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n l s  report was preparcd ir: ; -csp~r t ie  La a rhquert b y  the &PA Office of 

Cancer r i s k  of golycyclfc aromatic hydr?carbans (PAHs) for  vhtch tnadequata - 
i nges t ion  o r  inhalation bioassay data exes?, as w e l l  a s  to improve exis t ing . 
r i s k  estimcrter using mothodologiea that are consistent vith tho exporlmontal 

protocols and obsorvatioru. A re la t fvo  potency approach vas &volopad as an . 

a l te rna t ivo  t o  tho curront pract ico of assuming that a11 carcinogonic PAHs are 

equivalent i n  potoncy to  bonzo[a]pyrono ( B [ a ] P ) ,  whlch b r  littlo r c lon t i f i c  

support. 

carcinogenic PAHr t o  vhich peoplo might bo oxpocted to be oxporod 

envirormontally. 

one egufvalency approach will \grOatly o v o r r r t f ~ t r  tho carcinogonic potency o f  

B[a]P h u  consis tont ly  be;n bPKIn8trbt.d to  be on. o f  tho most potent 

, 
, .  

Al a r e s u l t ,  estimator of c~ncor  risk uairy a B[a]P ono-to- 
< 

mqrt mixtures of PMr. Use of a rolatfvo poeoncy approach that takos into , 

account tho d i f fo r ing  potoncios*of  carcinogonlc PAK8 would yio ld  a mor.- 

r e a l i s t i c  estimate of  risk, with a roundor biological  b u i r .  

. 
, 

In  ch is  topor t ,  a now mothod Is dovoloped f o r  ortiaatiry tho cancer r i s k  

associotod w i t h  Oxpoa~&o t o  ofxturor of P M a  ’ k t  

problear lnhoront in earlfor approach08 fn -0 by 

mathomaticat &ro-rrporo Ilab.1 i s  por tu l a t rd  thbt 

attomptr to roc t i fy  tho 

%PA UICl othorr. -A NO-stage 

i8  conri8tont w i t h  tho 

biological aochmdama of action of PWs. 

using rodent amr: rorponro data fol loving oxporuro t o  B [ ~ I P .  

Tho modal paramtors aro estimacrd 

n o  tvo-stago 

modal fs a r m  CUI) of tho Woolgavlur, and Knudron (1981, 1986) cancer r l o k  

modo1 that v u  adapted by Thorrlund e t  a l .  (1987) t o  account for oxposure t o  . 

knom lovols  of.carcinoganic agents:’ Tho modal may also bo viovod as a spec ia l  
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case of  t h e  c l a s s i c  Amitage and Doll (1950)  multfs tage model in i t s  t i n e -  

icdapccdent f O t 3  and a r e s t r i c t e d  Case 3f che Amitag9 and @ a i l .  ( 1 0 5 7 )  rv,,'- 

crf the oodol dra tbac Lc Cs kascd Zn a strong t h e o r e t i c a l  srguncnt c'cri-.*ci fro= 

parameters using very l f i i t e d  k e d .  Uafng thio ~ 0 6 1 ,  the e r t i a r t e  of cancar 

patency f o r  B(a]P vas changed from 11.53 (=A 1980) t o  3.22  (m@e/d.y)-? f o r  

ingostion exporuro and from 6 . 1 1  (EPA 1980) t o  0.G53 (-e/Aly)-l f o r  

inhalation expowro. 

-6- 2 - c Z C  n 0 d . l  it, kt:k f t j  E f 3 o  - L.idapcKlriaut os -dependent Po-. The ad.rantager 

bio1ogitaL p r i n c i o i e s  - y e t  IS siapie enoueh t o  ob ta in  e s t ima tes  for its 

\ 

\ 

Tho rocond c r i t i c a l  elument i n  tho d.volopwnt'of tho mathod war obtaining 

estimates of re lat fvo potoncior f o r  carcfnogonfc PAH. 0tb.r thur 'B(a]P u i n g  

tho s t r u c t u r a l  form of tho modo1 dorfvod fo r  B[a]P.  Thoro er tLP. t rs  voro b u e d  

on b i o u r a y  r o r u l t r  that voro obtafnod from 8 y r t . u  th.t uo not ruf t rb lo  for 

d i r e c t  extrapolatfon t o  huPuu bocauro tho routor of oxporuro omployod aro not- 

cooparablo t o  thoro by vhfch humam aro oxporod in  tho o n v i r o m n t  (with the 

exception of dorm1 O X p o 8 u r O ) .  E x p k a o n t r  i n  which cucfnogonic Pur and 

B(a1P havo boon te r tod  concurront1y.c.n bo wod t o  o r t h t o  tho rolatfve 

potencies of othor P A b  compared wlth B[a]P. Thoro r o l ~ t i t n  potoncfos havo a 

specific b f o l o ~ f c ~ i  i n t a rp ro ta t ion  a t  lor ~ r o r  a r  tho urrroptioi'u o f  tho 

modol:, They provfd. .LI o r t h t o  of tho rit io  of oxporuro-inducod mutation 

r a to r  pot  U t  of .xporuto. Thoro mutioar ~ r o  thought t o  t r u u f o r n  a n o m 1  

stem c o l l  into a p r o a o o p l u t i c  c o l l  and 4 pronooplu t ic  c o l l  i n to  a malignant 

c e l l .  Urf- U oxporiwrrtal  r t u d i o r ,  ertimator of  potoncy f o r  carcfnogenic 

PAHI voro o b W M  that rangod from 0.004 t o  6.50 ar compared viih  B(a1P. The 
. .  
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estimates xere  c o n s i s c e n t  among s c u d i e s  f o r  parclcular p u .  nose .,ere 

' r i i c e d  f ro fz - tkc  a o s t  r e l i a b l e  s c u d i e s  aro 3 * 1 - ~ - 4 - - ~  * 

SUMMARY OF RELIEVE Poiam ESTIHATES 
' 

DU1';ED FOR P u s  

--- -------- --- 
0.320' AnthanthreRe 
1.0 Benzo(a]pyreno 

Bent [ a anthraceno 0.145. 
B e n o  [ j J fluorantham 0.061. Benzo [ k J f luorantheno 
Benzo [ ghi J poryleno 

Bento[ejpyreno 0.004; 

Chryreno 0. o o q  
Cyclopontadiono(cd)pyr,ru 0.024 
Dibonz[ahjanthracom 1.11 

Bono [ b 1 f luormthono 0 .  140c 
0.066.  t 

' 0.022 

Indeno[l,2,3-cd]pyrono 0.232: Pyreno 0.081 

a 

%utsch-V.~.l at .I. (1983) . 
bBingham and Falk (1969). 
C Haba ot a1. (1980). 
%yndar and Hoffmum (19S9). 
e Uislocki et a1. (1986). 

. 
The relativo potoncy ortimator cut bo urod fa conjunction vith tho B(aJP 

dose-response 0 0 6 1  a d  tho do80 additivity urumption t o  obtain o r t ~ t e r  of 

cancer risk a88OCi8tOd w i t h  .ny spacffiod oxporuro t o  oultiplo P a  (for which 

potency estim~tor u o  -8ii.blo). Tho &IO additivity urtlaption is synonymow 

vith what is rofotrod to by Pinruy (1964) u 8 i . 8 p l O  rlmllar action and 

advocatod fog U8a h th. mA (1986.. 1986b) y i b l i m r  for urorring the cancar 

risk of 

Simplo sim1l.r action fmplioa that a l l  carcinogenic qrntr in a oixnur induce 

carcinoganorir by sfmilat mochanirpr. Sinco carclnogonic PAH. appoar to bo 

metabolized to similar tmctlvo dorivativor, produco cooparabia adducts v i t h  

rh.a f r u b q U 8 t O  data On tho 8 h t U t a  ft801f azo av8ihblo. 

- 
V 
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----- -- w e  S L C B  O t  introduction and 

metabolism in experimental animals. the assumption of  a Cornon mechanism of 

action ( i . 0  ., &sa addi t ivi ty)  f P  pl.auslble. 

'Jndor tho assumption of dose addi t ivi ty ,  tho cancer risk'  causad by 
- 

exposure to'mgltiple P U S  can be obtained as follovr. The t o t a l  exposure units 

equivalent to B[ajP i n  a mixture t o  which an individtul is exposod is 

calculated by taking tho sum of tho product8 of tho re la t ivo potancies and th. 

exposure levels for  oach PAH. Thoro B(a]P-rquivalont oxporuro uni t s  are then 

substituted into tho 'doro- r rspoM~ modo1 for  B(a]P t o  obtain tho cancer r i s k  

associated with exporut0 t o  tho P a  mfrturo.  Thir prOCOb0 i r  ovaltutod i n  

t h i s  Qcumont wing b i o u r a y  r o r u l t r  from an o x p o r h n t  conducted by Schpuhl e t  

a l .  (1977) wiry tvo difforont mixturor of P U .  Tho , roru i t ing  prodictfoM 

were oncouagingly cloro to tho hrnor ra tor  obrorvod. 

\ 

For tho s.lo of comparison, tho mor0 familiar l i ruar izod oul t is tago 00d.l 

ha8 also boon ruod i n  t h i s  roport  t o  o r t h t o  r r l a t ivo  potoncIor, although it 

fs less b f e ~ i b l o  biological ly .  Rorultr  rouorubiy  coopar.blo to  thoro from 

the tvo-stago mod01 vor0 obtainod, s u ~ o r t i r y  that tho rorultr aro not highly 

model dopondont. 

This study hu brorutratod t h a t  o r t i ~ t i o a  of tho t o t a l  curcot risk from 

exporuro to a o i r turo  o f  PAc1. should bo b u o d  on mouurommer o f  tho 

concOntratiOM o f  i t a  c u c i a o g r n i c  coaponontr and rolat ivo o r t l ~ t o s  of t he i r  

p,o toncy . I 

. -  
- - dorcribor tho special 

chemicals f n  tho olrPironaone, vhy adding O r t i m a t 0 6  lndivldbl rlrlu togrther fs 

appropriate for mixhrrrr of  'PUS, and vhy using B ( a J P  u a surrogate for  other 
, t  ' 

. -  

. .... ; - .A . , . .  . I.' . .. ,., :.: .I 
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This roport  ir an f n t o r i o  f inal  roport  bocauo r a r o ~ t c o r  vo;e i&dequ ta  
\ 

t o  obtain tho boat cancar potmcy o a t h t a r  porriblm f o r  b(a]P urd tho best  , 

comparative potoncy e r t f ~ t o r  porr ib lo  f o r  tho othor carcinogonic Pus. Use of 

individual a n h l  data and othor supp1o-n- data rota, u -11 u more 

sophis t lcatod rtatirtimi e r t h t i o n  procoduror, along Vi& ovalrut ion of the 

S 8 M i t i V I t i . r  of  th. o a t k . t o r  t o  t h o , u r q t i o l u  0.d. i n  o r b r  t o  &rive them, 

are nocorruy for the c q l o t i o n  of  thir vork. Tho following list conatltutes 

the s p o c i f i 8  tmb e h e  r u a f n  t o  bo p o r f o m d  in orbr t o  - f i r u l i t o  this 

pro jec t  and -6 adaquato rupport f o r  tho potoncy o r t h t a r  &rived. 

1. Use individual  . n b l  oxporuo and patholow data f r a  Thyrron a t  01. 

~ - 
I 

i 

- 

(1981) biouray eo r r ca l cu la t a  inha la t ion  risk f o r  B(a]P .  
<. .\ 

. .  
. -  

- .  

. .  
I 

. .  
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b .  .Corn lndlvidul animal exposure and pathology data 1 
and place in p 

cooputor. file t o  enaoie computer manipulationo. 

C .  Vse tndividtml sni.?lal &ita .. t c  dcrl-re more precise ,  \ 
target  I t t o -  - 

speoific ctae-tc-tumor doss-rerponso models f o r  inhalacion exposure t o  

2 .  Estimate iiigercion r i s k  f o r  B[ajP 'u ing  the Thysron o t  a1. (1981) bioassay 
data by relating the portion of tho inhaled dore that v u  svailovea 
folloving w c o c i l i a r y  clearonce and g u t r o i n t e r t i ~ . 1  t r a c t  tumor fo-tion. 

R ! i t j P .  

3 .  E r t i ~ t o  and fmprov. tho precision of the, r e l a t i v r  potoncy e s t i ~ t e r .  
,-  

a. Devolop methob fo r  th6 rlmultaneaus estimation of Qre-respon;3~ 0061 
paramoterr within a single  bioarray and obtain confidance l ioitr  on the 

~ r e l a t ive  potencier obtainod. 

b. Extend tho mothob dovelopod i n  (a) t o  includ. multiple b lou rays .  

c a  Use tho mothob d.ve1op.d i n  (b) t o  or t iPuto r o l a t i p .  potoncier f o r  tho 
! 

' d. Exmino the t h - b p e n d o n c y  of tho PAH-induced tumor reaponso where 

6 .  Improve confidence u r o c i a t o d  w i t h  B ( a J P  fagortion risk darivod from Neal 

PAH8 urod i n  the mixture b i o u r a y  conducted by Scholhl e t  a1. (1977). 
' 

t h - t O - h r P r o r  d.t8 aro aVaIhb10. I 

, 

and Rigdon (1967) b i o u r a y .  * 

a.  Us. the doso-rorponro modo1 &rived f o r  tho lngortion risk of B(a]P t o  
p red ic t  tumor rorponror f o r  tho r h o r t - t o m  oxporuro data md the data 
from tho othor Rigdon and Noal bioarrayr. If tho prodictioar are  
conr i r ton t  w i t h  what fr obronrod, incorporato tho80 data in to  the dose- 
rerporuo modo1 p u m o t e r  or t ipu tor .  

b. E v a l u t o  tho r o r u i t i v t t y  o f  tho fngortion r l r k  ortimato t o  tho , 

UrWtiOU t h t ' m - h l f  o f  tho m h l r  ia tho biOu8.y 

4 -.ti-. 

exposed to  
B(a]P for aa oarlfor oxporuro duration vhi lo  ono-half m r o  exposed f o r  

c .  tho 8OUmitiVity o f  tho in6ortion r i ?k  ortimato t o  tho u o  of  
s w t a  background tumor r a t e r .  ~ 

d. Dorim .LI i n p a t i o n  r i s k  estimate f o r  B[aJP from tho Triolo o t  a l .  
(1977) biouray data f o r  the purporor o f  comparison t o  that based on 
Neal and Rigdon (1967) .  

. .  

- , ' .  ~. . 

. .  

I 

' Viii 

I 

. -  
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j Lxcend =he sodei  to accounr. for additional PAHS and o the r  biological 
infarmarion: 

a .  Develob methods f o r  using historical controls and other assumocfons 
about background t-r rates in the estlmatlon process. 

Develop a c r i  nodal dose-response plodel it? vhich che response csn be 
expressad as no CfllPOr. ~ d e ~ o m p ,  or sarcinoau (instead o t  t he  btnoalal 
rsiar:onshiy, Jith G r  riehout cumor). 

Gsva10p adrho&- of r g t i a u t i n g  r s l a t tva  potencies f o r  PAHr for vktic:? no 
cancer ‘o ioass~y data aro avallabh bared on, for example, DNA adduct 
foraucicn o r  scixccure-activity ro l a t lon~hfp r  . 
Aefino the dore-rrrpon8e 1~0d.h for  B[a]P to i n c l u b  fnfo=tion on 
potent ia l  cumor promotional of foc t r  and e f fec t s  from the saturation of 
ac t iva t ing  onzymoa. 

Develop a nothod for tho 0 8 t i a 4 t h t  O f  tolatlve potrnclo8 vhon the 
truuitlon rata p + r . ~ t e r r  at0 not proportlonrl  bemoan cell St.8.S. 
Imemtigate eho b i i 8  tha t  1 8  introduced vhon th8 propor t lond i ty  
assumption is mado but i r  fnvalld. 

Ev8lrute tho do8o-rosponso r r h t i o n a h f p r  for B ( a ] P  and othor PAX8 in 
bfguray spatoma othor than thoro exaalned in th. ropot t  for t h o i r -  
consir t rncy v i t h  tho two-rtago -1. 
nixtwo biourays  i n  which B(a]P v u  w e d  u a por l t ivo  control ,  bloarrays 
using a l t o t r u t i v o  routor of oxporuro ruch u int rat rachoal  t n r e i l l a t i o n ,  
and data on oxporinclntal PAiis rue& u 3-orthylcholurthretm. 

Uso tumor data fo r  several PABa adminiatorad by difforont routor in the 
OM. bfouray to ovaluato tho route-ind.p~ndonco of t o l a t i v e  potency 

Using tho s.01 tOChniqUO8 that vora dotnloped for tho 88 tha t ioU of 
r e l a t ivo  potancios f o r  PAIlr u coopurd  Vith B[a]P, 0 8 t h t o r  o f  tho 
r e l a t ivo  potoacior of c i y i a t t o  rroko condaaaato, rooflry tar U ~ S S ~ O M ,  
and c o b  ovou omirrlm, CUI bo obtaiuod u r i q  tho SQOCAB moue tunor 
i n i t i a t i o n  and corplate carcinogotmai8 r tudior  bircwrad by Albort e t  al. 
(1983). *o-rtago dmo-rorporuo wdolr wing human rpid.r iologica1 data 
would air0 ba ob- for orch of thoro c0rpl.x oixturor. Estlmatas of 
tho caneor ri8k from r ing lo  PACI vould thon be obtainod by multiplying the 
folloviql thn. fratorr togothor : 

a. Rolrdrr p9t-y of tho PAX coaparod w i t h  B[a]P; 

b. 

,- 

L 

C .  

6. 

a .  

6 .  

The80 data may inclub. complex 

\ 

7. 
- . 

1 a J t i M t e 8 .  . 

8 .  

\ 

I 

Rola- pourry of B ( r ] P  rr conparod vlth tha cooplox 0iX-e; and 

c .  Tho unit c-or rirk for tho coaplox nfxturo. 

This approach r l i m i ~ t o r  cho nood t o  ext r rpola to  animal b l o u 8 a y r  direccly 
t o  humana. 

\ 



The majority of occuparional and environmental chemical exposures are to  - 
conplex mix-tures. Eafssians fr3m cornbustLon sources and l e a c h t e s  from 

hazardous vaste  sizes are  examples or' coeplex mixtures tha t  contain hlmdreds o f  

components that  ham not been 'loapicteiy charactrr i tad.  E s t h t i n g  the 

potan t ia l  human health h u a r d s  associated with such mfxtures is d i f f i c u l t  

because of ixudoqrute chemical and t o x ~ c o ~ o g f c a l  characterf ta t ion,  as  vel1 as  

the extant of heterogeneity between similar mixtures from di f fe ren t  *sources. 

' 

For complex mixture8 'of polycyclic aromatic hydrocarbons (PAIlr) , tho 

standard approach t o  e s t i m ~ t i n g  tho human cmcer  rfak u r o c f a t o d  with exporure 

has been t o  assumo tha t  tho carcinogonic PAM coopononts (rxcludfng heeerocyclfc 

compounds such as t h o ~ n i t r o a r o o r t f c s )  aro equivalent by wofght t o  

, , 

- 

benzo(a1pyreno ( B ( a 1 P )  i n  t e r m  of their carcfnogonfc potoncy (LPA 1980, 1984). 

Based on a l imited c h m i c a i  cha rac t r r i t a t fon  of tho PIX-., a u e r  of P u s  

a re  idon t f f i rd  urd thofr ,  c o n t r i b u t f o ~  t o  cmcor  risk aro  e s t h t e d  b u e d  on , 

t h e i r  r e l a t ivo  concentratfom i n  tho ofxture, t ho l r  expoctod contributfonr t o  

human exposure, and tho statistical uppor-boMd on tho potoncy of B [ a ] P .  This 

proceduro h u  sovoral ror iour  p r o b h u .  

Tho assumption that a l l - t h o  carcinogonic P A t b  ha- potoncfes equivalent to 

t h a t  of B[a]P la not rupportod by tho s c i o n t i f i c  l l t r r a t ~ r o .  In rtudies that  

have boon mrwd t o  ovaluato t hd  comparativo potoncfos of P u s ,  B [ a ] P  has 

c o n s l s t o n t f y p r m d  to bo o m  of the most potont cuclnogona tested.  These 

studies will ba b r c r l b o d  in d o t a i l  i n  Soctfon 111. 

carcinogenic.potoncfer of complex mixtures of  PMs u compared with B [ a ] P  have 

shown tha t  most mixturor aro considerably lass potont than B [ a ] P  alone. For 

Studios of tho 

I 

I 
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: ,  

example .  .Jarlous kinds of combustion emissions and B [ a ] P  v e r e  t e s t e d  for 

pocsncy as c u m w  f n i c i s t a t s  00 the s k i n ,  af SENCAR mice (Slaga e t  al. 1980) 

Tablo I-L ahnws that the m t X F l t * J  (Fredomirsntly cou?osad cf ? U s )  were pnrch 

less potme & *tumt fniciotors  than BIalP. The auth0r.s calculated relative 

potency o s t i ~ t e s  chat ranged from 0.007 fo r  coko oven ealssionr extract  t o  

less chan O.CO2 fo r  dies.1 engfno exhaust ex t r ac t ,  w i n g  papilloms/mouse-mg as 

tho end point.  In a0th.r study, tha nrPorigoniciry of u1 automobile emisrion ' 

condmrato (ABC), a die801 omiralon condamato (DPX),  A rop roson t~ t lvo  mixture - 

of carcinogmic PAH., and B[A]P voro toatod for carcinogonlcity by chronic 

appl icat ion to  aou80 skin (Mlrfold 1980). 

Rolativo potanclos voro calculatod by tho author8 to bo 0.00011, 0.0053, and 

0.36 f o r  DEC, A E C ,  and tho PAH a ix turo ,  rorpoctivmly, u coaparod to  B ( a ] P .  

I 

- 

, 

Tho t o r u l t r  AZO shovn i n  T . b h  1 - 2 .  

Such r o a u l t s ~ ~  tho u80 o f  tho arruapt~on th.t a11 cuclnogonic  PAH. aro u. 
-, 

poton; as B[.JP t o  p todic t  tho total carcinogenicity of PAH aixnuos d i f f i c u l t  

t o  support. I 

1. a 
~ n o t h o r  probloa with tho us0 of B j a J P  u s u r r o y t o  for tho coqPponentr of 

PAH mixturds fa  chat it ua-8 that tho total cancot r i8k  of- the  a ix turo  can 
.. 

be prodictod on th. h i 8  o f  roaporuo additivity. The EPA j~iidolinor fo r  

assesring the cancer tiak o f  chooical oixturoa sin tho .bronco of coabinod - 

OxpOSU. mt, Ub0C.t. tho a 8 8 q t i O a  O f  do89 additivity (EpA 1986b). 

