 33 days and lasc exposed at age

143 days), and

those that were oldest at first exposura and wers sacrificed. ar che -
oidesc age (e g.. Lor The 0.04 mg/group, vers first exposed at.
67 days and ’asc e!posed at 177 days).

~~
i~
e

From the data shovn in Tablo II 3, lt can be logicully inferred that u: least
one mcuse was accunlly exposod to each ‘of the tvo hypoth.stzcd oxposurn 3 |
. patternms. In the absence of lnforuncion to the contrary, one-half of the nice
“in each exposurt group are assunod to- hnvc bocn cxposod ‘to each oxposuxn
B  pcttorn. Using this assumption, ;hu cancer risk for npy ;andoqu selected
mouse iﬂ an exposure group is equal to one-half che sun o{ tho.riiks‘fot

‘ aninalp»racoiving each of the oxpooﬁro pictorpl.\ Thin_tclaeioqihiptnaiibo

expressed as: ' o S /

B(x) = 0.5 (L-exp-H(x,T 5] + 0.5 (1-axp-H(x.€5.6)] (11-12)

. .

wﬁere the nunoriéallsubictipés 1ndicato oﬁ; of two oxposuxn‘scinafioi and the
AU .\ 'hazazd funccion H(x) was dafinod in oquacian (II -68). E
Using the maxisum. liknlihood n.:hod the data in Tablc 11-2, and the
‘_assunpcion that :ho tumors - arc incid.ncnl the pnra-o:ors in the hypothosiz.d
risk oquaticn can be oaeilntad as outlinnd {n Gart et al. (1986, p;. 128,
section 111). I .
The resulting b.lt tt::in; model han the parameters cstinntﬁs
7a2~0 G =0, 196 and 1p - 0. 2142, which toculcs in a cu-ulacivu hazard

funccion of the torn

Ir-8 .
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. VARIABLE. EXPOSURE DATA USED TO ESTIMATE PARAMETERS IN
THE INGESTION DOSE-RESPONSE MODEL FOR B(alP

) T ‘ : - | : . Nuaber of fore-

) _ Age sacrificed Nuaber of stomach tumors,
Dose . Age firsc ~tiast exposad) animals ' .
(mg/g.food) exposed (days) - (ays) ~ exposed :
- X L - c . n Observed Expc;c;da
0.000 N 1" 260 0 - 0.000
. . ) . Ve
.0.001 . 30 : . 160 28’ S0 0.002
0.0 30 - w . 26 0 0.232
0.02 Sue 26 23 1. 0.8
003 . 3 w3 . 31 e - 3.001
: . 67 . . am A | »
. 0.06 3 163 40 1 s.746
- - 101 il | |
0.045 31wl e . 4 . 7.560
o o 181 - I
. 0.05 - 126 3% . - 19.692
| 22 a9 - S
0.10 .. 20 118 23 19 14.220,
g 26 166 - ~
0.2% T I 88 . 13 66  66.259 .
- 20 . 188 -

, ‘It vas lllu.ld that one-half - cho anLnnls in cach |zoup vers oxposod
" during each of the intervals tcporcod t, to t.

11-9




A

“H(x,c_.t) = 5.695 <2 1exp{0.i94(c~ts)l -1 - 0.194(c e )] (II-13),

DQSpiﬁe the unusual‘charanfevisf!;s nf the daca and eiperimen:al protocol, rhis
m.fhcuacicgl nqﬂhl glves a‘staCLsciqally adequate fit (i.e., ého r;sulging'x2 
has a p velus grester chan 0.0l, Jhich i{s the cficerion used for che muitistag;
model by EPA). This it {s shown in Tabla II-3 and has a x’=17. 1155 wich eight
dagrees of freedon and a p-O 029

The resulting nod.l is quadratic and will be assumed to be valid over :ha'

Aléngosc exposure duration employed for a groﬁﬁ of animals, that is,

t~t‘-(219-22)/7-28 143 weeks. Hovovor. th- parlnsto: vnlun for. G, O. 19a is
{ncompatible with inctoaaos in ago spocific cancer d.ach rTates that havc becn
observed sinco it implies :hac che racon are 1nc:oasing at nbout the 15th to

~ 16th povgrsjof age (since h(t)=exp Gc-l ~a cls-s). These rates are 5:..:0:

" than che highont known, which is chat for'hunnn-pfo.cach cancer (ke13). Values

fot k are usually bocvoon 3 and 5. Thus to cxtrnﬁolnc. the pirtinl'lifdtiho

exposuro durncions to a full lifocin. (trou 28 143 vnoka to an assumed lifespan

:of,loarwocks).Acho standard EPA time correction factor of e “will be onplqyed.

This :in.'corfuccion.ficcot il,cohirovornial although since it {s consistenc .

: wich EPA'a scandard procedures, it will be used hoto Thia ccrtoction is made

by obcnining a coofticiont for cho qund:atlc tern in the haznxd function and
ex:rnpolaciggvlc to 106-vookl.f¢ssuning exposure vas constant .from c’-q.co ”
c728.163 veeks. The hasgard at 28.1 veeks vas |

a(i,o.za.Las) - 1,307.44 x2.

Extrapolating to 104 weeks can bo Achlcvnd by uulciplyin; the hazard ac -
28.1 weeks by tho fuccor (10&/28 1&3) -SO 46, :hotcby obcaining 'y quadracic

carm of (1,307.44)(50.46)=65,979.74 x* for a full 1ifetine exposure co B(a]P.

-0
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although this is che best-ficting dose-response model mathematically.

taking o=0 implies that the background tumor rate is zero and that a linear

" term does rot exist in the madel. 'In reality, a background tumor rate aus:

exist and a8 & result, so must a linear term. The model can be modified by
obtaining tha largest possible a that is not statistically differén; from . the

best-fitting model at the 95% level. This modification results in the

following parameter es:iqpcds:
ya® = 3.683x20°%, |
v8% = 0.2739, and .
G =.0.1589. -
Substituting thhio.vqluos in:o.:hi cqinlacivc hazard function in which#bxp;sure>
»is]consid‘rcd'cé be continuous from 0 to 28.143 weeks results ih;cho“nunoricdl ‘
‘exprisliqﬁ( B o .
H(x,0,28.143) -_1.19638:10’," + 0.652689% + 889.64x%.
“To ex:rapolacc to a full lifetime, the same cotrcc:ion fcc:or usod oa:lier of

(106/28 14) -50 46 can bo uultiplicd by. eh. above oxpros.ion to obtain the
relationship.
h(x.o.mt,.)'-‘s.oauxo" + 32.9246x + 'u.aéi.wx.z.

Convctaton of o:pocuxo uni:n to ng/kg/day can be achieved by uulciplying
each cerm in the polymua by the factor 0.00769% (1.e., uultiply by 10 3o
convert fta- 8 eo k; food und-dtvid. by 0. 13 the fraction of a nouse’s body
weigh: that 1: eonsuloa 1n food per dny) vhere k is :ho degree of :ho tern. in

Hakin; this conversion rosul:s in s cu-ulncivc haza:d func:ion'

the pclynoniul

: fo: mice in corns of n;/kg/day exposure of tho nunorlcal form:

e |
O@QDQS'

f’W f‘zif
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.’H(x,b,loa) - 6.037x10°° + 0.2533x + 2.6563x°. -

A final ldju.l:nant fot diffetances in surface area betweer specles Ls.
required co obcain an expression for hunan exposure in terms of mg/kg/day and

in order to -be consistent with current risk assessment ao:hcdology. The low-

dose linear term for humans is cthus:
H(x,0,70) = 0.2533 >/70/0.0%% x = 3.22x (ng/kg/day] *

" This term is a function of exposure level x and includos the unit tisi estimace

for B[a]P ingestion gonntaced from chis daca set.

An 1nd¢pend.n: check of the uodnl could be obtained vhen resources p;rniﬁr
- by using the data from :ho short -cerm oxposuro groups (see Table II -2) . £ the
-tesponaos ptodictcd using the uodnl were consistent with those obscrvcd Eot .
these group:, they could be 1npotpora:od‘1nco the estimates of model

© parameters.
1.3 'Thysqén et il; (1981) ‘ 5
It may be ‘possible to oﬁc:tn an {ngestion risk for B(a]beasid on ch;
‘inhnlntion ‘bloassay conduccod by Thysaan et al. (1981).:hae is dnscribcd in
docail as the basis for the inhalation unit risk for B(a]? in Scc:ion II 2
Do;n; so vould require onttnn:ing the dose of B[a]? rccoivnq by cthe digescive
tract of the c:po.od hnnnenra Several of cho.hn-nco:s davoloéod‘cxpoguris
related nncptllln Ln eh. la:yn: esophagus, and forostonach These tumors
presumably daculcpcd as a result of exposure to B{a]P that was svallov.d A
folloving uucociliary clnaranco By making a nunbot of assu-pcions soveral

.obs.rvnciona in,tho literature can be coubinnd to obcain csctnncos of the doses
S IT-l2

- ;~' 3"5;\.-”_-. ~ -';

POO@Q At\ | o S L




i A

. 6395

, of B(ajP deliveged to the gastroinctestinal tracc. This section describes the
steps that could be taken to obtain these estimates if resources were available

to couplocc:cho,galculacions.

i.3.1 ‘Estimate Admigistered Dose<

- In the xhyssen-eb al ‘\..SL) sCudy. che authors. estimated :He total
aduinistctod doscs of B{alP recelved by. each exposuro 3roup based on che
4 avo:lgo concon:ration of B[:]P in. ait. the average length of survival of each
group, and e hnnsccr ninucn volume of 110 sl air/ninutc The fesulting

exposuro estinatos wvere as follovl

Averagc - S Total Average Dose

383

»c:bup S Bxposuro Lavel (ng/n3) ‘ : (mg/aninal)
1‘ « ' - . o . ) ’ o .
2 2.2 29
3 9.5 127
4 46.5

The qriginal oxp@sﬁro and ﬁathdldgj‘data have been obtained fgén the authors
and could'bo ro;nalyzid on an individunl animal basis. Thclq totnlﬂivo;agi
adninistotoq doses should be adjusted upon colp}ocionAdf such an analysis.

o

1.3.2 Estimate lncatn‘d Dono

" The actual dolol tnc.lvnd by oach hamster can bc gscinncod by dototuining
,cho total roaptxatory tract daposition of the B[a]? Actoaol‘ Total rospiracory
crac: dnpocilill of paxttcloo depends upen the sizo of :ho particles. B[a]?
wvas ndniniscorcd on a sodium chlorid‘ serosol vi:h putticloa size 0.2-0.5 Z
} (800 of which.wufo bo:vnon 0 2- 0 3 ). Total respiratory tract d.posicion of

inhaled particles as a‘funétion of pnr:tclo size has been decerained for che

1I-13 .
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hamster by Raab ‘et al, (197?) ‘and Yeh et al. (1980), and is summarized in
Schlesingér (I985). The :qlacions 1ip I8 depicted in Figure Il-1a’. 'Sy,
.exrrapolnting Pho Mf»mat"ﬂn ="~o'<"" ir the g-aph Lc <an de aa..i..._t-d Cliat -
xpprox-ma:oly 15- 249 of rhe iﬁhanaa doqe nt Bla[P was ac:ually daposiced in- vkei
hamster tespfracory ‘rract. It is possible cha: deposition increases for»lowor’
partic~a sizes; bowever, bv analogy co obsarvation: mada in humans and 5u~noa
,pigs (see Flgura I1- lb and II-le), the increase doos not occur until pgr.‘~les

are uuch snallor than 0. 2 . As @ rosult the total t.lpirltoty tract

daposicion of a[alP in hansters will bo conscrvativoly assuned to be :hc lovct

. bound on th;: which vas estimated to occur, 158. The accual dolos of Bla]P

that each hanscor rocoivcd can chus be cccinatod by asluaing that they were .
_qual.co 150 of the adnin%s;orod duses spceitiod in the pr-vious.soccion.
1 1.3.3 Eltinat;>Dosc to C;;cro;nccscinal‘Trac:

_.To.es;iﬁatc tﬁo propbttiéns-off:ho actual B[;]P do;o Ehst ro‘cﬁ §h¢ .
hanscer phnrynx osophngus and foros:onach the c:nulption: vill bo nado thac
.cho sodiun chlorida ccrocol dissolvca vhon ic is ,deposited on tospiracoty crac:_v

tissue and mucus. This is a roa-onnblo Anlu-peicn in view o! the veak nacure
of the choniccl asaocia:ion bocv.on B{a]P and tho sodiul chloride pgrticlos as
‘well as the high aquscus solubilicy of the latter. The transport and fate of
" inhaled B(a]P can ch.n bo -odallod on the basiu c! 1n£ornacion on l(an i:solf

Ve

" not on pazticloo ‘associsted B[n]P » »

 Sun et al: (1982) studied the biological fate of pure inhaled B(a]P in the
rac. Sihco .'linlinz study has nbﬁ been conducted in the hamster, the hamster
will be aslun.d to resemble the ta: for cho purposes ot doco ca:tnncion " These

auchors oxpo-cd rats for 30 ainutes to a pure B(a]P aorocol labelled vich

1
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 FIGURE II-1 - | o

' RELATIONSHIPS SETWEEN. TOTAL RESPIRATORY
TRACT DEPOSTITTON AND DARTICLE SIZE

a. Hamster S ‘We -
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b. Human (nasal) : ’m[
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SOURCE: Shlesdnger 1985 . o
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including che esophagu; and stomach. The maximum levels of radioaccivxcy in
. these otgam were reached. one-half and two hours post-exposure, as shown by the
onlgwing dnen. profilcs ofA.he absorption and ellminacion of B(a|P are shown

in Flgure I_I42.

’4-B(a]P (dg equivalents & D) (y.)

- . t ’ . - :‘
Time Post- - ) - a - : _
Exposure - Esophagus™ - 7 Stomach®
0.5 hours 0.6040.43  0.2540.16 -
2 hours 1.01+1.38 " 2.9743.40
6 hours 0.4430.20 2.21£1.30
12 hours 0.84+0.71 2.1241.37
24 hours - 0.79£0.51 1.45#1.30
- 48 hours 0.5840.70 0.60+0.41
S days 0.1420.02 0.0940.11
8 dayt 0.1130.04 0.1940.14
16 days 0.08+0.03 0.1240.10
AN = 4.

'The_rifchéion~o£_§[cj?_in the ha;n:ot ggsfrolﬁtclcinal tract can be -
estimach using the profiles for the stomach andl.lophjgus. uaking adjustﬁopcs '
“for the difforincos 1n.idnin1-:irod’dolo’ndd longth of oxﬁosurt and by . -
assuning that the forestomach is apptoxinntoly 408 of :h. ontirc scouach Tha

.‘ phnrynx vas connidorod to bo 199:0:1..:.17 onn-half :ho sizc of chn osophagus .
on the basis of surfacse arca, so the dose’ of 3[:]? to the phatynx can ba .
estimated to be 500 of chnc to the -esophagus.

To ostil-zl the total docn (D) of B(a]P to the esophagus and stomach, ies
absotpcion and cllninacion Eron each orgln can be assunnd to follow thac of |

first-order kiqﬁ:ics {n s onc-conp.:cncnt system, a3 Ls,suggoscad by

11-16




R ' FIGURE II-2 | i
. ABSORPTION AND ELIMINATION OF BENZO!a] PYRENE

FROM THE RAT GASTROINTESTINAL TRACT.
FOLLOWTNZ TNWATATION EVOCSURE
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Figure I1I-2. The behavior of.a substance in a one-compartment biclogical
" svstem in ‘which its absorpcion and eliminacion are first otder (exponential)

can bp dcsctibod by che folloving oquation (Filov et al. 1979):

yc -
. ko-%1

Diey Cene )
- (s LI o kot

)

where D is the total dose to the organ and kj and kp are the rate constants for

"the absorption and oiininntion,proccsscs. respectively.

. The .data in the table can be used to estimate the unknown parameters D,
k1,<and kz'foé the esophagui ind stomach by'voighcnd least :quat; o:ti‘atién ‘
:using the couputor progrnn Gcnornl Hodol fic (GMF) (Thorslund et al. 1987), in
whlch cho voights ars the tociprocal of cho square of thc leandazd dovia:ion
, The total doao to cho digestive traec can then bo cbtainod by adding to--

“ gether that for the osopha;us 508 of that for :h‘ osophngus to sccount for tho
pharynx and AOQ of that to the: ltouach to. account for the fo:oocolach only

The actual (d.positod) {nhaled dose of B[a]? received by chc rat can bc ,‘
- conpnrcd to chc dig.stivn tract dose to obtaln a ratio, which can-be assumed to
be constant in tho hanstot Sun et al (1982) calculacod :hnc '} tocal inhalcd
nass- of 4.9 8 B(a]P vas received by onch rat and of thnt. 108 vas tottinod
giving an actutl dose ot 0.3 pg Tho ratio of digestive tract dose to actual

-'dosc can thon bo spplied to the individual hanscor cxposuxo data to ob:ain

" their digestive tract doses.

