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I. Introduction" 

Ever since benzo( a )pyrene ( BaP) 1 was recognized as a carcinogen, 
at the beginning of this century, the presence of it and of other poly-

• Toxicological Evaluation [)!vision. Bureau of Chemical Safety, Food Direc· 
torate, Health Protection Branch, Health and Welfare Canada, Ottawa, Ontario, 
Canada, KlA OL2. 

1 All abbreviations of chemicals used in text are listed in Table XXV. 
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cyclic aromatic hydmcarbons (PAH) in the environment has received 
continuous attention. As a result numerous reviews have been puhli~hed, 
the most recent ones being the following: ANVELMAN and SuESs ( 1970 }, 
U.S. NAl'lONAL ACADEMY OF ~CIENCES (US NAS 1972), U.S. 
ENVJRONMENTAL PROTECTION AGENCY (US EPA 1975), and 
iNTERNATIONAL AGENCY FOR RESEARCH ON CANCER (!ARC 
1973). A symposium on l'AH has also been held rerently (FREUDENT~lAL 
amlJoNn> 1976}. 

Howt•vf'r. thC'.~e revit•ws deal chiefly with the etlvironmental aspects 
of PAH aud only marginally with the area of foocls. Reviews on ana1ysis, 
occurrenCE> anrl residues of PAH in fcmd are :wailab]e from before 1969: 
GuNTHEn and BuzzEITI ( 196.'5}, GuNTHEll et al. ( 1967 ), HAENNI ( 1008 ), 
HoWARD and FAZIO (1900), and TILGNER and DIIUN ( 1969). 

The objectives of the present review are ( 1 } to bring together for 
ready reference the information available today {end of 1976) ou the 
occurrence of PAH in foods, and (2} to list and evaluate the toxicological 
and carcino~enic studies performed in this field. 

II. Formation and general propert~s 

PAHT also known a~ polynuclear aromatic hydrocarbons, can be de­
lined as organic rompounds containing two nr more benzenic ring stmc­
tures which may nr may not have substituted groups aHached to one or 
more rings. To date about 100 PAH have heen identified in the environ­
ment and in foods (TrLGNER and DAUN 1969, ANDELMAN and SuF.SS uno, 
GuNnnm et al. 1967, U.S. NAS 1972, U.S. EPA 1975). These are listed, 
along with their occurrence and carcinogenic potential in Table 1. 

Tabltt I. PAH found in tne envrrfmmer~t and in food.! at~d tftelr carinoge'lic actiuttr~.• 

Cnrdnogenic 
Croup Compound" activjty• OccttiTeQ00° 

Anthracene Anthrat't'ne {A) - E,F,S 

2-MPthylantllracene ? E R " I 

,~~ 
10,1 J-Oihydro-9-H-ben.m{ a) 
cydnpent ( i) authraU>ne ? R 

IO ~ 

2,1-DihyJro-1-H-benzo( a} 
cyclopent (h) ant hraceJl€ '? E 

Benz( a) an thrncenc Bent. ( a ) a nth mcene 

' 
( 1 ,2-henzanthraL-ene) ( BaA ) { BA) + E, F, S 

coS?' 7, 12-Dimethy!bem.( a }anthracene 
( 9, 1 0-d i methy~-1 ,2-benz~nthrnerme) ·I 

IU {DMBaA) ( DMBA) +++ E,S 

" Methyllwnz( a )anthmcenes 
R 7 " (MBaM (MBA) ? E, F, S 

Croup 

Phenanthrene 

Fluorene 

~ 

8 

Fluoranthene 
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Table I. (continuud) 