Doso additittiel, 18 q m m p m u  w i t h  what is toforrod to by Pinnap-(1964) a i  

sfhplo s W &  dtioa. 

ate charac torUad by riaplo rimflat ac t ion  and tho cancer rirk &o t o  coabinod 

exposuto can bo obtained by ortimating t h o . r i r k  duo eo tho t o m 1  additive doro 

Whoa agontr induco cmcor by tho a- wchurisa, choy I 

of the agents: 
. -  

, 
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Relative Potencyb 
Based on 

(papillomas/mouse-mg) 

1.0  
' 0 . 0 0 6  

. 0.007 
CO 
0.002 
0.007 

I. 0.002 

Substance' 

Bento[aJpyrene 
Roofing-tar emission extract 
Coke-oven emisrion extract 
Caterpillar diesel exhaust extract 
Oldsmobile diesel exhaust extract 
Nissan diesel exhauat extract 
Mustang gasolfne-engine exhaust extract 
Cigarette-smoke condensate CO 

a h t o r i a l  was applied t o  Sencar mico once u Initiator. PhoboL ~ i s t a t e  
I acetate (2 r g ) ,  tvfce a week, vas used as promoter. Emisrion exposures that 

vera h o d  in tho rolativo potency calculationr woro r08triCt.d t o  tho i i m u  
portion of tho Qso-responro cum.. 

bAs calculated by-authors. ' ' 

CThese entries refer t o  potoncios that vera not r i m i f i c . n t l y  different 
from zero a t  p4.05. 

I 

. .  _ - .  
. .  . .  

. .  I .  

x -  3 

. .  . .  



CARCIXWUJIC ACTIVITY OF A U T O K O B I U  EMISSION C O ~ O J S A T E  ( U C )  

ON NGUSB SKIN 
DIESEL EMISSION CONDENSATE (D&C), pma 

- Re la  t 1 vo 

Treoemant OIylca vi'& T-rr Po tancyb 

B e ~ o [ a ] p y t o m :  
' I  1 

Solvant control 3 

3.86  r g  32.8 
7 . 6 9  r6 6 0 . 9  

1s.4  89.1  AEC: 
290 r g  
880 r g  

2.630 r g  
DBC: 

10.3 
6 4 . 3  
8 3 . 3  

0.0053.  ' - I 

0 .  OOOlt 
0 
2 . 6  

12.7 

1.3 
38.7  

4,300 &b6 
8 , 6 0 0  r g  

1 7 , U O  r g  
Mlxhu. of P U :  

3 . 5  ra  
0 .36  

10.5 

%btainod w i t h  h 8 6 d  fuol. 

bAa c8lculat.d b7 authors. 

Nisfoid (1980) and NA9 

, ' I  

(1983). 

I '  
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I t 

. 
. -  
I .  

X ( P )  end Y (PI tho n\robor of Oxpo8~rO unit8 of B(a]P and tho j t h  1 
carcinogonic PAH, respoctivoly, roquirod t o  produo a t o t a l  carcinogonic 

responso rat. of p in tho coat ryrtom. 

If .tho rmchaniso of act ion of B [ a j P  is tho 8- u eh.t of tho jth 

carcinogonic PAN, it f o l l o w  tha t  R (p) - Rj  ( i  . o . ,  tho ro l a t i t n  potoncy i s  
indopandant of tho rorponro lovol).  j 

\ 

I 

Undar tho hypothosir of simplo similar act ion,  tha j o i n t  rospotuo t o  a I 

s e t  of carcinogonic PAH. is dopondant upon tho total  PAii oxporute, T, expressed 
i 
, in units equivalent t o  B ( a ] P .  This oxpoauro 0.9 bo n i t t o n  u 

i 
I 

tho total numbor of indicator Pllllr exclurivo-of B ( a ] P ;  m 
I 

yj 
m tho oxpomro t o  'tho j th indicator PAM; - *.tpor~ro t o  B ( a J P ;  and . ' X 

I 

I .  

R 1 
- rolatio, potoncy o f  tho j t h  indicator PAH cooparod t o  B[alP. 

dose-responso rhlat ionship for B(aJP. For t h i r  approach to bo va l id ,  the 
, .  
. I  . .  . .  . .  

... 
I .  . .  . . .  
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I 

f,Jnc'=?on ? ( e )  s u s c  be monotonlc in the experimental range w i t h  values of x and 

blological mcchafiisms of actfon:  they appear t o  be metabolized t o  similar 

reactiva  ddr:vacivas shot interact  vtth IjlU and produce histoLogicnlly sinflar 

tumors at tho s i t s  of introduction (XARC 1983). 

simplo addicivo rolationrhip of tho Eut8gOnicity of s o o t  and addrd B [ a ] P .  

Schzplhl et &I. (1977) tostod B[a]P and Olo olxturr8 o f  carcinogrnic and weak or 

nonc~rcinogonic PUI. vhon,applied to tho back8 o f - d c o .  

shovn in Section V of this documont to bo prrdlctablr on tho b u i r  of 

additivity of &a08 of tho carci.~ogon:c mixture coqonont*. 

KA&n ot al. (1979) found a 

, I  

Tho tumor rsrponto is  

kruming simplo 

,similar action ( i . 0 . .  Qso additivity) for tho purporo of uyorsing tho caacor 

risk' o f  PAH aixturr8 soom# p l ~ w l b l o .  I 

2 .  * - 
Choosing b &80-?08p-a md.1 to  a 8 0 8 8  tho C.LLCOI: risk O f  P U S  t h A t  is 

assuptioris. 

inflwncr tho 

consistent with thrir bfologlcrl' wchurisma o f  action rrqufros soma important - 

a .  Carcfnat.aic PA% forr adducts v l t h  D!?A (SLU aud Crovor 1974). 

mi8 8- -8 fo b. @880ntid for tho P t - t i O f i  O f  PAIf-inducad 

neoplasia (-fa 1980, Woinrtoin e t  a1. 1978). 

sing10 do808 of B[a]P topically to fCR/?ia ofco and fouud a linoar rrlationship 

beweon tho eppliad bora and tho amomc of each of tho NO majot B(a)P-DNA 

Porofra o t  a1. (1979) a p p l i e d  



b. 

B[alp db.1 .pO%ib i8 a v~ll-ert.blirhad kta8.n in a v u i a t y  of mammalian 

(Navbold and Broahr 1976) ULd bact&ial (Eflamtadt a t  a1. 1982) syrtam. 

Harshall e t  8 1 .  (1984) h ~ v o  shown that traction of B[a]P I diol apoxid. h v m  



FiCLRE 1 - 1  

. 
BhlP-DNA Adduct 

(prnoL'm8 DNA) 
t 

' I  

rolationrhlp doplctod Is that of tho f o m t l o n  of eho & o x y w o r f n o  
adduct w i t h  (+)-bonzo(a]pyram diol epox lb  1, conribrod to bo tho mjor  
adduct forwd as woll u that r o s p o ~ i b l o  for bonto(aJpyrom'r carclnogoniclty. 

SOURCE: AdrfaoM8oM o t  a1. 1983. 

1 - 8  



1 

639 5 

- The ex t in t  of PAH-lnduced mutation has been found not  t o  dif fer  

s l p . f f i c a n t l y  a: equivalent lavels of DNA adduct formation f o r  several ?AYS 

t e s t e d  i n  V79 c a l l s  (Ulqley et al. 1979, Novbold e t  .I. 1977) .  I~buced  , 

mutation freqwncier  were rho- t o  bo l lnoar ly  rolated t o  DNA adduct levels in 

V79 ce l l s  at sublethal &res of B(aJP (Noubold e t  a1. '1979) u voll as i n  

DNA adducts thu appoars t o  cor ro i a t r  woll w i t h  induced mutation freqmncy ln  

ce l l s  undorgoiry ropl lcat ion (IUS 1983). 

col la  (Pahl e t  a t .  1981). Tho extoat to  which PAHI fom 

mco a c e l l  h u  und.rgono a c r i t i c a l  mutation, lt MY bo conr ib rod  to  bo 

inf t lo tod .  Borenblum urd Shubik'r (1947) o > u l y  sk in  p a i n t i q  shrdios 

demonatrated that O r p O m l r o  t0 UI f n i t i a t i q  agoat produced ch.11g.r i n  t i s sue  

tha t  porsfstod f o r  may month8 foUoviry t o r a i m t i o n  of exporuro. A socond 

mutational chango 1s thoryht t o  bo nocorrary boforo a p u t l a l l y  t r u u f o m o d  

c e l l  bocom8 fully 'mil-t (knd a t  a1. 1983).  Tho actual mchmirpr, 

involved i n  thoro c o l l u l u  o a n t 8  arm uakrmwa, but it is hypothorlzed t h a t  they 

fnvolvo oncogonor (Honninp o t  a1. 1983).  

\ .  

C .  'hro autatiOar are requitad f o r  PAH. t o  lnduco cancot. 
- 

Expot- .9jdonco appoarr to ' suppot t  tho urumptlon that a t  l ea s t  tvo 

mutatforu u a  -rod for PAii8 t o  induco cmcor .  Loo urd O'Noill (1971) 

applied B ( a J P  t o  tho b a c k  of a lb ino  mlco a t  in torva l r  of 2 ,  3 ,  or 4 &y8 until 

the death of iho anLou1 or u n t i l  ; r c r t f i co  a t  70 vooka. Tho nuoborr of 
.. .. 

* -  
. . .  , I  

. . . .  

1 - 9  



carcrnomas of =he skin were recorded and on :he basis o f  cheir r e s u l t s  che 

auchcrs cor.cl*Adcd, 

"It is certainlv n o t  m s s i b 1 . e  for  any inprzrgl 
v a l u  of 8 I i . e .  , power of dose1 b u t  2 t o  ba consfstant 
with 'the data so that if cha multistage mods1 of 
.Sriaitags a7d 3011 Ii156r vere true then benzopyrene af€eccs 
two stapes o f  the tamer p r ~ c a r a . ~  - 

assumptions about tho n ~ t u r o  of skin tumor initiation and promotion. 

U 8 u m p C i O n ~  pro&cod dffforont prodfctioru o f  tumor incidarrcrr expocted in  

Lnitiatfon/proootion and in~tiatfon/proootion/initiatlon b i o u r a y r .  Analysis 

of axfrting tumor data shovod thorn to bo fa agro.ruat w l t h  a two-rtrgo modo1 

biffsrmt 

proporod by Honninga and Ywpa (1985) .  rupportiq 4 ' roq~nt fa l .hmor  formation . 

hypothosir" and tho viow that initiatod co l lr  bocotr papi l lopu,  80- 00 which 

aro 8utonomo~ (a8 opporod t o  prOmotOr-&pOnd.nt), and can bocoma c a r t i n o r u  , 

(Colburn 1980).  
' 

Furthor support for tho m-rtaga modal i r  ptovldod by tho axporinmtr of 

Nottoshoin o t  a l .  (1987), who o~tporod rat tracho.1 opitholial  co l l s  to an 

alkylating agont 

of  c r l l r  that ~ n i f e r t o d  abortant grovth control, lort  thoir' rorpo~ivsnosr  to 

negativo growth regulatorr, and ultforrtoly oxpto8rod &a iruppropriato grovth 

U r d u  vim and wore ab10 to datoct a subpopulation 

factor roceptor go- in the neoplastic t r m r f o ~ t s .  

A doro-rorpo~uo .od.1 for. c a r c i n o g o ~ r t r  thit incorporator coli 

prol i fotat ioo purwulcr &-that ur-8 CIIICO~: is tho rasult o f  tvo diseroto, 

o b s o ~ a t i o m s .  l h a  t i 8 n u  grovth kinoticr aro tdmn into account, N o  stagor 
* 

are rufficiont to  gorurato'tho wholo rpoctrm of c-or incidonco curvor 

obrorvrd fn human populationr (xooigavkr and Kaudson 1981). In fact ,  whilo 

\ 

I 

c -  

c 
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I 

The -0-stago in te rpro ta t ion  of tho r a to ,o f  chuyo  o f  a8o-spocific , 

background cancor rat08 ovor t h o  i r  a180 a r o u o ~ b l o  hypothorfr. Rather than 

in te rpre t ing  tho rat. of ch&o u rolatod to  tho numbor of str8or required for 

carcinogonorir, u i r  ur-d by tho multirt.80 modal ( w l *  tho nuabor of 

I 

/ 

stagor &pondont upon c o l l  tlrpo), it cm bo viouod u tho growth rat. of  - 

p r r n o o p l u t i c  co l la .  Thir in torpro ta t ion  door uot roquirr chat 4 difforent  

\ 

l o v  m m r  ram in tirrrur that havo low g r i m  ra to r ,  8uch ar wnro c o i l s .  

1 Two molecular rtagrr of carcinogonorfr should not bo confwod with  

morphoiogicai stagor of tumor &volopmont , although so01 corrarpond.nco may 

I - l l -  



Tho evidance discussed above t h w  supports the asrqtion that  in tho case 

o f  carcinogenic Pus, the p a p i l h m r  that appear after b-1 application u i n g  

an initiation-propotion protocol !my bo conribrod to bo n o a l i m n t  and t o  

requit. furthor mutation t o  bocom malignant. 

In tho noxt soction, thoro usunptiolu aro u o d  t o  support tho w e  of a 

s h p h  tm-stago - 6 1  of PAH-inducod carcinogonoair, in which tho rat. of 

adafnistered do80 of tho PAH; tho ratio8 of tho oxpoauto-&pon&nt atation 

rator to tho background rat. a t .  tho s a  for both rtrgor (vhich is rouo&lo 

if  tho mrtationr ariro from tho SA -0 of adduct). 

truuition bopoon stagor (mutation) ir liruariy . proportiorul to tho 

\ 
I 

A two-stago modo1 of carcinogonoris h u  boon proporod by Moolgavlur, 

Venton and Knudroa (1979, 1981). Thir modo1 ir dopictod in F i g u o  1 - 2 .  

According t o  tho -1, tho population of eo118 at rirk i a  proifforating collr, 

ofton roforrod to u r t u  collr. Stom colla aro thoro from which mort othor 

C O l h  in an o r p a  aria.. &o a s t o a  coll h u  difforontiatod and loft tho pool 

-of proliforat- colla i t  i s  no longor ruacoptiblo to horitablo altorationr of 

its DNA. A m, rurcoptiblo stoa coll MY do o m  of rovoral things. It may 

divido into 

arutation a t  a critical r i t o  that rorultr in formation of a proruoplartic Or 

-tor r t u  collr, torni~ily difforontiata, dio ,  or u'br80 

intermodiato co l l .  A prenooplartic coll h u  unbrgono / 

on. of tho changor 

1 - 1 2 .  . 
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I .  , 

necessary z o  become a cancer cell but is not yet cancerous. n e  preneoplasc~c I 

I 

cell may, in t u n ,  d f v i d a  f n m  -0 daughter preneoplastic celis, differentiate, 

d ie ,  o r  undargo fur ther  mutation at another c r i ? i c a l  s i t e  t o  pt3euce 

cancerow.col1. Tho cmcerour c e l l  will, a f t e r  a sufficient length of tirno, 

divida into &nough c e l l s  tha t  it becomos a d a t e c t a b l e - t w r .  All of theso 

processes can bo described mathematicallv by postulating spec i f ic  ' 

exposure-depondant ra te8 fo r  tho c o l l  chulg.8. Hoolgavlur .nd Knubon (19,al)  

shovod t h a t  t o  A Cl080 approximation, the ago-rpocific hrwr r a t e ' a t  ti- t for  

tho i r  nto-stag. modal may bo exprO8r.d u: 

- 

'M0 - t r ans i t i on  r ~ t o  from s t o a  to pronooplu t ic  c o l i :  

3 , - t r a n s i t i o n  r ~ t o  from p r o r u o p l u t i c  to CI~ICO~OU. c o l i ;  

C o ( v )  - number of surcopt iblo stom cells per indiviQ.1 t ~ r g o t  o r g a n a t  
Age V; 

B - b i r t h  rate or rat. of c o l i  p ro l i fora t ion  of p r o ~ o p l w t i c  c e l l s ;  
8nd , 

. .  D - &a& rate of p r e n a o p l u t i c  cells. 

.. 

I 

. \  
. .  . .  

. .  

1 . .~ I -  
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i 

Using c h i s  carcinogenesis model, Xoolgavkar and Knudson.fL981) 

suciessftilly &scribed CL: e x p l a i n e d  'such phar,omer.a a s  

- ho,nnoaali~ inf luenced changes i n  breast cancer r a t e s  : 

t+a  resul ts  of ini ciatfon-promoe:on-expa~im~nca far m i t i p i e  
3gtn:s ; 

. 0 ch.ng.8 i n  respiratory C.1LC8r rat88 a88ociated w i t h  variable 
smoking patt.8ms: and 

the f a c t  tha t  fo r  huP.n C A r C i m W ,  tho .agO-Sp8CifiC 
inc ibnco  rat88 increaro roughly with tho fourth t o  th8  sovanth 
powar o f  ago. 

Tho HOOlg~Vhr-hubOn -61  f i  t h u  mor8 g8Mr.l in appl fc .b i l f ty  t h a  th8 

Amitago-Doli mod.1, which V.8 b v 8 h p o d  rpocff ical ly  f o r  cucinop.8 i n  

, I  epf th4u.1 Calls and pr8diCt8 & ag.-8pOCifiC f l l r i b n C 8  a p p r o x k t r l y  

proporc t o  tk-', vh.78 k i 8  tho u r w d  &or of stagor. 
_r I 

The biological  p t O C & ~ 8 8 8  darcribod by 8qrution (1-2)  cur bo a f f r c t e d  by 

t h8  level of exporurr t o  carcinogenic agents, .ILd aro mora lilulp t o  occur as 

the length of exporuro incr ra ror ;  u ' a  r o r u l t ,  choy u o  8xporuro a d  tima 

dependant. Thorrluad 8 t  a1. (1987) b o  b8crib.d .II 8xporuro- arrd 

th-,d.p.nd.ne vorrion of tho 0061. In tho context of biological  erchanisor 

of corcinogonorfr, th. 0061 cur  bo urod to  prodlce tha r i r k  of agOnt8 that  

exort their  offocta in 8 numbor of di f foront  vayr. Mutation-LnQcfng 

F n f t h t i a g  qanta vlourd affoct. tho tramition r8toa bonnon c o l l  stag08 (no o r  

HI), vhi lo  m t f n s  agoatr MY i n c r o u o  tho pro l i fo ta t ion  r a t o  of 

preneophmtic colla ( l n c r o u i r y  B without affoct ing 0 ) .  Cocarcinogonr m y  

fncreaso tho p r o l ~ f o r 8 t i o n  rat. of n o r m i  reom c o l l r  (C,), thoreby increarin8 

the s l z e  o f  tho ta rgot  f o r  i n i t i a t i n g  agents._ Inhib i tors  could romov8 c a l l s  

\ I 

, 

. ,  

I 

. .- .I-l5 . 



-urnor rates a t  v e r y  high expsrirnontal doses are  of ten  13vcr then 
ar lover  dcses, 2veT. after adjutting fo r  d i f fe renr id i  nortalLcy, ' 

.IS a result of h i g h - d o s e  t o x i c i t y  t o  stem and prrnooplostlc ceilr: 

exporur. t o  multiple carcinogaa. can dfvo UX8gOnl8tlC, edditivr,  
mult ipl ic8t iva,  o r  supOr-~~l t lp1fCat fV@ tumor ra t0  respomes by 
affoct lng d l f f r r en t  modal p a r m t o r r ;  

ma m l t i r t a g a  modal p r o v i b s  no s a t i r f a c t o r p  e&l.nr t ioa f o r  m y  of 

obsemat lom.  

j 

Basad on tha a v l b a c o  prosontod a a r l i o r ,  tho tro-stag. 0061 is a u a f u l  

approach f o r  a r t l a a t l r y  tho curca r . r i sk  urociatrd with axporuto tp B(e]P. 

ufthout ht . rmodiuy u p o r h o n k 1  informtiou .bout c o l l  stagor and differences 

i n  0WorurO 

background .01 upomaro-bducad mutation r a t o r  for p r a n ~ o p l u t i c  uld 

bfoasray,  not CQI th. r o l a t i v r  t r a n s i t i o n  r a t a r  chat corrospond to  each stage 

bo l d rn t f f lod .  Vh.t can bo a r t f ~ t a d  from biouray data aro  tw 

t h ,  ha r ro r r ,  'ft fr not porriblo t o  o r t k t o  tha f n d f v i d u l  

t ruufo-4 alia ur- tamor rate data / from a standard animal carcinogonorir 

expoaura-inducod ro la t iva-  t r a n s i t i o n  ra ta8  and a background t r a m i t i o n  tat.  . 

1-16  . .  
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* .  
' , ,  

. -  

I n  the ,absence of' i n fo rma t ion  t o  :he C.ontrary, :he assumpcfon can be sade :hac 

?he cransitiorl rates from normal t o  praneoplascic' and preneoplastic . t o .  ' 

cancerow collr are cq?ul!.y ILkcl-y, whic,h could. scccr i f  ch0 autotiGnu 

. .  

. .  
' 

. - cau&d.tho , t r . n r f o m t i o n s  resul t& from the' samo cype of DNA adduct.. If these-  . . , -  
1 .  . .. I 

' transition rate; are  linear .functions of dose (vhich is Likoly. a t  low doses), -. 

' ' they may be expr'essed.as 
. .  - .+ Box' and f41 = a1 + Bl 'x  vhoro a fs the  

. 1  

I 
background t r u i r i t i o n  rat. a d ' B  is. tho PAH-fnduc;d, t r u u i t f o n  rate par unit of ' . 

fnfluoncfng tho background t r u ) s i t i o n  rator and tho 'PW-inducod t i m i t i o n  

. .  

, .  
OXpOlutO :for a a h  Stag.. . I t  fs'~rOrsOnrbl0 t o  ,a88- *,at tho factors ,  . . 

. .  . 
. . :. rates havo tho .~ . r a ,m~~ro la t ivo  ef,foc't~vorios8 f o r  each stag). Under this 

. .  . 

_ .  , 
. .  

, Promotional effoctr r o r u l t  from mrl t ip lo  molecular f n t o r a t i o m .  A. a 

result,  tho growth rat. of p ronoop lu t i c  c o l l r  C a t  lov doroa is v i r t l u i l y  

fndopendont of exporuro lovol so that C - B - D. If this u 8 W t i O n  is 

v io la t ed  a t  highor d0808,'tho shapo of tho CUNO vi11 h v o  groator c w a t u r e  

than quadratic, and tho quadratic modal vi11 bo rojoctod. Final ly ,  as a f i r s t  

approximation it 18 urtrwd that tho MIPbor of rtom c d l 8  p o r t - ~ n u i t y ,  Cg(v), - 
is r e l a t i v o l y  conatant and MY bo t&on t o  bo unity (i..., Cg(v) = Co = - 1). 

- I  

Subr t i t u t ing  thoro ortprorrioru [C,  M, S,  Co(v)] into o q u t i o n  ( 1 - 2 )  and * ' 
-, 

in togra t ing  yioldr a crarlativo h a r d  function H(x, t ) ,  'so that tho probabili ty 

t h a t  W r  d l 1  d.erlOp t h  t a8 a r08ult of O x p O 8 l U O  t o  level of 

1 
gonotoxic a ~ +  x c m  bo urpro8rod ad: - 

vhoro 

K - background .tumor rat. paramotor: 

. ,  
. I  

. .  . 1-17, \ .  
: > 

. ,  . .  