'1.3.4 Esctimate Blologicnlly Accivo Ptopc:tion of Dose

| In order .to ‘extrapolate the B[a]? inducod digootivn tract cancer dose-

responso'rolationship from the inhalacion to the cral route ot cxposurc. zhe

11-18
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proporzion of 3 a;? chat is still biologiﬁally active (i.e., capable of being

mecabolxzed to- a ca:cxnogenic derivative) uhen 1: zeaches the gas:zointestinal
:zacc can be astimat.d " To mnko such an escinncc the expariments of_Dehl et
-al. (;98:) wvill bo usad. These intpstigators-instilled Bfa]? ontclthi nasal
aucosa of hamsters and coilected and .analyzed any material that ro;ched the
escphcgu: Aoptoxima:ely 508 of co;lec:ed maccrial vas r-pottcd to have bo.n )

B{a]P nctaboli:os such as totrols, ‘diols, quinoncl, oxid.s. and phonols. :hosc

o mo:abo;i:hs are not 11k.1y to be ac:ivatnd to 'the carclnogcntc 7,8-diol 9,10-

epoxide of B{a]P (vi:h the oxcnption ot cha 7 8 dloll vhich toprosoncod las-

than Zliof the metabolites detected). Apptoxiaatoly 508 of chc dtgoscivo tract
"doses hnykﬁhus'boli;iunod co‘b; av;ilablo Eor metabolic activation. The )
assunpcion uusc/also be made that the extent to which l[n]? ls nocnbolizcd and

: swallowod folloving nasal 1ns:111¢cion is not sublcuntinlly difforcnc troa that |

following {nhalation. ?‘

1.2.5 Estinato Actual Doso

/s

t

Tho actusl dosos o£ B(a]? to’ tho gnstrolnccaeinal tract of the hnn;:ars
folloving inhalation cxpo-u:o in the Thysson ot al. (1981) study can be
estina:od by applyin; :ho fnccot obcalnnd in the previous soccions to the
. average exposuxo levels (shown in Section 1. ; 1) or to the 1nd£vtdu41 animnl f
.‘exposurc levels, once caleulntod | A dosg-tooponso tolneion:hip could thon be
doscribod for 1n¢.ntcd Bla]P lovol and gascroiacaseinal trsct tunors in the

hansc.: nnd unod to ;cnnra:o an alccrna:ivc and potentially noro ‘reliable unit

tisk'for ingqsttonioxpocuxo to B{a}P chan{;h;t based on Nesl andlaigdon (1967).

11419

;{@@éﬁﬁEi



Tha p:cfet'lrrod route of exposure for chronic studi{es conducted to assess
the risk of cancer posad hy eirborns B(2)P '; inhalation. Howovur. such
studias have difficule mothodologiul problem usociacod with thcn AS a
resulc much of the work on this chcnical hns b.en ‘done using anratrachoai
instillacion of B[l]? clon‘ or Ln Lonblnation with other agents as 4 surrogate
routs of exposuzo for 1nhal¢tton.f Alchough auch valuablo‘qualitacivo
infornation has been ob:ainnd by this approach, lcl us. in quan:ita:tvo tisk
assessaents hll not met vi:h much succosc

' B[a]P has olicicod lung tunozs in several btoassay systens Eollovin;
inhala:ion _exposure or incrntrachoal inscillucion Ics carcinogonlc poc.ncy is
’Aenhancod by coadnininttation of particulcto ;atter or some gases (IARC 1983)

A'For example, & posicivn t.lponso vas obeain.d in rats using a ‘combinacion of

'B[a]P and cho acnosphoric irritant nulfu: dioxido sulfur dioxido by itself was . -

_noc carcinogonic (Laskin et al. 1970) Tho tumors 1ndnccd {n this oxporimgnc
were squamous cell carcinomas; a prppo:ﬁion of the bronchogou;c~;ﬁrcin6ﬁhs
found in humans are of this type. | N | |
A woli-con&uctcd.itudy by Thyssen et al. (1981) provides the most

'cloar cut ovidanco of the doco-rospon:o rolationship batveen inhaled B{a]P and
cunorigoncsis. In chis oxporinon:. Sytiun 3old.n hans:ors vere oxposcd |
throughou:\:hoi; lives eo B(a]P in a sodium chloride asrosol for 4.5 hours p;t~f
| dayu 7 days pﬂ: veek for 10 voika and then 3 hours per day chcroafc.:. o
Respiracory. t:nct tumors vere induccd in the uasal cavicy. larynx, and trachea.

The doso-rocponao rolacionship obcaincd for these tumors’ is shown Ln

Table 1I-4.

11-20.
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TABLE II-4

DATA USED TO ESTIMATE DOSE-RESPONSE RELATIONSHIP BETWEEN
INHALED B[alP AND RESPIRATORY TRACT TUMORS

A | Nuaber of Animals with
. . ‘ Respiratory Tract Tuaors

Exposurs : Average ~ Effective
Rate (x) 3 - Survival (t) Nunber N : o
(=g B[a]P/n ) .. (in veeks) ' of Aniasls Obsarved Pradictad
. Q 96.4 27 0 0 73
- 2.2 95.2 27 0 "1.88
9.5 ! 96.4 26 0 " 9.06
46.5 59.5 23 - 13

12.59 K

'NOTE: Based on low-dose linear tvo- -stage,’ doc.- and :in. dopcndan: id.ntical -
transition rate model:

LICA ) - l-exp |- -0. 000115(1+o 312:) ] [exp(0. os7e) 1-0. 057:1
" 'SOURCE: Thysson ot al. 1931
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Because sut-n.val times va:;ied widely among ;:he 3roup;. the data in
- Table 11-4 are.fitced to che cimo-dependenc form of cthe two-stage model
{equation (I- 3)]. yielding estimates of the th:ec p;ranccot: H S.. and G. For
this purposo, cho avorago survival time in each group is used as an estimate of
the varzablo “t in equation (I-3); chis approximacion would bo subjocc to error |
{f survival ctimes varied substantially within groups, which was not reported. -
. The Elcted modsl slightly underpredicts the cdfva:urb ot tho‘obsarvod
’doso-roaponso curve, bu: the diffarcnccs are not statlstically significnnc '

(x -2. 81 4f = 1 p >0. 1). indicacing a rolnonnblc tic ‘

~ The tisk a: tho ond of an average lifecine i3 obtainod from the aqua;ton’

‘ shown in Table 11-3 by evaluating P(g.c) at ;-QQ.& veeks, the aworago su:viv;l‘
.‘ciﬁo 1n‘;h¢ conﬁrol_pqpulacioh. Tﬁis givol the félloitn;'eiﬁ.?indppond.nc L

lifoéiio Eiak rilitionship: : ‘ \

P(x) = l-exp(-0.0272(1+0.3120)%].
For lov levels of cxposu:o. tho linear term of che nodnl cinos :ho oxposuro
: levol is a close approximation of the ostigncc¢ risk. The linntr tem in chis

Y

case may be oxﬁtgss;d as

~

q, = (2)(0.0272)(0.312) = 0.0170 (ag/a®)"t.
- To oxtrl.olato :hia vulun to human oxposuro Eor 26 hours per day, the

avura;o lcngcl.o! sxposurs per day over :hc upptoxinato two-year oxporinonenl 5

period {s calculatcd. The veighted medn of the tvo exposure periods is

11-22
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[(10)(4 S)+(92)’3)‘/102 - 3. 147 hr/day . Thus, exposure 24 hours per day has a
pv-anc, valus associa.ed with it cf o o
| q = ‘(0.0170)'(26/_3'.147)--_0.1295‘2!;\3/!33)'1.A SR )
-This balculltIOﬂ i{s basad »n the>aasunpcion rhac irhalation exposures ars
‘quiva]enr a1:ross species (1. .., mg/mccabolic rate = ng/surfaco area) To’
convert this exposuro level to (ng/kg/dav) tO‘bO abln-to coapcrc ic co-'.
'expocu.ru vin lnguuon. :ho ;bsorption rates for tnhnln:i;n and 1ngncion.ara
' nasaunod to be thl aano and the avotagc po:son il assun‘d :o weigh 70 kg and
inhnlo 20 n3 air per day. Und.r thou auunpcionn oxpolun to 1 ng/n for ]
2 houxs rcsul:s ln an exposure level- of [(1)(20)1/70 - 0. 2857 l;/k;/ﬂny
Thus, on_. ng/kg/day basis the u:m:ud slope is- '

'« gy =0.1293/0.2857 = 0.4333 (ng/kg/cay) L.

A considoubly inptovnd cancer risk ur.iu:o could be obtaimd by ‘using -

| A the i.ndividu.ll ani.ul dau uuublnd 1n Appondix A. B«:au.u cuh miul Ln the

‘ experincn: had a tmiqu. oxponurc lcvol cxpotuu duu:i.ou. and survival timo. '

- , specific cxposuzo information can bo gonoutod and used vith the nodol co

provide ‘ uuch Dore accurate unic tisk whon :uoureu pomi.:. this

' recalculation. should be an .upo::anc ptiot#ty.
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CorIL. THE 3AS1S FOR AND m-:mvu:ou OF COMPARATIVE
. POTENCY. ESTIMATES

This chapter describes eleven experiments 1?\ which B{a]P and other PAHs
{ : To- : ’ - 7
were tested concomicanctly fov carcinogenesis using several. animal specims and

diffe;anc zechcds of administration, as well as two experiments in which the

leQels-QfAches. ;yeniéals chac interact Qigh cellular DNA vers deterained.
Unlike thc-cxﬁerincnts using B[a]f described in Section I, most of ghosn
studies used methods of,adnintstfation that cannot be quantitatively céwpared
to tﬁoio by which humans would’bo expoct;d to bo’oxposod. As a toault, dSsc-»A
rnsponso rclationships for these PAHs cannot be deccribod ns:honatically in a
. manner that is useful for :ho pt.diccion of human risk unlosa thoy are
."exptasscd relgciva to B{a]P. Cancer potencies tclacivo to B[a]? are derived .

for c;ch PAH fron each oxpotinon: in chc fallovtng soceion and are sunaatizod

‘-ac the end.
A caacmocmsxs S | -
It is difficult to compare dltcctly :ho rosult: of carcinogonosis
: bioasn;ya because of in:or labotatoty difforcncos, varytng suscopcibilities and

mecnbolic capabilitios anong spccios used, and ditforoncos in tochniquos and

exposuxe routes. As a result, the only studies that are used in this docunent

to nako rcla:iv. potency estimates meet the criteria that 5[;}? vas-

" ccsccd in ch. sams biocassay systan as cho ochcr PAHs, in che saze labota:ory.
and at the same tilo In this scc:ion, individual scudins that meet these

" criteria are suularizcd and evaluated regarding quality. and tolativo potency
estina:es are dnrivcd for each of tho PAHs fot wvhich adequate daca are

-

availablo _ For each study discussed a cable is anludod that sunna:i*es all
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of the results obtained; another table presencs the data actually used :o
derive rhe ralative poctency gstimaces, for ease‘of vetification.._fhe order’in

’

which the studies ari'discussed cotrespondi to the reverse of the chronologinral

order in which choy wvere petformed with the most recent study presenced firse.
Relatrive po:ancy estimates were deriv;d by the mcthod dosctibod {n Section II.
To do 8o, "the opa'ational assamption was mado ‘that within the context of the
model, papillouaa -and other benign tumors are clonon of £1tsc stngo cells chat
are la:ge enough co bc observablc Slnc. only the uost advancod s:agc of a
tumor 1is usually recorded at necroply and sinco catcinonns can d‘volop fron
papillonas rendoting :hc {nitial papillona unpbsorvablo. the obsorvacion of
‘:eicﬁor paplllonn or a curcinona can b. viovcd as evidance chac at lenst one
.crinsforUAtion has cakan placc Thus, in cascs vhere boni;n And nnlignan:

: :unotq wvere conbinod in ropotting,’tho risk -quation uscd .to calculato .
‘compa:ativefpo;oncics is of chn;sinplo‘fotn N . T .
'P(x).;'1~exp9A(1;S#),‘

. Tﬁo_mddél.dqi;ribod'cqu;gf for Qﬁich :vo/:innstofn;tionn;iroxthuiféd. of the’

~ form

PCR) - 1..gp.4<1+s:>2.
will bo rostfictod 1n its use co cases whcto only-cstcinonns were toportod ‘
.scputaccly ’ Usin' cnrcinonas as the end point tot docc-rosponso nodnling is~i
B prefetablo :n untn; pcpilloans. sinco not’ all papillonaa nsy be capablc of .
 dove1oping into. careinnlnl Sc:ong cvidcnec for :hia in:otprotation of chc ,
two- scago uodal 1n tho case of skin tumors has tccontly bcon p:ovidcd by Chu ec -

al. (1987) and by Honning: and Yuspa (1985) ~For oach o! the. Eolloving

| 111-2




Studies, one of ““xese"'./o models was used co es:im'au -ch.e relaci‘le.pocenéies'ot
the PaAlig Cested. :hen dacé were'reported in a forpy for which eiéher méder
couldlbo‘usod. only the two-scage @model wag employed and‘appli-d~:o_cho

ircidenco of carc‘noaaa .

, The Cumorigenicities of the bonzofluoranthnnoa and indcno[l 2 3- cd]pyrenc-
were evaluaccd in the newborn mouge assay nnd compared wich that of B[a]P
Solutions of each PANH in DHSO were adninis:orod incraporiconoclly on days 1, 8;_«
and. 15 of agc to. groups of 30-60 CD-1 mice (naloz and fonalcs) Hicc vere -
weaned on day 21, sepcraccd by sex, and Teceived no further t:ndtnnht'gntil
sacrifice at 1 year. Hiscological oxanination wasApotfornod on all livers and’.

any gross lcsions Tablc I11-1 ‘shows the tc;ufcs'nnd tn&icatos that troacnone-;‘

'rela:ed effcccs on the 1néi¢cncos of lung adononaa:vch'soon :of niéo~:roaco&

Comparacivc poconcy oocinatos vorc based ‘upon' the 1nc1doncos of hepatic

Cumors {n males (fenalc: yo:o not gffoc:cd) and of 1ung>tun§rs in boch sexes -

2 combined (since the scxos were not scaciscicnlly diffctcnt) Organizing :ho

‘data in. chig uannor yioldcd :hc zost ptonouncod doal ~effect dacg and :ho nos: 7

| scablo cstinacos The roculcing roarrnngad daca are dlsplaycd in Tablos 111.2

" to III.- 4 which | shov onLy :ho tcsulca from :hoac groups for vhich positivc =

 responscs whro obealnad In the absonco of datc on the doso-rosponso‘
relacionship tbr B(a]P in. this cypo ct bioa:aay 11::10 confidonco can be _ .

- placed in tho rola:tvo potoncy oatinacos obtainod for cho othcr_PAHa..'.

'..xu-.\\;.tIIfJ‘.A
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* TUMOR' INCIDENCE FOLLOWING. INTRAPERITONEAL wnm:sm‘r*ou
‘ OF PAHs IN NEVBORN MICE®

Hepatic -

Lung

;‘ pyrenc_

. Treatment Totsl Dose Hepatocellular
Group " {smoi) Adenona Carcinoma Adenoaa
Contrsl’ | . 0/17 1/17(6) /17 .
(DM30) . : A L o
‘ F - o/18 . 0/18 .- 0/18
Benzo(a]- .- M 1.1 C9NTGN® T ay17(26) 16/17(82)®
pyrene i S ' : _ ot
' : F 11 0/ 0/16 ‘ 9/14(64)®
Benzo(b])- M 0.5 6/15(40)b 2/15(13) 12/15(13)
fluoranthens - R o ‘ ' : S
' . F 0.5 o1 oy 3/17(18)
Benzo[j]- M 1.1 s/1(38)b 3/21(14) 11/21(52)®
‘fluoranthene | ‘ o o - R
o F 1.1 o/18 10/18 4/18(22)® -
Benzo{k]- M 2.1 2/16(13) . 1/16(6). . 1/16(6)
fluoranthene L IR L ) ‘

- F 2.1 0/18 0/18 1 3/18(17)
Indeno- M 2.1 o1 . om 1/11(9)
(1,2,3-cd]- - . - S ' ‘

’ ' F 2.1 0/9 09 /9

aNewborn CD 1 mice tcccivcd 1.p. 1njcccions of PAHs {n DMSO on days 1 8
‘and 15 of age. Surviving aninals were: sactiftccd at 1 year.

bSignificancly diffcrcnt frou concroln using the Fishor cxace test with -
P < 0.05. . .

v

Sourco:\_iaVoii ct'nl. 1987 -

D § § €Y/




| TABLE I1I-2

(POSITIVE TUMOR DATA IN'NEWBORN MOUSE LUNGS. AND RELATIVE POTENCY ESTIMATESA

: : ' S C ‘Estimated Estimated
,iraataent Total Dosé Lung Adenomas® = Trarsition Rate Relacive Potency
CGroup (amol) (Cowbired Sexes) - (SRj) . R
contral . ' 0 S 0/35 P .-
(LMSO) ' . ) ’,' . X
senzofaj- - 1.1 - 2331 . 93.140 1.0
. pyrene , B : o o
‘Benzo(b]- 0.5 . s/32 21616 00232
- fluoranthene S : : b : »
Benzo(]]- Ll sy 29.766 . 0.320
fluoranthene - . B ’ o
. Benze[k]- 2.1 4% 3,666 0.040
fluoranthene o , ) o o .
Indeno- - 21 Ly 0 iaa o oo
(1,2,3-cd]- : g ST -
: "~ pyrens N
g aTho on.-hic (single trnnsition) uodnl vas uscd P(x) = l-oxp A(1+SR x) c
B A= -1n(1-0.5/36) -Jo 016’
bNo carcinomas woto obncrvod \ \
Source: LaVoio ot al. 1987 ‘




TABLE III-3
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" POSITIVE TUMOR DATA IN NEWBORN MOUSE LIVERS AND RELATIVE POTENCY ESTIMATES3

- : . - . Estimated " Estimated
Treatuent Total Dose Liver Tumors Transiction Rate Relative Potency
Toup _ {wmol) (Male) (SRj) (R})
Control - 0 - /17 .- .-
" (DMSO) . S '
Benzo{a]- = 1.1 - 137 21.697- 1.0
pyrene ‘ ) A : ‘ ) .
Benzo(b]-  0.S 8/15 - 23,163 1.067
fluoranthens L - ' '
" Benzo(}]- - 11 © 11721 ©10.217 0.471
fluoranthene RS , o N S
Benzo(k]- 2.1 6 - 2,107 10.097

fluoranthene « : A -

B3

2The bﬁi-hic (slngi. :ransiti&ﬁ) model wvas used: ‘P(xf-l-cgp-A(1+SRji)

- .. Source: LaVoie et al. 1987

©II1-6 - L
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TABLE 1I1-4

POSITIVE TUMOR DATA IN NEWBORN MOUSE LIVERS AND RELATIVE POTENCY ESTIMATES?