Carcinogenic 
Compound~ activity" Occurrem:e4 

-
Dibenz ( a,j ) anthracene 
( 1 ,2.-7 ,8-dihenzanthraome) 
( DBajA) + E,F,S 

Dibem:( ah )anthracene 
{ 1 ,2.-5,6-dilwnzanthraoone} 
( DBahA) (DBA) +++ E,F 

Dibenz( a,c) anthr.tcene 
{ I ,2.--3,4-cliben?.anthracene) 
(DBacA) + F 

Dihenz( a,Oanthracene ( DBaiA) 1' F,S 

7H-Benz( d,e.) anthracen-7-one ? E 

Phenanthrene ( PA) - E, F, S 

Benzo (c) phenanthrene 
( 3,4-henz.phenanthrene} ( BcP A) +++ E 

Dihen7_o ( h,h) phenathrene ? E 

3-Methyl phenanthrene( J-MPA) ? F 

2-Methyl phenanthrwe 1' F 

9-Methyl phenanthrene p F 

3,6-Dimethyl phenanthrene r F 

l3H-1ndeno( l,2,e) 
phenanthrene ? E 

Flumr.ne (F) - E,F,S 

Benzo( a }!luorene 
( 1,2-henzfluorcne) ( BaF) - E,F,S 

&nm ( b) Ouorene 
( 2.,3-ber~7Euorene) - E,F 

BP.JJzo( c}fluorene 
( 3,4-l}{'lll.flnorene ) - E, F 

Dibrm:o ( a,c) lluorene E 
( 1 ,2-3,4--dibcm.flnorene} ± 

Diben:w ( a,g )fluorene 
( 1,2-5,6-dihem.Ruo{ene} 
(DBagf) + E 

Diben:m( a,h )fluorene 
( 1,2-6,7 -dihenzfu.orene) ± E 

Diben?.o ( a,i) fl1oOI'\m!'. ? E 

I<1uoranthene ( FL) - E. S 

Benzo( h) lluornnthene 
( 2,3-hP.nrofluoranthene} 
(BhFL) ++ E, F 
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Table I. { contim«!d} 
l Table I. ( Wflf1m•ecl} 

w I Carcinogenic· (!J ~ardnn~?:enic 
<I adivity' Occurrence• l Group Ounpound'' activity" Occurrence• 
[L 

Group Corupound' 

Ben-m{ j}iluonmthene I 
Benw(a )pyrene Bew~J (a }pyreue 

{ 1 ,2-henzpyrene} 
( 7 ,!I- henzoHuoranthene) I' I ( 3,4-henzpyrenc") { B~P) +++ E, F, S ++ E,F 

059' (BjFL} 

l Ben7.0( e}pyTt'nl'. 
&m.<l ( k) i1uoranthene 

3 
{ 4,iJ-henzopyrt?.ne ) 9 

( H,9-h~·n7.tJlliiOmflthene) E,F • ( 1,2-hem:opyre.ne') ( BeP) + E, F,S 
{ BKFI.l -

Metbylbenzo( a )pyre.ne { MBaP) i' E, S ? & s 
3, 4-IIt•nzoflu manthene E I jydro~yhen7.o { B ) pyrene i' E 
(3,4-BPL) ++ Dibem:o( a,i )pyre.Jle 

<I 10, 11-Beumfluoranthene ( 2,3-0, 7 -oiben:tpyrne) I ++ E Benzu ( rKt ) pentaphcne) ( DBaiP ) +++ E,S LL ( 10,11-flFL) 
~ 

11, 12-Bcm:cfluorantheroe 

I 
Di!J4'>.uzo(a,l )pyrene 

>- - E ( 2,3-4,5- dibem.pyrene} ~ ( 11,12. BFL) 
(f) E,F ( Dibenzo { b ,def) cllrysene) 
_j Benw { ghL) lluorantbene -

(DBaiP) E, S 0 ± 
Q 

Dihcnm ( e, 1 } Rtmranthene ? E 
Diben7.o ( a,e }pyrene 0 t 

[L 

Alkyl lluoranthene ? E I ( 1 ,2,4,5-dilletm>pyrene) 
_j (DBaeP) 'i' E, S 
_j 8-M ethylfluuranthene ? E 