. .  . , 



S - fractional increase i n . t h e  t ransi t ion rate  beween cell s t a g e s  per 
unit 'dose,  assumed t o  be che'same for  each s tage;  

C - B - *D and fs . t h e  .'?xpnsllra-?ndepcndent Sro- rate; of' . .  pr.eneop:astfc 
. I  

. .  ' I co l l a ;  and 

The level  of x a t - t h e  target  t i s sue  Ls assmrd  t o  be d i rec t ly  re la ted to the 

a b f n i s t e r e d  doso, bared on observations of e x p e r b n t a  dfacwsed e a r l i e r  i n  

vhich tho rat. of fomution of tho major B[a]P diol opoxib-DU adduct was 

found to  bo linearly re lated v i t h  rerpoct t o  do80 in  tho forestomch,  lung, and 

skin (Pereira e t  a1. 19791 Adriaarusem o f  a1. 1983). 

- 

. .  , 

, .  

: , . 
. -  

_ .  

Th. -1 c(;r bo f i t h d  t o  d ~ i a  from UI oxporla~nt in which only on. 
0- poup oxhfbitod a p o r i t i w  rorponro. 

Tha 0061 h;r only eVo par.ootorr t h a t  h4-m to  bo O r t h t O d ,  so t ha t  X2 
goodnerr-of-fit t O 8 t S  can bo nm on tho data from the r turd.rd bioassay 
v l t h  om cont ro l  and tvo expor_uro groupr. 

A s t a b l e  point o r t i ~ t r  of risk can bo obtafnad d i r o c t l y .  , 



0 The matbematical f o r a  of  !he model foilovs d i r e c t l y  from vhat  is 
currently the moit  widely accepted hypOth99iS,of :he'mechanisms of 
cedccr imicetion. 

0 -  Tho pa0de.1 is consistent 31th  the mechanism of cumorigencsts for Sia]P 
and other PAHs. 

. 
\ 

It should be m t e d  that  equation (1-6) 1s also a res t r ic ted  fom of the 

~ m i t a g e - D o l l  ( 1 9 5 ~ )  Bodei, vi& :heir two otagos affected proportionally by 

the carcinogen and diff9r ing only in tho i r  depondanca on e. .It fs not possible 

to distinguish boevoon tho Armitago-bll (1954) modo1 and tho tvo-stago model 

discussed hore on tho basis  o f ' t h o  churgo ovor t i m e ,  un1.88 UI integer pover of 

t is inconristont w i t h  tho data. In  such a C U O ,  tho m i t a g o - h l l  (1954) 

modo1 would bo rejoctod. 

Tho assumption that tho p a t . ~ . t o r s  A urd 9 in  oqrution (1 -6 )  are groator ' 

than doro a v o i b  many of tho disadvantagor of tho l lnoari tod m l t i s t a g o  w61 

and a8 a r e s u l t ,  oqrution (1 -3 )  or  (1-4) cur 'bo urod t o  dorivo s tablo point 

estlmatea of lov-doso r iak .  Such ostiMtor aro b r i v o d  f o r  B(a]P i n  Soction 11 

and f o r  other  P u r  i n  Soction 111. 

5 .  

I n  th is  soction, a mothod for obtaining rolat ivo cucinogonic  potoncy 

estimates f o r  PACI. 1. dotivod. This mothod is &pendant upon tho s t ruc tura l  

form of tho doae-ro.poara modal dovalopod for B(a]P. , Dotivation of rolativo 

-potency o a t b e 0 8  roquiror that point ortiMtor of r i s k  bo obtainod becaw. _ -  

upper bo& 0 rlrk cranot be cooparod. For thoro r o a s o ~ ,  point ostinatos of 

r i s k  wero dotirrd by f i t t i q  o q u t i o n  (1-4) t o  doro-rorpomo data fo r  various 

PAHI ( ~ o c t i o n  1111. n o  point  o s t i l u t o s  voro coaparod to  tho corrorponding 

. .  
- ,  . .  



P(y,) - l-sxp-A(l + SR y ) 2  J - 1 ,2 ,  . . . , a  
for tho l th carcinogonic P U ,  PI)Iaro x fs tho B(a]P O%p08=. lovol md yj f8 th. 

exporuto loval for tho jth P U  (in tho 1.w rtnftr). 

1 J  
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independent o f  animal : e s t  sys:em z s e d .  a r e  obta ined  from che r a t i o  a f  :he 

e s t i m t e s  f o r  SR and S ,  determined fqGU the  j:h ?AH and Biaj?, r e r p e c t i ~ e l y .  

Fox many easc s y s c a ~ ~ ,  cne n r g n e s t  dose may be the l e a s t  r e l e v a n t  f o r  

j I 

;letemicing potency duc :o d c u ~ e  r c , : : i = f t y ,  - 
mechanisms, cqd/t3r s i tura t i3n  of  metabolism I 

,actPration of c e l l  pral i fe ta t ton 

or l o c a l  penetration. men the 
- 

highest dose yields a l e v e l  chat is inconsistent with the a s s u e d  dose-respons 

model, i t  vi11 not bo used i n  estimating tho paramotorr. In  other s i t u t i o n s ,  

only a s ingle  doso levo1 fo r  B[a]P my bo available. In  this c u e ,  if B ( a ] P  

giver a high responso, a more stab10 e 8 t b 8 t O  my'ba obtainod by simply using 

tha PAH exposure level  that giver tho c loror t  rorponro rat. t o  that  of B(aJP 

sinco such a procedure i s  indopondont of any arrumd paramatric do80-re8pOnrO 

r e l a t iomhip .  Won whon a control  v a l w  and a rfnglo rorponro for  B(a]P and 

tho j t h  carcinogonic PAH are tho only valrur  a v a i h b i o ,  i t , ir  po8Sfblo t o  

obtain an e r t i m t o  of tho r e l a t ivo  potency.' To b a o n s t r a t o  how such e s t i m t e s  

can ba obtainod, conridor tho followin8 llmitod rorponra, data: 

\ I 

* -  

I 

e .  

,- 

0 ro/no Control 

ar.1p X r/n , 

m p A n  : Y, 

E s t l m a t o  for tho r o l a t i v ~  potencies cui bo obtainod by equating the 

obsomod rat. Vith the function rorponro. This r o r u l t r  in tho equations 

I 1 - 2 1  
- .  .,. ._ . . .I i' ;,,.., . . .. 

.. . .  , 



In the ne%t section, c.1Iclr risk ertb.tor aro brivrd for 

- ingestion and inhilation exporuro t o  B(a]P. In Soction 111, tho rrlative 

potency valuor (Rj) . aro estimated for roloctod P& that aro likely t o  bo 

encountered in tha o m i r o ~ n t .  ' 

\ 

, 
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I n  t h i s  chapter, un i t  cancer risks f o r B [ a ] P  are obtained by applying che 

dose . r sspOM0 model for PAHs derived . i n  the previous chapter t o  t u o r  bioassay 
' 

- 
data follovfrlg ingestion o r  i n h a l a t i o n  exposure. 

1. D o s e - U e  R- fa 
I 

to B- 

Two studies vere idont i f iod i n  which 8(A]P-vas administorod orally t o  

animals. IF may a lso  bo possiblo t o  estimate ingostion r i s k  on tho basis of 

tho &so of  B(a]P svallovod as  a resul't of mtcociliary cloarmco folloving 

inhalation exposure. 

I 

. ,  . .  
. . .  .~ 

< 

. . .  . .  

.-1.l Triolo at a1. (1977) . 

As par t  of  a study t o  fnvortigato tho tumorigoniciy of  B[a]P and tho 

, inducibility of a r y l  hydrocarbon hydroxyluo in t a rgot  aad nontargot t issues  f n  

the mowo, Triolo e t  a1. (1977) admini8tor.d d io t r  containing 0 ,  0.2,  o r  0 . 3  mg 

B(a]P per gram food to groupr of niru fomalo Ha/ICB alco for 12 voelu. Animals 

weto 9 v o o h  of ago a t  tho start of troatmont. M t o r  12 voob  of treatment, 
- \ 

. animals voro sacrific~d-urd foror tomacb,  l i v o r r ,  a luagr voro reeovod for  

gross ~ c r o s c o p i c  obrorqation. P a p i l l o r u  m r o  obromod in th; forestomach: 

relationship o&orad in tho f o r o 8 t o ~ c h .  

the dor iva t ioa  of rait cancot r i s k  f o r  ingostion of B(a]P duo to tho small 
i 

number of a n h h  u o d  and l t r  b r i o f  duration. Doriving. a unit r i s k  would be 



I 

iABLE II-L 

DOSE-RESPONSE RElAIIONSHIP BETWEW DIETARY s ( A ] P  ADHINISmTION 
AND FORESTOMACH TUHOR FORKATION IN MICE 

---_I_----- 

Dose Effective No. - Xtce with, No. o f  Tuaors 
(mug food) of Nice Tumors ( 8 )  por Uowo - 

0' 
0 . 2  , 
0 . 3  

9 ,  0 

9 - .  100 
9 67 

0 
1.8 
4 . 0  

i . .  

of interest for tho purposar of comparlron, howover, urd should bo porformod 

vhan rosourco~ permit. 
I 

1 . 2  Noal and Rigdon (1967) I 

The carcinogenicity of B ( a ] P  via ln~or t ion  h.r a180 boon imtest ig~tod La a 
, 

. soriom of exporiamntr conductid by Noal and Rldgon (1967) .ad Rigdon md &ha1 
I 

(1966 ,  1 9 6 9 ) .  Tho 008t pronouncod do8r-rorpo~o rolatlonahip obtafnod undor 

roaronrbly conrfrtont condition# V u  ob8orP.d in tho No41 .nd BI@on (1967) 
/ 

study. Tho results of  th18 oacporiment uo rrproductod in Tablo 11-2 .  Tho end 

point in thlr study v u  oithor a papilloar or A rQuusow c ~ l l ~ c a r c i n o m  in the 

forortomach (rquuoru portion of th. rtMlah),  although ?quamow c a l l  

carcinoau voro f.r mor. coma.  

o.tiv8tiOE of w - 
As Tabla I f 4  indicator, Nod and Rigdon (1967) omployrd m unwurrl 

protocol in 

duration of oxporurr v u i r d .  

Section I v u  qwdfflrd to account for th.8. v 8 r i ~ b l o r .  

th. t h r  of In i t ia l  urd f fM1 oxp08utor and thw tho 

Tho cancrr &~8r-rorponro wdd &rived in 
- 

7 
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, T U L E  11-2 
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> 

FORESTOUCH TUMORS IN ~ L L L  C L P  B E N Z U ( a J P m E  -- 
Number vith 

?I1 11 f grains Sumber Farestcmacl, 
of BIaJP per ot' days Age k i l l e d  Facrs . ( d a y s ) ,  - 'prao of food fed a [ a ] ~  

EXQcsOd 

(in days) Number of .?ice , ------- 
A . A  - -  

3 0  I 

30 . 
116 

- 33-101 
31-71 
17-22  
20 -24  - 
18-20 
49 
56 
49 
6 2  , 
49 , 
9 1  

n 74 
48 
98-180 

33-67 

0.001 
0.01 
0 . 0 2  
0 .03  
0.06  
0.065 

0.10 
0 . 2 5  
0 . 2 s  
0 . 2 s  
0 . 2 s  
0 . 2 s  
0 . 2 s  
0 . 2 5  
0.10 
0.10 
5 . 0  

. 0.09 I 

- -  
1 lo 
11.0 
110 
110 

I .  

1/23 ' 

110 
110 
107-197 '1 i 

19/23 
.66/73 
O/lO 
1 /9  
1/10 ' 

6/9 
3/10 

26/26  
0/10 

12 /18  
17/33 

2 ' * '  

64 - 
. 5  

. 7  
. 30 

7 
30' 
1 

\ .  

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

k 

. - .  
I I -  

.~ - 
' . '  

1 1 - 3  

I '  

,.I. 

... . , .  . . . 
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Substi:*Jcing aquaciori ( 1 1 - 3 )  i n t o  e q u c i o n  (11-2) and i n t e g r a t i n g  y i e i d s  an 
e x p l i c i t  equation f o r  the hazard r a t e  of  the  form: 

, .  
. 

The'ckulative h a r d  can bo daflnod u tho sum o f  tho hazards from time 

zero until t or, in mathematical notation, 

t 
I 

(II-S).. 

Subrt&tuting equation (11-4) into equation (11-5) .ad intograting 8fVOr m 

axprosrion for tho ctrmrlativo huard of tho fom: 

. 

7 (b.) 
+- 

[OW C ( t - tr ) - 1 -C ( t - t, ) ] t,<t 

c' 
1 

( 11 -6 ) .  

I 

. .  

11-5  

. , . -  



t8<t +- - 
2 E . -  

n . I  

CH 
(11-9):  



. . 

. .  . .  . v - w  u -  
. . .  

The cancei.risk in che' abserice of.compctfng mortality,by tfmc't is. by 

, d e , f i n i t i o n ,  

. , .  

. 
Application of Model eo D.ta 

,- 

R:o Neai and Rigdon i l 9 e ; )  ingestion 6ioassay of  B ( a j P  had a nunbar af - - -  

o t h e r  pecul ia r i t for  as8ociatod vfth It that mako it difficult to f i t  m y  doss- - 

rerponso modal t o  tho tumor lncfdonco data. Anon8 tho mor. w o r t a t  ware: 

, 0 A h i a m r  raspom. rat. ' v u  obtainod at UI oxporuro lovol of 0.02 ppm 
, t h m  a t  0.03 o r  0.04 ppm. 

0 A very sharp fncrearo In tho rorpomo ra t0  o c c m o d  a t  lovolr of 0.045 
t o  0.0s ppm. 

0 Tho highor exposuro groups havo a rospomo rato that appoars t o  roach a 
p 1 a t 0.U. 

< 

. .  

Previoua attompts t o  uao UI O X t O M f V .  par t  of thoro data t o  dofino a dore- _ _  

rosponao ro la t ionrh ip  f o r  B(a]P have boon w u c c o r r f u l .  For o u n p t o ,  In tho 

EPA watot  q u a l i t y  Qcumntr f o r  B[a]P, a11 oxporuro 10~018 groator thm 
- 

- 

0.045 ppm woro d i s c u b d  r inco  tho data did not f i t  tho rt.nd.rd Global ' 

multistage, modaliry procoduror. 

doscribo tho doaa-ro.ponro ro la t ionrh ip  f o r  tho iqortion o f  B[a]P and t u o r  

fncfdenc. for oxpoauro group, e r t f ~ t o r  f o r  oach of tho oxporuro varLables 

m u s t  be ordr. sfnco th. 4 0  a t  i n i t i a l  oxporuro, Quatiou of oxposuro, and ago 

a t  sacrifico vulod rithin rovoral of tho oxporuro groups, tho c-or risks due 

t o  B(a]P exporuro f o r  oach . n h l  variod within tho groupr. &a a f i r i t  
I 

I .  

. .  



/ 

a p p r o x i z a c i o n  f o r  these exposure :rariables,  

exposed t o  crib- of  ;vh exposure ?&.e:sms: 

, .  
each mouse vas assumed t o  be 

From the data 

. one meuse v u  

p a t t e r n .  In 

rho- i n  Table 1 1 - 3 ,  it can bo logic811p inferred tha t  a i  l e a s t  -- - 

actual ly  exposed t o  each of tho Olo hypothosized exposure 

tho &.once o f  information to  tho contrary,  ono-k i f  of the mica 

i n  each exposure group aro assmod to  havo boon ew'oaod t o  each expoaurr 

pat tern.  Using thir a88rt~peion, tho cancer risk for urp randomly rolectod ' 

mu0 in an oxporuro group f s  equal t o  ow-ha l f  tho 8- of tho r i r b  f o r  

animals rrcolving r8ch of tho oxpoauro pdt tomr .  Thf8 rolaeionrhip my bo 

exprossod a8: 

< 

. 

/ 

. .  

' where tho nuaeric8i rubocr$pt8 tndic8to o m  o f  . t w o  oxpoauro scorurioa and the 
_ I  

hazard fuactfon a(%) v o  doffnod fa oquaefon (11-6). 

Using tho Ouhuw U k d i h o o d  mothod, tho elat. in Tablo 11-2 ,  and tho , 

assumption t h ~ t  tha -8 u o  incidantai, tho p u . w e o t 8  in tho hypotherizod 

risk oqurrelon cam k o a t h e r d  u o u t l i m d  in G u t  o t  81. (1986, pg. 125, 

s ec t ion  iii). 

rum~ng'iaart-fittiry wd.1 tu tho par r# to l r  o ? t h t o a  

2 4, C - 0.194, and ,$' - 0.2142, which roauler in a crtnulativo h u a r d  

function of tho tors: 

. -  11-8 
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' ' T A B U  I I - 3 -  

VIAAIABLE EXPOSURE n m  USED TO ESTT-XATE P-TERS IN , . 
THE .INGESTTON WSE-RESPONSE XODEL FOR BIaiP 

Number o f  fore-  - Age sacriffcad Nuabet of stomch t w r s .  

30s. A g e  firse ! Last ex?ored) animals 
(mug food) exposed (days) (days exposed 

ObreW6d Expacteda n t X t s 
. I  

0.030 

-0.001 

I . I  

0 0.000 300 289 .- 
/ 

' 0  0.002 ,140 25 30 

0.01 

0.02 

30 

116 

140 I 

226 

24 

23 

37 . .  

9 0.232. I .  

1. 0.875 

0.03  . 33 
67 

143 ,- 

177 
0 -.. . 3.091 

5.746 
a 

- 0.04  33 
. 101 

143 
211 

40 1 '  

9.045 I 

J . ,  

40 . ,4 * 7.560 31  ' ' 161. 
71 iai . 

17 / .  . ' 124 
< ,  

-34, ' .  - '  26 ' .  19.692. 
' 219 . .  22 

* 0.05 

0.10 , , 

0.25  

20 
26 

118 ' 23 
146 

a8 73 
18s 

19 

66 

14.220. 

18. 
20 

64.259 

. .  . .  

L'- - . .  

11-9 
. .  

. .  



H(x,cs;c) - 5 . 6 9 5  x 2  - I e x p [ 0 . ' 1 9 G ( t - t S ) ]  - 1 - 0.19&(c-t ) J  
s 

I?CSQLCS the ttnusual c h a r a e + w i 9 t f c s  of t h e  data and axpari~ental protocol, t h i s  

mrthsmaticrl md.1 gives a statistically adeqtuto fit (i..., tho resulting x 2 

has a p valw greatat than 0 . 0 1 ,  Qhich is the criterion G a d '  for tbe mlt is tago  

model by EPi). This fit is ihowt in Tablo 11-3 and ha8 a w2-17.1155 uich eight 

degrees of freedom and a p 4 . 0 2 9 .  

Tho rorulting modo1 is  qudratic'uul will bo u r - d  to bo valid over thb 

, longmt exporuro duration employed for a group o f  anisrrlr, wt is, 
t-t,-(219-22)/7-28.143 wooks. 

Lncompatiblb w i t h  incrouoa in  ago-spocific cancor death rat08 that h ~ v o  beon 

obsorvod sinco it tPpllor that tho rat08 ar0 incroulry at about tho 15ch to 

1 6 t h  povorr o f  a60 (rinco h(t)-axp Ct-1 - a tl'*'). Tho80 rat08 aro groator 

than tho highort known, which is that for hums proatat. c ~ n c o t  (k-13). 

for k aro wur l ly  bomoon 3 and 5. 

exporuro duration8 to  A f u l l  l i f o t h  (from 28.143 wooka to  .n uruaod lifespan 

Howovor, tho p u - t o r  valw for C ,  0.194,  is . 
\ 

I 

> 

V 8 l W 8  

'Ihw to oxtrapolru tho partial lifetino 

I 

of 104 vooka), tho standard &PA tb.  corroction factor of t 3 e l l  bo employed. 

This tim corroction factor is contrmrotaial, hthougta rinco it is consistent 

w i t h  EPA's standard procodurm8, it Vi11 bo wad horo. 

by obtaining a coafficSont fer tho q u a d r A t i C  term in tho b u d  function and 

extrapolatiq it to 106 m a b ,  ur-iw oxporurr w u  coruta.nt-fror tSA t o  

Thi8 corroction fs lard. 

/ 

. t-28.143  WOO^^. TIM h u u d  bf 2 8 . 1  waob VU 

H(x,0,28.143) - 1,307.44 x 2 

Extrapolatiry to 104 wo&a can bo ~chiovad by multiplying tho hazard at . 

2 8 . 1  weoka by tho factor (104/28.113) '-SO. 4 6 ,  thoroby obtaining a quadratic 
\ 

tern of (1,307.4A)(50.46)=6S,979.71 x 2 for a full  l l f O t i r r .  aXpO8UO to B ( a 1 P .  

11-10 
, -  
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Aichough a i s  is the best-fftcing dose-response \ modal mathematically. 

taking a 4  implies chat the background tumor race is zero and that a l inear 

tern do08 rmt oxfst in the model. In r-alfty, a background t;rmgr rate m u \ :  

exist and u a result. so must a lhaar term. The model can be modified by 

obtaining thr largest possible  a that is not statistically different from the 

best-fitting model at the 959 level. Thlr aodlflcatlon results in the 

folloving parametor est+tos: 

702 - 3.683~10-~, 
7B2 - 0 . 2 7 3 9 ,  and 

G - 0.1589. 

Y 

I Substituting theso.valwr Into tho cuaulativo h u a r d  function In which expoaure 

exprorrion: / 

Is conridorod t o  bo continuour from 0 t o  28.143 vaokr rorultr 1 

in the numrical 

. .  

H(x, 0.28.143) = 1.19638~10-~ + 0 :  65248% + 889. 6 h 2 .  

To extrapolato to a full lifotfp., tha s.# corroction factor w o d  oarlfer of 

(104/28.14)3=50.46 c u r  bo multipliad by tho abovo oxprerrion to obtain the 
t 

‘relatiomhip: ’ 

H(x,O,lOO) = 6.037~10’~ + 32.9246. + 44,861.- 2 ,  . I 

Co~or8ioo of o+.ruo Wta to w d & y  cam bo achiotnd by multiplying 
to each t o m  in eb. p01m.l by tho factor 0.00769k ( l . a . ,  mrltiply by 

convort f r a  #.to 

weight that it coIutlwr in food pot day), vhoro k ir tho dagroo of tho term in 

food,urh-divid. by 0.13, tho fraction of a oow~’r body 

the P o l F O p l i a l .  miry thir  couvor8ion rorultr in a cumulativa huard function 

for mica in tima o f  w h y  oxporuro of tho numerical form: 

I 

. -  
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A f i n a l  adjustment for differences i n  surface ares brweerr i7ac ies  is 

required to  obtain an expression f?r huanan exposure i n  te- of m@e/&y and 

in order to-be consis tent  with current r i s k  assessment mothodology. lo,,- 

dose l inear  term f o r  humans is t h a :  

, 3 --- 
H(x,0,70) - 0 .2533  / 70 /0 .034  x - 3 . 2 2 ~  ["g/LS/dayJ-l. 

I 

. .  

' This tom is  a function of exposuro lovol x and inc1ud.r tho unit r i s k  estimte 

.for B[a]P ingostion gonorAted from this data sot .  