Hepatocallular Estimated 'ESCIuatca

Treatment: . Total Dose Carcinoma .Transition Rate Relative Potency
Group i (umol) _ (Male) o (SRy) - _ (RY)
Control 0 117 ee .

- (DMSO) ' ' : - '

Benzo(a) - 1l w7 - 3.116 1.0
pyrsne ’ . I
Benzo(b]- ‘0.5 2/18° 2721 .. . 0.874
fluoranthene C o .
Benzo(j]- D 79§ , 3/21 o 1.402 - 0.450
fluoranthene ' o o ' - .
Benzo(k]- = 2.1 116 0.136 7 0.044"
fluoranthene’ : , - ' ‘ IR

--8The two-stage model for carcinomas vas used: j?(x) = l-exp-A(1+SR x)2

_ b
Source: LaVoie et al. 1987 —

L S § ¢ 25 2N :




Sovoral PAH. vers tested tor txmoﬂ g-n*ci"y along wi:h :htlr nitrated
_derivacivps in the newborn ‘mouse ‘assay. Solucions of each compound in DHSO
were injecceﬂ incraperitcneally into groups of 90-100 male and fenalo newborn
£D-1 mice on days 1, 8, and~;5 of age. Mjice were veaned at age 25-27 days. N
separaced by sex, and recclved no further treatment. Surviving aice wcro‘ \

_ sacrificed at one year. All aice that survivod woaning vere subjccccd to
complete’ nocropnios and are includnd in the :csults Ttoatnont-toln:od livet
tuzors (adcnonas or carcinonas) vere observed in some groupl\of nico treated

i with pyreno. bcnzo[a)cn:h:acnno. chrysono, or B[A]P (see Table III S) vhile an
elqvgtgg incidence of lung adanqnasAwts seen only in mice trcaccd wich B(a]P.
Tﬁo foduéhd survival ob:chcd in ionﬁ of th‘ crbatod-grodpl vas ;tttibuccd ch.

!

animal’ husbandty problon: nnd nncctnnl cannibnlisn and vas no: treatzent-
“relccod (P Vislocki porsonal coununicaclon)

Tho da:a vere treated in chc same manner as those from the LaVoio et al
(1587) study doscribod in the prcvious section.. The couparativo potency
escinntcs obcainod are shodu~-n T&blos III 6 to III-.8. fhoso data are.unusual
‘i'in that vi:h the oxcoption of chryscn.-lndnccd hopntocollulnr carcinona..no ’I
dosc-:.ln:od positivo trends in :unot ylelds wers. observed. As a rosult of the
absenec of positivt tronda and since no doco-rnupcnso dats £Ot,3[a12 exist for
- chis type o! ‘bioassay, the conpazacivo potnncy os:inn:cs obtained nay result
fron exporil-nzal artifacc and-noc accuta:oly reflect biological :nlacionships.

Lictlo qonfid-nco should be placed in the estimates.

111-8
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TABLE III-5

rvxoa»rncinanc; FOLLowINng INTRAPERITONEL, ADMINISTRATION

OF PaHs [N NEWBORN MIcra

' Number °f wice wiep Numbeyr ofnnico wich -
~—Lliver -
Total . _ :
Treatmene - Dose Aderomag - : Adencpag _
Group (nmol) only Carcinoﬂas . only Catctnon;s.
Control . - 7773(10) © g/74 o 3/73¢4) 2/73¢3)
- (DMSQ) : ' . S S
F . © 0/6s 0/65 1/65(2) © 1/65(2)
Pyrene w ' - 200 0729 g 293) 4,59 -
F 200 0/31 o/31 1/31(3) 0731
M 700. o/2s 3/25(12)b 2258) g0
F 700 0/49 . - Os49 5/49(10) 0/49
N 2,800 216 ey Vmn o
. F 2,800 0/18° . o8 186y 444 |
Benz(a). y 2,800 6/39(15) 25/39(64)b 5/39(13) '1/39¢3) -
anthracene S ’ : o -
F 2,800 0732 0/32 - 6/32(19) 0/32
Chrysene 700 8/35(23). 2/35(6). 5/35(14) 1/35(3) -
‘ F 700 - 0/33 0/33 2/33(6) 0733
M 2300 173603) - 13/34(349b 7/34(21) 0/34
F 2,800 7% op 1200 o2
Benzo[a]. y ° 560 11/37(30) 7/37(19)b - 13/37¢35)b - 37
Pyrene , .
: F 560 0727 - 4,29 13727480 ¢ ),

3Newborn CB-1 aice Teceived i.pl injectiong of PAMs {n DMSO on days |, 8,
viving aninals wer, Sacrificed a¢ ) year. _ \
, Slgnificuntly difforont fron controlg using the Fisher éXact test wich.
0.05. - B B - .

~’xéﬁﬁﬁ@4“."
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TABLE II1-6

: POSITIVE TUNOR DATA IN- NEWBORN MOUSE LUNGS AND REIAIIVE POTENCY ESTI‘!ATESa

i

T e e e e e e e v s o e L

. N R ) Estimazed " Escimated
Treacneat Total Cose - Lung. Adenomas ~ Transition Race ‘Relacive Poternc:
Croup {smol) - (7 ubined Sexes) (SR)) (R§) - -
Control -~ . 0 725 T SR T e o ce
(bMso) = : ' ' :
‘Benzo(a]-  0.56 26/64 16,097 1.0
pyrene ' s
Pyrens . 0.20 2/60 S
. ' 0.70. 7776 ' 1.298 - o0.081
o 2.80° - 2/32 - - : Co
Bemzfal- . 2.80° . 12/ o013 0.057
anthracene b - = '
" Chrysena 0.70 8/68 . 2.006 . 0.125

. 2.800 8/58 . ' .

4The oni;hit‘(singlo cfansition) ﬁod‘l vas uaod P(x) - looxp A(1+Sij)

bDoos not flc model; obsorvucion noe u:.d in os:ina:o.

Sourco Wislocki et al 1986
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TABLE III-7°

POSITIVE TUMOR DATA IN NEWBORN MOUSE LIVERS AND RELATIVE POTENCY ESTIMATES2

-

oo Estimated >Est1mnéqd |

Treataent Total Dose -Liver Tumers Transition Rate PRelative Pozency
Group : (pmol) (Haie) (SR}) . (RYY
Control 0 B 7 S . i S

(DMSO) | S '

Benzo[a]- . 0.56 . 18/37 . 10.021 1.0

pyrens o B '

Pyrens - - 2.80 Y - . 0.497 - 0.050
_Benz[a]- 2.80 . 3139 . 5.285 ~0.526
anthracene . , S T S :
Chrysene - 0.70 10,3, 3,340 0.333

2.80° 14736 - . -

3The one-hit (iinglo trdnsicioh)-modal wvas used: P(x) - l-oxp A(1+3ij)

bDocs not fit mod.l, obsarvacion no: usod in o-tinl:o

‘Sourco Wislocki et al. 1986

CI1I-11

r-"‘

QGOOMG




o o  44A-6395<€.
TABLE III 8 |

POSITIVE TUMOR DATA IN NEWBORN MOUSE LIVERS AND RELATIVE POTENCY ESTI‘MTESa

_ . Hepatoceliular Estimated * Estiu:cd
Treatment * Total Dose carcinoma =~ Transition Rate Relative Potency
Group ‘ (umol) (Male) . (SRj) _ (Ry)

‘,Cont:ol 0 ’ ~0/73 : - ‘ -
(DMSO) ' ‘ -

Benzo[a]- 0.56 1737  8.078 1.0
Pyrene : : » ,
Pyrene . . 0.70 328 732 - 0.586
S 2.80® /16 ‘ o

Benz(a]: - 2.80 25/39 . 4.003 0.496
anthracene B L . o . '
Chrysene . ~ 0.70 2738 . . 2.692 1 0.333

2.80 . 133

‘fhc‘cvo-staéi model fot carcinouaa vas used: P(x) - l-oxp A(1+SR x)

3"

bDoos not fit modal; obncrvacion noc usod 1n ostina:o.

" Sourcs: Vislocki et al. 1986

111-12 |
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3. Deursch-wenzel et a (19

In :hi; Qzu;y. eight envtronm‘entally ubiquitous PAH; were tested'for
carcinogenicit:v by direct implancation into rhc lungs of female n-bo—'--!‘-:d.el
raté. rosc cempounds warze ptepared in solu~1on with czioctanoin and molcen
beeswax. Upon 1njecr;on inco :he'lafc lobe of che lung, the mixture conge1¢ed
irzn 2 pellect, ‘from whtrh 'he Lest’ uoupound diffusod over tima into rhe
surrounding lung tissue. Epidermoid carcinomas and plcomorphic sa:conas waro
observed and doao-respon:- rola:ionshlps vere obcain.d Tho :rnccmont mcthod
involved some trauma to the animlls : Rclativc poconcy os:inatcs would not be
affected, howevat, since this factor was constun: for 111 craacnont groups.

Tumor induction times were 'difficult to observe, so survival tize and the

nunber of :umot-b.athg aninals vere the responses avaluated. Table I11-9

,shows‘iﬁo results fot.chn PAHs tested.

The transition rato pcrnnocor st vas estimatad for oach ot :ho_ . ‘
carcinog.nic PAHs from the data i{n Table 111- 9. Thc seasure of response u;edll
‘for modeling was the number of animals b.ating opidcrnoid cdrcinoﬁa; ofﬂthe
lung at the completion bf the study. (Pioionotphic.sarconas vof; excluded in
che interestc of consistency -and bocau:c their etiology probably differs from
- that of carcinon&s ) The nunorical forn of the best- tltctng uodnl and :ho n
goodness of flc are shown in Tablo I1I-10. No tumors were obsorvod in the
‘control rats. so tho pc:nlntcr A vas obtained by Bayolinn estinacion, as
discusscd in Section Il (1.¢., A = -1n(1 0. 5/36) = 0.014). The highest
exposutc-groupc vnto omitted £or.B[a]P-and IND, sinco the tofponsi vas
‘significancly less chan that p:odictcd by the nodnl This discroﬁancy is mosg
likely duc to :oxictey and reduced survival in choso ‘high oxyo-uro groups. A

more conplox analysis could use mcdian.survival times as an addi;ipnal

111413




TABLE III-9
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CARCINOGENICITY AND DOSE-RESPONSE RELATIONSHIPS OF £IGKT
FREQUENTLY OCCURRING FNVIRONMENTAL PAHs IN PAT LUNGS

. e

- - Number of
Animals
Bearing
: - Epidarmoid
. _ Carcinomas/
Mcdian Sur-. Number of
.~ vival Tige, Animals -
Number Weeks (95% Bearing ~ Tumor
. ' Dosas of Confidence Plecmorphic Incidence
'Compound‘ (mg) ~_aAnimals - Interval) Sarcomas S (%)
B[b]F 0.1 3s 110(95-118) . 0/1. 0
B(bJF - 0.3 35 . 113(100-121) - 1/2 2.9
B{b]F 1.0 is 112(98-126) ' 9/4 25.7 .
Ble]P 0.2 35 ©117(108-123) 0/0 0 - .
B{e}P . 1.0 30 :-111(91-126) . o/1 0
Ble]P. 5.0 35 104(92-113) 1/0 2.9
B{j]F - 0.2 k}) 110(91-118) 1/0 . 2.9
B(J]F 1.0 3 117(103-125) - 3/0 8.6 -
~B{JIF 5.0 38’ 89(75-1098) 18/0 51.4
- B(k]F ©0.16 . 3§ 114(101-122) ~0/0 0
‘B(k]F -'0.83 31 95(81-104). 3/0 . 9.7
B(k]F 4.15. 27 1 98(87-108) 12/0 44,4
~ IND 0.16 35 116(95-123) 371 8.6
- IND -~ 0.83 K} ] 109(98-116) 8/0 22.9
IND - 4.15 3s 92(82-108) 21,0 . 60.0
ANT. 0.16 35 102(91-116) 10 0 2.9
ANT . 0.83 35 88(72-103) 19/0 $54.3
Bfghli]P 0.16 3S 109(¢101-121) - . 0/0 0
" B(ghi]P 0.83 35 114(103-123) - 1/0 2.9
B(ghti]P 4.15 34 106(93-117) - 4/0 11.8
B(a]P 0.1 33 111(95-120) . 6/f6 - 11.8
‘B{alP 0.3 35 . 77(68-99) 2172 60.0
B{a)P ‘1.0 3 54(66-64) 33/0 94.3
BW-TC .o 33 104(91-121) 0/0 o -
Untreated ° T B
control. .o 33 118(104-133) 0/0 0

aAbbrhvtntioﬁi: ﬁ(b]?. bcnzo(b]flubranchono; B{e}P, ﬁcnzo[-]pyt.no; B(jIF,

'bgnzo[j]flun!tlthhn‘;/l(k]!. benzo(k]
“ANT, anthanthrens; B(ghi]P, benzo(ghi
‘beeswax and trioctanoin (vehicle).

bcarcinonas only.

SOURCE: ﬁoutsch-ﬁonzcl-o: al. (1983).

11416

fluoranthene; IND, indeno(l,2,3-cd)pyrene;
]perylene; B(a]P, benzo{a]pyrens; BH-TC,
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TABLE ITI-10

DATA USED AND ESTIMATES OF RELATIVE POTENCY OBTAINED FROM
| RAT LUNGS FOLLOWING INTRAPULMONARY INJECTION

Compound‘ . o e Estimaced .
Exposuve o .. Epidermoid Carcinomas Transition Estimated
Levels S : Rate ‘Relative
in ag : HNo. Rats Parameter Potency
o) Exposed Nbserved Predicred (SRY) (RY)
Bla]P: . . - 22.28 . 1.0
0.1 - 35 4 4.79 . A :
0.3 .38 . gl .I9.g2
1.0 35 ) . O). -
B[b]F: o _ - .12 - 0.140
0.1 C. .35 0 0.83 - :
0.3 35 1 1.723
: 1.0 3s. 9 '7.40° B _
. Ble]P: : . ~ _ 0.088 . 0.004
©. 5.0 35 1 1.00. - L _ S
B{k]F:. - . ' 1.48 - 0.066
0.16 35 . 0 0.7% o : :
1 0.83 o 3 2.09
4.15 - 27 - 12 13.79 : : ,
IND: S : L ' . 5.17 0.232 _
0.16 ‘ 35 . -3 - 1.66 S _
- 0.83 - . s ba" ”ll.gl : s ot
T 4,15 35 5 () ) - ' '
ANT: I ' . 7.12 ‘ 0.320
0.16 35 1 . - 2.17 . o o T
- 0.83 33 : 19 . 17.06 . D
B{ghi]P: . : _— 0.486 ~ 0.022
. 0.16 . . 38 0 0.57 . .
0.83 . 35 1 -0.98
. 4.15 T 7 4 .. 6.07 _
“Cometrol -~ = . . S S e o e
o - ! N .. - .

) ‘Abbrovi‘tim: B(a]P, benzo{e]pyrens; B(b]P, bonzéib]ﬂuorgnﬁhcno-; B(e]P, .
benzo{e]pyrena; B(k]F, benzo{k]fluoranthene; IND, {ndeno(1,2,3-cd)pyrene; ANT,
anthanchrene; B(ghi'P, bcnzo[ghi]porylim.. ’ ) .

b

Onitted because of lack of‘:ic, excess mortality.
Model: P(x) = i;cxp-A(1+Sij)2.48_- ‘1n(1-0.5/36) = 0.014.

Source: Deutsch-Wenzel et al.“(19§3).

\ o 111-18




6395

variable; this would most likely reduce the relative po:enéy.es:imaCEs somewhat

- and incrsase precision.

& LaVoie et ,1,_(_1_23;;3". -
The Cumet-;nigiatihg ac:iviéieé of the benzofluoranthenes were Z=ested on

Swiss albino CD-I fenalo'moﬁse sxin and conﬁa:cd wlth'tﬁat of B{a]P. Compounds
were appliad {n 10 doses (1 every othar day) to thc backs of mice and followed

10 days lacct wich applicacions of the :unor pronotor phorbol uyris:acc acecac;
I(TPA) 3 times a wock for 20 veoks. whera upon nninnls vcto saerificcd Table III-
11 shovs the tocnl 1n1:1:c1ng doso of each of the conpounds tested ‘and nunbozs of
tumors and cunor bonring aninals obtained. Tumors woro principally squazous cell
_papillomns ‘with 3ome koratoacan:uomns observed as vell. Bonzo[b]fluoranthon. vhl>
'7approximacoly ten times as poccn: as a tumor lniciacer than bcnzo[j]fluoran:h.nn.
-which vas only soncwhat more ?occn; than bonzo[k]fluoranthono..‘Bta]P_wns uoto_
potent than all throc ' | \ o ‘ o -

Two faccors mnk. the data obcaincd in chis nxporin.nc dlfficul: to xn:erpre:;
The applicacion of :hn promotor TPA adda an additional element of conplcxicy to
tho,evalua:ion. Tho possibili:y of a qualic;tivoly diffotont in:oraction between
TPA and the various PAH: cxis:a " Furthermore, this oxpnrinon:al protocol DAy
allow only the first and not the socond uucgcion :h.: ls hypothc:izad to occur
during PAB induccd careinogonosls and would :hntcforo not ttc a8 two- scago model.
The onc-hic (linglo tranlition) nodol vas conscquantly used. Thcs. po:ancial
problous are calpoundod by h;ving only a singlo lovol of B{alP available upon
which to bns, the poccncy gs:iuaco. To uininizo the lattut ptoblon. the da:a used

in- the oQAluation will be tgsericced to the singlq oxposuxu ‘level of each of the

_PAH$ that gives e tumor response

I11-16 " _
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’ TABLE I11-11

TUMOR INITIATING ACTIVITY .OF BENZOFLUORANTHENES

- Number of Skin.