I H Dibem:o ( a,l:o } pyrene 
1-J 

2-Met hy lRuoranthene ( 2-MFL} + E ( 1,2-6,7-dihem.pyrene) 

At:eanthrylene ( AC) - E 
~ 

( Dil1en7.u{b,dd khrysene} 
Ac.-.authryl~.ne {DBahP) +++ E,F,S 

Benz( e) aceanthry lene i' E 
Dibenzo ( cd,jk ) pyrene 

Bem: ( j) accanthry lent' E, S 
( anth:mlbrene} 

( d1olanthren(') ( BjAC) ++ ( Jibem:o ( def,mno) chry.~ene ( AT) - E, F, S 

3- Methykhulanthrene { MCA) +++ E D [ben ow { cd,jk ) pyrenc·6, 12-diune i' E 

2.0-Me thy ldmlauthrene - s Diben7.o{ e,l) pyrcne ( DBeiP) + E 

Dihenz( .-j )aceantbry\ene ? E: Tribenm( :r,e,i)pyrene 
( dibenzo ( h,rst ) pentaphene 

Naphtha<:ene (TBP) + E 
N N1!tJhthacene E (S) ( Benz(b )!inthrncene) - Chrysene Chryscue N 

" I E ( 1,2-bew.ophenanthrene) ( CH) E, F, S (Y) , , : N;~phtllo(2,1,8-qra}naphthaoene - 12 \ + "" N h 

.1 Dihrnm ( a,l ) nnphthacene ? E ~ Alkyl chrysene p E 
"" lD 3 Nuphtha( 1,2,3,4 drf}chrysene i' E 
(S) (• < • Dihcuzo ( :o ,j } napl:..thaoene ? E 
lD Ben7.o ( b) chry.~ene ( BbCH) i' F 

D i bem.u { a,c) tiaphthaoeoe r E Benzo{g)chryrene p E 
? ,, 

(Y) He11w ( a) napht l.acene ? E Mcthy lch rysene ~ s 

"" - E, F, S Perylene Perylene ( PR} - E, F, S 
!"- Pyreue Pyn•nt> ( P ) 

2 Bem:o ( ghi ) pery lenc ( B ghiPR } - E, F, S (S) 

l-:lllt>thylpyrme ? 1': 

~ 
IU l Dibenzo{ b,pqr )perylt?.ne ? E 

c-1 : 
4- Methyl py rene ( 4-MP) ? E, F,S 

l,l2-Ben7,perylene ( BPR} E 
< 

-(S) " . 
(S) ' ? E 
N • 2,7-Dimethy\ pyrene 
...... 
tn· Imlenn{ 1 ,2,3-co.l) pyrene (S) 

~ ~ t o-pher1yknepyrene) (IP ) + F.,F ...... 
tD 

? E (S) A.lkylpyrene 



"'" IS) 

w 
l!J 
<I 
o_ 

<I 
J; 
L 

->­
~ 
(J) 
_j 
0 
Q 
0 
o_ 

_j 
_j 
H 
'J 

N 
IS) 
C' 
(Y, 

"'" N 

"'" lO 
IS) 
lO 

[Y) 

"'" 
!'­
IS) 

.-I 
IS) 
IS) 
N 

' LD· 
IS) 

' LD 
IS) 

40 Ms1-1'EIN Lo ANI> EMJL SANDl 

Table I. ( cofllim.wd) 

---
Corn;inogenic 

Gmup Compound" a<:Hvity" Occur re11ce• 

--
Other Ac .. naphthene (ACP) i' E, F 

AC(>napll t haJene ( ACT) ? F 

Aee-naphlllylene (AN ) ? E, F 
Alkylnapht halenes ? E 
Antllanthrene - E 
Be-m;n{ e) a(.<ephellanthrylerm ? E 

Ben7..o { k) a<:epbenanthrylene ? E 
1Wn7.o{ a.}pymequinone ? E 
f'.AJronene ( CR) - E 