An indopendant chock of tho mob1 could _ I  bo 0bt.in.d vhon rorourcos p o m i t  

by using tho data from tho s h o r t - t o m  exposuro groups (1.0 Tal; 11-2 ) .  If tho , '  responses predictad using tho modal voro conris tont  w i t h  thoro obsorvod for 

thoro groups, thoy could bo incorporatod in to  tho o r t h e a s  of oodal 

p a r a t o r s .  
- 

\ 

5 

, 

1.3  Thysren e t  a1. (1981) , 

It bo p o 8 S i b h  t o  obtain ur lngostion rirk for B(a]P basod on tho 

inhalat ion b i O u 8 q  conducted by Thyrron of a1. (1981) th.t is doscribod fn 

&tail  as tho b u i r  f a t  tho inhalat ion unit r l r k  fo r  B(a]P in Soctlon 11 .2 .  

Doin# so vould roquiro o a t k r t l r y  tho dooo of B(a]P rocolvrd by tho digostivo 

tract of tha -.ad h...torr. Sovoral of tho hurtorr dovolopod oxporuto- 

re1at.d 

prosumably h 1 O p . d  u a rosult of  oxpoourr to B(a]P that vas rvallovod 

folloving mrcocfliug c l o u m c o .  By U i r y  a nu~bor of arrumptionr, soveral  

obsorvatioru in ,  tho l l t o r a n u o  cur  bo combinod t o  obtafn o r t l ~ t o s  of tho doses . 

la eh. I-, o s 0 p h . g ~ .  ulc~ f o r o r t ~ ~ c h .  ~hrso tumors 

I 
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.I 

, -  L. 3 .  I E s t l ~ t e  Administered Dose 

In tba i>ysren e: al. iL?8 i )  scudy, cho authors es t fmoted  cSe total 

administored dores of B(a]P recefved by oach exporuro group based on the 

avorag. concontration of B[a]P i n  air, tho avorag. longth of survival of each 

group, and humtor ainuto voltma of 110 a1 air/Pinuto. Iho r r su l t ing  

e X p O 8 U O  O b t h t 0 8  Were a8 f O l l O W S :  

. .  

Croup - 
1 ' %  

2 
3 
4 

Avetago - 
~ x p o r u r o  LOVOL. (mg/m3) 

0 
2.2 
9.5 

4 6 . 5  

Tho o r ig ina l  oxporuro and pathology data h.tn boon o b k l r u d  from tho authors 

and could bo r o a ~ l g t o d  on an fndividual animal b u i r .  Thoro t o t a l  avorag. 

administorod doror should bo adjurtod upon complotion o f  rucb .II umlyr i s .  

Tho actual &moa m i v o d  by oach hamator can bo o r t h e a d  by dotomining 

,tho t o t a l  rupkatory tract doporit ion of tho B[a]P aororol.' Total rospiratorv , 

tract dopeat- o i  p a r t i c l o r  daponb upon tho riro o f  tho par t ic lor .  B[aIP 

war admlnfstorod an 8 rodium chlor ida aororol  w i t h  p a r t i c l o r  aizo 0 .2 -0 .5  u 

(80Q of  which -voro bo&n 0.2-0.3 1).  Total rorp i ra tory  tract b p o r i t i o n  o f  
I 

, 



hamster by Raab'ec a l .  ( 1 9 7 7 )  and Yeh e t  al. (19801, and is surPmarizcd in 

kmszer resSttacory tract. IC, i s  possible that deposition increaser fori lower- 

p a r t i c l a  s i z e s ;  bowover, by atd .ogy  co obrervations =& i n  humans.and guinea 

p i g s  (sa. Figure 11-lb and 11-le), tho Lncreara &os not occur until partit les  

are much smallor than 0 . 2  M .  A. rosult, tho total rrrpiratory tract 

deporftion of 8[a]P in haamtors 'will bo conaervatlvoly u r u m d  to bo tho lovor 

bound on that which v.8 ert l~mtsd to  occur, 1%. Tho actual dosor of B(a]P 

that each huutor rrcoivod can  thur bo a s t l ~ t o d  by uauming that thoy voro 

equal to 158 of  tho admfnirterod L r m s  rpoclfiod La tho provious roctioa. 

< 

1 . 3 . 3  Estimate Doso to Castrointestfml Tract 

To r s t i m t o  tho proportions of'tho actual B(a]P doso that roach tho 

hamster pharynx, oroph~gw,  and forestomach, tho urumptioar vi11 bo mad. chat 

the sodium chlorida aotosol dirrolvos vhon i t  18 dapositod on torpitatory tract 

tiS8UO Urd Ducult This f8 8 roarorublo 4 8 S W t i O t l  in V h W  O f  tho V c r l k  MmO 

of tho choalcal usoc ia t ion  boeweon B(a]P and tha #odium c h l o r i b  particlor as 

v.11 as tho high a q ~ ~ o u r  so lubi l i ty  of tho la t ter .  Tho tr-port and fato of 

lnhalod B[a]P c m ' e b n  bo modelrod on tho b u i r  of InFonvtioa on B[a lP  ttsolf, 

1 

\ 

tho rat for tho purporar of dora o s t h f i o n .  l h s o  

minutes to a pur. B[aIP aotorol hbol lod with 

Sun o f  d. (1982) rftrdiod tho biological fat. of pur. lntulod B[a]P In the 

Sinco 8 r k i l u  8- h u  not boon co&tob in the hamstor, tho hamatot tat. 

will bo arruaod t o  raramblo 

authors exposod rats for 30 

I .. 

.. . , 

. .  
~~ .. 
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--;-;!a - -  --.. and r h e n  Zolloved :he cetention or' :he l a b e l  in various organs. 

including the esophagus and stomach. The maximum levels of radloacttvicy in 

these organa veto  teach+d.one-half and N o  hours p o r t - e x p o s ~ a .  as shorn bv t h e  

foilowing data; profiles of :he absarptfon and elirninotfon of B ( a ] P  are shorn . 
in Flguro 1 1 - 2 .  . .  

0 . 6 W . 4 3  
I.. oiki.3a 
0.4439.20 
0.8kfl. 71 
0.79fl.51 
0 . 5  8f l .  70 

0 .  1I.fl. 04 
0.08fl. 03 

0.14fl.02 

aN - 4.' 

0 . 5  hours 
2 hours 
6 hours 
12 hours 
26 hours 
48 hours 
5 days 
8 day$ 
16 d.ys 

0 . 2 S H .  16 
2.97k3.40 
2.21k1.30 
2.1221.37 
I..45*1.30 
0 . 6 w  .&I 
0 .  ow. 11 
0.19fl.14 
o.12fl.10 

. estimated wing tho p t o f i l -  for tho stoaach urd orophay., making a d j u s ~ o n t s  

for tho diffOtO11CO8 in 8driaircorrd do8. and 1 0 q t h  o f  oxporuro, and by 

asruing that tho f o r o a t v c h  is 8pproxi~toly 4OQ of tho ontiro stomach. Tho 

, pharynx v u  coruidmed to ba approxLutoly om-half tho r i z o  o f  tho erophagw 

on tho b u i r  o f  nufm uu, so tha do80 o f  B(a]P  t o  t h  pharynx CUI bo 

eseimrtod to Lu %a of that to tho asoptugw. 

To ert- th. total dora (D) of B[a]P to che 08oph.y. and stomach, ita 

absorption and olfnination from each organ caa bo ur-d t o  follov that of 

f irst-ordor kinotlcs in 8 ono-comp8rtmont ryrtoa, u is ruggortrd by 

1 1 - i ~ '  - .  

- ,  , .  



, 
FIGURE 11-2 , 

,I e. 
I 

j .. . 
. .  

SOURCE: Sum o f  -al. 1982 

. . . .  . .  .- - 
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' .11-17 



t, I .  

, 
ffgure 1 1 - 2 .  The behavior of 'a substance i n  a one-comportmeht biological 

'. 

system in which its- absorption and elimination are first-order (exponential) 

can be doscribod by tho following equation (Filov e t  ai. 1979): ~ 

'. . ' - 

whore D Is tho t o t a l  doso t o  tho orgur and kl urd k2 aro tho rat. c o M t . n t s  for 

the absorption a d  01iPirution p r o c ~ r r o r ,  rorpoctivaiy.  

Tho data i n  tho tab10 CUI bo wod t o  o a t h t o  tho unlcnovn parmotors D. 

kl, and k ' f o r  tho esophagus and stomach by voightod l o u t  rquaro a r t iP . t i on  

using tho c o ~ p u t o r  program Conoral nodo1 fit (GMP) ( T h o r r l ~ ~ d  o f  a1. 1987), In  

which tho-voights aro tho rociprocai of tho squro of tho rt.nd.rd doviation. . 

2 

a 

Tho t o t a l  do80 t o  tho digostivo tract can thoo b. o b u i r u d  by addiq  to- 

gothor that f o r  tho i r o p h a y r ,  508 of that f o r  tho o r o p h ~ y r  t o  account f o r  tho 

pharynx, and 408 of that t o  tho rtoaach t o  accouat f o r  tho f o r o r t o ~ c h  only. 

Tho actual (daporitod) inhaled Q r o  of B(a]P rocoivod by tho rat CUI bo 

\ 

comparod t o  tho digort i -  tract do80 t o  ob ta in  a r a t i o ,  , a i c h  can bo assumed t o  
' 

bo C O M t r n t  i n  tho hamator. S u n  a t  a1. (1982) calculatod that a t o t a l  inhalod 

-8s of 4.9 ~g B[a]P v u  rocoivod by oach rat and of that,  101 wu' ro ta inod ,  

giving 4n ac-1 Qro of.O.5 16. Tho r a t i o  o f  d i a o r t i o r  tract Qro t o  a c m i  

doso can tho0 ba applied t o  tho individual  hamator oxponuo data t o  obtain 

their dfgor t%m tract doror. ' 
, .  

1 . 3 . 4  Estfmtr Bio logica l ly  Activo Proportion o f  Do80 

, 

In  ordor .to oxtrapolato tho B[a]P-inducod d i g o r t i v ,  tract cancot dosr- 

rrsponro r o h t i o n r h l p  from tho inha la t ion  to tho o r a l  routo o f  oxporuro, :he 

I1 - 18 

. .  
. .  
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I 

1 . 2 . 5  E s t h e r  Actual Doro 
/ 

Tho a c h u l  doror of B [ a J P  to tho g a r t r o i n t o r t i ~ l  1 

tract of  tho h m t e r s  

fo~owing' inhaiation oxporuro in  tho ~hprroa o t  a1. (1981) atudp can bo 

estinutod by applyiq tho factor obtairud la tho pravlow rrctionr t o  tho 

avorago exporuro lotnlr (ahova in Soctlon 1.3.1)  1 
or to tho lndividul  animal 

e x p o r u o  lovolr, one0 calculated. A Qro-rorpo~o rolati&hip could then bo 

darcribod for 1qort.d B[a]P lovol and g u t r o i n t o r t h l  tract mamots in the 

h u e o r  u!d a8ad to gorurato an altorrutivo and potontially mor0 roliablo unit 

risk for inOlptioa oxporuro to B[a]P than chat buod on Noal and RigQn (1967) .  

. .  . 

I 

11-19 
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2 .  pose-Resuonse RalotionqhLP Tor I u o n  E x w r e  EO Benzola ! Dyrc na 

The profetrod roue. of exposure. for: chronic studios conducted t o  assess 

tho r i s k  o f  cancer pomd by afrbamc 9[3!P is i&olatlon. 

studirs havm dffftcult mothodologiocrl problems rssociatod wlch thorn. 

result, much-of tho work on chis chrafcal has boon dona using fntratrochoal 

instillation of B(a]P  OM or in combinarion wfth othor agrntr  AS a ourrogato 

route of exposuro for i r h l a t l o n .  

Howevw, such 

As a 

Although much valuable qulftatfva 

information h a  boon obtainod by thir 'approach, i t a  uaa In qu~ntltativo risk - 

U8088mOnt8 h U  not V t t h  w h  IUCC.88. 

B[a]P h u  o l i c i t o d  lury  tumor8 In rovoral b i o u s a y  ryrtoma following 

inhaiation oxporuro o r  intratrachoal  initillation. xtr carcinogmic potoncy i s  

enhmcod by coadmfnlrtration of pa r t i cu l r to  mattor or SOY la808 .(WC 1983). . 

For ox'bplo, a porititn rosporue v u  obtairud in  rats wlry a combination of 

'B[a]P and tho ataosphrr lc  irrltme s u l f u r  dioxibr; su l fu r  dioxid.  by i tself  vas 

not carcinogrnlc ( t u k i n  o f  rl. 1970). Tho tumora lnducod in this oxporirnent 

were squamous c o l l  carclno-r; a proportion of the bronchogoaic carcfnomas 

found i n  humam arm of thfa typa. 

A voll-conductrd 8 t d y  by Thyrrea o f  al. (1961) prooldor tho most 

c lea r - cu t  ovld.ncr o f  th. doao-rorponro rolaeionrhip barneon inh.1rd B[a)P and 

tumorigonorfr. In th is  rxporimont, Syriau goldon hamtor s  vir. oxpored 

throughout thoit l f v u  eo B ( r J P  in a rodiuo chlorido aororol for b.S hours por 

day, 7 d q r  pa= rcrok for 10 wrka urd chon 3 hours par day thor raf tor .  

Rospiracorp -t w r s  y.rr lnducod' ln t h r  nuil cavity, laynr. and trachea. 

' 

- 

Tab10 11-4. ,, 

obtained for &ora tuaarr'ir shorn ln 

, 



DATA USED TO ESTI*YATE DOSE-USPONSE RELATIONSHIP BEmU 
- . INHALED B ( a I P  AND RESPIRATORY TRACT TUMORS 

. .  . 

P(x, e) - 1-OW [-O.OOOllS(l+o. 312x1 2 ] [~~p(O.OS7t)-1-0.0$7~] 

SOURCE:‘ ~tiyrron o t  .I. 1901 . ,  
. .  

‘ . .  

I 

I 

I 

. .  

. .  I 

. .  
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Because s u n i v a l  cimcs varied v ide ly  among the droups, cha b c a  i n  

Tab le  11-0 a r a . f i t t e d  to  the timo-dependent form of  the  n~o-staga modi1 

[equation (1 -311,  yialding estimates of the  threo  parmacars M, S. and c. For 

chis  purporo, tho avarage survival _time in each group is wad 08 an r s t k t .  of 

the variablo.-t i n  equation ( 1 - 3 ) ;  this approximtion vould bo rubfoct t o  e r ro r  

if suntival timer varied rubrtantla1Ly within group8, vhich war not raportad. 

Tho f i t t e d  modal s l i g h t l y  undarprodictr tho curvanrro of tho obsowod 

(x2  - 2.81, df - ' I ,  p > 0.11, indfC8tine a r o u o m i o  f i t .  

dO8O-rO8pOMO C U N O ,  but tho  difforoncor ar0 not 8tAtiStiCaily r i g n f f i c a t  

Tho r i s k  a t  tho and of an avorag0 U f o t b .  fs obtainod from tho oqrutlon 

shorn in T 8 b h  11-3 by OV&~ting P ( % , t )  a t  t-96.4 w o o h ,  tho AVOTf.80 8urvfV.l 

time i n  tho control  population. Thf8 givos tho follwiq t h - i n d . p o r r b n t  

l f f o t i d o  r i r k  ro la t iomhip:  

. 

\ 

. .  

. .  . .  

I 

2 
P(x) = 1-.%p[-O.0272(1+0.312x) 1 .  

- For low lovolr  of oxposuro, tho l i n r a r  t o m  of tho -61  tlrnos tho oxporurr 

levo1 fs 8 C 1 0 8 0  APprOXlMtiOn O f  tho o r t f ~ t o d  r i sk .  Tho Ifnoat  t o m  i n  t h i s  

. . <  

\ cuo my bo oxprosrod u 1 

ql = (2)(0.0271)(0.312),- 0.0170 ( m u m  3 ) -1 . 

To e x U q o & t .  thir valuo t o  human oxporuro f o r  2 1  hours p r r  day, tho 

average lru# o f  orponuo pot  &y ovor t h o , r p p r o x h t o  two-yoar oxporinoncal 

\ 

poriod is  calculatod.  Tho weighcod m o b  of the nto oxporurr poriodr is 



. 
- ,  ---.alation exposures arr 

r.n,,4..-1--- - - -  -ywaw-J-un~ across SpaCieS ( i . e . ,  qiaotabol ic  r a t ~  - mg/surfaco area) .  TO 

convort t h i r  exposuro levo1 t o  (mg/kg/&y)'' t o  bo ab10 t o  cornpato it t o  

exporuro v i a  ingortion, tho abrorptlon rator  fo r  inh. la t iou md ingostion a 

a r 8 ~ m O d  t o  bo tho 8-0 and tho av0r.g. por8On i r  ur-d t o  woi& 70 kg and 
3 - inhalo 20 m a i r  pot day. Un&r tho80 a s r u m p t i o ~ ,  oxporuro t o  1 mum for  

Thur, on a mm&/day b u i r  tho o r t h t a d  rlopo i s -  

> 

3 

24 hour8 r O 8 U l t 8  in Ul O x p O 8 U O  1 O v O l -  Of ( ( 1 )  (20)] /70 = 0.2857 q / k g / & y .  

t o  
\ 

A conrid.rably imprwod canc0t r f8k o r t i ~ t o  could bo obtainod by using 

/ tho individual animal &ti arroablod i n  Appondix A. hcauro o.ch urkl fn  tho 

spec i f i c  oxporuro information can bo gonar8tOd and urod 'vi th  tho modo1 t o  

p r o v i h  a mtch mora a c ~ a t a  =it r i r k .  =on r o r o ~ ~ c a a  p o ~ ~ l t ,  thir 

r o c ~ l c u l ~ t i o n  rhould ba aa lmportant ptioritg.  

I experfmont had a uniqua o % p O r W O  - lovol ,  oxporuro duration, and rurvival t h o ,  



. .  

This c h ~ p t e t  describes e levm experimenco i n  which B ( a ) P  and other ~ A H S  

di f fe ren t  EeChrldS a f  d d a i n i n C C . s C , i O I I .  as v e l 1  a8 tvo expe rben t s  i n  which thv 

levels  of theso chemicals thar i n t e rac t  v l t h  c e l l u l a r  DNA vero dotaninad .  

Unlike the experimonts using B(a]P doscribed i n  Section 11, mort of theso 

s tudies  used mothob of administration c h ~ t  c-ot be quur t i ta t ivo ly  cowared 

t o  thoro by which humans vould be expocted t o  bo exporod. A. a r o r u l t ,  dose- 

remponso relat ionships  for  there PAHs cannot bo dercribod ~ t h o o c r t i c a l l y  in a 

m~nnor that f a  useful  for the predict ion of h a  r i s k  mlorr they aro 

expresrSd r e l a t i v e  to B[a]P. Cancor potancios ro l a t ivo  to  B [ a ] P  aro dorived . 

f o r  each PAH from each exporimont i n  tho fol loving soct ion and a re  r ~ r i r o d  

a t  the end. 

I 

wero t i s e e d  cancomitantly for. carctaogenesrs .. using several  a n i a l  sp,,cier and - 

r , 

A. CARCINOCENeSIS 

It is d i f f i c u l t  t o  comparo d i r o c t l y  tho roruitr of carcinogonosir 

bioosrays bocauro of in tor - labora tory  difforoncor,  varying r ~ ~ c o p t i b i l i t i e m  and 

metabolic capabi 1f t i o r  among spocfor u o d ,  and d i f formcoa  i n  tochniques and 

exposure routor .  A8 a r o r u l t ,  tho only studio8 that a ro  urod i n  t h i s  document 

t o  m ~ k o  r o l a t i v a  potracy o r t b ~ c o r  moot tho c r l t o r i a  t h a t  B(a1P i vu- - . -  

tested in tb. a m  biouray system as the othor P m ,  i n  the sme laboratory,  

and a t  tho 

c r i t e r i a  a ro  -rizod and o v a l u t o d  regarding q u a l i t y ,  and ro l a t ivo  potoncy 

‘est imates  aro dorivod f o r  oach o f  tho PAHr f o r  which 8dOqUtO data a r e  

ava i lab le .  For oach study discussed, a t ab le  i s  fncludod t h a t  s u m a t i r e s  all 

tb.. fa thfr soc t ion ,  i n d i v i d u l  studios t h a t  moot theso 

111-1 
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' .  

The model dercribod e a r l i o r  f o r  which two ttanrfomtlonr aro roquired, of t he '  

form 

v f l l  bo r o r t r i c t o d  fa it. L o  t o  c u o r  vhoro only c a r c f n o l u  woro roportod 

soparAtoly* U 8 f q  c u c f n o a u  a8 tho ond point f o r  do8o-rorpoMo mobl ing- i s  

preferoblo fo yliq papilloq.r, sinco. not 'a11 p a p f l l o n u  MY bo capablo of 

deve lopha  h t o  c u c i n o r u .  Strong ovidonco f o r  t h f 8  intorprmtation of tho 

' I  I 

W O - S t a g O  modal in tho CUI of sk in  tumors h ~ r  rocoafly boon provfdod by Chu e t  ' 

a l .  (1987) and by Honnfngr and Yurpa (198s). For oach of tho following 

. .  

-:' ~ . '  . .  . . d  
111-2 . .  

. .  



. I - . .  . .  . .  

. .  



'. 

. .  . I  

F 2.1 019 019 0 / 9  
pyreno 

%evborn CD-1 mho rocoivod i . p .  injoctlonr of PAHs in DMSO on d.yr 1, 8, 
and 15 of ago. Surviving a n b r l r  ~oro~racrificod at  1 yoar. 

bSfgniffcantly dlfforont from controls wing tho Plrhor omct tort vith 
P c 0 . 0 5 .  

, 
. .  
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.. 

. 1.1 23/31 93.140. 1.0, ' (  

Bento[bJ- 
fluoranthane 

Barno f 1 J : 
f luoranthrna 

0 .5  . 5/32 

, ' 1 5 / 3 9  

. 0.232 21.'616 
I 

1.1 

2.1 

29.766 9.320 

B O n o [ k J -  
fluoranthena 

6 / 3 4 .  3.666 0.040 

2; 1 1/20 ,1.221 0.013 

'"ha ona-hit (ringla truuit ion)  mob1 v u  urod: P(x) - l - ~ x p - ~ ( l + ~ ~  X) 

bNo carcinomr voro 0b8omod. 

- A I -  -1n(1-0.5/36) A0.016 ' 
\ 



I _-- 

639 5 
T U L E  111-3  ' 

- E s t  fm~ted Estimated 
ire a msnt Total 3osa Liver-Tumors Transition h t a  Rslatlva Potency 

Control 
i DUSO 1 

- (SRJ 1 ( R j  1 Croup (w01) (Hale) 
.-----.- -- ----- 

- -  i/17 . - -  0. 

Bent0 [ a] - 
pyreno 

1.1 13/17 

Bento(b]- 
fluorurthena 

0 . 5  aiis . 
, . .  