_ Total Iniel- Tumor -Bearing b
a ating Dose = - Aninals/Number - Skin Tumors™ -

Compourd™ - (pg) , of Animals , per Animal
‘B(b}F. - - 10 - 9/20. 0.9
B(b)F . f 3o - 12720 2.3
B(b]F ‘ 100 - . 16/20 7.1
B(jIF ’ - 30 » 6/20 . 0.6
B{JIF N 100 11/20 ‘1.9
B{J]F _ 1,000 ' - 19720 7.2
B(k]F ' 30 ' 1720 " - 0.1
B(k]F ) . 100 - 5/20 . 0.4
B(k]JF =~ 1,000 o 15720 . 2.8
Bla]P - L 30 , 17720 6.9
Acetone’ L L ' ‘ S
(Vehicle) . L e ‘ - 0/20 0

B(k]F, bonzo[k]_fl_uotmth_onc; Bla]P, bcnzo[o.]'_pyrom.
b 3 N : . )

: ‘Abbrthicioﬁsi B[b]F; bonzo[b]fluoranchono;'3[1]?. bonzo[j]tluoran:honc:-,

Skin cunors«woto'principi;ly Papillomas.

Sdurco{ ‘Lavdgo‘o: al.;(1982).
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closest to the 85\ B{ajP cumor response rate. This procedure yiélds results chat

are less model- dependenc ~ The relative potencies calculated on che~basis'of'tﬁese

rescric:nd data are displaved {n Table TIT-12.

5. Habs ec al. (1980

Six énvifonmonéally ;elevan; PAHs wers tested {n order to d;tiruln. chclf
do;c-rqspohsc relationships as caréinogens when topic;ily'npplicd to the backs of
female MMRI mice throughout their lifetimes. Table 111;13 11;£37§hg compounds
tcscod doscs used, fznquency of application, and results obcaincd Al:hough it
- was not clearly statad by the aucho:s. {c will ‘be sssumed that the tumors obsorvod
'A vere all carcinomas on the basis of ch;tt staccnnne, 'Aninnls at an advaneod st;cc
. df.m;croscopicllly clbiily 1n£11trativo 5tqvth vere killed.® nCIQa:-suq-
_dos;-tespdnsc rclncionship; vers seen for s[a]P aﬁd boﬁzq[b]tluotanﬁhcn..
Benzo[j]fluof;nch;;d'provad;co be weakly c#reinagonic. as did |
vcyciopenéa&lono(c d)pyfcnc cnd coroﬁono. Bcnzo[k]tluornnthono and
indeno(1,2,3- cd)pyruno vers innc:ivo ‘l catcinngonl ln chis test systen.

, The relative ttansition rate vas calculoccd ustn; :hc lov-dos. lincar
ewo- scagc modol for oach o: tho stx test agcncs. as shown in Tablo III 14.
(coronono was not anludnd due to. tho ‘different protocol and solvent euployod)
Thc estinncus obcaintd for B[j]F CP, B(k]F, and IND ato based upon voty wveak or
perhcpc ncnoxlstont dos.-:ospon:o rnlationships. Evon so, the tosponsc data
‘observcd are consistent vieh the underlying tosponso aodel. Estimates- obcained

_using these d.tn vould, {f erronecus, tend to cvotoatina:o the relative ttansition

ta:es and as @ rosule. the rclacivo poccnci.s bccnuso the actual cunor rnsponsc

. may bc auch lover or non-existent. R : |

1II-18
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" TABLE III-12

- DATA USED AND ESTIMATES OF RELATIVE POTENCY OBTAINED FROM
MOUSE SKIN TNITTATION-PROMOTION EXPERIMENT

Estimated

A Number of Skin " Transition Estimated
Total: Tumor-Bearing : ‘Rate , Relazive
‘ a Dose - Animals/ Parametesr " Potency
Compound™ (ug) Number Exposed (SR)) “ (RY)

- Bla]P ‘ - 30 17720 - 2.602 1.0
B(b}F T : 100 16720 Co 0.671 0.258
B{j]F : 1,000 - , 19/20 0.124 v 0.048 |

0. 022v

‘B(R})F - ‘ 1,000 - - 15/20 o 0.057

4 \bbreviations: " Bla]P, bcnzo[.]pytono B(b]F, bonzo[b]fluoranthon‘. B(j]F
benzo[j]fluoranchcno ‘B(K]F, benzo[k]fluotanchono

J
Source: LAVoio oc -al. (1982).

| Model: P(x) = 1-.xp -A(1 + SR,X), A = -In[L- -0. 5/211 -0.026. ) y

s
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| TABLE III-13 | :
PAH-INDUCED SKIN TUMOR PATES 1y Mrceb

Number of Tuaur-
Sesring Animals/ Tumor

- Frequency of - Dose Total Numbe~ Incidance
Zompound® Solvent 'AppliC;:ionﬁ (2g/animal) of Arimals (%)
3[a]P Acetone 2t,/'veek 1.7 ‘8/34 3.5
. ‘ 1 2.8 ‘ 247358 68.5
» ‘ L S 4.6 22/26 .- 61.1.
- B[b)F ~ Acetone - 2x/veek 3.4 . : 2/38 5.3
o 5.6 . - 5/34 4.7
: : : ‘ 9.2 20/37 6.1
BljiF - Acetone 2x/week 3.4 1738 . 2.6
o ' ' *5.6 1/3s8 2.9
. ‘ : ' 9.2 2/38 5.3
B{k]F Acetone 2x/veek - 3.4 1739 2.6
L Lo ' . 5.6 0738 o ’
_ . 9.2 0/38 0
IND - Acetone . 2x/week . - . 3.6 - . 1/36 2.8
o ' _ T 5.6 . N Y4 Y ) o -
. - o ' 9.2 : os37- - . 0
cp - Acetone. ' '2x/week 1.7 0/34 : .0
‘ : . 6.8 0/3s o -
o L s - 27.2 3/38 7.9,
COR . DMSO - - 6x/week . 5.0 1739 2.6
- : 15;0‘ - 2/40 5.0
e Acetone 2x/veek .- : 0/3s 0
e : DMso - 4x/week ~e o 0/36‘ 0

o l ‘Abbrcvintiops:- Bla]P, bonzo[;]pyrono} B[bj?. bonzo[b)fiuorantbonu;.B[J]F,
behzo[j)fluoranthono; B(k]F, bhnzo[k]fluornnchono: IND, indano(l,z.;-cd]pyrono:

- CP, cycloppntadicno(qd)pyrnnl; COR, coronene; DMSO, ¢Lno:hy1.u1£oxldc,

bAssunod to be carcinomas (see éqx:). |

Source: Adapted from Habs ¢ al. (1980).

I1I-20 - e
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TABLE III-14

. DATA USED AND ESTIMATES OF RELATIVE POTENCY OBTAINED FROM
: | MICE SXIN PAINTING STUDY -

No. of Tumor-Bearing Estimated

Compound’ ‘ ~ 'Animals Transition = Estimated
Dose : - —t . Rate - Relative .
@g,/animal No. Mice : . Parameter Potencv
(x) Exposed Observed_ Predicted- "(SRJ) ’ (R})
Bla]P: - ’ - 3.92 1.0
1.7 . 34 " 8 10.36 '
. 2.8 35 ‘ : &A - ‘20.g0 o
4.6 -- ) ) ' ~ ' '
B[(b]F:. A ’ 0.656 : 0.167
3.6 - .38 : 2. - 42,38 ' L '
5.6 - 34 . S T 4.30
S ey ‘8. o -
B[J]F: o ’ - 10.241 ) 0.061
3.4 - -38 1§ 0.77 ‘ : ‘
5.6 35 . 1 1.18
‘ 9.2 38 2 ‘. 2.36 o : .
CP: - o 7 0.091 . 0.023
RS O 36 0 0.28 R
6.8 3s 0 0.56
27.2 38 3 2.74
B{k}F: : ‘ . 0.078 0.020
3.4 39 1. - 0.63 ' ‘ ;
5.6 38 ) 0.59
9.2 38 ) - 0.86 : , ’
IND: o ) ‘ 0.081 0.021
3.4 36 - 1 0.36 _ -
- 5.6 37 0 0.48
9.2 37 - 0 0.69

aAbbrevin:iom: B(e]P, benzo(a]pyrens; B(bJF, benzo([b]fluoranthene: -
B[j]F, bcnzo(j]fluorhnchonp;'CP.-cycloponcadiono(cd)pyrono; B(RJF,. :
benzg[k]nuntmthcu; IND, indeno(1,2,3-cd)pyrens.

Onitted because of lack of fic. . '

Model: !(x)_ - i;pxp-A(,l-l-SR x)z.' A= -1n(1-0.5/81) = 0.0061_92.-
Source: Habs et al. (19’80'). o :

o 1r1-21
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6. Pfeiffer (1977)

As part of an experiment designed o evaluate the {nteractions berveen
car&inogcnic and nouca;;;noganlc ?Aﬁs,_singlo doses of B[;]P or
dibgnz{ah)anéhracene dzs;olved.ig E:icaprylinAwotc injcct;d subcutaneously
betveen the shoulder blades of femalc NMRI nicc Aniuals'worofpnlp;t.d v;ekly
for tumor develcpment and allowed to survtv. up to 114 weeks. 'Iablo-lii-li
shows the incidence of sarcomas obtained nnd the doses of PAH:'Q;gd. The *

control tumor incidence was not repoiéod. although a group of

-‘"non-cgtcinogan1§‘ PAHs was tested and ﬁiil be included here as a _\

pioudb?cohtrol_gtoup. Fu:chcrno:a.'tho-nunbg:s\df effective or survivihg

anisals vers not reported, so the tumor incidences may.not reflect potential

K

coxicity at :hc higho: dolos

Thc dosc-rosponso curves for B(a}P and D(nh]A lnctouso at rates :hnc are

less :han-linoar. ptcsunnbly due either to a tnducod-rn;q of ab:orpcionAo:‘

saturation of metabolic Ac:ivacing systens at high doses. This effect is more

-prohouhc-d for D[ah]A.chan B{a]P, so that relacive potencies for D{sh]A
' eicimacad at high ﬁosis are 10&.: than those estimated at lover doses. The

: lack of a true control population and the prasence of a Euna:.:nsponao froa the

populacion toc.tving a group ot hypo:hoaizod noncarcino;onlc PAH: also make
fit:ing the data to :ho lov~dolc linoar tvo-stage model difficult co ln:orproc
As a tosulc ‘the relative potoncy vas d.corninod by tolatin; rosult: a:
conparablc observed :.lpenso 1cvuls and using eho noncctcinogonic PAH: as cho
pseudo -vehicls ecntrol The dsca usad for these conp:tinons are shown in

Table III-16. Tvo .s:inatol of ‘the relative potency vere obcain.d hovov.z.

- the estimate cbtrospond(ng to the lowor cxpoauxq lovnl§.(1.¢.. 2.91).13

probably mof; :onbonabio tb use for low-dose o;trapolacionl.

o 2z - (m Qw:?;_;



TABLE III-15

TUMOR INCIDENCE FOLLOWING SUBCUTANEOUS INJECTION OF
' BENIC[A) PYRENE 9R DIBENZ[AH|ANTHRACENE

Numbez of Tumor- - Tumor

a " Dose . , Bearing Animals : Incidsance
Compound : o (sg) Number of Animals - . (%)
3{a]P 3.12 9/100° . 9

: ' . 6.2% ‘ : 3s/100 3s
12.s - ' . 517100 ’ 51
25.0 : 57/100 : 57
0.0 . - 77/100 - 77
100.0 - : ’ 83/100 : - 83
D[ah)]a 2.35 ' - 377100 ' 7
4.7 . - 39/100 V- 39
N 9.3° - 44/100 _ 4 -
18.7 _ 56/100 ' -1
7. - 635/100 . 65
75.0 69/100 - 69
‘Pseudo- b ‘ : _
‘control ™ . 273.975 ’ ) 6/100 6
- 549 S 8/100 8
1,098.37 - 6/100 6
2,196.75% ' 4/100 A
4,394 ' ‘ 13/100 ' © 13
5

8,787 o '5/100

aB[a]P, bcnzo(n)pyfon.f b[ah)A. dibonz[ah)anthricon.t.' o ‘ S -

b10 "noncarcinogenic® PAHs.. The "noncarcinogenic® PAH gToup included
benz(a]anthracens, benzo[ghi]perylene, and chrysene, which are gensrally :
_ considered to be .veakly carcinogenic; at the dose levels used, however, these .
compounds .cannot account for the tumor response observed. The other PAHs in
~ this group were benzo[e]pyrens, Phenanthrene, anthracene, pyrens, fluoranthene,

perylene, and coronsene. ‘

* NOTE: _Control animals vere included in the experiment; however, ‘whether -
they were vehisle or untreated controls vas not specified, and their tumor
incidence was not reported. ' : .

.. Source: Pfeiffer (1977).

“oroors
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TABLE III-16

6395

DATA USED AND ESTIMATES OF RELATIVE POTENCY OBTAINED FROM
| SUBCUTANEOUS INJECTION STUDY WITH FEMALE MICE :

- Estimated

- Transition " Estimatad
Dose Number Rate Relarive
A (28) Nuabsr Mice with Paraxeter. Potancy
~ Compound (%) - Exposed .Tumors - (SRY). (R})
Low dose: - :
B{a]P 6.25 100 3s 0.2297 " 1.0 -
L D[ah]A 2.35 100 37 0.6480 2.82
High dose: " A
. Bf{a]P 25.00 , 100" 57 0.0964 1.0
: D(ah]A 1 18.70 -100 56 0.1264 1.31.
Pseudo- o . : .. :
control 0 600 42 - .-

aAbbre#iations;_-B[a]P.

bcnzotn]pyionq; D{ah]A, dibenz(ah]anthracens.

Model: P(x) = 1-exp-A(1+SR.x)%, A = -1n[1-42/600) = 0.0726.

J
Source: Pfeiffer et'al;'(1977).
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Cradad—con~oﬂztutlous of B3{a]P or oenz[;lanChraceno (B{a]A), were applied
ropically to the hacks of C3H/He aice 3 cimas a week for 50 weokn at which c‘me
animalq ware sarriftced and. local cumors wera qusntttat.d B(a]P was dissolqu .
in dacalin, benzra]anthracano was dissolved Ln toluene and 50 ag by woigh: of
each solution was Adain;scotodA;c sach dosing. however, the method of
A'ipplicacion vas not ipccified. irablo 111-17 shOVl th. results of this
experiment. ﬁorsolvonc cbﬁtrois,wirc iﬁclud.d. The identity of the tumors :
obcainod Qas not sp.ﬁified by the ;uthots and vili bo-;squnod to be cizcinbu;l‘
(E. Binghnn. personal connunica:ion) From these results, benz(alanthracens
'app.ats to. bo losa potent :han B{a]P, althou;h the use of different lolvonel
for each ngon:_introducon,a~confoundin; fac:cr chn: cannot be dirﬁcely
~ evaluated.. | ‘

‘ An exﬁionoly shaliow dbso-;eipons. filgcioqihlp for l[a]A~vqs obtained
over a two order-of- nagnitud. dose range. fhi uoscliiioly explanation fot ﬁhisi
response is that the adninis:cred dose ‘nd the biologically ‘active dose at the
cargec sice (:ccccivo forma of the agent at the site of action) are not linoatly.
related bocnuso of saturation of nstabolic activating systcns or pcrncnbtlicy
:In this cass, the rooponsos obtained at the lovest expoautc lcvnls vould be-the
most ditcctly co-parcblo bccvacn agoncs Tho data used to obcsin the relative
' potericy estimate for B[a]A are th‘ single lcvuls o£ agonc giving tho lovos:
iruponu £or both %7a]P and B[a}A The data used and the tnlativo po:oncy
estinlt. dnriv.d are lhovn in Table III 18 Incotpota:ion of the other

exposure lavcls ot 3(¢]A lnto cho relative po:.ncy csclnncc vould decrease che

estinate for that ag.nc.

I11-25




TUMOR INCIDENCE FOLLOWING DERMAL EXPOSURE 'OF MICE .-TO
' BENZO(AIPYRENE AND BEN2[AANTHRACENE

- TABLE ITI-17

6395

{

Number of Animals

Bearing Malignant Tumor

_ Lose Tumors/Nuaber of Incldence
C'oinpounda (% Concentracion) Aninals (%)
_“BlalP - - 0.02 5/12 42
- . 0.002 0/20 0

0.0002 0/21 0.

0.00002 o/18 .0
Bla]A 1.0 $/29 17
S 0.2 - 3732 9
0.02 1/18 6
0.002 0732 0

- ®Abbreviations: ~B[A]P}‘bénzo(ilpyrond; B(a]A, bonz[a]ip:htdcono.

Source: Blnghan and Falk (1969).