DiLt>nzofurnn l' E 
Dihenzoth iophene i' E 

Dipheny leno~ide ? F 
1-Methyln~tphthalene ? F 
.2-Methylnaphtha kne ? E,F 
3-Met hylnllphtl,alene ? s 
Naphthalene ( NA) ? E,F 

N aphtho { 2, l ,f!,7-klmn ) xanthene i' E 
Phenlllcn-1-ollc p E 
Triphenylene ( TP ) - s 
Xanthene-9-one ? E 

• Sources : GuNTHER et al. ( 195'9), TILCNrn and DAUN ( 1969 ) , Ani!LMAN anc.l 
SUESil (1970), U.S. NAS (1972}, and U.S. l\PA ( 1975). 

"Commonly use•l other names ur abbreviations are in varentheses. 
"+++ or ++ = shon~ly <:arcin~cnic, + = carcinogenic, ± = nncertnfn or 

weakly carcinogenic, - = not carcinogenK!, and r ::: ~mlrnnwn. 
dE = water. air, tobacco smoke, and gasoline or diesel er.Jmust; F = , foods; and 

S = curing smoke. 
6 Old Rk~ter nomencl aturc. 

The PAll found in fnods, ap~rt from minute amounts of ge.ochemical 
-or btosynthetic origtn, are formed during the pyrolysis of organic matter 

(FiR I.) (BADGER 1962). During this scric~ of r<'adions free radicals of 
one, two, or more carbou atoms combine rapidly and fol'm r All molecules. 

T a b1 e H lists some of the chemical properties of various carcinogenic 
PAll, reviewed by lARC ( 1973). These data show that the solubility of_ 
PAH .in water is extremely low, whereas most nre very soluble in organic 
solvent~. Their .~olubiiity in water can be increased considerably in the 
presence of other organic compounds. This, find other characteristics 
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crr""-r ()''r -~ I 
"""- ("/' 

cx2?o58 ... ~ 
Figure 1. Mechanism of benzu(a)pyrene fonnati<m (BA.J>Gm 1962}. 

such as sorption on surfaces and micelle fonnation by surface-active 
agents, are probably the relevant phenomena in relation to the appear­
ance of PAll in environmental waters and in foods ( ANDFLMAN and 
SullSS 1970). Other properties induding absorption spectra. volatility, 
stability, and chemical reactivity of these compounds are also available 
in the literature ( IARC HJ73 ). 

Table II. Provertit33 cf some P AH (I ARC 1973 ) . • 

Cmnpound M.W. 

BaA 228 
BbFL 252 
BjFL 252. 
BaP 252 
Bel' 252 
CH 228 
DBahA 278 
TBP J52 
DilaeP 302 
DBahP ~}2 

DBaiP 302 
DB alP 302 
lP 276 

• Abbreviations: 
s = ooluhle 

hp {"C) 

450 
-

195 
Jto 
492 
448 
-
-
-
-
-
-
-

S = slightly soluble 
al - f'lltyl alcohol 
to ::: toluene 
b~ = henz.ene 

xyl = ~ylene 
me ::: methanol 
eth = ether 
g.a.. = gl11cia.l acetic acid 
o.s. = organic solvents 

mp { ·c} 

HIO 
168 
165 
176 
178 
255 
268 
J20 
241 
308 
)62. 
Ul2 
162 

Solltbility 
---

water ( mg/L) 0cgtlllic solvents 

0.011 s{most o.s.) 

0.012 
0.075 

OJJ005 

,.( bz,to,xyl); S(al,me) 

S ( al,to,bz,xyl} 
s( most o.s. ); S( a~eth) 

s(most o.!.) 