23.. 143 1.067 

Banto [ j J - 1.1 
fluorurthono 

10.217 11/2 1 0.671 

B.nto[k] - 2 . 1  3/16 , fluoranthana 
2.107 , 0.097 

c - 

%0 on.-hit (singlo transition) mob1 v u  wod: 

Sourer: kVoia  a t  al. 1987 

I 

I .  

1 .  . _  

' 111-6 
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TMLk III-k 

XOUSE LIVERS POSITIVE RMoR DATA IN NmBORN AM) RELATIVE POTENCI ESTI.YATESa -- --- 
HepatoceLlular E s t  a t a d  E s t  ItMted 

Treatnent Total Dooo C'arcinom Transit ion Rate Reiacive Potency 
Group (mol) (Halo) ( S R j  1 (Rj 1 

- 
Contro 1 

. (DMSO)- 
0 -  

I ,  

1.1 

1/17 .. - -  

Bent&[ a J - 
pyran. 

fluorantheno 
Bent~(b]- 

4/17 

2/1s 

3.114 1.0 " 

2 . 7 2 1  . 

.. 
' .O.  s 0.876 

Bent0 [ j J - 
f hotanthono 

',I. 1 3/21 1.402 - 0.4so 

Ban~o(kJ- 
fluorantheno' 

2.1 1/16 , 0.136 . 0.044 

Source: LaVoh e t  a1. 1987 
J .  

I '  

" -  

111-7  
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Tho h.ta woro troatod i n  tho r a m  mannor a8 thoro from tho kVoio  e t  a i .  
I 

( 1 9 8 7 )  study d~rcribod i n  tho proviow roction. Iho cooparativo potoncy 

estimates obtofnod aro rho-&: in Tablor 111-6 to 111-8. Thoro d.ta arovunurual 

i n  that w i t h  tho OxcOptloa of chryrono-inducod hopatocrllular carcinoma, no 

abrenc. of porltlvo 1 t r o n b  and rinco no doro-rmrponro data f o r  b(a]P oxire for 

this typo o f  b i o u r q ,  th. comparative potoncy ortb.tor obtainod may result 

from e x p O r m  artifact an4 not occuratoly rofloct  bfoloBicai rolationrhipr. 

L i t t lo  c o n f l ~ o  should bo placod i n  tho o r t h t o a .  

doro-rrlatod poritivo trondr i n  ,gumor yfotdr voro obror~od. b a rorult of , tho 
. 

I 

- \  

, 111-8 
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'Benzo[aJ - 
pyran. . 

0 . 5 6  26 /64  16.097. 1.0 

Chrysono 0.70 
2 .  8 0 b  

8 / 6 8  
8 / 5 8  . . 

2.006 0.12s 
, 

ono-hit (singlo tranrition) modo1 va8 w.od: P(x) - l-oxp-A(i+SR x) .  

bDoos not fit modol; obrorvation not u o d  fa ortiputa. 
1 

. .  

111-10 

. .  

. .  



. .  

I -  - -  0 7/73 Control 
(DMSO) 

0.56 18/37 10.021 1.0 

2.80 

2.80 

Pyreno 3/16 0.497 0 :OSO' 

0.526 - .Bmz[a]- 
. anthraceno 

31/39 s .2ss 

I Chryreno 0.70 
2.80b ' 

3.360 0 :333 

-0 ono-hit (ringlo transition) modal ua8 u o d :  P(x) - l-oxp-A(l+SR x).  ~ 

bDoer not f i t  modol; obsorvatfon not u o d  in o a t h t o .  

Source: Uirlocki o t  a1. 1986 

1 

1 

. _I . 

111-11 



B O N O  [ A ]  - 
pyreno' 

0 .56  7/37 1.0 8.078 

Pyreno . . 0.. 70 
2.  80b 3/25 1 .  

1/14 
4.732 0.586 

Bent [ A ]  - 2 .80  25/39 anthracono 

Chryreno 

4.003 0.696 

0.70 
' 2 . 8 0 , .  . 

v 3 5  . 
13/31 

. ,  . 2 . 6 9 2  0 .333  

2 two-stago modal for carc inow v u  urod: P(x) - l-oxp-A(l+SB x) . 
j -  

bDoor not fit modof; obaorvatioa not tuod in o a t h t o .  

. I  

, .  
Sourco: , U i r l o c k i  o t  ~ 1 .  1986 

. ,  

. .  

. ,  
. .  

t ,  

. .  

\ 

I .  
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, 
In this study, e i g h t  envftonmcntally ubiquitous P U S  vere tes ted  f a r  

carcinogenicity by d i r e c t  implantation into the lungs of f-qwle p ! m ~ - ~ - ! q z z 2 c L  .. 

r a t s .  

baesvax. 

f czo  c pel:et, from vhlch ?ha Lest compound diffuood over tima into the 

surrounding lung tissuo. 

observed and dore- responso tolat ionships  veto obtafnod. 

involved soma traunu t o  the animals. 

T o r t  ccmpoun& vere prepared fn solut ion with trioctinoin and aolten 
- .. 

Upon Injection f n t o  the l e f t  lobo of tho lung, the mixture congealed 

Epidermoid carcinomas and ploornorphic sarcoma9 ware 

Tho treatment method 

Ralativo potoxicy o s t l m ~ t o s  would not bo 

affected,  hovever, s ince this fac tor  was constant' for a l l  t t o a t m q t  groups. 

Tumor induction times vore 'd i f f f cu l t  t o  obsrrvo, so survival t h o  md tho 

n u b o r  of tumor-bearing mlmals vola tho rosponror ovalutod. T d l o  SIX-9 
- 

,shovs <ho r e s u l t s  f o r  tho PAHI t r r t o d .  

The t r a n s i t i o n  rat. paru8otor R S v88 estfmatod for Irach of tho f 
carcinogonic' PAHs from tho d4t8 In Tablo 111-9. 

for modeling was tho n u b o r  of animal8 boariq opi&moid carcinoma8 of che 

lung a t  the completion of tho rtudy. 

the i n t e r e s t  of consirtoncy-and bocarue thoir otiolo~t probably d i f f e r s  from 

tha t  of carcinomas.) 

goodness o f  f i t  a ro  shorn la Tablo III~lO. 

/control rats, so tho p u r u t o r  A vas obtainod by bayo8i.n ostlaation, as 

discussed in Soctlon I1 ( t .o . ,  A =.-1n(1-0.5/36) - 0.014). 

\ exposuro group. wrco d t t o d  for E(a]P and IND, riaco tho rrrporuo v u  

signfflcantly lau than that prodictod by tho mod.1. 

l i k o l y  duo t o  toxicity gad toducod survival in thoro high expo8uto groupr. 

mot0 comp~ox a n d y r l s  could WO median rurvlvrl t-8 48 .II addition81 

Tko 8 a u u r o  o f  rosponre used 

( P l o i o ~ o r p h l c  s a r c o ~ ~ r  veto excludod f n  

Tho numorical fora o f  tho b o r t - f i t t i n g  modo1 and tho 

No tumors uero 0b80mod in tho 
< 

~ 

Tho hf&mrt 

This dlrcropurcy i s  most ' 

A 

SIX-13 
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CMCINOCUIICIn AND DOSE-XESPONSE UUtIONSHIpS OF ~ I G H T  
FREQUDJTLY OCCURRING FWTRONHENTAL PAHI IN PAT L L , G S  

--.---- - - - .- --.- 
- Nunbar of 

Animals 
h a r  ing 

EF i da rmo i d  
Carcinomr/ 

Media3 Sur- Nubor o f  

. Numbor Waalu (959 Boating Tumor Dora o f  Confibncr Plaoaotphfc 1ncid.n~. 

. .  

vi-qal T h o ,  Animals 

(mg) h h l s  In t awa i )  S ar c o m s  ( 8 )  ’ 

Compounda 

0 3s 110(95-118) 011 

0.2 35 117(105-123) o/o 
30 111(91-126) 0/1 

Bt . lP  5 .0  35 104(92-113) 110 ’ 

35 114 ( 101 - 122) o/o 
31 95(81-304) 3/0 9.7 

B @ l F  4.15 27 98(87-108) 12/0 66.6 0.16 35 116(95-123) 3/1 
0.83 3s 109(98-116) 8/0 

ANT 0.83 3s 88(72-103) 19/0 54.3 
3s 109( 101- 121) o/o 

B b I P  ‘1.0 35 54( 46 -64) 3 3/0 94.3 

B b I C  0 .1  

B[bJF 0.3 35 ll-3(100-121) 1/2 2.9 
B b J F  1.0 35 112(98-126) ‘ 9/4 25.7 BreJP 
BteIP 1.0 

B [ j  IF  0.2 

0 
0 
2.9 

3s llO(91-118) 1/0 2.9 

B [ J l F  1.0 3s 117(103-125) 3/0 8.6 
B [ j  IF 5.0 3s ‘ 89(75-10S) 1810 51.4 B[k]F ‘ 0.16 
B[klF 0.83 

8 .6  
22.9 

IND 
IND 

1.W 6.15 35 92(82-108) 2 1/0 60.0 
ANT 0.16 3s 102(91-116) 1/0 - 2 . 9  
B[ghiJP , 0.16 

B[ghflP 0 .83  3s 114(103-123) 1/0 2.9 
B [ ghf I p 4.15 34 106(93-117) 4 /0  11.8  
B[alP ’ 0 . 1  3s lll(9S-120) 4 /6  . 11.8 
B(. lP  0.3 3s 77(68-99) 21/2 60.0 
Bu-TC - 0  

Untreatrd ’ 

\ 

0 

0 

0 
. 35 104(91-121) o/o 

bCarcinoou only. 

SOURCE : 
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T U L E  1'11 - LO 

0 . 1  
0 . 3  
1.0 

0.1 
0 . 3  
1.0 

5 . 0  

0.16 
1 0 . 8 3  

4.1s 

B[bJF: 

* B[eJP: 

BIkJF: 

IND: 

35 
35 
3s 

, 3 5  
3 s  
3s 

i 
$1 
0 

' 22.21 
4.79 

0 
l 9 . 1 2  

I '  

1.0 

0 : 140 

, _  

35 1.00. - . 

0 :088 . .  0.006 
I '  

0.066 . 1.48 . ,  
0 0 . 7 5  
3 2 . 0 9  
12 13.79 

35 
31 ' . 
27 

3 - .  0 . 2 3 2  

0.16 
0 . 8 3  

B mi J P: 

35 
3s 

I 

I 

0 . 3 2 0  7.12 
1 '  2 .17  

19 17 .06  

0.16 35 - 
0 . 8 3  I 35 

1 

34 . 4  4.01 
4.1s 

Control 

0 
-1 

0.57 
0.95 

0.486 0 .022  

a A b b r o a t f  oru: B[ a) P, bonzo [ Jpyrono : B [b] P, bonzo (b] fluor.nthono ; B [ e ] 

benzo [e  I P y l O r W ;  B[k)P, b o ~ ~ o [  k J fluormthono; IM), indano( 1-, 2,3-cd)pyrenr ; ANT, 

b h i t t o d  kcauro of lack o f  f i t ,  rxcoss mortality. 

Sourco: Drutrch-Uoruol o t  al. (1983). 

anthanthrmo,; a[#wP, b o ~ ~ o [ & l ] p o t y l o ~ .  

HOd.1: p(X) = l-orp-A(l+SRjx) 2 , A = iln(l-O.5/36) - 0.014. 
P .  . I 
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v a r i a b l e ;  chis would most l i k e l y  reduce the relative pocency.estfmatas somevhat 

an:! lncrea te  p e c f s i o n .  
, 

- 

fac tors  mako tho data obtainod i n  this o x p o r h n t  d i f f i c u l t  t o  in te rpre t .  
- 

Tho appl icat ion of tho promotor TPA ad& an additiotl.1 o lomnt  of complexity t o  

the evaluation. Tho p o r r i b i l f t y  of a qua l i t a t ivo ly  d i f f o r i n t  intoract ion booroon 

TPA and tho v a r i o u  P A h  e x f r t r .  Furthomoro, this oxporimontal protocol may 

a l lov  only tho first and not tho socond mutation that is hypothorizod to  occur 

during PAH-inducod cucinogonor is  and vould thoroforo not fit a NO-s top .  modol. 

Tho ono-hit  (a-0 t r azu l t ion )  modol war conroquontly u o d .  Thoro poten t ia l  

problonr uo uqmund.4 by having only a ringlo lovol of B(a]P availablo upon 

which t o  b u o  eb potoacy o r t i m ~ t o .  To o f n b i t o  tho l a t to r ,probloo ,  tho data used 

in  tho ovaluatfon &Il l  bo t o r t r i c t e d  t o  tho ringlo orrporuro lovol of oach of tho 

PAHs t h a t  81v.s tumor rorponro . -  , I  

~. 

. .  

111-16 * 

/ 
I .  

. .  



, TABLE 111-11 

-.  . 

16/20 
6/20 

11/20 
19/20 
1/20 ' 

5/20 
15/20 
17/20 

L . 3  
7 . 1 '  
0 .'6 
1 .9  
7 . 2  
0 .1  
0.4 
2.8 
4 . 9  

100 
1,000 

30 
. 100 
1,000 

36 , 

0 0 0  0/20 

a Abbrrvfatioru: B[blF, bo~~[b]fluor.nthono; S ( j  IF, bonro(j]fluorantha~; 
B f k l  F, brn+o [kJ  fluor.nehono ; B( a] P, bonzo ( J p p r m .  

bSkin tumors woro principally papillou. 
. .  

. \  

., 
Sourco: 'LnVo'io' at a1.- (1-982). : ' 

/ . .  

. .  

. .  
. I  

, .  

. .  

. .  
\ 

I '  
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closest to :he 8 5 %  B ( a j P  tumor response ra te .  This procedure y i e l d s  rasul:s c h a t  

arc less modal-dependent. The relative pocencias caiculacod on the basis of these 

res t r ic tod  data are  displayed in Table 111-12 .  

. 5 .  . pabr e t  al. (190Q1 

S i x  environmentally relevant PAHs were t e s t e d ' i n  o r b r  t o  dotemino the i r  

dora-response rela'tionrhips as carcinogenr vhon topical ly  applied t o  the  backs of 

female NMRI mico throughout t h e i r  l i fe t imes.  T ~ b l o  111-13 l i s t s  t he  coqounds 

' t es ted ,  doses urod, frequency of appl icat ion,  and resu l t .  obtained. Although i t  

vas not c l ea r ly  s t a t e d  by tho authors, it vi11 bo assumed ,th.t tho t w r s  observed 

veto a11 carcinomas on tho basis  of t h e i r  s t a t eo rn t ,  'Animals a t  aa advanced sta te  ' 

of  macroscopically c l r a r l y  l n f i l t r a t i v o  grovth vero ki l lod.  Clear-.cut 

dose-responso re la t ionrh ipr  vera seon fo r  B(a]P m d  bo&o[b]fluor.nthoru. 

Banzo[jJfluorantheno proved t o  be voakly carcinogenic, u did 
/ 

cyclopentadieno(c,d)p~eno and coronono. Bonzo[k]flwr.ntheno a d  

indeno( i ,2 ,3-~d)pyrrno  voro iructivo' as carcinogeru i n  thii t e s t  system. _ I -  

The relativo t rans , i t ion  r a t e  v u  calculated using tho low-&so l inea r  

mo-stage model f o r  each of-tho six  t e s t  agontr,  u shorn i n  Tab10 111-14 

(coronOn0 15.8 not  includod duo t o  tho d i f foront  protocol urd solvent employed). 

The es t imat rs  obtainod f o r  b ( j J P ,  CP, B(k]P, and IND aro basod upon very w e d  or  

1 

\ 

perhaps nonexirtoat &IO-rorponro tOhtfOMhfp8. &on so, tho rerpomo data 

obsenmd u o  C O Z U ~ ~ ~ O T ~ C  Hth tho underlying rosponro modof. Estimates obtained 

using thoro at. veuld, f f  ormnoow,  'trnd t o  ovorort i ruto tho r e l a t ivo  t rans i t ion  

r a t e s  and, u r r r ~ t ,  tho r L t i v o  potenc i r r  bocauro tho actual tumor responso 

auy bo much lovor o r  non-oxistont. I 
I 

. .  

I .  

111-18.  
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TABLE 111-12 

DATA USED AND ES~IYAIES OF RELATIVE POTENCI  OBTAIN^ FROM 
HOUSE SKIN INITTAPION-PROMOTION D[pERInm 

Armwarton Es t imatad 
m - -  Re la: tva - 

I 

E s t h t e d  

Number a €  Skin Tram 1 t Ion Est imatad Re la: tva 
Total Tumor-Bearing Rat. Dose Animals/ Parametar Potency 

Compounda (rg) Humbe r Expo rad 

B(a1P 30 17/20 
B b J F  100 16/20 0.671 0.258 
B[jlF 1,000 19/20 0.124 ~ 0.048 

(SRJ 1 (Rj 1 - 
1.0 2.602 

B(k1F 1,000 - 15/20 0.057 0.022 ' 

a A b b r @ V i a t b ~  : B[ a1 p, bent0 f 81 pyreno ; B [b]  P, bonto [ b ]  fluorantheno ; B [ J ] p,  

banto[j]fluor.nehene: B[k]F, banto[k]fluormthano. 

I 

S o u c o :  kVofe et -al. (1982). 
. .  

I 

i 

. .  

, .  

I . .  
, 

. .  , 

. .  
. .  

. ,  

\ 

. .  
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TABLE 111-13 

2 3 . 9  
6 8 . 6  
c1 . 

5.6 . 
9.2 

Acetono 2x/veek 3.6 

I J.J 
16.7 
36.1 ' 
2.6 
2.9 
5.3 I 

I 2.6 

5.6 
9.2 
3 . 4  
5.6 

3.4 
9.2 

1/35 
2/38 
1/39 
0/38 
0/38 
1/36 
n ,-- 

Acetono 2x/veek 

, 5 . 6  . 
9.2 
1.7 

2.8 1 

CP u/3 I 
0/37 
0/30 
0/3s 
3/38 
1/39 
2/40 
0/3s 
0/36 

0 -  
0 
0 

) I  

' 0 .  
7.9, 
2.6 

' 5 . 0  
0 
0 

_ .  . ,  Acetone. 2x/voek 

COR 
6.8 

4x/v&k ' 
27.2 
5.0 

. .  . *  
t I . .  

- . , . -  
. -  
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. 

- 
, 1.0 ' . 3.92 

8 10.36 1 . 7  34 
. 2 . 8  35 
4 . 6  - -  
3 . 4  ,-. 

5 . 6  .34 - . , 

r 

! 44 , . 20.60 . 
. (  ) ; 0 

- ' 4.30 (bS 
0.167 ' _  0.656 

BfbJF: .  

' 9 . 2  - 0  

3 . 4  -3 8 
5 .6 -  3s ~ 

. . 9 .2  38 

-.  - 2 . 3 8  38 . 2  I 

, O '  , - 

, .0'.241 . 0.061 . ,' 

. .  
, .  

. - B [ J ] F . :  
. \  

: . .  ' 1 0.77 
1 .l. 18 
2 v  2.36 

.l. 7 . 3 4  . .'o.o?i 0 .,023' 0.28 " 0 
6 . 8  
2 7 . 2  ' 38 

I BtkJF: 
39 3.4 '  

.S . 6 38 

C P :  
, .  . .  

0.56 ' ,  35 , 0 
3 ' .2 .74 

1. : 0.43 
~ 0.020 0.078 

I .  I '  . 

. '  0 0.59 
0 0.86 

. .  

' ' 9 . 2  38 . 
' . .  ' IND: \ 0.021 0.081 

0.36 
0.48 
0.69 

- 1 3 . 4  36 
0 
0 

S.6 37 
9 . 2  37 

a fibreviationr : B( 1 P, bonto [ a J pyrono ; 1 [ b ] F, bonzo (b ] flu0 tathen.  ; 

bitted bocauro of lack of fit. 

B [ j 1 F, benzo [ j J f 1uot.nthorm ; CP , cyclopont~diono(ed)pyr,n, ; b [ k] F,- 
b e ~ g [ k l f h o t r o t h . r u ;  IBD, fndrno[ l , 2 ,3 -cdJp~on , .  

111-21 



AS por t  o f  an pxpa r i s sn t  designed t o  evaluate the interactions te rdeen  

care :nogo& and r.~ncercinogen Lc ? M S ,  s i n g l e  doses of B [ a j P O r  

betveen the shoulder blades of feeale  NHRI mice. Animals vere palpated veekly 

for  tumor develcpment and allowed t o  surrrivo up t o  116 veelu. Table 111-15, 

show the~inc id .nco  of sarcomas obtained urd the do818 of PAH. 'wed. The 

control tumor incidence wa8 not reported, although a group of 

*non-carclnogenlcD PAH8 V.8 tes ted and w i l l  bo 1nclud.d hore a8 8 

- 

di3eru(ah]urthraccne dissolved i n  trlcaprylfr! . veto injected SUbCUtaneously 

I ,  

, 

pseudo-control group. Furthennor., tho numberr' of effect ivo o r  suntivine 

animals vere not reported, so the tumor incidoncos MY not rofloct potent ia l  

t ox ic i ty  at the highor dosea. 
, 

Tho dO8e-teSpOMO CUNOS f o r  B[a]P and D[.h]A i n c r o u o  at  rates that u o  

l e s s  than l i noa r ,  presumably duo e i t h o r  t o  a roducod Y rat. of absorption o r  

s a tu ra t ion  of metabolic \ ac t iva t ing  systoor a t  high Q8os. This e f fec t  i s  more 
' 

pronouncod f o r  D(rh]A than B[a]P, so t h ~ t  ro la t ivo  potoncior f o r  D[.hlA - . -  
< 

estimated at h i @  do808 aro  lovor thaa thoro or t f iu tod  at  lovor doses. The 

Lack of a truo control  population and tho proronco of a tumor rorponro from the 

population r o c o i v i w  8 group of hypo~or irod  noncucinogoic PA+ a l so  

fitting tho data t o  tho 10~-d080 linoar: tvo-stago modal d i f f i c u l t  t o  in te rpre t .  

- 

As a r o s u l t ,  th. talatitn potoncy v u  dotorainad by r01atily r o r u l t r  a t  

comparable obsomod rorpoaro loyolr  and wing tho noncarcinogonic PAHI as the 

pseudo-vohiu& control. Iho data w o d  fo r / tho ro  cooparironr u o  shorn i n  

Tablo 111-16. .TWO 0 8 t k t O S  of tho ro l a t ivo  potoncy voro obtained; hovovor, 

tho astimato co&ospondin~ t o  tho lovor oxporuro t o t n l r  ( i . 0 .  ,I 2.81) i r  . .  . .  

. .  . 8 .  . probably mor0 r o u o r u b i o  t o  us0 f o r  l o v - ~ r o  rx t rapoia t ioar .  
. .  

'. . . .  

. .  

f 



TABLE 111-15 

b 
6 
8 
6 
4 

13 
5 

control 273.975 
r 549 WOO 

1 , 098.37 6/100 

4 , 3 9 4  13/100 
2 ,196 .75  4/100 

8 ,787  S/lOO 
- a 

L 

-----I - w  - rnaa l.cannot rccouat.for tho tumor rarp 
;roup ~ o r o  b ~ a r o [ o ] ~ o m ,  phorunthron 
_ -  ab corouiaa. 