¢
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TABLE IT11-18

DATA USED "aND ESTIHATE OF RELATIVE POTENCY OBTAINED FOR
BENZ (A)ANTHRACENE FROM MOUSE SKIN PAINTING.STUDY

:Couppunda : ' ) i : ’
Dose - No. Mice - ~ No. Mice -  Estimated - ~ Estimated -
(% concen- Exposed wizh Transition Raté - Relative
tration (Survived = = Malignant - Parametaer Potency
(x) S0 weeks) © Tumor *-(SRY) (RY)
Bla]P: = = o ‘ ’ . ' o S
0.02 12 5 ' 187.0 1.0
Bla]A: _ ' . L o
0.02 : 18 1 27.16 - 0,145
0.20 32 3 5.13 , 0.027
1.0 - 29 5 1.81 ~0.0097
Control®: . ' ' ' ‘
0 20 0 - L s

iAbbrnviationa' B[A]P benzo[a]pyrens; B(A]A bcnz[a]anthraccnn:
'bValuc used for rolativo potoncy estimate.
“Assuned valuo
Mod.l: P(x) - 1 exp A(l + Sij) y A= -ln(l 0. 5/21) - O 026
~ Source: Binghan and Falk (1969).
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o van pcen ac sl G380
As part ol an oxpotinonc to avalua?e the rumerigenic po.cn:ial of tobacco

leaf ard saoko constituents, sevoral PAHs were tested for tumor inxciacing

accivi:y The compounds wers appliod as single doses in 0 1 ul of solvone to

~ the backs of fennlo ICR/Ha Sviss mice. This trestment vas follovcd by

applications of 25 ‘mg croton rcnin in acetone as a prouocor thrco times a vook

for 63 wocks (or until death). The compounds tested and the oxpcrincntal

tesul:s obtuinod are ptosnntod in Table III 19 B[a]? is clesrly norovpo:cnﬁ

o than any of cha other PAHs tcscod

'Tho data uscd to obtain potency oa:iua:os for CH and B[b]? are shown in.
' Table 1II-20. Thc :osponsa ouploynd for the oltinato. vas nunbot ot nall;nnn: ’
" tumor- benting aninals by the 63rd week of the test. I: vas not posoiblo to.

‘ccubino cha 1ncidnncns of papillonaa and carcinouas in this cxpotinonc since

individual animnl data were un;v;ilablc

The necossity of using a prouocuz :o ob:ain a cazciﬁogcnic :csponso in the’
éest systes is s fne:or that wvould tand to roducu :ho ctcdibili:y of chc
1 po:ency estina:cs 1£ no other 1n£ornncion vas availablo, howsver, since
carcinomns wero observed, ic vas alsunod that use of th. p:ouocc: cllovcd :hc ‘
expression of colls that had undorgon. two PAH- induced cransitions and
therefore that use of :h. cvo scl;o model was apptopriato. Tho potoncy

escimaeo for CH in this sylcc- is unccrtain, slnco the response level ts not

clearly diffo:onc fron the c:ocon rcsin concrol

I11-28 o o Q‘ 00@3.



TABLE I1I-19

2AR-IADUCID SKIZ STMOR . IETTC vy R MICE usig

- CROTOR R2STN 13 A rROMOTPR . .
N Papiliomas Csrctaonas
Yarder of ' - Suabes of .
ru.ot-)una. \ru.o:-lunu T
-Anisals/ Tusor Animals/ > Tumos
. : Yuader og . Incstdence . Rumber of !audoqu
Compound® Dese Selvens Antaasls (2) : Animals 3)
Bla)? 130 ag 0.1 = seetone 29/30 100 L 6/20 . 30
cs lag 0.4-0l qectons 16720 - 0 /30 10
1 12 2} 4 leg 0.1 8l scetene 18/20 : ‘90 ‘ $/30 - ‘ 1
S(mmo)¥ leg 0.1 ml asetone 4/30 . 20 ' /20 0
Control (pre- = . o ’ ‘
sotion with - . .
scetone only) -- - ©3/30 as : . 1730 R |
Coutzel r ’ _ o
- (unszessed). .- .- 6/100 0 0/39 0

' ‘nnwuuuo: 3la)?, hﬁuuln:no; Cl."oinnu: )P, bense(d)fivezanthens; S{amel?,
bense(mme) tluognuuo . ‘ i . : . -

N .

‘Souree: Vea Duuges ot sl. (19¢4).

Topegeeosa. - /
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TABLE II1-20

'DATA USED aND ESTIMATES OF RELATIVE POTENCY OBTAINED FROM
: MOUSZ SKIN INITIATTON FROMOTION EXPERTMENT

!

‘Estizated * : o
o ’tansi:ion . - Estimared
5 No. with - - Rate . Keiative
;‘ Dose No.- - Cancer by -  Parametsr Potency
Compound (mg) - Exposed 63rd Week (SRJ) - (RYD
Bla}P 0.15 - 20 6 10.91 1.0
- CH 1.0 - 20 - 2 0.433 - 0.040
B(bIF 1.0 20 5 1.368 0.125
Promotor ' - : '
control 0 20 1 .e ' .e

. ~

_ 'Abbr;vintions. 8[.]?, bonzo[a]pyrcni; CH,chrysene; B(b]F, L
: bonzo[b]fluorlnthono. _ : LT

bPAH adminiscration was followcd by 23 ng c:o:on resin appllod three tin.s

veokly for 63 wveeks.

2

Model: P(x) - loexp A(1+SRJx) , A= -ln(l 1/20) = 0 0513

*  Source: Van Duuren et al. (1966). S : o T
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9. Hoffmann and Wynder (1966)
Two different types of evperiment were performed:

(L 'Couple'a“ ca:ci-ogcresis‘:xperimencs. in which PAh: verse copicatly
© .administared for 1 year and .

(2) Initiation- pfomOCLOﬂ exneriments, 'in wvhich PAHs.w.ro administered for
© only 3 weeks, followed by appltca:‘on of a tumor- pronocing agcnc for
- the duraticn of tne experisent.

For cho‘“couplcgn‘ carclnbgonihicy_ov;luacions. fch;l; Ha/ICR/ail SQis;
albino mice received three vonkly copicil.applications of B[.]P. | |
;bonzo[ghilpotylen‘, or indeno(l,2,3-cd)pyrene for one year. 'Thd aumber 6!
E.papillonns observed at each doso fo: each. group is shown in Table III- 21
B[a]? and benzo[ghi]pcrylono ‘were dissolvod 1n dioxane, and |
indeno(1,2,3- cd)pyrcno was, dissolvcd in ;co:onn No tumors vere obaorvod 1n
-the dioxane vohiclc conttols no acetone control was included. Tho results

~show that B{a]P {s much.more potent as ;.carcinognn than either of the other .

PAHs tested in this model. X S : o

For the lnitiacion-prono:ton oxporinoncs :;n dOI.l of thc ;anc PAH:
tesced abovo vere appliod in dioxane 2 days apatt to the backs of nico for s
cocal dose of 0.25 ng pct mouse and followed by 2.58% croton’ oil in ccchno
‘Tho frcqucncy and duration of croton oil administration wvere unclost

'Papillonas vers oblorvud and the results of th.l. cxpotinoncs are found in

: Table I11-22. Agnin. B{a]P vas shovn to bc ‘such more poclnt :han otthot ‘of the

‘,othlt PAHs tested.

For cach of the coupounds used in tho firse oxpotinont tho lovos: dose
\chat gave a poaieiv- rclpons. ‘was employed in the rolactvc potency os:ina:ion
'Since B[a]P gave s uuch higher response than the othor PAHs - and the slopc

appears to be’ vory low, eho potency es:inaco. if in otro:. is most likoly
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CARCINOGENIC ACTIVITY OF SEVERAL PAHs ON MOUSE SKINb ‘

;-
Dose o Nﬁant of Tumor- '. Tumoy

“ ‘ (% Concen- S8earing Animals/ . Incidencs
.Compound : tration) Number of Animals S D)
Bla]P 0.05 17720 3 8s
0.1 19/20 . . 95
D "0.01 0720 o

" 0.05 0/20 . : o

0.1 6/20 . - 30 -

0.5 - 7/20 o - 35 .
B{ghi]P '0.05 e - s
- 0.1 0/20 | -0

’ ‘Abﬁtcviatlon:: ‘B[ﬁ]P. Sonzo(n]byrcno: IND;.ihdAhn(l.Z,ﬁ- cd)pyrnno;‘
B{ghi]P, benzo[ghi)perylene. ) oo S .

L bPépilloﬁp; were observed.

Source: Hoffﬁann'and Wynder (1966).
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TABLE I11-22

- . INITIATION-PROMOTION ACTIVITY OF SEVERAL PAHs ON MOUSE SKIN

Tot Number of Tumor- - Tumor
Dose Bearing Animals/ Incidenca
Compound ' (mg) .. . Number of Animals (3)

Bla)P
IND
B(ghi]P

Control

26/30 - 30
5/30 . 17
2/21 . 7
2/30 S

(=N =N =Nel
NS
[V RV NV ]

Abbroviacions Bla]P, bcnzo[a]pyrono, IND, {ndeno(l,2,3- cd)pyrens;
B{ghi]P, bcnzo[ghi]porylono

Adninistracion of PAHs was follovcd by 2. 5! croton oil as a ptonotor

Croton oil vas ndninlscot.d in che absonco of PAH :rcutn‘nt

Sourco Hofthann and Wynder (1966)

~
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>overescima:ed. .Yhese estimates were obtained u;iné the oné-hic sodel ég& a??
sHown in Table' 111-23. | '
Tha {nl"lafio"-ptc'.eo':‘.cv expgarizent yizldad :asul;‘s-:‘uat wos.-nl‘d tena co
v«res:imato risk for —Qo reasons. First, che responses for IND and B;,Hi;
~way be spurious, since they ate not 1cacisctcally elevu:od over the cortrnl
rasponse; second, the response fo: B[a]P is Ln a high range in vhich a lower
percenc'of‘tho appllod dose maf be converted to a biolo;lcally active cargec
- -dose, as. compar.d wieh lovcr appllod dos. lovols The relative pocondy '
es:iunces ob:ained from this expcrincnt ars displayod ln Table III 24, and were

ob:ained using the one-hit model as well.

10. Wynder and Hoffaann (1939)
. As ﬁar:'of a study éf the car;inogdﬁiéicy 6! tobacco qnd'its égnqctcunuts;'
'sévcral PABs'écti €0¢F0§ as coéploc. cgteiﬁogins on the skinAof_nico, ’Feualg
j\SViQs pice tecoiv;d various cdncontriﬁions of the cest subntinc.a df:solv;d‘in
acetone throo times ‘a week appliod to their backs victh a brush chroughouc their
llfc:imos Table III 25 showc the compounds c.scod concontrationn us.d and
the resulcs of cholo cxpo:innnts No solvent control group vas reported;
howovo: since no papillonal or- earctnonan vers ‘obtained for several of thc
' PAHs tested, a solvunt control group would most likoly have boon negative as
: well. The tcsulcn Lndicaco :hnt B{a]P and dibonz[ah]anthtacono are sonovha: "
similn: Ln po:ancy in this nodol and chrysonc is uuch less potont
" In thil oxporinouc, the survival rate was much losn for B[:]P cran:.d
animals chan for those. recoiving the ochor PAHs. To adjust £or.th¢ difference
in survivnl rates, :ho tolativo poconcy cstinatcs wvill bo bcsod on conpartsons

-

“of tumor rates observed at 16 months using number of aninals bo‘ting carcinonas

e HAGHDDEY.



TAELEIII 23

_DATA USED AND ESTIMATES OF RELATIVE POTENCY OBTAINED FROM

' MOUSE SKIN COMPLETE CARC;NOGENESIS EXPERIHENT

Estimated
Dose . No. of . - Transition Zstimaced
(% Concen- No. of Tumor- . Rate Relative
a _ tration) Animals - - Bearing Paraaeter * Potency
Compound”™ (x) Exposed Anicals (SRY) _ (R})

- Bla]P 0.05 20 17 -15%4.4 1.0
IND 0.10 20 6 138.0 0.089
.B[ghi]? 0.0% N 20 1 22.6 0.015
Control o 20 0 L .-

Abbtoviations cd)pyron.;

B{ghti]®P, bonzo[ghi]porylonc S
bRosponsa vcn not dose relaced.
Hodnli

“Source: Hoffnnnn and Wynder (1966)

S CI11-35
620030

B[AIP benzo[n]pyrcno. IND 1ndnno(1 2, 3-

P(x) - looxp A(1+SR]x) A- -ln(l 0.5/21) = 0.0241.

Ald
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DATA USED AND ESTIMATES OF RELATIVE POTENCY OBTAINED FROH
MOUSE SKIN INTTIATION PROMOTION EXPERIMENT :

bTho PAH dose was follovod by 2. St croton oil as & ptono:or

Estimated
“No. of Transicion Estimated
. b No. of Tumor- Rate Relative
‘ Dose Ariimals Bearing - Parameter Potency -
Compound” (ng) Exposed  Animals (SR}) (R§).
B[a&? ) 0.25 30 24 89.30 1.0
IND™ 0.25 30 S - 6.57 0.076
. B(ghi]P 0.25 .27 2. 0.46 0.00S
Control o - 30 , 2 .« - --
8 Abbreviations:

, B[c]P benzc[:]pyrono. IND lnd‘no(l 2, 3- cd)pyron..
B[ghi]? bonzo[ghi]potylono (

' Respon:c vas not scacisticslly elcva:od over eontrol.

Model:

Sourcs:

P(x) - 1-0xp-A(1+Sij) A= -In(l- 2/30) - 0 0690.

Hoffnnnn and. wynd.t (1966)

o)
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TABLE III-25

CARCINOGENIC ACTIVITY OF PAHs ON MOUSE SKIN

Incidence of : * Incidence of
a . . Dosa Papillomas Carcinomas

Compound (8 Concentration) () (%)

B{a]P 001 43 ' 3
005 73 63
01 95 - - 98

(=N =N

D(ah]A +Q.001 : 30 s - 30
o1 9s 90

1 : 90 - 75

[= NN~

-

45 | 40
10 0 0.

0
0

10.0 0 ' 0
1

¢ 3k Q

. 0

-

0 ' 0

Abbreviations: B[;]P bonzo[a)pyrono. Dl{ah]A, dibonz(ah]anthtacono. CH
chrysene; AN, anthracene; PY, Pyrene; FL, fluoran:hono

Sourcs: Wynder and Hoffnann (19%9)

37
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as ?he response The daca used ‘and the relacive potency estimates generated |
for D[ah]A and’ CH are shown in Table III 26 AEstimatgs obtained from :His

ﬂxperimont are considore‘ =5 be >f higb quality because of cwo faccors' Firse,
the responnc spans ‘the full Langé from zero te almost 100s for both Bfa]P and

D[ah} ; sacond che model is cons~stenc with the data for the full range of

Bla}P exposu:ésv

\ ‘A study wns»conducted co,escabLisﬁ dos.-rispouio cﬁrvcs for several PAlls
-fql}oviﬁg subcutanobus injection ihto.thq right ;xillj of male C3H aice. The
 solvent used vas cricaﬁrylin.‘although no solvent control group was reported.
Aninnis were pnlpa:od frequently folloQin; aisinglo*injicfion of ;hq:conq
coupound in order to dnclct tumors; 99\ of those detected proved to be
spindlc-coll sarcomas (tho ronaining 1s woro carcinonnn or nixod) Aninnls
were oblorvnd chroughouc their" lifecimes. Table III-27 ‘shows the results
obtnin‘d for B{a]P and-dibonz[ah)anchraconcu bibonz[dh]an;hficen‘ éppetrg to
be somewhat norc potonc ch;n Bla]P in this syston |

) Alchough this classic dxparinont wvith 12 exposure lcvols por compound gavo

a full range of :osponso for each coupound, several faccorl nako it difficulc .
to incorptcc An oxpo-u:o lovul of 0.0039 ag appcats to have bcon included for
boch B{a]P nnd D[ah]A. ho-.vot. no results vere tcportod for this dose, and no
explanacion for th‘ o-insicn vas anlud.d Vohiclo conctol rosfgnso levels
were also not ropottcd This probleu is oxacorbucad by chc nbnornaltcy of a
posicive rosponao at tho lovest: exposuto lovol for B[a]? (0. 00195 og) in the

absence of a response at oxposuto lovols 4, 8, or 16 :inqt.highori For the

analysis conducted hers, the data will bc,roséric:odvco'chn monotonically

C111-38 G023
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DATA USED AND RELATIVE POTENCIES OBTAINED FROM MOUSE SKIN
: . ~ CARCINOGENESTS FXPERIHENT

‘ : /
. No. Animals with .
C:;upoundn Carcinomas by 14 Escimated . . .
Dose S ' . Months Transition Estimaced
(% con- » No. ' — et " Rate : Relative
centra- Animals : . Parameter ~ Potency
tion)(x) Exposed Obssrved Predicted (SRy) (R}) -
B{a]P: -~ . P oL 822.0 1.0
0.001 .29 L - o - 2.2 ' :
0.005 30 .19 14.01 R
~ 0.01 20 19 17.42 ’ :
D(ah]A: L T R ) - 912.0 - 1.11
’ 0.001 20 ) 2 - . 1.69 _ _ : -
0.01 ' 20 8 - 18.31
b 0.1 (g) ' A(s). . g R an _
‘ 1.0 . .20 . . C 8 . 8.00 ~ 3.60 . 0.0044
Control: o ’ - o _ o
L' I 20 ' 0 1 0.48 Tl ee ..

‘Ahbtcviiciéni: ‘B[a]?.:Pohzo[a]pyrcno; b[ah]A,Tdibonz[ah]an:hraéono; CH,
chrysens. ' I > :
.