Source: Pfofffor (1977). 

. .  
, .. 

111-23 

. .  . 
. .  . .  

~. I 



6395 I 

TABLE III- 16 

' Estimated 

Lor doso: 
100 3s 
100 37' 

, 100- - 57 
* 100 56 

600 42 

B(.lP 6.25 
D[filA 2.35 

B[.IP 25.00 ' D(.h]A 18.70 

H i g h  doso: 

Pseudo- 
control 0 

0.2297 1.0 
0.6480 2.82 

0.0964 1.0 
0.1264 1.31 I 

.- - e  

A - -ln(l-42/600] - 0.0726. 
< _ -  

Source: P f o i f f o r  
J 

e t  ~ 1 .  (1977). 

, .  

/ 

I' 
I 

. .  
, - .  

* .  

. 
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CraOad soncantratlot& of ;;alp or benz[a!anthraceno ( B ( a ] A ) ,  vera a p p l i e d  
' 

- 

rapfcally to  the hscks o f  C3H,/He mfce 3 t i m s  a Week for SO veekq a t  vhich tiae 

aniaals  w x e  s a c r i f i c e d  and h e a l  tumors vera qtunt t ta tod  E[a]P was dissolved 

i n  decalin,  ben[a].nthracafio vu8 dfssolvod i n  tolueno and 50 ag by weight of 

each solut ion vas administorod a t  oach dosing; hovovor, tho mothod of 

appl icat ion var not spocified. Table 111-17 shovr tho r e r u l t r  o f  this 

ex$orimont. No solvont controls  woro i n c l a d .  Tho i don t i ty  o f  the tumors 

obtainod vas not spocif ied by tho authors and w i l l  bo arrlrwd t o  bo carcinomr . 

(E. Binghm, porsorul communication) . From thoro r o r u f t s  , bonz (a  J anthracono 

appears t o  bo loss potont th.n B[a]P, although tho uro of  d i f foront  iolvont.  

for ' each  agont tntroducor a COnfO~nding f ac to r  that cuurot bo d i roc t ly  

e v a l u t o d .  

- 

> An extromoly shal lov doro-rorporuo r o l a t i o ~ u h i p  f o r  B ( a ) A  v u  obtained 

over a two ordor-of-mgnitud.  do80 rango. Tho most l i ko ly  o x p l ~ t i o n  f o r  this 

respomo is t h a t  tho adoin i r tor rd  do80 and tho b io logica l ly  ac t ivo  doso a t  ,tho 

t a r g e t  sit. (reactive form of tho agont a t  tho s f to  of ac t ion)  aro not l i noa r ly  

r e l a t e d  bocauro of sa tu ra t ion  of 'notabol ic  ac t iva t ing  ryrtoaa o r  pormoability. 

In  t h i s  cas., tho rorponror obtainod a t  tho louor t  rxporuro l o v r l r  vould bo tho 
\ 

most d i r o c t l y  compuabh botvoon agontr. Tho data urod t o  obta in  tho ro la t ivo  

potency o s t i u m  for B[a)A aro  tho ring10 lovolr of agont givlng tho lovost 

rorponro for both 3raJP and B(a]A .  Tho e t a  urod and tho ro l a t ivo  potoncy 

e s t i m t o  dorivod aro rhoun i n  Tablo 111-18. 

exporuro lovolr  of B(a ]A  into cho ro l a t ivo  potoncy ortimato vould docroase tho 

est imato f o r  t h a t  agont. 

- 

Incorporation of tho othor 



. .  . TABLEIXI-17 
. 

Compound 
Lose 

( t  conca, 

I Sourca: Bfnghaa and Falk (1969). 
1 

: 

. .  . I  

. .  I 

. .  

. .  
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TABLEIII-18 . 

b Est imated Es t h a  ted No. Xic. ' 

vi :h Transition Rate - Relative 
Walignant Parama t a t  Potency t i * m r r  - _ -  

Dose NO. Hicc 
( 8  concen- Exposed 
ttation ( Survived 

( R j  1- . (SRJ) ( X I  50 weeks) --a 

B(a]P: 

B(&]A: 1.0 12 5 187.0 0.02 

0.02 
0 . 2 0  

18 
32 
29 

1 
3 
5,  

27.16 
5.13 
1.81 

i .o. Idsb 
0.027 
0.0097 

Source: Bin- and Falk (1969) .  

I . 

I 



Aa p u t  of an oxporlmont t o  w a h a e e  the timarigonic potent ia l  o f  tobacco 
-. 

l e a f  ar.d smoko c o n s t i h u n t s ,  several PAHs were tes ted for tumor i n i t i a t i n g  

ac t iv i ty .  Tho compounds vera applied a8 singla 'doses in  0:l ml o f  solvont t o  

the backs of f e u l o  ICR/Ha Swiss mPfC0. ' This treatment v u  follovod by 

applicatfonr of 2S mg croton rosin i n  acotono ar a promotor thrro timor a week 

r e s u l t s  obtainod aro prosontod i n  Tab10 111-19. B[a]P f r  cloar ly  moros potent 

than any of tho othor PAI1. ter tod.  

- 
f o r  63 vookr (or u n t i l  bath) .  Tho compoundr tor tod and tho oxporfmontal 

Tho data w o d  t o  obtain potoncy ortimato8 f o r  CH and B[bJP aro rhoun i n  

, Tab10 111-20. Tho rorponro omployod f o r  tho o s t i ~ t o r  v u  numboi o f  malignant. 

' tunor-bearing animal8 by tho 63-rd vook of tho tort. I t  v u  not porrfbio t o  

combine the i n c f b n c o r  of papfllomaa and carcfnoou in t h i r  o x p o r h n t  sfnco 
I 

individual a n h l  data vera un~vaf l ab lo .  

The necersf ty  of uring a prowtOt t o  obtain a carcfnogonic rorponro i n  tho 

t e s t  system is a f ac to r  t h a t  vould tond t o  roduco tho crodfbflf& of tho 

potency e s t f m ~ t o r  if  no other i n f o n u t f o n  v u  avaflablo; hovovor, rfnco 

carcfnomr veto obiomrod, f t  v u  usumod that us0 of tho proootor.allovod tho 

expression of eo118 that had undorgom tvo PAH-fnducod t r a m i t i o n s  and 

therefor. t h a t  tu0 of tho &-stago modo1 va8 approprfato. Tho potoncy 

c s t i m ~ t o  f o r  QI in chi. v a t u  fr uncortafn, sfnco tho rorponso lovol is not 

c l e a r l y  dfffarrnt  from tho creton ros in  control .  

\ 

. _  
. ,  

' I  
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TABLE 111-20 

?ransf tion htirnatad 
Rata ' Maiative 4 

30. ut ch 

No. Cancar by Parame tor  Po cency 
C 0 ~ O u n d Q  (me) Exposed 63rd Week 

D x o  b 

B[.IP 0.1s ' 
CH 1.0 
BtblF 1.0 '20 

(SRj) (q : 

20 6 10.91 1.0 
20 2 0.433 0.040 

5 1.368 0.12s Promotor 
' .  ' 20 1 .  .- .. 0 con tro 1 

. .a . 
. . .  . 

-2  'Abbroviatiotu: B[alP, bento[aJpyroni; CH;chrysono; B[b]P, " 

bonzo [ b.] f luormthona . 
bPAH administration vas follovod by 2S mg croten rosin appliod throo t i m a  

veekly for 63 vooks. 

I 

Source: Van Duuren o t  a1. (1966). 
~ 

/ 
. .  

, f  - . . .  
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(1) " C o q l c t a "  cazcizogcccsi: zxperisentr, in vhich P a r  vera topfcaiiy 
-administered for 1 year and 

(2) Initiation-promotion expriments,Oi> vhich PAHI voro a b i n f s t e r e d  for 
onlrr 3 weeks, followed by application of  a tumor-promoting agont for 
the duration of +ne e x p s r i m n t .  

For tho 'ncomplotoa carcfnoganicfty a v a l u t i o m ,  fomalo HA/ICR/I8i1 Swiss' 

1 albino mico racoivod throo weokly topical applicationr of B[a]P, 
bonzo(ghilp~ry1en0, or indrno(l,2,3-cd)pyrom for one yoar. Tho numbor of 

papillomas obsowad at each doro for each group is  shown in Tal. 111-21. 

B [ a J P and benzo [ ghi] perylrno' vere dissolvod in dioxum, 

in&no(l,2,3-cd)pyrono war disrolvod in acotono. NO tUOOrs woro obrorvod in 

tho dioxano vohich controls; no acotono control v u  inclad. Tho rorults 

shov that B ( a ) P  ir much-mora potont as a carcinogon than oithor of tho othor 

PAHr tortod in this model. 

. 

- 

For tho initiation-promotion oxporiOontr, ton I 
doros of tho same PAHI 

tested abovo woro appliod in d1ox.n. 2 day8 apart to tho backs of mico for a - 
total doso of 0.25 mg par ~ O W O  and follovod by 2.5Q croton oil in acotono. \ 

Tho froquoncy and duration o f  croton of1 adminirtration worm uncloar. 

Papilloms voro obsorvod and tho result8 of  thoro oxporimontr aro found in 

Tablo 111-22.  Again, b(r]P v u  shown to bo much mora potont than oithor of tho 

othor PAH. torcod. 
\ 

For o r c h  of tho coopounds w o d  in tho' first oxporimont, tho lovort doso 

that'g8VO 8 po8ititn rorpoM0 V.8 emp10y.d in tho te18tiVm potency oStim8tiOn. t 

Sinco B [ A ] P  gave + much highor rerponso than tho other PAHs and tho slop. 1 

appo~rr to bo-vory lov, the potency artimia, if in orror, is most likoly 

111-31  



- TABLE 111-21 

ZARCINOCNIC ACTIVITI OF SFIERAL e m  ON KOUSE  SKIN^ 

-. . 
bPap i 1 lo-r worm obr onmd. 

I .  

Soutca: Hoffmmn \ and Uyndat (1966). . .  
' .  

! 

111-32 

I .  

_ .  



TMLE 111-22 

colbp 3und. a 

N U  
Set 

bAdmini8tration I -  

C Croton 011 v u  admintrtorrd fa tho .bronco of  P M  trra-nt. 

of Pm8 was followod by 2 . 5 Q  croton o i l  u a. prowtor. 

Sourco: Hoff- and V>asr (1966). 

, 

\ 

\ 

. 

, .  I 



.' . , 

639 .e- 

' .  

overestimated. These estimates vera obtained using the one-hit model and are 

shown in Table' 1 1 1 - 2 3 .  
- *  

I . Th- tnlrtatioc-prcscocica ex;zzL:czlt j.:t:a~ vou;d to . -  . . .  - 

o * ~ @ r e s t i n i t o  r i s k  for tvo  reasons. First, the responses for IND and B;&-i!p. . . 

m y  ba. spurious, since they ' a re  not s t a t i s t i c a l l y  elevated over the  colrtral . '  

rasponsc; second, tna response for  B[aJP is in a high r a g e  f n  vhich a l o v a t  -- 
- \  

percentsof t h e  applied doso may bo convrrtFd t o  a biologically octivo target 

e r t i m t e s  obtained from t h i r  exporimant are displayod i n  Tabla 111-24, and vera 

obtained using tho ono-hit -do1 as w e l l .  

-dose, as cdmparod v f th  lowor- applied doso lovolr.  Tho r e l a t ive  potency 

. .  ' I  

As par t  of a study of  tho carcinogenicfey of tobacco and f t r  conr t fhunf . ,  

sovr ra l  PAHI vore tas ted  as cotip1.t. carcinogonr on tho skin of mico. ~e-1. _ -  

Svir r  mico recoivod various concontrationr bf tho t a r t  substurces dirroivod i n  

acecono throe tiaor a veek applfod t o  tho i r  backa v i t h  a brruh throughout t h e i r  

l i fot lmos.  Tablo 111-25 rhovr tho compoundr t o h d ,  concontrationr u o d ,  and 

the r e r u f t r  of thoro oxporfm~ntr.  No rolvont control group va8 roportod; 

hovovor, slncr no p a p f l l o ~ r  o r  carcirroau voro obtainad f o r  rovorAl of tho 

PAHr to r tad ,  a solvont cpnt ro l  group would mort l i ko ly  h v o  boon nogativo as 

v o l l .  Tho r o r u l t r  iadlcato t b t  B[a]P and dibonr[ahj.nthraceno aro somovhat 

similar in pot.acy in ehir modo1 and chrysono is much lor8 potont. 

' In thir oxp.rlmone, tho survival  rat0 va8 auch lor8 f o r  B[a]P-troated.  

animals than for thoro rocoiving the othor PAHI. To adjust f o r  tho differonce 

fn  s u n t l v a i  ra to8,  tho ro la t ivo  potoncy o r t f ~ t o r  vi11 b! bared on comparisons 

o f  tumor r a to r  obromod at  16 months using numbor of animal8 boaring carcfnooas 

111-34 
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_ .  . .  
.TABLE 111-23 

I DATA USED AND ESTIK~TES OF REUTIVE POTENCY OBTAINED RZOK 
MOUSE SKIN COMPLETE CARCINWnWESZS M p m m  

.. 
. ., . .  

\ 
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E a t  i m t e d  
N o .  of Transition Estimtad 

Roto Ralotivo , No. of Tumor- 

A r d m d s  Bearing Param tor Potoncy 
Doso b 

a (Rj 1. 

1.0 

Compound (ne) Exposed Animala (SRj 1 

0 :2s 30 6.57 0.076 
IND 

B [ghi I pc 0.25 27 0.46 0.005 Contra 1 

B [ a J P  ' 0 .2s  30 24 89'. 30 5 
2 

_ -  . 
0 30 , 2  - -  .. 

a Abbroviatioru: B [ a ] P ,  benzo[a]pyreno; IND, indono(l,2,3- cd)pyroru; 
B [ g h i ] P ,  banzo[ghi]poryleno. 

I b l h O  PAH do80 was followed by 2.58 croton o i l  u 'a promotar. 
- 
r; ReapoMo va8 not rtatiaticaliy elovatad over control. 

H O d . 1 :  p(X) - l:.xp-A(l+SRjx), A - -1n(1-2/30) - 0.0690. 
Sourco: Hoffmann and Uyndrr (1966). 

111-36 
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TABLE 111-25 

cARCINOCENIC ACTIVITY OF PAHI ON HOUSE SKIN 

fncfdencr of 
. Dose -Dapillomar 

Compounda (a  Concantration) ( a )  

. 9s 95 . ' 
0.01 

\ 0.001 
0.01 

' 0 . 1  . ' 

- .  30 
90. 
75 

30 
95 

' 90 

1.0 45 60 

0 ,  10.0 0 

Sourcr: Uyndar and Hoffmann (1959).  

. -  

, I  

. .  

\ 

. _  
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A study vas conducted t o  e o t a b l i s h  doso-responro CUNOS for soveral PUS 

following subcutaneous in jec t ion  in to  tho r igh t  a ~ l l l ~ a  of  ma10 C3H oico. The 

solvent used vaa t r icapry i in ,  although no rolvont control group v u  reported. 

A n h l s  voro palpatod froquontly folloving a sing10 injoct ion of tho t e a t  
' 

compound in ordor to  b t o c t  tumors; 998 of thoao datoctod provod to bo I 

sp indlo-coi l  s a r c o ~ r  ( tho remaining 18 voro carcinomas o r  oixod). AniP.1~ 

wero obronrodo throughout t h e i r  l i fe t iMr.  Tablo- 111-27 shows tho roaults 

obtained for B(a]P and dibonz[ah]anthracono. Dibonz[rh].nthracrno appears t o  

be somowhat mor. potont-than B [ a ] P  i n  t h i s  syrtom. 
- ,Although t h i s  c l a s s i c  J x p o r h n t  vith 12 o x p o r u o  lovols por compound gave 

a full rango of rrrporuo f o r  oach compound, sovoral fictorr mako it d i f f i c u l t  

' t o  i n t e rp ro t .  An oxposvo lovol of 0.0039 q appour  to  h v o  boon included for 

both B[alP and.D[.h]A; hornv.r, no r o r u l t r  woro roportod for thir doso, and no 

explanation for  tho or i s r ion  vas fncludod. Vohiclo control  r o s p o ~ o  levels  

vera a l s o  not raportod. Thir problem 1s oxacorb&d by tho a b n o m l f t y  of a 

pos i t ive  rosponro a t  tho Lovort exposuro lovol fo r  B[a]P (o.oo19S mg) fn the 

absence o f  a responso a t  oxporuro lovolr  4, 8 ,  or  16 t i oo r  highor. For the 

analysis conductod hot.>, tho &ea will bo r e s t r i c tod  t o  tho monotonically 

, 
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. TABLE'111-26 

, No. Aiilmals with 1 

Cmpound" CarCfnoW by 16 E s t i M t e d  
Traruf tf on Estimated 

SO. Rat. Re 1 a t  i v a  ----=- 

,Dora ' , Ponths , 
( %  con- 

tion) (x) -08.d Obrrrmd Predictrd ( SRj ) 

BIalPr 

centra- Aniluls Parmotar Potancy (Rj) - 

\ 

1 .'O 20 ' 8  8.00 3.60 0.0044 Control : 
- 0  

0 20 0.48 ' - -  0 

a Abbravi.tiom : B [.I P, panto f a1 pyran. ; D[ah ] A ,  dibonz [ ah] anthracena ; ai, 

bOmittad becawo of lack of f i t .  

chrysrna. 

Modal: P(x) - l-rxp-A(l+SR x) 2 , A'- -1n(1-0.5/21) 0.0261. 
I j 

Source: Wyndar uld  Hof- (1959). 
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. .  

, 
63.9'5 

/ 

TABLE 111-27 

T W O R  INCIDWCE OBSERVED IN kICE F O U U I N C  SUB~TANEOUS 
TNJECTICIN OF RENZOfA!PYRf%E OR D T B F J Z [ A , H ] ~ C ~ E  

. a' 
I -  . Compobnd 

. Dose .. 

!mg)' 

Tumor Xumber o f  Tumor- 

warier of  himlo ' 

Animals/ Incfdence .. 
( 0 )  

. ,  

. .  

3 
'15 

0 .  ool-95 ' .  2/79 
-0.0078 6/40 

' 0.0156 

0 .031  16/21 0 76 ' 0.062 . .  

Oil25 . 

0 . 2 5  ' 19/21 

1.0 
- . ,  .2-.0 . I 19119 

4 .0b 1 .  17/20. 

D[ahlA , 

6/19 32 

' . 20/20 100 . ' 

21/23. 91' 
. .  90 , 

22/22 100 . ,  

. .  

, .  

. i ' 0 . 5  20/21 95 
' 100 

85 '  b 
, .  

. ,  8 :O 16/21 - . '  76 ' 

. .  

. .  

' I  

bVol- of solvont v u  0.'5 m1 for tho 8 . 0  og d61e of D(ah]A and 0.25 ml' 
for all othor doma. 

Sourca: Brya(: and Shimkin (1943). 

. .  

. .  

. .  'i 
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increasing portion of the c u w e ,  which LS similar to the approach taken by the 

authors i n  chair fitting of the probi t  model. The only difference is t h a t  the 

authors of tho stdy f ~ c I V d d  the 0 . 1 2 5  ag l e v e l  fsr D ( & ] A  i n  &air analysis, 

which would have the effact of causing a slight decrease in tire relarive 

potency estimates ar.d y i e l d i n g  a worse f i t .  In  addition, for cho purpose of 

the present analysis, the assumption w i l l  bo mado that the louost doro of B(a!P 

(0.00195 mg) actually raprosants a control levol. 

consistent with tho obsenrod responsa data. 

potency determination aro shorn in Tab10 111-28. 

experiment, tho potoncy of D[ah]A is e s t i ~ t o d  to bo 4.5 ti-8 that of B [ a ) P ,  

This assumption is 

Tho doso-responro data used In the 

Undor tho conditions of t h i s  

, .  8 .  SURROGATE APPROACHES: DNA A D L U C l  FOE(WATI0N 

Interaction bomoan reactivo PAH mot~bolitor and DNA hu boon ertabllshrd 

as a neeossary (albeit not sufficient) evont for PAH-induced tunorigenoris 

(Gelboin 1980, WOi118tOin et d. 19781.’ Tho formation o f  B(a]P diol-epoxido DNA 

adducts has been shown to bo linoarly rolatod to administorod doro for several 

organ8 in rats and aico (Poroira et 01. 1979, Adsiorusonr o t  a1. 1983), and 

related t o  a ‘quadratic incroaso in tunor formation (Homing8 and Yuspa 1985, 

Lee- and O’Neill 1971). 

qruntitativo tumor doro-rosporuo information for carcinogenic PAH8 that can be 

raadily coapuod t o  B[a]P, tho formation of DNA adduct8 could bo u o d  as a 

surrogate b u i r  for ortabllrhing relative potoncy estimates. 

- ,- 

It is reuorublo t o  ruggort that Ln tho absonce of 

, 

, 

It is racogafzod that tho DNA adduct lrvol in a tirrw is not directly 

related to cucino~onic rorponso. Other factors such as tho DNA repair and 

cell turnover ratas in tho targec tissuo can hava a groator effoct than the 

actual number of adducts on the ultfmeto probability of tumor formation. 

I 

- 
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, TABLE 1 1 1 - 2 8  
, 

, 

Est imatad 
Transition Es t h a t e d  Tuors . . 

- Race Reiat:vcl. ' ConpcjUnd" No. of 

img) Exposed ' Q h e w e d  . Expec.ted 

E(ajP: 
' . .0.031 

4 . .  Parameter , Potency. - . ,Gas@ , . XLC? 

a m j  1 (Rj 1 
I .  

4 2 . 8  . , 1 . 0  
2 . 0 , s .  . . 16 ' 0  

' r .  . .  G 5.73 . 0 . 0 6 2  ' 20 
12.15 

D[ah]A: 
. O .  0078 GO . .  6 5 . 8 5  

' . 0.0156 ' 19 - . 6  * . 6.33 . 
0.031 . . ?1 . ' .  ' .  16 1 4 . 8 4  

. .0 .062 20 ,20  19.71 
pseudo- b control : 

1 9 2 . 4  , 1 .  1 4.5q 
15 0 . 1 2 5  . .  . . 19 . 

6 

. .  

0.00195 160 6.0 - 0  - 0  

koQ1: P(x) - l-exp-A(l+SRJx) 2 , A - -ln(1-4/160) - 0.02S3. 

G 

a AbbreviatioM : B[ 1 P, bema [ J pyreno; D [ & ] A .  dibenz [ahlanehracene . 

bCombined raspohse at a doao levo1 of 0.00195 m8 of B[a]P or tD[oh]A. 
- 

' Source: B r y &  urd Shimkin (1943). 