~

Onittad becausc of lack of fi:

. Modal: ‘P(X) = 1-.xp A(1+Sljx) A= -ln(l 0. 5/21) - o 0241.
Source:  Wynder gndABofgpann (1959) .
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TABLE I11-27

TUMOR INCIDENCE OBSERVED IN MICE FOLLOWING SUBCUTANEOUS .
INJECTION OF .RENZ0!A)PYRENE OR DTBENZ[AHM]ANTHRACENE

S Number of Tumor- ~ Tumor
. S . Dose ~ Bearing Animals/ - Incidence -
T Cbmpoimda - A{mg) ' - Number of Animals ()
D{ah]A . 0.00195 . 2/19 : “ 3
.0.0078 ’ 6/40 ‘15
-0.0156 . . - 6/19 ' - 32
0.031 s 16721 - - _ 76
0.062 .o o 20/20 : 100
0:125 : : 21723 A ) §
0.25 S & 77 ) S o - 90
0.5 ) . 20721 9%
1.0 22/22 ' 100
2.0 . 19/19 - 100 :
~ A.Ob o - 17/20. ] C 83
8.0 o 1672 -
Bla]P 0.00195 S 2/81 2
o 0.0078 0/40 0
0.0156 - 0/19 R 0
0.031- o o/16 - i 0
" 0.062 - T 4/20 S 20
0.125 - _ 15/19 . 79
0025 - e U Y73 , ' 67
. 0.5 o o 19/19 _ 100
1.0 ‘ - 18720 90
- 2.0 19,19 . . . 100
- 4.0 16/19 ‘ ' - 86
~ .8.0

120721 95

aD[ah]A dibonz[ah}nnthraceno. B[a]? bcnzo[u]pyrono

Voluno of solvonc vas 0. 5 ol fot the 8.0 mg dose of D[ahlA and 0. 25 ml

fdt all ochot doses.

Source: Bryaw and Shimkin (1943).
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increasing portion of 'cl"xe cutvé. which- is'.similar to che apptoa,ch taken by che:
author;‘in cheitificcins of the probit model. The oniyAdifferenca»is th;c ché
authers of the stidy 1ﬁc1uded _the 0.125 mg‘levsl fc:'otahlA Le éhQir snalysis,
which would have the effact of uausing a alxghc decreasa in the relacive
_ potency escima;es arnd yielding a worse fit. In addition, for the purpose of
the présen; analysis, the azsumﬁcion will be made that the lowest dosc_of BlalP
(0.00195 mg) actually represents a control lovnl. This assumpcion i#
consiacenc with the obaervod responsc data. The dos.orespons. dacn usod in the
‘po:ency datotninncion are shovn in Table 11I1-28. Under tho condiclon: of this:

exporimanc, chc potency of D[ah]A is estimated to be 4.5 times thae of B[a]?

A

B.  SURROGATE Aééadacnss- DA Anuut* FORMATION | | /

| Incoruction between reactive PAH zetabolites and DNA has bocn establlsh.d'-
as a neccssary (albet: not sufficien:) event for PAH 1nducod :unorigon.sis
A,(Galboin 1980, Weinstein et al 1978) The fornntion of B[a]? diol-epoxidc DNA -
adducts has been shown to be linosrly related co adninistarcd dosc for several
organs iq_rats and mice (Pereira 9; al. 1979, Adrienssens et al. 1983), andA
related to a'qu;dfacig 1§cidaﬁo in tumor formation (Hennings and Yuspa 1985,
iec‘aﬁd/O'Neill 197i}.. It s feaspnnblo to sug;pst,thiﬁ in the ibi-ﬁéo oé
quanci;acivo tumor dosofrospbniq infornacLQn_for qa:cinogonic'fAHa that can be-
>readily coﬁpa:ogxco B[Alt.i:hc formation of DNA addu;cs could bg'usod as a:
suf;bgatc basis fer establishing relative potency estinat;s.

It is i;co;nlzcdfth.c :ho-bNA adduc:*lpéo} in e ciésu. Li not direccly .

ffelaced to éa:cinﬁgcnic f.;ponsc- IOche: factors such as the DNA repair and
cell turnover rates in cho tatgcc cissuo can hnvc s gtontot fotct :han che

actual number of adducts on - che ultimat. ptobability of tumor fornacion

)

1It-61
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TABLEIII-ZB
“AT& "SED T0O OBTAIN A RELAIIVE PCTENCY ESTIMATE FOR-
"DIRENZ[8H I ANTWRACENE TONM 8
SUBCUTANEOUS INJECTTON ”‘EP’HEN‘"

- Estimated :
. A S Tumors . . Transicion Estimated
- Compound”™ No. of , Rate Relative.
.Dose - . Mica ‘ i e Parameter Potency -
{mg) - Exposed’ NObserved Expected ' (SRJ) (RP)
B({a]P: ' : : S 62.8 1.0
. +0.031 16 -0 ' 2.0 :
0.062 - 20 . 4 - 5.73 .
. 0.125 .. .~ 19 . 15 . 12.15 . _ -
D{ah]A: ‘ o : 192,64 , . 4.50
0.0078 40 | o 6 ’ 5.85
0.0156 19 . -6 6.33
0.031 = . 21 - 16 - 14.84
0.062 ‘ - 20 - 20 - 19.71
. Pseudo- b : : : ~ ’ '
’ . control : . o . o -
0.00195 160 E 4 . 4.0 _ .- .-

3Abbreviations: B(e]P, bqnzé[.]pyrons:'b[ah]A diboﬂz[ah]inthtacene
bCoubined rohpOhao'at a dosovievdl of 0.00195 mg of B[a]P ot«D(ah]A
Model: P(x) = 1ioip-A(1+SRJx) A= -ln(l- 4/160) = o 0253.

Source: Bryan and Shimkin (1943).
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However, under the assuﬁp:ion;'o£>che cqrréﬁc model of PAH tumor induction, the
'c:ans;:iﬁn éafe 1;'1159.:19 related to cthe DNA adducé formation ?ate. As a
resulc, the tolnﬂ.vo ootem-y nessurad as rhe :é"‘;e o€ TNA adducts pes aﬂlt
administered dose for cso PAHs is assuned :o be independent of tissue typse,

- routs of expogure, and tesc gystem as long as che_racios of the levols
'Qfdistribucion, metgbc}isn..and'eLLmin;tion for B{ajP ;nd'thb PAH {n gquestion

" remain unchanged. 'Purthcruoro. DﬁA adduct formacion may reflect caﬁc;r risk -
.frén.PAHs.ic low, ogvitqnnon:;l lavois‘of,exto;ut. more accuxac;ly than

| déso-tesponso curvos based on tumor f‘tos produced at high levels of exposure
in :h. labotatoty, wvhen addicionnl biologiccl nochnnisna may plty a tolo in

)

enhancing or supprossing tumor rates.
‘This section dnscribcs the studies in vhich the l;vola of DNA adduct
viorm;tion were datermined for shvcta} PAls, including ifa]?. ‘The s:ﬁdion/grc
i_d@sqribcd in reverse chronological order, and relative potonciia‘atﬁid.torn4;od_

for the PAHs tested.

. A cotal of 28 conpounc- Joro ‘tested for nbilicy to bind to DNA using a

very sensitive technique (do:oction lini: of 1 aromatic DNA adducc in 10
nornal adducts) for the d.toction of DNA adducts cnplaying 32? posclabolling
folloving adninisctacion to, rats and uico The PAlis tested vers appltod to the
dorsal skin ol fllll. BALB/c. nice as four dosos of 1.2 umole each in acetone at
0, 6, 30, and 54 hours. Aninals were sacrificod 26 hours uftor cho last

' treatment. DRA vna ‘{solaced froa treated skin, dl;oc:cd onzyuaeically
labelled vwith 2P (using T4 polynuclectide kinase and (7->2P]ATE), resolved

using thin-layer chromatography and detected using autotadiography'and

111-63
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scintillacion counting. ﬁelacive adduct lobolling was de:o;mined.by comparIng
the tadIoéccivIty of che adduccoAéo that of hoomal nucleotides. Absolute
levels oﬁ-addﬁcc Eormanion wove rec- given, and results were expressed as ihe
ranges'depiccod in Ioblo 111-29; as a resulc. point.estima:os’of reIativo
ootency are not cbcainable The only quantica:ivo conclusion that-cao be dravn
- from :his s.ud/ is ohac B[a]? is the sane pocency or up to chroo ordoos of
magnicudo more potent than tho other PAHs tested. . Tho auchors noted, however,
chat thore ‘was a good correlation becwoon adduct lovol and cntcinogonic pocency
on mouse skin (alchough D[ah]A has been found to be mOTE po:on: chan B[a]P in
‘sono cases) and that the noncarcinogons foilod to form do:occlblo adducts
2. Plllios et al. (1979)

Tho lovols of binding of seven radionccivoly Iahollod PAH: to @ouse’ skin
'DNA following copical application were determined. Ono pnolo of each PAH in
;acocono (see Tablo III 30 for conpounds costod) vas appliod ‘to the. backs of
male CS7BL mice and cho Animals were sactificod at cho time of naximal DNA
binding (from 19 co 72 hours following adninisttation, doponding on the
':‘compound which for the puxposo of the modol is anounod to be proportional to.
steady-state binding lovols under condi:ionn of continuous oxposuro) . DNA vas
isolated, hydrolyzod onzynacically and chrona:ographod lovols of ' PAH binding
Awero determined from the amount. of radio‘ctivity olu:ing wich :ho fractions
.containing DNA~bound PAHs. The extenc -of DNA btnding for the PAHs cested is "
'shownmr.u.uxn S N |

7.12- Dinochylbonz[o]onchtacene conoidoroduco be the most carcinogenic
?AH, was fouqo,to bind to DNA to the gtoocosc oxtont; the veakest carcinogens,

benz[a]anthracene and dioenz[agq]ahchtaceno.’wo:o bound‘cho leasc. The excent

005}9 |

[11-44

,\\ ﬂj



. ‘ T.'ABLE I1I1-29 ;

RELATIVE DNA BINDINC OF PA.Hs TO MOUSE SKIN

Relacive -

Compound? ' ' R Level of Binding®

‘Bla]?
Bla]A
D(ah]A
B{ght]|P
CH

‘AN

35 1.1 11}

Py

'Abbt.viacions B{a]P, bonzo[a]pyrono B[l]A bcnz[a]anchracono. D[ah)A
dibenz{ah]anthracens; B[ghi]? bonzo[ghi]porylono. .CH, chrysono AN
anthucom ; PY, pyrens.

Relative bindi.93 levols'~ ++, 1 .adduct in 10 - Sx].O5 nucleotides; ++, 1
adduct in leo - 10 m.u:loocidos : oo ST

ND = not do:oc;ed; do:cc:ion level .=' 1 adduct in 108 nucleotides.

Source: Reddy et al. (1984)..
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EXTENT OF PAH BINDING TO DNA

TABLE I1I-30 .

6395

txtent of Reaccion

Estimated Relative Fotency'

pooles DNA-B{ajF/mg ONA-

. . with ONA
Compound? | » »(phole/mg DNA) (Rj)
Bla]a 2 0.07
‘-D[ac]A 10 0.37
Dlah]A - 15 0.56
7-MBA 25 0.93
3-MC 25 ‘10.93,
Bla]P 27 - 1.0
' 7,12-DMBA 43

1.6

aAbbrevihciohs ‘ Bla]A, benz[n]anchracenc .D(ac]A,- dibenz[ac]anchracene

D[ah]A, dibenz[ah]anthracene; 7-MBA, 7- nachylbcnz[a]anthracono 3. HC
J-methylcholanthrene; B(a]P, benzo[a]pyrone. 7,12. DH&A '
7, 12 dimethylbenz[;]anchrlceno

" . Source: Phillips-et_al.

(1979).
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TABLE;II-SI

BINDING QOF PaAHs TO DNa IN VITRO

- Estimated Relative Po:eaé?

: A_

Extent of feaction ' umoles DNA-BlalP/mole DNA

a wicth DNA : o

Compound o (pmoles/mole DNA) - | (Rj)
Bla]P | L.l o 1.0
D{ah}A : 0.4 : . om
Bla]JA R 0.70 S ' . 0.50
PY . o 0.31 . : : 0.22
M Coes L

/ aAbbrdvidéions: IB[:]P.'bonzo[l]pyronc D(ah]aA, dibonz[ah]anthraceno.
B[h]A.-bcnz[a]an:hracono; PY, pyrene; PH, phenanthrene.

‘Source: Grover and Sins'(1968)7"

i
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of binding of the intermediate compounds‘also'éppgared to-correlate well witch
what are thought to be their carcinogenic potencies. lB[a]P is‘approximacely
twe orders of megnitude and Twica z2s. gotant, tespectively, as che atner FAHS

testad, bcnz(a}anchrac;havand dibeni[ah}anthracene.A

The extenc to which PAHs reacr with DNA was d.terminod using an fn_vicro
‘;ysceu conprised of a microsoual enzyme activation systen. salmon sporn DNA,
. and 0. 5 mg of tadloactively labeled PAH: Following 1ncubacion for one
’hou: the amount of PAH bound to DNA vas detorninod using scin:illacion
iqouncing Tho PAHs tested and results obtained are shown in Iablo I11-30.
B[a)Pjvas again shown to be the most active PAH; 1t vas at loast cvico as
pOCent as th. othet indicator PAH: |

Es:ablishing a cradible biological ‘basis for use of an Ln_xigxg systen on
which to base telacivo pocency estimates is difficulc, since many of the fac- ‘
. tors affecting adduct. formacion Ln__i_g such as DNA ropait _are abscnc hov-

ever, :he information dotived from chis sysccn nay bc used in qunlita:ivo

’suppor:_of other. dats.

c. SELECTION OF R!LAIIVE POTENCY ESTIHATES

In :ho pravious ncctions, relacivo pocency osclnacns vere dorivud for
carcinogonic PAHs. These cstiu&tes we:e based on the rosulcs obtained {n
fourteon sopaxato studies using six diffoton: oxporinontal sys:ens ' The
.potency os:inacos and :ho syscens from which chcy wvere dorived are summarized
in Table I111-32. Noto chac up to seven indopcndcn: es:im&:os of tclative

s\

potency were obtained for che PAHs .

‘:11-‘98 | ) | - ERET00T3



TABLE I11-32

wormrmmmm

FOR INDICATOR PaAfs

Test System

Subcuramec:s ‘2% spulmerary Iaitlatiam-.

‘ouse T:in Injecticm Ahnuinnu Pramsciom
Compound Carcinogenesis into Mice to Rats @ Mouse ki l-.-a Mice Pon-u

Intzapess taneal
Injectian in f

mthenthrene
Benzo(e)pyrene . 1.0
Benso(e)pyrene
Beixs(e) mxthracame 0.148
Benzo(d) flusranthene 0.167®
Sense( )] lusremtiens 0.061
Bemse(X]flworsnthene - 0.020°
Beuso(ghi]peryLlene '0.018
Qarysime 0.00ead
Crelopmtadimo(od)pyrame 0.023°
Otbens(ah) mthrecens 1.0
)

Indemo(1.2, 3-cd) pyrene 0.021”.0.189°

0.320
1.0 1.0 1.0

0.004

0.1  0.298",0.128}
0.04¢®

0.066 0.022

0.022 0.008
0.0e0t

2.02% 4308

0.233  0.07°

1.9 1.0

0.097,0.530,0.40¢%  0.07
0.233,1.067,0.87¢3
o:uomoosc-’
0.000.0.097,0.088"

o.13,0.38% -

0.019°

0.001,0.050, 0. sa6®

:ua.n- @d Talk (1969)

. al. (1900)

T Jotfemm wmd Wynder (1966).
‘et Soffaemn (1939).

‘Ptestter (1977).
‘l"n- @d Riskia (1943)
ot al. (1963).

Blavote ot al. (1983).
"V- Ouuzen ot al. (1964)
Jiavote o8 al. (1967).
otelocki ot al. (1906).

Lmillipe ot al. (1979).

f

“eere wore then me petensy estimte 1s

types a8 end poisfsg.
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' Avcempos;ce eecimaCe of the relacive-po;ency‘is required for eaen éeﬂ_
| ﬂajor quali:aﬁive differences exist becween the scuniee fton which the
.escimacee_ere derived cqpcerning rtheir p:ec;sibn.and epp;icabilicy to
concinueue huaan ingescien or inhalaéionrexposure.. One approach to eﬁtaining
composite estlmates aould be" co.obeexn a numerical escimate based upon.a
veighted avetage of the studies. ALternatively. ‘the most relevant scudy could
be selecced based upon certain objeccive ‘eriteria and any particular unique
condicion that is noted. A>provis;onal selection is presen:eg hete; a more.
‘apptonriece method of‘selectien might entail a consensﬁs,of oninion ftonee
panel of recognized experts employing a formal syscen of weighing such as chec
,Vsuggested by Duuouchel and Harris (1983)

Some of the criteria considered for making the selec:ion are:

(1) The relevence ‘of the route of exposurs euployed in the bioessey to
. ancicipaced hunsn exposure

(2) The duration of exposure ‘(longer eipOlﬁree are preferred).
(3) The senple sizes used
'(4) The inclusion of a vehicle control group.

(5) A dose-:esponse relationship obtained that is consistent with the
» underlying cheoreticel model, which is lineer quadretic in form.