" . 
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Hovever; under the assumptions of the c u t r e n t  model of PAM tumor induction, t h e  

transizion r i f e  is linearly related t o  the DNA adduct formation r a t e .  AS a 

r e s u l t .  tho rolattvc, patency m a w r e d  2s ?k!e r c t i c  a $  XP. ad&&=:= gac JIJL 

administered dose for t ~ o  PAHs is assumed t o  be independent of t i s sue  tjrpe, 

routs of exposure. and t 8 9 r  system as long as the r a t io s  of tho levolr  

OfdistribLtioc, zotabclfsm.. and eLlmimtion for BiajP and the PAH i n  qwstil jn 

remain unchanged. Furthormoro. DNA adduct formation may ro f l ec t  &cor r i s k  

from PAH. a t  low, environaantal hv018 of e x p o r u o  mor. a c c u a t o i y  than 

dose-responro CUNOI basod on tumor rat08 producod a t  high lovolr  of oxposuro 

i n  tho laboratory,  vhon additional biological  m o c h a n i s ~ , ~ y  play a to lo  in 

enhancing o r  supprossing tumor ra tos .  

/ 

- 

This soctlon b s c r i b o r  tho rtudirr in vhich tho l r v o l r  of DNA adduct 

fonmt ion  voro b t a m l n o d  f o r  SOvOral PAHI1 including B[a]P. Tho s t ~ d i o r ~ a r o  

descrlbod in rovorso chronological ordor, and r e l a t ivo  potoncior aro datorPinod 

fo r  tho PAHr tortod. - 
A t o t a l  of 28 compounc- yoro to r tod  for a b i l i t y  t o  bind t o  DNA using a 

8 
very sons i t ivo  toctmiquo (dotoction- l i m i t  of 1 aromatic D ~ A  adduct in 10 

normal adducts) f o r  tho ? tac t ion  of DNA adducts o - ~ o y i r y  3 2 ~ - p o r t ~ a l m i i i n g  

following adoiniriration t o , r a e r  and oico.  Tho PMa to r tod  woro appliod t o  the 

dorsa l  skin of f-0 bAtd/c oico as four do808 o f  1 . 2  uno10 oach i n  acotono a t  

0 ,  6 ,  30, and S4 hours. A n h l s  voro s a c r i f i c r d  24 hours a f t o r  tho l a s t  

treatment.  

l abol led  v i t h  -32P (using TQ polynuclootido kiruro and [ p 3 * P ] A 1 P ) ,  resolved ~ 

DEU v u  i so l a t ed  from t r ea tod  sk in ,  digortad,  o n z ~ t i c a l l y  

using th in- layor  chromatography and detected using autoradiography and 
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scinti1,lation counting.' Relative adduct labell ing vas d e t e m i n e d '  by comparizg 

the radfoacttvity of the adducts '10 c h a t  of normal nucleotides. Absolute 

:evels o f  adduct farmattan Vera ?@C.Zive?, a?d resalt;, were expressed as ;he . 

i-anges- depicted in  Table 111-29: 'as a r e su l t .  point 'esttmetes of re la t ive  

?otency a r e .  not obcafnable.. The. only quant i ta t ive conclusion thaf  .can be dram 

from t h i s  s:u&] i s  t ha t  B(6jP'is the.s-0 potency or up to  three orders of 

. 

. .  

. I 

magnitudo more potent than the other  PAHI tested.  Tho authors noted, however, 

tha t  there was a good cor re la t ion  betvern adduct levo1 and carcinogantc potency 

on mouse sk in  (although D(ahlA has  been found t o  bo mor0 potrnt than B[a]P i n  

, 

some cases) and tha t  the noncarcinogenr f a i l e d  to  form dotoctablo adducts. , 

' I  ' 

. The levels of  binding of seven radioact ivoiy- labol l rd  PAHr t o  mow. skin , 

I DNA following topica l  appl icat ion wero dotominod. On0 -10 of each PAH i n  

binding (from 19 t o  72 hours following administration, doponding on the 

I acetono (sea Table 111-30 f o r  compoundr tes ted)_var  appliod to  tho backs of 

male C57BL mice and tho animals were sac r i f i ced  a t  tho ti- of maxim1 DNA 

I 

'compound, which f o r  tho purposo of tho m o b 1  is u r u a a d  t o  bo proportional to  

s teady-s ta te  binding lovolr  un&r conditionr of continuous exposure). 'DNA vas 

i so la ted ,  hydrolyzed o n z y ~ t i c a l l y  and chroa~tographod; lovols ofiPAH binding ~ 

were daterminod from th. munt of rad ioac t iv i ty  e lu t ing  w i t h  tho f rac t ions  

containing DNA-bound P U .  The ex ten t  of DNA binding fo r  tho PAHs t es ted  is 

shown in Tab10 111-31. / 

7 . 1 2  -Dimothylbenz [ a] anthracene, considored to  bo tho most carcinogenic 

PAH, vas found t o  bind t o  DNA t o  the g rea t e s t  .extant; tho voakrst carcinogens, 
i 

-, benr [ a ]  anthracano and dibenz [ a,:c j anthracene, vero bound' tho l eas t .  The extent  . .  . .  
I '  . ,  

- .  . -  
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/ ' TABLEIII-29 

a' . Re lot iva 
Compound \ '  Level o f  Bfndfngb - 

. '  
-B(aJ? 

B[aJA - 

cw 

'AN 

. P Y  

. _  
N D .  

ND 

a Abbroviatiotu : B (  a J P,  bonzo ( a]  pyran.; B(a]A, bonz [ a] mthr&ono; - D (ah ]A, 
dfbonz (ah J mthtacono : B [ ghi I P , bonze [ ghi J porylonr ; Qt. chryronr ; AN, 
anthracona; PY, pyrono. 

adduct i n  5x10 - LO nuclootibr.  
5 bRelattve5bindiql levolr: +++, 1 adduct in 10' - 5x10 nucleotides; ++, 1 

I 

. .  
. .  

- .  
. .  

" . 



Estimated ReLatLve Potency 

0 

0 

15 

% 25 

D [ a h ] ~  

7 -KM 

3 -KC 25 0 

1.0 B [ a I P  27 

7.12-DKRA 63 1.6 c 

d Abbreviations:' B[a]A, bcnz(a1anthracena; D( acJA, dibenz(ac]anthracanc; 
D[ah]A, dibenz(ah]anchraceno; 7 - K M ,  7-machylbon+(~]~nthrocana; 3-KC. 
3-methylcholanthrene; B ( a ] P ,  benzo(aJpyrena; 7.12-D)iBA. 
7,12-dimathylbe~(aJanthr~cane. 

5 6  

93 

Sourco: Phillips et el. (1979). 

. .  , .  
93 
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. .  
. .  

689 6 ,* .- 

of binding of the  intermediate  compounds .also appeared to-correlate  ve l1  r i c h  

what are thoufit t o  be their carcinogenic potencies. B ( a ] P  is apptoximatelv 

Tho extent t o  which PAHs &act with DNA w a s  doteminod w i n g  an vim I - 
system comprised of a m l C r O S O a d  enzya0 ac t iva t ion  system, salmon sprnr DNA. ' 

and 0 . 5  mg of radioactively labeled PAHI. Folloving incubation for on. 

hour,tho amount of PAH bound t o  DNA Wad determinod win8 s c i n t i l l a t i o n  

counting. Tho PAH. t es ted  and results obtained aro rho- i n  Tablo 111-30. 

B ( a ] P  war again shown t o  bo tho most activo PAX; it war at loart mico  u 

potent a s  tho other indicator  PAHs. 

Establishing a credible  biological basis  f o r  u o  o f , m  v i t m  systemlon 

which t o  base re la t ivo  potency estimates is d i f f i c u l t ,  sinco many of the fat- 

1 t o r s  a f fec t ing  adduct fornution I n  vivQ, such u DNA ropa i r ,  are  absont; hov- , 

ever ,  the infomation dorived from t h i s  systom may bo u o d  in qual i ta t ive  

support of othor data. 

C .  SELECTION OF REIATIVE POTEN& ESTIUTES 

In  tho proviow rictioru, relacivo potency ortimator woro dotivrd for  

carcinogonic P A b .  Thoro ortimates vere basod on tho r e s u l t s  obtained fn 

fourteon sopuato studio8 w i n g  s i x  dff fe ront  exporinontai systems. The 

potency estimator vd tho systems from which thoy vero dorived are summarized 

i n  Tablo 111-32. Noto t h a t  up t o  seven indopondont estimates of rolat ive 

potency vero obtained f o r  tho PAHs. 

! 



TULE 111-32 

._ 

A.0 A.0 ' 

0. US' 

0 . d  

0.061' - 

. 0 . o d  

'0.0U' 

O.OOI4' 

c l o 4 a ~ o o ( o a ) g n u  o . d ,  

. .  
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Yajor qual i ta t ive differences e x i s t  betveen t h e  studies from vhfch ' the  

continuow hrmrrn ingest ion or- inhal ation exposure. One approach' t o  ob'tainfns 

composite estimates vould b a ' c o  ob:cin d numerical estimate based upon a 

weighted average of tho studies .  ALternatlvely, the most relevant study could 

be selected based upon cer ta in  objective c r i t e r i a  and any par t icular  unique 

I 

condition tha t  is noted. A provisionai Selection I8 pr888nt8d hare; a more. a 

appropriate method of se lec t ion  m i g h t  e n t a i l  a consans& of opinion from ! a 

panel of recognized experts employing a formal system of vaighin8 such as that  

, suggested by Dunouch81 and Harris (1983). 

Soma of th8 cr i ter ia  considered f o r  making th8 selacr ion i r r :  

(1) The relevanc8 of the route of expoaura employed i n  th8 bioassay t o  
ant ic ipated human exposure. . . .  

( 2 )  c he duration o f  exposure (Longer exporues  at. pr8fOtted). 

(3) The sampl8 s izes  used. 
\ 

( 4 )  The inclusion of a vehicle control group. 

( 5 )  A dose-respome relat ionship obtained tha t  is consistent with the 
underlying theore t ica l  model, which is 1inoar-qu.dratic fn form. - 

( 6 )  The extrnt to  which th r  o b s 8 ~ 8 d  r e 8 p o ~ 8 8  cov8t th8 entirm response . 
range. 

( 7 )  The abronce of' additional complicating variabhm s&h, as promoters. 

The extant  t o  uhich each of the s tud ies  f u l f i l l s  th8sa criteria: in  a 

r e l a t i v e  SOMO, i r  indlcatad i n  Table 111-33. Tho sca la  used is,as follovs: 
1 -  

'.TI above amr8gr; *, avaragd; +, belov averago. 

Based on t h i s  information and soma fac tors  spec i f ic  t o  individual studies,  

the r e l a t i v e  potency estimates tha t  a re  considered t o  hav8 the most re l iable  
. .  

- . .  . . basis. vere se lec ted  and ,are shorn i n  Table 111-34.  ' 
I ,  . 

.~ - 
I .  
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_ .  -- 
. .  0.720”’ . 

c . OOd&? 
1 .!I 

Ai r hanc h r en e 
Benzo[a]pyrcm . . . 
Benzo [ j pyrcns 
Beriz ( a ]  s2-h- acime 

I 0. l d  

Btnzo ( j J fluorantheno 1 0.061 Benzo(b]fluorantbcne 0.1lro; 

Benzo [ ghi 1 perylona . .  0.022y. 
Chrysene 0 . 0 0 2  
Cyclopcntadiono(cd)pyrono - 0.02a 

Benzo(k1 fluorinthono ’ . , 0 i 066a 

1.11 

0.081 

D1benz.I ah] anthracene 

. . Indono(l,2,~3-cd]pyro.no -0.232: wren. 

I . . .  

. .  I .  . .  
. .  

. I  %eutsch-Uonsol a t  a1. (1983)-. 

bBinghrn and Falk (1969). 

C Habs et ‘al. (1980). 

%yndor and Hof€bnn (1959). 

e Uis lock i  e t  al. (1986). 
I 

, 

. .  
. .  

. .  

. .  

. .  

- >  

.. 

. .  
-. . .- 

. 



The b a s i s  for each of the select ions i n  Table 111-34 fs as f o l l o v s :  

Acthanth,'ene. Only one study w a s  performed from vhich a relative-potency 

Bcnzfr!m-. 'rho newborn mouse bioassay (Vis lockl  et a l .  1986) 

could be dorivod. 

provided unreliabJ.e,cijta: the aOUSe skin bioassay r e su l t s  ( B i n a m  and Fa;k 

L969) arc mors zonsistenc. x. Both tho ~ O W O  skin 

carcinogenoris (Habr o t  a1. 1980) and intrapulaorury administration 

(Deutsch-Uansel e t  a l .  1983) s tud ies  woro found t o  bo of compar.blo /- 
q u l i t y ;  

the estlmater basod on tho l a t t e r  study woro choron bocauro 'of tho rolov.nco of 

this rout. of expos& to that of the B[a]P study on which tho doso-rasponro 

modo1 is based. Both studio8 aro mor. ro l iab lo  thm tho nowborn mouro b i o u s a y  

(LaVoio e t  el .  1987). This choico r e s u l t s  i n  an approxiP.to1y 1 S Q  louor 

es t fmr to  f o r  B(b]P, but i n  a 3-fold groator  o s t h t .  f o r  B[k]P. 

, 

-. 'This compound v u  to r tad  i n  tho nowborn m u s o  

1 -  

a l .  1980); tha potoncy bared on tho h t t o r  study w i l l  bo u r d  

grea ter  q u a l i t y .  
1 

w. U C  (1983) coruidarr  this compound 

Hovovor, oOi&nco from sovoral studios indicator  carcinogon. 

bioassay (LaVoio e t  a1. 1987) and f o r  i t 8  skin 'carcinogonici ty  / 
(Habs e t  

s ince it i s ' o f  

t o  bo a non- 

t h a t  it ha8 weak 

carcinogenic potontia1. Thrroforo, f o r  tho purposo of c o ~ o m a t i s a ,  B(ghi]P 

will bo c o ~ ~ i & t O d  t o  bo carcinogenic and a ro la t ivo  potrncy estimate derived. 

The fntta- a t h i n i r t r a t i o n  study (Doutsch-Uonol ot a l .  1983) proved t o  

f u l f i l l  mmy 0010 of tho-adaqucy c r i t e r f a  than d i d  tho sk in  carcinogrnesis 

study ( H 0 f f r P . m  and Vyndor 19661, ther r foro ,  tho formor.was usod 4s the bas i s  

f o r  es t t M t ion. 

. .  111-53  



C5rzser.e. 2 . e  skin carc imgenes i s  study (Yynder and Hoffsann ;3.j3) .,ag . 

. considered-to b e  more appropriate than the dnitia~ion-promotion study (Van 

. Puzsn  et a l .  1966). CT :he nsvbcm. m?!rJr! bioassay !Vfslockl e t  ai. 1.986) he- 

cause of .tho additiOnrl-:v8riables introduced i n  the l a t t e r  cvo types of study. 

Furthermore, the cumor response observed i n  tha Van Duuren e t . a l .  (1966) study .. . 

was not s t a t i s t i c a l l y  s ign i f icant .  

. .  

. . . .. . 

. -'(cd)gkerta. This coapound'v.s tested only for  mouse skin 
. . .  

carcinogenesis (Habr e t  a1..1980),. 

pI the basis  of tho extent to which each of the  

s tud ies -of  t h i s  compound f u l f i l l  the cri teria for study adoqucy, the estimate 

derived from tho skin corcinbgenesis study (Wyndor and H o f f m  1999) vi11 ba 

used. E s t i m t e r  of two t o  four timer higher voro obtained I from shrd ie j  tha t  - 

employed subcutaneous inject ion a s  a method of administration; hovever t h i s  

system is less relevant to  human exposure. 

3-cd'Pvren.' vas tNo for the b e n ~ ~ f l u o r . n t h ~ n ~ ~ ,  both  the 
i Habs e t  al. (1980) skin carcinogenesis study and the Doutsch-Wentel'et a l .  

(1983) intrapulmonary administration study f u l f i l l  more of tho adequacy 

c r i t e r i a  than tho newborn mowo bioas8.y (LaVoio e t  a l .  1987). The estimate 

based on tho Doutsch-Wonsol e t  a l .  (1983) s t u d y  vas choron becawo of i t s  

relevance t o  tho rout0 of oxposuro usod i n  tho study of B(a]P from vhich the 

dose-responso mob1 v u  darivod. Fivo indopondone potency esti-mtes vera made' 

'and tho largort chosoa. Consistency betvean estimates vas apparent; the three 

l a r g e s t  estlaatos varlod by no more than a fac tor  of ono-thtrd. 

. - 
/ 

/ ,  

m. Thir compound vas t e s t ed  only i n  tho nevborn moue bioassay 

1 

(Uislocki e t  01. 1986). Tho estimates are inconsistent i n  the l i v e r ,  varying 

by an order  of magnitude. The estimate based on lung tumors vas chosen as an 

a 1 t e  ma t i ve : 

- 

- +. 
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xv. ESTIXATION OF COMPARATIVE POTENCIES FOR POLYC~CLIC A R O ~ T I C  
HYDROCARBONS USING THE LINEARIZED MnTISTAGE HODEL 

Tho l i ruar izod  mulctstage nod41 can be usod i n  soveral 'vayr t o  obtain 

estimates of r e l a t ive  cancer potency; aa a r e su l t  of seriow prac t ica l  and 
' 

theorecical  p r o b l e m ,  hovever. the u t i l i t y  of 3uch approachos is  l i n i t ed .  h e  

moasuro of potency of a par t i cu la r  PAH ir tho rociprocai of i t8  exposurr 10v.i 

t h a t  r e s u l t s  i n  a spociffod tumor reaponso rat.. For oxup lo ,  tho rociprocai 

of tho exposuro lovol that inducod a 1OQ tumor rosporuo b u o d  on point 

e s t i n r t e s  from tho multistage modo1 is  u r d  by EPA u a mouuro  of potoncy for  

reportablo q u ~ n t i t i o s  of po tont ia i  CarCi11080M (CogU.no 1986). Tho r a t i o  of 

two potoncios so calculatod mfght bo urod t o  obtain a ro la t ivo  potoncy 

e s t i n r t o .  Rolativo potoncior calculatod i n  this mumor m y  vary a t  difforont  

reaponso h v o h  and a8 a t O S U l t ,  aro uaroUabio bocauro thoy aro highly 

dopondant on tho tumor rosponao lovol choson. For rorponro l0~0ls  t h a t  aro 

much smallor than thoro i n  tho obronmblo r q o  ( i . o . ,  incrouor in tuwr ra t e s  
\ expoctod a t  emtironmontal lovolr  of oxposura), 4 1 vory mfnor s h i f t  in tho tumor 

responro data i n  an oxporimont c u r  bo rhovn t o  load t o  o r b r r  of magnlhrdr 

changos in tho r o l k i v o  poton]cy 0 8 t f ~ t o r  a t  o ~ r o a m e r l  l o t n l r  w i n g  t h i s  

approach. As a r o s u l t ,  this approach hu U t t l o  t o  r o c o m d  it f o r  ossorsfng 

low-do80 potoncior ovor 4 r l 6  r q o  of potonti41 o a v l r o ~ n t a l  oxposuro 

I O V O h .  

U s i q  tb. 9% uppot bound l i n e a r  t o m  obtainod from tho mr l t i r tago  modo1 I 

t o  der lvo r o ~ ~ t i v o ' p o t o n c ~ o r  ins tead  of point ortimator h~ 4 supor f i c i a i  ~ o v e ' l  

o f  appoal. Thfr is tho moaruro of potoncy -it ofton w o d  by EPA in various 

regulatory s e t t i n g s  (EPA 1 9 8 6 ~ ) .  Tho r a t i o 8  of uppor bound o s t i m t o s  aro not . 

good measures of ro l a t ivo  potoncy, hovover, rinco thoy aro soootioos more 

. .  
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dependent upon sample size considerations than on tumor response levels. Since 

unit risks (i . e . ,  959 upper bound linear terns) are often used to represent the  

potencies of carcinogew at ~nvironmental levels of exposure. using them t o  

Using the tumor data from Section 111, the parameters in the linearized 

analcfstage modal vere estimated and a Chi-square goodness-of-fit statistic 

obtained. Tho parameter estimates and r2 valurs aro shorn in Appendix B. In 
2 

cases whore the models did not fit the data,, as measured by tho approxhte x 

goodness-of-fit t e s t ,  -tho tumor rate obtained at tho highert doso V.8 omitted 

’ 

- 

and tho models were flttod t o  tho reducod data sot .  

Comparison of tho rerultr in Appondicor B and C with tho corrospondlng 

results for tho ono- or tvo-stago m d e h  presented In Soctlon I11 revoals a 

numbor of slnilarltlrr and differences. Tho mrltlrtago modal provldad adaquato 

fits t o  tho data ln a11 but four caser. In a11 four of theso casor, tho 

relative potency vere barod on solacted subiots of tho data (Tables 111-12, 

111-16, 111-22, and 111-28); In at hart of tvo of theso ~ 8 8 0 8 ,  the multistage . 

modal gave adaquato fltr to slmllar subrotr .  In a numbor of C U O I ,  tho 

mltlstago modal yloldad a llnoar-qu&atlc doso-rorponro rohtlonrhip similar 

to that assumad’ in  tho tvo-rtago 0061.  - In othor c u o r ,  hovovor, tho 

I 

mltirtago modal lnclubd’only a linoar t o m  or tho lut t o m  in tho nth dogree 

polynomial. In rovoral cams, tho multlstago modo1 yloldad slightly better 

fits t o  th. d.t. thrn tho tPIo‘-stage modal (o.g. ,  Tablor C-1, C-3, C - 7 ,  and 

C - 9 ) .  Hovovot, Chore mimpr~~omentsn in f l t  rorultod from tho largor numbers of 

paramoterr in tho mrltirtago m o d o l  vlth resulting variability In tho number of 

I t e r m  ( I . o . ,  in tho shapo of the doso-responro cum.). With only two 

rv: 2 



I 

except ions ,  the cvo-stage model y ie ldad  reasonable  fics t o  the  data a f t e r  

e l i m i n a t i o n  of one or more high-dose terms. The except ions  are D j a h ] ~  i n  

Table 111-1s and both D[ah]A and B[a]P, shorn in Tablo 1 1 1 - 2 7 ;  i n  thoso cascIs a 

zultlstago mod01 could n o t  fL1: t h 9  d a t A  d i t h e r .  mu, tho a v a i l a b l e  
- 

dosa-response data are  no t  sufficient t o  dotemfno vhfch of theso  tvo models . 
\ -  

provide8 the b e t c e r ' & s c r i p t t o n  of tho  data. T?m tvo-stago m o b 1  i s  praferrsd 

fo r  paramtor  e s t f m ~ t f o n ,  f o r  two raUoM: (a) ft ha'. tho S.W forp i n  a l l  ' 

casos, whoroar tho ~ ~ l t f S t a 8 0  modo1 hvokos dffforoat  numbor8 of stagos t o  fi t  

dffforent  &t& so t s ,  Mkfng r o h t f v o  potoncy o r t i aa to r  doro-dOpon&nt; and (b)  

it is barod on a specific mod01 of tho tu0 affoctod t r w f t i o m ,  vhfch h u  

strong empfrfcal and thoorotfcal  support i n  tho c u o  of P U ,  vhorou  tho 

multfstago modal lOaV08 both tho ru turo  urd tho numbor of.tho affoctod 

t r u m f t f o m  u ~ p o c f f f o d .  
\ 

Tho 95Q uppar bound lfnoar t o m  v u  u o d  t o  obtain ro l a t ivo  potoncy - 
e r t f m t o s ,  as rho= fn Appondfx B. Tho r a t i o  of thoro pa ramtor s  to t h a t  

derived f o r  B(a]P yfolda tho ro la t fvo  potoncy o r t iP . to r .  