A(6) The extent to which the observed tespon:es ‘cover the en:ire tesponse
range. : o

(7) The absence of:edditionel comnllcacing variables shch as promoﬁers;
~ The extent ‘to which each of che scudies fulfills chese ctiteria in a
‘reiacive sense, is indicated in Table I1I-33. The scale used {s as follows:
°a+++ above evorage: +~+, average; +, below avetege | |
Based on this Lnforuncion and some fac:ots specific to tndividual studies.
the relactve ‘potency escine:es that are considered to have :he most telxable

basxs wvere selecced and are shown in Table I111- 36

[ AT RS-
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TABLE 1I1-33

EXTENT ‘7O WEICH STUDIEZS USED TO D
ESTIMATES PULPILL APPLICABILITY (2 354

ERIVE RELA

!IH.PO?IICY
IRIa

7ita Doge-

) . - * Absence - Kespsnae
] csacigu-. © . Quality of of “eg- Puil Mote\ zop
: . : Aoute of ous Saaple  Conmtrols Plicating Range of 2 or Nore
Reference r.pe Systea Zzpasuze lxposuse Sise Used Teactors . Responses Cosee
LaVoie B Intzaperitonesl L4 S, - e " *e » ‘ * -
ot al. 1987 iajection in. : -
' ’ aewbesn aice
Wislockt Intzaperitonesl ° * L aad > * » o
ot al. 190¢ injeectios in : ' ’
. aewbora aice
Deutsch- Intzeapulsonery W ++e . Aaad Aad R g "~  ad -
Wensel nﬂutog:ntu .
ot sl. 1903 .
LaVoie . Iatetiasion- Aad . R » . * .
1ot al.. 1900 prometion
o8 skin ;
Sabs et al. kia caz- - s * > ‘e - s
1900 ' cinogenesis ‘ ) :
PLetfles Subsutanecus » e e . roy - '
1977 injection ' ’ ’
Singhem end  Skim cez- > +oe N * .. . '
Falk 1969 'enunu_u - : ’
" Vea Duuzem . Iottiatiom- e 'A ) . e d C e * )
ot al. 1966 pomotion on
) _skim - '
Seffmans and ' Skiam eaz- B s © e ° ° > * .
Wyudez 1966 cinogenesis eof : h
- : Iaitiasiem- > ] Lad Lo d ) * . -
promesios ) 0
i o8 skis
- Wyndez ead Skis eaz~ -  aad ’ . - e  a
.Soffmans 1939 cinegenesis '
Sryen ead Subeutaneens @ o . - . e Baad ror
Shiakin 1943 Ianjeeties i
‘criteris aze ¢isenssed sere Cully ia the tess.
. C . -
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_ TABLE III-34
+ . \ o c '
© SUMMARY OF RELATIVE POTENCY ESTIMATES
TDERIVED FNR Dalg )

Anchanchrene 0.120%
Benzo(a!pyrene 1.0
Benzo(«]pvrene 0.0062 -
Benz{a)an:thracare ' 92.145°

' Benzo{b]fluoranthene 0,11‘0a
Benzo(j ) fluoranchene ) - - 0.061°
Benzo (k) fluoranthene - : 0.066%
Benzo[ghi]perylono 0.022‘dﬂ
Chrysene ‘ 0.0044
Cyclopentadiono(cd)pytunc 0.023c
Dibenz{ah]anthracene 1.11

. Indeno{1,2,3- cd]pyranc i 0.232%
Pyrene ' 0.081*

3peutsch- Vonzol et al. (1983) o -

Binghan and Falk (1969)
“Habs et al. (1980)p‘ A
diynder and Hoffmann (1959).

®islocki et al. (1986).

i S - Crres2 o f'(}ﬁ (}1L(}1?



The basis for éach pf the selections in Table III-34 is as fgllbws:
gg;h;n;h;gng} Only one study was perfotmed'from which a rel;tive-potgnéyrl
" could be derived. L | | )

‘ §09Tfi ’n;hzagsng rhe newborn mouse biocassay (Uislocki et al. 1986)
provided unreliazble data:; the mouse skin bioassay results (Bingham and Falk
1969) are more consistent. ‘ , ‘

ij&mmmmm Both tho mouse skin
carcinogencsia (Habs et al. 1980) and intrapulnonary adninisctacion

:(Deucsch-wenzel'ec al. 1983) studies vere found to bo.of coaparable quailtyf
the esgiﬁifanrbaéod:on.:hc latter g:ﬁdy vere ﬁhoipn because of the fniov;hco ofnl
ﬁhis':outc of expoidrolco that of cﬁe 3[.]? scﬁdy on which ;hb dosofroapénsq
model is based. Both studies are dore reliable than the newborn uouso:bionsl;yik
(LaVoic ec al. l9§f).f fhis choico results in ah nppioiinhtnly 158 lower

estimate for B(b]F, but in a 3. fold groattr cscinato for B[k]?

ngn;gLiljlgg;.n;hgn; This coupound vas t-scod tn the navborn mouse

14

.bioassay (LaVoio et al 1987) and for its skin carcinogonicicy (Habs: ac
"al 1980); the potency based on chc lacter s:udy vill be usod since it is of
. greatar qualicy. . :

§gnszghxlgglegng IARC (1983) considats this compound to bo a non-
carcinogon. However, ovidnncc fton sovotcl s:udios indicates :hat it hns woak
carcinogonic potential. Thoroforo. for the purposo ot consttvceisn. B[ghi]?
will be considered to be’ carcinogenic and a rolacivo potency estimate derived.
. The intrapulmenary administration study (Deutsch-Wenzel et al. 1983) proved to
fﬁlfill nanjlnoro of cﬁ.~adnqu4c} criteria than Jid the skin carcinogenesis |

study (Hoffmann and Wynder 1966), therefore, :h-~fo:u¢t'yas used as cthe basis

for es:imn:ipn.'

II1-53
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Chryserne. The skin dérciP.OSenesis study ('ifnder and }-ioffmann 1339) was
conside:.'edeco be more e'pprepriate .than the ;iuiciation-prémotiou_s:udy (.V'an
Duuren et al. i966} c:A:he newharn mouse binassay ‘Wislocki et al. 1@56) he-
cause of -the edditiénslﬁusriables introduced {n the lseter two types of study.
Furthetmore.\the tumor responserbserQed in the Van Duuren et al. (1956) study.
was not ;:atlstxcally signifxcant | ﬁ | o

gxglgngn&gﬂigngigﬂlnxxgng This compound was tested only fot mouse skin

ca:cinogenesis (Habs et al. 1980).

Qxhsnzlshlsnshxsssns On the basis of the extent to vhich each of che
studies . of chis compound fulfill the criteria for study adequscy,'che estimate

derived from che skin csrcinbgenesis study (Vynder and Hoffnenn 1959) will be

used. Escimeces of two to four times highet vere obceined from studies that

eup}oyed subcuceneoustlnjeeCion as a method of adninisttscion,.hovever this

' systed fs less feleven:‘co huusn exposure. . ‘ |

LnggngL;+2‘};;glgx;gng. As was true fer.the beniofluorenthenes boch the

Habs ec al (1980) 'skin carcinogenesis study and the Deutsch-Wenzel et -al.
(1983) incrspulnonsry adniniscrstion study fulfill more of the adequacy |

¥criteria than the nevborn mouse bioessey (LaVoie et al. 1987).‘ The escimaCe
besed on :he Deutsch Venzel ot el (1983) study was chosen because of its C
relevance to :he routs of exposure used in the scudy of B[e]P from which the
dose-response model vas derived. Five independenc po:ency escinsces vere made '

‘and the lsrgest choseu. Consistency becveen es:inetes wvas appetenc the chree-

larges: estinetes veried by no mote :han a factor of one-chird
Exxgnl This compound ves cesced only in che newborn mouse biosssay

1 (Uislocki et al. 1986). The estimaces are lnconsiscen: in. the liver, vatyxng

by an order of msgnicude The estimate bssed on lung tuizors was chosen as an

-,

alcarnacive.

I11-54 ‘, A gaoked



.IV.' ESTIHATION OF COMPARATIVE POTENCIES FOR POLYCYCLIC AROMATIC
HYDROCARBONS USING THE LINEARIZED MULTISTAGE MODEL

The linearized mulcistage model can bo-us.d in snveral'Qny; to obtain
es:ina:eé of felaﬁive canéer pocency{ as a result of serious practical and
cheoro»ical problens, howevet chc ucilicy of 3u¢$ apptoachos is linicad 6he
measure of potency of a plttiCUll! PAH is the tcciprocal of {its exposuxo level .
thn: tasulcs ina spocifiodAcunor response rate. For cxn.pl., the reciprocal
- of the exposurs lovil chat-induéod-n ldtvtunoi rdaponad b;idd on potnc-
1es:inaces fron the uultistag. zodel is used by EPA as a measure of potency for
repottablc qunncieios of poconcial carcinogona (Cogliano 1986) Th. racio of
two poccncios so calculated might be used to obtain a relative potency |
estimate. Rolaci;c po:ancios calculated in ‘this manner ®Ay Vvary at dif!orcnt '
responso lovols ‘and as & result, are’ unroliablc because :hoy are highly |
dopendnnt on the tumor tosponsc lovol cholon For !llpOﬂlO levels that are

~

much snallot than those in tho obsttvahlo t;ngo (t .. ; incrcusoa {n tumor tates'
N expoc:od at envitonnnncal levels of cxposur.). ; very ninor shift {in the tumor
responsc data in an experiment can be shown to 19¢d to orders of na;nicgd.
) changes in the relative p;codbf estinates at ouvit;ul.ntcl lovnls Qsing this
approach. As a tosult chil approach hns 11::10 to tOCOIllnd it for ansossing
"low-doao potonciol over a vide tan;o of pocouciul ouvtronn.neal oxpocu:o
‘levels. |

Usin; ch. 93% uppor bound linear term obcainnd fto- tho uulciscag. mod.l
._to derive rolativl po:oncics instead of potnc osctnncos h;s s superficial lovol_
of appcal.\ This ls the nnaauto of poccncy most often used by EPA tn vurious

.regula:oty se:tings (EPA 1986c) Thc ratios of uppo: bound cscinacos are not -

good measures of relative potency, hovcver sinco :hay are sometimes more

“ : : . -1
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.modol gavo adcqua:o fits to stnilnt sublccn In a nunbor of cases, the

S '_-.6395

v

" .dependent upon sample size conszderacxons than on tumor.response levels Since

" unit risks (l.e., 95% upper bound linear terms) are often used to tepresenc che

pptenéias of cafCInogonq,a: environmencal Ieyels of exposu:e. using them to
estipace relacive poten;Ie; is an.info:ma;ive exercise ronetheiess.

Using che tumor data from Seccibﬁ-lII;.che paraﬁetets in che linea}t;edA
mﬁlcis:age'mddel Qere escihacéd an§»A?Chi-SQudre gcoéness-of?fic statiscic
obtained. The parénot.r §scimates and x% values are shown in Appendix B. In
cases where the models did not fIt the ﬁgcd;,is measured byIcho ;ppioxinafo»xz
goodness-of-fit tesc, ‘Eho éunot.raco obtained ;titho hiéhgq: dose wanfouic;ed
and thu models weres fittod to thc reduced data set. ‘

Conparison of the results in Appcndic‘s B lnd c wich the cotrosponding

results for’ tho one- or two- s:ago zodels ptosnn:od in Soction 1341 rovgsla a
._nunbcr of sinilaticiol and differoncos Tho multistage modal ptovidnd ad.qunto

"fics to tho data- in all but four cases. In 111 four of th.so cases, ch¢

1

two- sc;ge model’ also ficccd poorly to the full data sets . and calcula:ions of

telativo pocency were. baaod on sclec:ad suba.ts of cho daca (chles I11- 12

I11-16, III 22, and 111-28); Ln at least of two of thoso cnsos. the uulcistago

mulciscngo uodal yioldod a lin‘lt quadrntic doao-rosponsc tolutionship slulla:

to that assun.d ia :ho cvo stage nod.l In other cnsos. hovcvnr. the

uulcis::go model includod only a lincar term or the last term in the . nch dngreo

polynonial In s.vornl cases, the uultisengo nodol yielded slightly bet:er_

fits to the data than the two- scage modnl (c 8- Tablos c-1,"¢C-3, and

c-9). Hovovor. choso 'improvomencs in £t resulted from the 1;:5.: numbers’ of

»paramocers in the nulcis:agc model wtch resulcing varitbility in the number of

s

terms (i.e.. in the shape of the dosse-response curve). with only two
' \ . .



excepcxons, ché two-stage modal yielded reasonable Eics co :he data afrter
elimination of. one or ‘more high-dose terus. Tbe excepcions are Diah]A in

Table III-15 and bocﬁ D{_:ah']A' and B[a]?. shbivln in Tabl. I11-27;: in these cases a
Jultistage zocel could ch-fir the data aither. Thus, Eh; avaiiablp
dosa:response data are n;c Sufficien: to decermine which of these cQo_nodgi;

; ) Y .
provides the betcer descrip:ion of the daca - The two-stage model is preferred

for p;tanoco: esciuntion, for two reasons: ‘ (a) ;it has the same form in all ‘
cases, vhereas the multiscage model i{nvokes diffotoﬁc nuibnts'of sca;@s to fic
:diff;rcnc data sot; uaking rola:iVo-pocinzy ocﬁiﬂatos docc-ddﬁcndant; and (b’
it is based on a specific model of the two ‘ffoccod ttan:itiona which has

scrong onpirtcal and thoorotical suppott in the case of PAH: whotoas cho :

multistage uod.l leaves boch :ha nature and the number of .the aftcetcd

A

- transitions unspecified.

The 954 upper bound lihna:_;orn vih Qsod to obtain t;laciv; potency
'VQStinAtis‘.is shown in Aﬁpondii B. ‘The ratio of these patanctors to cha:
_derived fot Bla]P yinlda the tnla:ivc poccncy cncinscos
_ Tablo v-1 suanntizos the relative potoncy estimates derived for s largo'

sanplo of the PAH: from the bloassay da:a Ln Soetion III using the nulciscago
modsl 958 lincar tern uppot bounds (ql) The oseinacoq obtained using the two-
scngo model are shown in parentheses for co-puriaon To evaluate chisc
es:tnncos and chot: ccnsistoncy as co-parcd to those ob:ainod ustn; the
two- s:agn model, cho tbllovin; lnslysos were conductod

Obtaining average zola:tvc poconcios is an cpptocch chs: lpp.lll to some -
anostiglcors 1nnt.¢d of a:tonpting to select the best scudy on vhich to base
- the relative’ poconcy estimates. To illns:rnt. ‘the roaultl of this Approtch

the gconocric means of the potencies obtainod for oach PAH using both models

'Iv-5 '
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are shown in Table IV-2 for all PaHs thac have three or more in@ependenc‘

estimates. , Also displayed are. the geomccric means of each relative potency for

each mcchod of es:xa‘czon and for mechods of estimation anong PAHs The

'<geome:r1c means for the same est1macxon methods indicate that on ayerage,'both

"approaches yield comparable resulcs.

A

An additional compaurison of relative potencies from the "best® studies
(see Section III) using boch escimaction methods 1is shoyﬁ in Table IV-3. For

-theso.escinntos, the two-stage ipptoach yielded relative potencies close to

RN

those qb:alncd using the mulciscage method. Ihin comparison amplifies the

assortipn :hic the goniral two-stage approach hnn not introduced a.siloctiv.

bias that would uniformly reduce risk. In view of thn superior u:chcnncical

A

and biological bllll for cho two-stage nodnl as conpnrod to :ho lincarizod
uulciscago upper bound ptoccduro. the coupctacivc poccncy cstinatoa obtain.d

using chc.cwo&s;ago.nodql are rgcomncndnd.

T

e s
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TABLE IV-2

. GEOMETRIC MEANS OF RELATIVE POTENCIES BY AGENT AND ESTIMATION METHOD

PAH- .nﬁlcistagc . ‘Nﬁéscngc
B(b|F E 0.228 U 0.182
Bk]F  0.0384 0.0307 .
B(ght]P | . 0.0346 0.0118
D 0.0729  0.0909
D{ah]A’ . 1323 2,618 - |
| Geometric Mean  0.1239  0.1077 S

. Abbreviations: B(blf, bonzo[b]'nuoltmt.ﬁon'.; B(k]F, .
benzo{k]fluoranthene; IND, indeno{c,d]pyrene; B(ghi]P,
bonzo[ghi]poryllono'; D[n.h_]A. dibenz(ah]anthracens. '

0o011S

IR I
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TABLE IV-3

COMPARISON OF RELATIVE POTENCY ESTIMATES DERIVED FROM THE "BEST® STUDIES

USING THE TWO-STAGE AND HULTI;TAQE LINEAR 958 UPPER BOUND METHODS

. PaH Two-Stage - 35% Upper Bound
‘Bla]P’ 1.0 1.0

BlajA 0.143 0.014

B(b]F 0.140 - 0.108

B{j)F 0.061 ° 0.0648

,Blk]P 0.066 0.08S- .
B(ghi]P’ 0.022 0.02s )
CH 0.0044 0 )
D{ah)A’ 1.11 4.08 -

IND 0.232 0.246

Abbreviations: B{a]P, benzo[a]pyrene; B(b]f, ben-
zo(b]fluoranchene; B(§|%, henzo( ] ]| fluoranthens; B(k]?,
benzo(k)fluoranthens; IND, indeno(c,d)pyrens; B(ghi]P,

. benzo[{ghi]perylene; D[ah]A, dibenz(ah}anthracens; ‘
-+ - _B(a]A, benz(a]anthracens; CH, chrysenes.

~ V-7
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' ¢, LIMITED VALIDATION OF THE COMPARATIVE POTENCY APPROACH.

!
t

This 'chapter describes how the apptopriateness of tho two-stage modnl and
che accuracy “of the compa:attve potercy estimates fot PAA: can’ be pszt‘a;;]
vaiidated using experimentcal data from the literature. Tumor rates predicted
5y the rwo-scage wodel and ccwp1rotive cotencles developed in’ LH 8 report 1an
ba compared to the actual tumor rates obsorvod in experiments using \
combinations of PAH: to induco cancer lnflabotatoty aninala The criteria for
a useful study for such a comparison are~discusaod bolov. and e study in'which
~ PAHs were tested for carcinogonosia using mico is evaluatod | ThoAuodol. |
prediccs. tumor ‘rates roasonably vell in this exporinont at lowar dosos whoro‘” .
deviationa dua to biological tntoractiona are less likoly

An unbiasod sonaitivo. 1ndapandant validation of the prodictiona of tho
low-doao additivo two-stn;o or any othor lov-doao oxtrapolation uodol {s not
--posstblo using currently availablo oxpotinontal tochniquoa Tho tumor races
predicted by the model: in tho lov-dose rango are far below those that can be
‘practically measured using aninal‘bioaaoays. As s rosult diroct experimontal'_
evidence for the. modol must be obtainad at<oipoauro levels far in_oxcoss.of
thoso expoctod in the ouvitonnant Uao of high oxpotinontal lovols of

exposu:o, however, can load to blological interactions that would not ba

expcctod to- occur at ouvttonnontal levels and that roault in dovtations froa

what is ptadictad

Among tha more inportant intaraction ncchanisna anticipatad at high doses
are exposu:o saturation and enzyuo saturation In the first case, PAHs are
applled to mouse skin at such high lovols that they accunulato on che sutfaco

“and are absorbod.at relative rates. that are lovot than thosa at lowa: doses

Vfgjw%: ‘??
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As a resulrc, hi;het doses administered to the -animal .are btopo;tiomlly‘greacer
than that whioh_is'accually absqrbed'and predicted to ieach cargec sites,
leading to ovo.rptediccions of tumor risk at high doses.- Tn tfqe 'se:e:;.d c232, if
the levels of ncc;boliii;\g ehzymes afe,insu_fficia}nc to convert all ‘of the |
carcinogenic PAﬂsfin a mixture to'thoit.reactivcAd‘ttvacivei, the nuébor ofi
veactive derivatives =#ill te fewetlﬁhén PAHs are administered together as 2
aixture than woﬁld be predicted for the sum of the PAHs had they been
‘adninistoiod sopir;ioly; tunbt ratas'w;uld'co;scqunntly‘bc less than those -
pradic:od by tho hypochcsis of dose- additivicy ‘A ' |

~An additional fac:ot that makes dirncc verification’ of the ptodic:ions of
the model difficult is . chnc the vnlidacton 13 d‘pcndnn: upon cho conbinod _
exposure exporinoncs :hnc are available in the litnrntuxo | Such oxporinonts do
not" includn all the PAH: fo: which ‘relative potency ontinatos have been
{obtainod In spite of cthese limicacions, using tho low-dose additive two- stago )

model. and relaciv. potency es:inaccl to ptodicc a cnrcinogouic rosponsc to

mulciplo PAHs can p:ovid‘ partial vorification of the apptoach

For a s:udy to ptovid.\a usoful ovaluacion of the couparacivu po:oncy
‘mochod cwo osscntial clcn.n:s are roquircd First B[a]? sust havo boon
included in :h. assay and havo dnnonstratod s dolc-rosponso rolntionship
-Second tvo or noro PAlis aust have boen tested simultaneously. In addicion; an
experinoue in which high dos. anctaction did not: affect the tumor response is
‘desirablo Roculcs where & quad:n:ic doso-rosponso r.lationship exists’ up to
chc highest rosponso ‘levels dononstraco the absence of high -dose 1ntctaction

under the assuncd model. Evaluacing an axpozinonc in which high dose

t
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‘interaction occurred would require addLCLonaL Lnformacion and assumptions
concernzng the-nature of the mechanisms of {nteraction. Sufficiently decaxled
hiologicsl 1nforna:lon wich which <o oosculacc such nochanisms of in'eracticn

is not likely to be available

One s:udy has been identified chat contains sufficient: infornscion to-

"allow an ac:empc to verify the basic model. This exporinan: is discussed and

evaluated in the next section. o S

Schmahl et al. (1977) invescign:ad the cstcinogonicicy of conbtnstions of .
.fAHs as part of a scudy to svslusce automobile exhsus: Elovcn PAHs vers
ssleccsd (not all cstcinogens) conbined in propot:ions thought to reflect
thoss in au:omobile exhsust and’ applied twice wookly to tho backs of NHRI A
E mics Aninals vetc killed if a carcinona appcsrsd ac the site of nppllcaCLon.
or were observed uncil their natural dos:hs Tablo V-l shows the PAHs Cesced
and their relativo proporcions by weight in cho nixcuxcs stio V-; shoﬁs{che
resulcs of the expctinoncs The tumor :stns obsotvod in tho oxporison:s»can be,:
-compared to choso prsdictod using- tho comparative potency- n.chod In otdst.co

do so, a dos.-responso tcla:ionship fot B{a]P is d.:tvcd in cho nexc soction

and used to prsdic: :ho tssponsc to a nixturc givcn L:s exposure. in uni:s
equivalon: to B(a]P.
3. © Derivatiom of the BlalP Dose-Response Model

In Section II of this iopor: the following §usd:s:1c form of the

dose-response model for B{a]P was derived: o

V-3
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TABLE V-1

TREATMENT GROUPS FOR CARCINOGENESIS
, EXPERIMENT USING COMBINED PAHs

Dose’ (ug)®
'Concro_lz— Acetone T as sdlvgnl:
Benzo(a]pyrene - 1.0 . 1.7 3.0
Mixture 1:
Benzo{a]pyrene ’ £1.0 1.7 3.0
Dibenz(a,h]anthracens 0.7 1.2 2.1 -
' Benz(a]anthracene 1.4 2.4 4.2
Benzo(b] fluoranthens: ' N ] D - 1 2.2
: . Total 470 6.8 12.0
Mixture 2: -
Phenanthrens 27.0 81.0  283.0  729.0
Anthracene - 8.3 25.5 76.5  229.5
Fluoranthene 10.8 "32.4 97.2 - 291.6"
Pyrene -13.8 41.4 126.2  372.8
‘Chrysene , 1.2 3.6 10.8 32.4
‘Benzo[e]pyTene 0.6 1.8 3.4 16.2
- Benzo(ghi]perylens  dad -2 <. __837
) . _ : Ioeal‘ 65.0 .

- 193.0 585.0 1735.0

2animals rncotvod the total mixture doses shown, composed of the n-oun:s of
PAHs indicated, cvico vhokly throughout their ltfoetlna h

SOURCE: Schmahl et al. (1977).
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. RESULTS OF CARCfNOCENESIS EXPERIMENT
USING COMBINED. PAHs

. : T . - Number of Animais With Carcinosa/
appiication . Doses (ug) - .Effective Number of Animals

Control e ors1 1/81

. Benzo[a]pyTene | 1.0 10/77 . e

| 1.7 25/88 ~ 23/88

3.0 43/81.  4us/8L

Mixeure 1 6.0 BELY. ) U 77 71
o - ~ 6.8 $3/88 . s0/88
o 12.0 63/90 . 87/90¢ -

Mixture 2 5.0 18 . 1/8s

(Case 1) . 195.0. o/se 2/86

S - 585.0 1/88 . e/88

1755.0

13/86 . : 29/86

i

aThis anoun: was appliod cvico ~weekly to cho backs of NMRI aice (scc
Table V-1).

P(x)-l-cxp-[o 006116(1+3 52:) ] o
Significunc deviation from oxpoccod at p = 0.01 using. xz goodnoan-of -fit tesct.

Sour;a.- Schnlhl et al. (1977)

V-5
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- P{x) = l-exp (-A(l+Sx)2),

where A is the backgrouﬁd~cr&nsicion rate ég;amecar and S is che

exposute-tela:edAcransition race parémetor..,fho control data from the Schm#hl.

et al. (1977) study were use;_éo“ésc;mgcn A; emplpying the Bayesian ptoceduré
discussed previously. AGivAn a.cumof rate éf 0)80'£n.tho controi’gtoup} tﬂc_

Bayesian estima#o of A was obtained from the fbllovingbrolacicnsh;p: .

(0.5)/(80+1) =~ l-exp-A or A = 0.006116.

A
[N

The paran-cct s vas ostinatcd using an approximacte liknlihood method chc:
yieldad a tclacivn :tnnsicion rate of S = 3.52. The do.o-tcsponsc uodol :hus

has the numerical form:
P(x) = 1-exp-(0.006116(1+3.52x)%]. el

The prndicccd nunbo: of cn:cinoaa-boaring aninnls vas’ obtaincd by uulciplying
the tumor rate obtainod fron equa:ion (V 1) tinos the effective nunbor of
animals in each dose g:oup Thc resulcs of thoso c.lculn:ions are shovn in the
'last column of Iablo V-2, A standard x2 goodncss-of -fic test yielded chc
result sz- 0.677 vieh 4-2 = 2 dogrees of fraodon. which has a " valuo of
0.73 associated with it and chotoforo indicacns an adoqua:o fic.
Since the quadtatic model fits the B(a)P data woll in the obsorvad dose-

range of 0 to 3 mg, high- -dose {interactive effects are not expected to bo

important f;ctors in chat range. The predic:ions chat are the most consiscent -

V-6
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with low-dose additivicty would therefore be for mixtures composed of PAHs with

) a coubined dosé equivaienc to 3 ng of B{a]P or less.

p ..Q In order CO‘pfedlcf\:hQ tumor rates expected as é‘;gsplc éfreiposure.to -
;on§inod PAKs, the potencies of the PAﬂa‘in each aixture iﬁ'th;:Schmlhl é:;hl.

. (1977) scudy wvere calcuiitod in cirisaof 5[;1? equivll;n;s; che;o ;re Qhown'in
Tables v-3 and V- b Thc lovest experimental dose was used for the
calculacions as voll as the relncivu po:.ncios obtaincd in Scction 11I. Since
:he rolacive proportionz of PAHs in’ each’ mixture wers constant fo: 111 oxposure
levels. the B{a]P oquivalenc units at highcr cxposurn lovols vers ob:ainod by
siuplo propor:ionnl uultipllcation Thoso B{a}]P oxpocur; units were
substituted into aquation’ (V -1) 'and uul:iplind by the cffccciv. nuasber of
aniuals in ench doso group co obcnin the predicted number of aninaln with ,

»"carcinonns ‘The ptadicted nunbors vere :hon coupared to tho obsorvod numbers.
which are shown graphically in Figuro v-l. It should be uphasizod that - tha
predicted values woto obcainod without u:ing tho obscrvod valuts in any manner.

The following oblctva ons can bo uada fton :hc infornscion 51ven in ”
Table V- 2- Tﬁo two lovor'uixcuzo‘l exposure lovols yielded prodicciona that

1 were slighcly lurgor buc: stutis:ically consisccne vich the oblo:v.d nusbers of'

. tumor- bearing animals. Tho ‘highest doso led to an ovorprodiction oi the
observed nu-bor by a stgniflccnc amount. Hovcvor. exposure at chis levol was
more than :vico thae of the doso tango usad for B(a]P whon adniniscorod alone

and as a result is likely to have led to a high -dose inceraccton phanomcnon

The relevance of this value to low-dose: axtrapolacion is therefore

que;:ion&blé.

"w7’ }l' ' ?Uﬂﬂ123 _



TABLE V-3

.. * CALCULATIONS OF B{a!P-EQUIVALENT EXPOSURE UNITS
. : FOR MIXTURE 1 )

Relative Dose Bla)P® .

Chemical . : T . Po:pnqya '(y‘)b Equivalent
Benzo(s]pyrene : ' 1.000 - 1.0  1.000
Dibenz{a,h)anthracens ' . 1.110 0.7 0.7277
Benzo[a]anchracene 0.143 1.4 0.203
Benzo(bd] fluoranchene : o, 0.140 0.9 Q.126

: ' Total . 2.106

. -
o

"NOTR: Doses equivalént to B(a]P for other exposure lqv.h\\fo'to
obtained by using simple ratios:

Mixture - Equivalent

~ Dose (ug) | B{a}P Dose (ug)
- 4.0 - 2.106
6.8 3.580
12.0 6.318
%From Table 1I1-34
brrom Table V-1
. y.8 )
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TABLE V-4
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'CALCUIATIONS OF B(a]P-EQUIVALENT EXPOSURE UNITS

FOR MIXTURE 2

Relative

BtalP

‘ : Doco o
Chemical Potency (ys) Equivalent .
‘ Phom:hragoc 0.0 27.0 . 0.0
Anthracens 0.0 8.3 0.0
"Fluoranthene .0.0 "10.8 - 0.0
Pyrena® 0.081 13.8 1.1178
Chrysens 0.0044 1.2 0.00528
Benzole] py'um 0.004 0.6 0.0024
Benzo(ghi]perylene , ' 0.022 3.1 0.0682
. thnl‘ 65.0 1.19368_
' NOTE: fDooon cquivalcnc to B[a]? for other oxpoluxo lovbla vere
T obeain.d by using ltnplo ratios:
Mixture Equivalent.
‘Dose (ug) B{a]P Dose (ug)
Case 1 '65.0 1.19368 -
3 195.0 3.58106
585.0 - 10.74312
. 1755.0 32.22936
Case 2¢ 65.0  0.07388
- . 19%.0 0.22764
' o 58%.0 0.68292
1755.0

. 2.06876

‘From rabu I11-34

b?roa Table V-1

Considcrcd mcimpnic by IARC (1983) although rolacivo pounciu vere
available fct some.

dAuunu a zero relative potency for pyrens.

V-9
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FIGURE V-1

"COMPARISONS OF OBSERVED® aND PREDICTED TUMOR PATES
A FOR MICE EYPOSED Tn PaH MIYTURES

Probability ot - === Dose Response Curve Based on the Mode!:

Tumor Respante. P(x)e? - oxp - {0.008118(1+3.82 x)? |
1.0 .o '
g ' o Observed B(0]P Aesponse
® Observed Resonse o Mixtyre 1
0.9 - Combinea PAMg
Q Obeerved Response to Mixturg 2
Comained PAMs (Case 2) ) -
' @
ne
: : : Ble)P
B Units
°0° . . 1l° 2.‘ 300 : ‘oo ’-o .-o A . 2

“Oburvod tumor rates are baud_ 'on“Schmhl et al. (1977}.

vV-10
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6395
Mix:ure 2 was analyzed in two different ways. ']Casa 1 includes all
components of thn uixture and resul:s in a B[a]P equivalenc dose almos: sigteen _
times greater than chac obtained for Case 2, froz :hich pyrens has been
vmicted Pyrane is consxderec noncar‘inogenxc by IARC (1983) al'bougn sL‘ce
‘_some tumors wers observed following in:rapetitonell injection inco nevborn mtco
(Wislockl et al 1986). a Lelacxve potancy was calculacsd The nunber‘of?
tumors obs.zved was statistically insignificnnt as coupated to cont'ols,
'howovet, s0 tho telucivc pocency obcaincd is vory unxoliablo and i{s likely to B
greatly cverestina:o actual risk Tho unbors of ‘tumors ptcdictcd in each ca;o‘
as conpared to those obscrved are shovn in Teble V- 5 . Clearly, including
pyrene grencly ovotcstinacos tisk |
Overoacinacion of ‘tumor. rates for Mixture 2 nny also have rosul:ud fro-
{high dose inccraccions or ovctoscinncion of tho poconcy of bcnzo[;hi]potylonn.
. Pyrens and bonzo[ghi]porylcno are th. main conttibutors to the ‘potency. of
Hixturo 2. Th. data from thc Schnlhl et al (1977) bioaasay can be used in
- conjunction with tho dacn fron chc bioassay: on vhich the poclncios were based
(desc:ibod in Section III) to obtain more roaliscic rolativn potoncics for
pyrens and bonzo[ghi]porylonn A good fi: could be obcnincd by reducing cho

pocnncy estinat.l for these colpounds to be consistent with the observed tumor.
-daca and still be consiltcnc wich :ho data in cho s:udins from vhieh the
poconcion were d.riv'd. '
5. SUBBAKY |
Schaghl et al. (1977) :ostod B[a]? and two nixcu:ol of bo:h cazcinogcnlc
’and noncsrcinogonic PAHs for cnrcinogonicicy whon applicd to the backs of mice.

‘For each dosc group it was posllble co predict tumor rates vtthou: using che :

S v-1l ~ -
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'OBSERVED AND PREDICTED TUMOR RATES FOR
MIXTURE 2 WITH OR WITHOUT PYRENE

‘TABLE V-§

. Zquivalent
B{a|P Dose (ug)

Number of Animals With Carcinoma,
Effective Number of Animals

Case 1 ~ 1.19368
| 3.58106

10.74312
32.22936

.07588
.22764

Case 28

- N0 QO

.04876

.68292"

1/8S .
0/86

1/88
15/86

.. 1783 .

'0/84

1/88
15/86

Drsdicced

13/85
$7/85
88/88
86/86
1/88
2/84

6/88
29/86

"A:sunns e zero :olacivb'pdconcy for pyrens.
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_expetiﬁenCal data from cthis épecific study.in any manner. Eﬁ. method yielded
good estinates- for coubinations of -the carcinogens bonzo[a]pyz.ne,
-dibenz(a,h}.nchracono, bcnz(a]anchtaccnc and bcnzo[b]fluoranthena in cho same
‘dose rarnge obscrved for B[alP alone (Hixtur' 1. Ustpg potency estimates for
pyrene, chrysene, benzole]pyrene, and bqnzo[ghi]pe:ylano, the offects of the
agencs in Mixture 2 (weak catanogens or noncarcinogens) wers sys:unatically
overostinatnd In gonnral the mn:hod tends to ovotostinn:o at high exposure
combina:ionl and giv. good results at norc uodn:n:o lnvols 'As ‘a result, the

_approach nay be viewed as connorvativ. for the nix:uxoo ovalua:od vhich in

turn enhnncos itcs ovntall credibillcy

\
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