Tablo I V - 1  sumarfror tho ro l a t tvo  potoncy u t k t o r  dorivod f o r  a larn. 

samplo of tho Plllf. from tho b f o u r a y  data tn Section Iff  ruiry tho &itfatago c. 

modal 95Q l fnoar  t o m  uppor bow (ql). Tho o r e h t o r  obtafnod using t h e  tvo- 

o r t h a t o r  and t h o i r  coar l r toncy u cooparod t o  thoro obta&d ruing tho 

, O b t a i a i q  avor-0 ro l a t ivo  potoncfor fr  an approach that appoalr t o  somo 

invostfgator8 l a a t u d  o f  attomptfng t o  so loc t  tho b o r t  study on vhich t o  bas0 

tho r r l a t f v o  potoncy o r t h a t o r .  To i l l u r t r a t o  tho r o r u l t r  of t h i s  approach, 

tho goomotric m o w  of tho poconcior obtafnod for oach PAH wing both models 

\ 

r; 
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. are sho& i n  Table' IV-2 f o r  all PAHs that  have chree or more independent. 

e s t i m ~ t ~ o r .  ALSO displayed a r e - t h e  geometric means of each re la t ive  D O ~ C ~ C V  f o r  

e~ic1.1 uothod or ' . es t i s r t ion  ;.nd for mechods of e,stimation a o n g  PUS. m e  - .  

~. 

.geometric m o w  , for  the .same @StilACLOn methods indicate tha t  on *;@rage,' both 

-approaches y i e l d  conparable resulcs .  . . ,  

An additional compurison of relatf-te potencior I 
from the "best" s tudies  

(seo Soction 111) using boch estimation mothodr is shorn i n  Tab10 IV-3. For ' 

thoro es t imtos ,  tho tvo-stage approach yi01d.d rolat ivo potoncior c loro t o  

those obtainod using tho multistago mothod. Thir coopariron rplplifisr tho 

assor t ion  t h a t  tho gonoral two-stago approach h u  not introduced A soloctivo 

bi.8 tha t  would uniformly reduce r i s k .  In  viov of t b  ruporior mathomtical  

multir togo uppor bound procoduro, tho comparativo potoncy ortimtor 0btAf-d 

using tho wo-stago modo1 aro racommondod. 

- 
. 

- ' 

and biological  baror for tho tvo-stago modo1 1 
a8 cohparod to  tho l inoarizod 

I 

. 



, CEOHETRIC MEANS OF REUTIVE 

6.89 5 ' . 

I .  

TABLE IV-2 
. -  

POTENCIES BY AGENT rrND ESTIUTION m O D  

. .  

PAH 
. .  -0 -stag. 

0.228 
0.03Bic 
0.0346 
0.0729 
1.323 

0.1239 

0.182 
0.0307 
0 .  oii8 
0.0909 
2.41s ' 

0.1077 . Coomoeric Moan I 

. .  

Mbroviationr : b[ b] f , bonto [b J fluorantho&; b( k J F, 
] P, bonro [ k J fluoranthono : IND , lnbno [ c , d Jpyrolu ; b[ 

0 [ &]A,  dibont (&I mthracoru. 

. .  

. .  

'. . 

I 

I '  
/ 

. .  
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. TABLE IV-3 
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v. LIYITED VALIDATION OF THE COP~PARATIVE .POTENCY APPROACH 
. .  

8 

This >chaptor d e s c r i b e s  hov the a p p r o p r i a t e n e s s  of tho tuo-stage model and 

che iccuracy of the cotrpcrzative potercy estimates for PAHI can be part+aiip 

vdiiddc6d u$ilrg rxpecimenCai daKa from the literature. Tumor rates  p r e d i c t e d  

b3 ch* tua-stage z,oJel arid c c q a r a t i v e  ;otencies developed i n  chis reoort ;an 

bo coapared to tho actual  tumor r a t e r  observed i n  experiments using ' 

I - 
cotnbimtiona of YAHs t o  induce cancer i n  laboratory animala. The criteria - 

for 

a useful study for  such a comparison a r e - d i s c u r o d  bolow, and study in vhich 

predicts tumor ratoa r o a r o ~ b l y  vol1 i n  this exporiaant a t  lovor doros, h e r o  

deviations duo t o  biological  lntoract ionr  aro l o r 8  l i h l y .  

AXI unbiasod, senritivo, inbpondont va i i&t ion  of tho prodictions of tho 

I 

, PAHs were tes ted for  c+rcinogenosir using mico is e v a l u t o d . '  Tho modo1 

, 

lou-doro a ~ i t i v o  two-atago or- any othor iow-doio oxerapoiation notiel is r iot  

possible using current ly  a u a f l a b l o ~ e x p o r ~ o n t a l  I 
tochniquoa. Tho tumor rates 

predicted by the'modol i n  tho lov-do80 rango aro f a r  bolow thoro that can be 

prac t i ca l ly  mearured using animal bloaasayr. As A rosu l t ,  d i roc t  experimental 

those expoctod i n  tho ormiror~wnt .  Uao o f  high exporlmontal lovolr of  

exposuro, hovovor, can load to bfological  i n to rac t iom that vould not be 

expected t o  occur at  rmr l roa~wnta l  l o v o h  and that rorult i n  doviationa from 

what is prrdictod. 

' evidence f o r  tho modo1 muit'bo obtafnrd at oxpoauo lovolr  f a r  in excoss of 

I '  

Among tho mor. faportant tntoractfon mochmisp. ant ic ipatod a t  high doses 

a re  exposuto raturation and e & p o  sa tura t ion .  In  tho f i r r t  car., PAHI arm 

applied t o  mouso sk in  a t  such high 1evolr.that thoy accumulate on tho surface 
I 

and are absorbed at t o l a t fvo  ratos that aro lovor than thoso a t  lovor doses .  
/ 



AS a r e s u l t ,  higher doses administered t o  the  animal are p r o p o r t i o n a l l y  1 

leadlng t o  ovorpredictioru of tumor risk a t  hizh d O S e 8 .  Tn the j - t ~ ~ C 1  c : ~ ? ,  , ff 

greater 

chan t h a t  vhioh i s - a c t u a l l y  absorbed and predicted t o  reach target  s i tes ,  

tSe levels of mataboliting enzymes are insuf f ic ien t  t o  comer t  a l l  of the 

- 

carcinogenic ;c'AYr-rn a mixture to  t h o i r  reactive dorivat ives ,  the  n d e r  of  

reactive d e r i v a t i v e s  w i l l  be fsver when PAHs aro administered togother as  a - 

Inixture than would be predicted fo r  tho sum o f  tho PAHs had thoy boon 

' 

administerod soparatoly; tunor r a t e s  would c o n r o ~ n t l y ' b o  \ 
loss thrn thoso 

predicted by t h i  hypothoria of doro-additivity.  L _  

An add i t io tu i  fac tor  tha t  makos d i roc t  ve r i f i ca t ion  of tho prodictionr of 

tho modal d i f f i c u l t  is t h a t  tho va l ida t ion  is dopondoat upon tho coobinod 

exporuo  exporih.nts th8t at0 availabio i n  tho l i t o r a w o .  Such oxporinrnts do 

not i n c l u b  a11 tho PAH8 fo r  v h i c h ~ r o l a t i v o  potoncp o r t f m ~ t o r  havo boon . 

obtainod. In  s p i t 0  of thoso l fmi t8 t ioM,  using tho l w - & s o  addftfvo m - r t a g o  

mod.1 and t e l a t i v o  potoncy e s t f ~ t o r  t o  prodict  a ,carcinogonfc r o s ~ o n s o  t o  

multiple P A H ~  cur p t o i i b  p a r t i a l  verification o f  tho appro8ch. 
< *  

For a study t o  p r w i d .  ,a urofu1 o v 8 l d t i a n  of tho copp8ratfvo potency 

method, two essential 01.p.nts are toqufrrd.  F i r s t ,  B(a]P a u t  havo boon 

i n c l u b d  i n  th. -8.7 a h.tn domonstratod 8 d08.-rO8pOMO rola t iomhfp .  

Second, tvo or mor. P u t  m a t  havo been tostod s ~ l t . n . o u r l y .  In  addi t ion,  an 

e x p e r h n t  ia rhich high-do80 fn torac t ion  d id  not affoct tho tunor rrsponso is 

desiroblo.  Rorultr vhorr 8 quadratic doro-torpanso r o l 8 t i o ~ h i p  e x i s t s  up t o  - 
I ,  

the highost r o r p o ~ o  lovols  domonsttato tho abronco of high-do80 fntoract ion 

under tho asoumod 0od.l. E v i l u t i n g  an exporimone in  which I high-dose \ 

. . .  . .  . I  

. .  
1 ,  ' 
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interact ion occurred would require additional informat ion  and assumptions- , 

concerning the-nature of the mechanisms of interaction. Sufficiently detailed 

biological, information w i t h  which :O postulate such mechanism of fnztroctfcn . 

is not l iko ly  to  bo avai lable . '  

. -* 

.. 
. -  

One study has been ident i f ied  tha t  contains suf f ic ien t  i n f o n t i o n  t o  

allow an attempt co ver i fy  the basic model. This exporiwnt is discussed and 

evaluated i n  tho next section. 
I 

I 

schmphl e t  a1. (1977) investigated tho carcinogenicity of coobirutionr of 

, PAHs as p a r t  of a study t o  e v a h a t e  automobilo exhaust. E h m n  PAHr vote 

se lec ted  (not a l l  carcinogens), combined in proportiom thought t o  refloct 

those i n  automobile exhaust, and applied tvico vookly to tho b a c k  of Nnar 

mice. Animals vera k i l l e d  if  a carc inom appoarod a t  the sieo o f  application,- 

or vera obrorved until t h e i r  natural doaths. Tablo V - 1  shovr tho PAH. tes ted 

and t h e i r  r e l a t ive  proport iom by veight in tho mixtutor.  Tablo V - 2  shows the 

r e s u l t s  of  tho e x p o t h n t r .  The tumor rate8 obrorvod in tho rxporinontr can be 

- 

i 

-compared t o  thoro prrdfctod using tho compatativo potoncy mothod. In ordor to  

do so, a doso-rorponro rolationrhip for B(a]P is  &rived In tho noxt soctfon 

and w e d  t o  pred ic t  tho rorpomo t o  a mixture glvon i t 8  oxporuro i n  units 

equlvalont t o  B(a]P. 

. .  
3 .  

In Section If of this roport the following quadratic fo ra  of tho 

' d o s e - r e s p o ~ o  model for B(a]P vas derived: , i '. 

. .  , .  
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.. TABLE V - 1  
. .  

l ~ I r 4 m T  GROUPS FOR CARCIN0cENESIs 
,uIpERL.yENT USING COMBINED P U S  

Bon?o(a]pyrono , 1.0 1.7 3.0  

. '  - Wixturo 1: 
\ -  

. .  1.7 . I  3 .O  

Dlbonz [ a , h j urthracoru . .0.7 1.2 2 . 1  2.4 6 . 2  
-.e4 . ,ti 2 

TO tal .4 .'O 6.8 12.0 

B O N O  [.a] pyrono 1.0 
1.4 . ' Bo= [a] urthracono 

Bo~o[b]fluorurtho~~ 

. \  
, .  

. I  

r . 
n i x w o  2: . . 

. $  

27.0 81.0 243.0 729.0 Pharunthrona 
2s.s 76.5 229. S 

291.6 
Flwrurthono 10.8 32 .4 97.2 13.8 41.4 124.2 372.6 Pyrono 

1.2 3.6 I 10.8 3 2 . 6  Chryrono 

Bonzo[o]p~ano 0.6 1.8 S.4 16.2 Bonzo ( & h i  J porylona 
Total 6S.O 195.0 58S.O 17SS.O 

Anthracoru 8.S 

a 9.3 27.983._7 I 

~ 

aAniaalr rocoivod tho total nfxturo doroo ahoh, collporod of tha UOUntr o f  , 

PAHI tndicatod, M c o  rrokly throughout thoir lifotha. 
, 

SOURCE: Schprhl o t  a1. (1977). 

\ 

I 



TABLE v - 2  

RESULTS OF CARCINObENESIS E X P E R L !  
USING COKBINU) P U S  

-- 

Control 

-Ptrd lct rd  
0 / 8  1 1/81 

1.0 10/77 

3.0 ' 43/81 
1 . 7  25/88 3 

Benzo ( a J pyrone 9/77b 
23/88 
65/81 

29/81 
60/88 
87/9OC 

nixtura 1 

I 

6 . 0  
6 . 8  
12.0 

nixturo 2 
(Cu. 1) 6 5 . 0  1/05 1/83 

585.0 1/08 6438 

195.0 2/84 

1755.0 15/86 , 29/86 

I 

Phis amount v u  appliod twice vaokly to tho b a c k  of mt oico (8.0 

Tabla V-1) . 

Source: , S c W l  at 81. ,(1977) 

I .  

I 

I 
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vhere A is tha bockgroud t ra3s i t ion  rate 3araseter and S is the 

exposure-relaced t rans i t ion  race parameter. The control data from the S c m h l  

e t  al. (1977)  study vere used t o  r s t i m ~ t e  A ,  empl.oyfng the Bayesian procedure ' i 

discussed previowly.  Given a tumor r a t e  of  0/80 i n  the control  group, the 

Bayesian est imrte  o f  A vas obtained from the following r e l a t iomhip :  

. .  
(0.5)/(8o+l) = l -exp- ,A or A - 0.006116. 

. . _  . .  

The paraaeter S vas estimated using an a p p r o x f ~ t o  l i lu l ihood mothod that' 

yielded a r e l a t i v o  t r ans i t i on  r a t e  o f  S - 3.52. Tho doro-responre mdF1 thur 

\ . ham tho numerical form: 

'1 

p(x) - 1-exp-(0.006116(1+3.52~) 2 1 .  

The predictod numbor of c u c i n o ~ u - b e a r i n g  aaIm8ls vas obtainod by multiplying 
% .  

the tumor rat. obtafnod from equation (V-1)  t h r  tho e f foc t ivo  number of 

animals i n  each Q8o group. Tho r o s u l t s  of thoro ca lcu la t ions  are shown fn the 

r e s u l t  x2 0 0.677 wlth 4-2 - 2 degrees of fre;don. which h u  a "p" value of 

l a s t  column of T&lo V-2.  A standard x 2 goodnosr-of-fi t  t e s t  ylelded the 
- 

0 . 7 3  a S 8 0 C f A k b  wlth it and thorefore  indicator  an adoquato f i t ' .  . 

Sfnco tha quadratic modo1 f i t s  tho B(a]P da ta ' vo l l  i n  tha obsorved dose 

rango of  0 t o  3 mg, high-do80 i n t e t a c t i v o  e f f o c t s  aro not expoctod t o  be 

important f a c t o r s  i n  that rango. The predict ions t h a t  a ro  tho m a t  consistenc 

. .  
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v i t h  low-dose addi t ivi ty  would therefore be for mixtures Composed of  PAHS vi:h 

. d combined dosd equivalent to 3 ng of B[a]P o r  less.  
. .  i 

Bredtctiom 

In order t o  predict  the tumor ra tes  expected as a resu l t  of exposure t o  

o b o s u r e  t 0 
6. of turppy_R _atcs@e t 

combined PA&¶, :he potencies of the  P U S  i n  each m i x w e  i n  the S c W l  e t  ai. 

. (1977) study vere calculated i n  terms'of B[a!P equivalents; these are  shorn i n  

Tables V - 3  and V - 6 .  Tho lowest experimental dose vas rued f o r  the 

- , ' ,  

calculat ions,  o. vel1 as  tha r e l a t ive  potencies obtained i n  Section 111. Since 

the r e l i t i v e  proportions of PAHs i n  each'mixturo woro conatmt  for  a11 exposure 
I 

I 

l eve ls ,  the B[a]P equivalent units a t  higher exposure Levolr wore o b t ~ i n o d  bv 

s i q i o  propor t iomi  multiplication.  hes so B ( ~ I P  exposure I un i t s  vori 

subs t i tu ted  in to  equation (V-1)'end m l t i p l i o d  by tho effoct ivo number of 

animals i n  each doso group t o  obtain the prodicted &or of a n h i s  with 

carcinomas. The predicted numbers weto then' coapared t o  tho obsorved n-ers, 

vhich are shown graphically i n  Figuro V - 1 .  It should be emphasized tha t  the 

predicted valuos vero obtainod vf thout  k i n g  tho obsewed valuos fn  any manner. 

The foUoving obrorvationr can bo mad. from tho information given i n  

Table V-2. Tho tw lovor Mixture 1 exporuro lovolr yi01d.d p r o d i c t i o ~ ~ k h a t  

I vera s l i g h t l y  la rgor  b u t . ~ r t a t i r t i c a i i y  c o ~ i s t o n t  vith tho obsontod numbers of 

tumor-bear iq  animala. Tb. highost dose l ed  t o  an overprediction of tho 

observed numbor by 4 rigniflcurt amount. Hovevor, exposuro a t  t h f r  levo1 vas 

more than M c o  that of tho &so range used f o r  B ( a ] P  vhen administered alone 

and as a r e s u l t  is l i k e l y  t o  ,have l ed  t o  a high-do80 in te rac t ion  phenomenon. 

The relevance of t h i s  v a l u  t o  lov-dose extrapolat ion fr therefore  

, 

. -  
7 - -  quest ionabi i .  - -  

. .  . .  

. .  . .  I .  

-. 
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Bonzo(a]pyrom 1.000 1.0 1.000 

Bonzo ( a J .rrrhracow 0.145 1.4 0.203 
Bonzo(bJf1uormehon0 0.140 e4 Q.126 
D i b m z ( a , h ] ~ ~ t h r ~ c o n ~  1.110 0 . 7  0 .777  

Total 4 . 0  2.106 

. .  
I '  

.. . . .  

NOTB: Dorrr oquivalrnt t o  B ( A ] P  for othor oxporurr 10~818 woro 
obtaiaod by u r i q  simplo ratio.: 

. .  

V - 8  



c m 

. .  

I 

TABLE v - l  a .  

. .  

I .  I 

0 . 0  ' 10.8 0.0 

0.004 0.6 0.0021 

0.081 13.8 1.1178 
0.0044 1 .2  0.00528 

0.022 Aa o,ose2 Bonzo (ai) poryloru 
Total 6 S . O  1.19368 

> 
NOTE: Dosor oquivaiont to b(a]P for othor oxporuro 10~01s voro 

obtained by wing simplo ratios: 

. .  

d 
Cai. 2 - 

65.0 1.19368 
19s.o 3.58104 
585.0  10.76312 
1755.0 32.22936 

I 65.0 
195.0 

- S85.0 
1755.0 

0.07588 
$0.22764 
0.68292 
2.W76 

C Conribrod~oolruciao~oaic by IARC (1983) although rolatitn potaacios voro 
availdlo Cot IOY'. 

d A s s ~ o s  a tor0 rohtivo potancy for pyroru. 
L 

. .  
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ProbrbNRy or 
Tumor Wosponao. 

1.4 I 

- I  

'%bronmd tumor rat08 aro basod on Schaahl o t  a l :  (1977). 

I 
. .  
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Mixture 2 vas analyzed in mi0 different ways. Case 1 includes all 

components of tho mixture and resuits  in a B(aiP-equivaleni < 
dose almost sixteen 

.. times groator than that-ohtalnsd for Cast 2, , f roa  .4h(ich Fyrerle has bevn 

a a i t t e d .  Pyrone is considered nor,car:inogenic by IARC (1983), a1t.hougi.l S F Z C ~  

some tumors Were observed following intraperitoneal injection into neubonr - 

mice 

(Wislocki et al. 1386;. a relative potnncy vas calculated. The number of - 

l tumors obsorzed v u  StAtiStiCally insignificant as compared t o  controls, 

however, so tho relatfvo potency obt~inod is vory unroli~blo and is likoly to 

greatly overestim~to actual risk. Tho numbors o f  hrnorr prodictod in each COS. 

1 . 

as cohared to those obrorved are shorn in Tablo V-5. Cloarly, including 

pyreno greatly ovororti~tos risk. 

Overoati~tion of munor rates for Mixturo 2 MY also hmo rrruitod from - 

high-do80 intoractio~ or ovororti~tion of tho potoncy of bonzo(ghf]po~lon. 

Pyreno and bonzo(ghf]porylono aro tho main contributors to tho potoncy of . 

Mixturo 2. Tho data from tho S c h l  e t  al. (1977) bioassay cur bo usod fn 

’ conjunction vith tho dhta*from tho biOA88AyS on vhich tho potencies vore based ’ 

(describod in Soctfon 111) to obtain mor. roalistic rolatitn potoncios for 

pyre- and bonzo(ghf]porylono. A good f i t  could bo obtainod by roducing tho - 
potency estimator for thoro compoundr t o  bo consirtone vith tho obiorvod tumor 

. data and still bo conrlrtont vith tho data fn tho studios from vhich tho 

potoncior woro darlvmd. 

I J 

. 5 .  

Schplrhl of a1. (1977) tosted B[a]P and NO oixturos of both chrcinogonic 
! 

and noncarcinogonic PA& for carcinogenicity vhon applfod t o  tho backs of olcr. 

For each Qso-group It v u  possible to predict tumor ratos vithout using tho 

v- 11 



-TABLE v-5 

OBSERVED AND PREDICTED N n O R  RATES mR 
nucNRe 2 UITH OR VITHoUT 

--.-- 

1.19368 
3.58104 . 

10,74312 
32.22936. 

1/8S I 

0/84 . 

1/88 
. 15/86 

13/8S 
57/8S 
88/88 
86/86 

I -  

. .  

0.07588 . . 1/85 lies C.80 2. 
2 / w  
6/88 

. .  0 :  22764 
0.68292' 

2.06876 . . -  15/86 29/86 

' 0/84 
1/88 . .  

. .  
- .8  

. .  , ,  
h r \ i w s  tor0 rolativa'potoncy for p y r n w .  

i , I  



good escimnces- for combinations of, the carcinogenr bento[a]pyrene,' ' 

-dibent[a,h}.nthracono, bont[aJanehraceno, and benzo(b]fluor.nthano in  che s m  

dose rango obrorved for B(a!P alone (Mixture 1). Using potency estimate8 for 
pyrone, chrysene, benzoielpyrene, and bento(ghi]perylono, the effects of the - 

agents in Mixtitre 2 (veak carcinogens or noncrrcinoganr) vore systeorticaily 

ovrtortl~tod. In gorural, the mothod ton& t o  ovorrrtip.to at hi& eXPosure 

combinations and glvo good results at mora nodorat. lrvolr. h a rorult, the - 

. .  

approach 'MY 

turn enhincos 

bo vlovod a8 conrorvativo for tho mhturor  ovalutrd, which in 

its ovorall credibility. 

. . .  
I 

. .  

. .  

. .  

? '  
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