S( g.a., hz) 
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III. Originin foods 

a) Natw·al occurrence 

1n 1947 PAI-l w<>re found to he present in marine and other sediments 
(KmN 1947). Later, several were found in concentrations ranging from 
l 00 to I, 000 pp b in forest soils far from human habitation, and also in 
river sediments {BINET and MALLET 1963, MALLET 1006). Some 12 PAH 
were identified in nual soils in the eastern U.S., the concentration of 
BaP being 40 to 1,200 ppb (BLUMER 1961 ). A reoent study suggests that 
such P AH are formed mainly in forest and prairie fires and deposited in 
mrface sediments (BLuMEJt and YouNGBLOOD 1975). 

Another natural souroe of PAH is the endogenou<> formation by plants 
or other organisms. E'·idence of this was provided by the appearance 
of BaP at a level of ten to 20 ppb dried material in hydroponically 
gmwn wl1eat and rye seedlings (GRAF 1965, MALLER and HEROSS 1962). 
Also, bacteria can synthetize BaP (KNORR and SCHENK 1968), and the 
fresh water algae Chlorella vulgaris was reported to produce several 
typt>.s of PAH ( RoRNF..FF et al. 1968) . 

b) Polluted environments 

Man-made emission of PAH, measured as BaP, injected into the at­
mosphere in the U.S. alone, was estimated to be about 1,320 tons/year, 
of which the main contributors are heat and power generation 5()() tons, 
refuse buming 600 tons, coke production 200 tons ami motor vehicles 00 
tons (U.S. NAS 1972). The depositiml ()f such vast quantitie.~ is hound to 
contribute to the PAil content of foods. Various studies show that this is 
indeed the case. About ten % of BaP found in lettuce, kale, spinach, 
leeh, and tomatoes can be removed by cold water wa.~hing, an indica­
tion that it was originally deposited externally (GRIMMER 1966}. Plants 
with tlw smane~t surface area exposed to the atmosphere, such as toma­
toes, COiltained the lea.~t amount or BaP. In culture studies Dmm ( H.l65) 
found tlmt BaP in the soi1 can be absorbed by harley roots and trans­
located tn the shntJts. 

Oy~ters co U ected from mod era tel y pollnte.d waters ( petroleum oil 
contaminaliou) contained two to six pph BaP { CAHNMANN and KURAT­
StJNE 1957). Clams in petroleum-contaminated areas may contain EaP 
amllwnzo(ghi)pery!ene (BghiPR) in concentrations of up to 16 and 25 
pp'b, compared to 1.5 and 4.5 pph in those obtained from dunpolluted" 
an~ as ( Gu mnrno et al. 1976) . 

c) Food additives and food pac~lng 

Of mon~ than 200 refined petroleum wax samples used to treat pack­
aging material~ ("dairy waxn analyzed, only six contained PAll: two at 
~ (l.Ol ppm and four at ?:: 0.1 ppm levels, but none of the PAH identi­
fl.~J. were established carcinogens (SHUBIK et ul. 1962}. Another set of 
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(.lata on seven commercial wax. samples showed 13 to 240 ppb PAN, 
mainly benzo {e) pyrene (Be P) , pyrene ( P}, fiuoranthrene ( FL}, and 
chrysene (CH) (HoWA:RD and HAENNI 1963). 

Hexane, a common so1vent med to extract edible vegetable oi1s, ha:o; 
also been identified as a pos.'>ihle source of P A H contamination. Anthra­
cene (A}, benzanthracene (BaA), FL, B ghiPR, and P were reported in 
hexane at levels ranging from 0.4 to 280 pph, and one sample contained 
BaP and BaA in amounts of 21 and 280 ppb, respectively ( LtJINSKY and 
RAHA. 1961). The same study revealed also the presence of BeP, BghiPR, 
and P in other solvents, including toluene, isooctane, and benzene. 

In a survey of hexane samples collected in 11 plants in the U.S. no 
caTCinogenic PAH were found in any f)f the 15 samples examined, but 
up to 35 ppb were found of P, FL, A, and phenanthrene (PA}, as well 
a:s substituted PA. These data are .~hown in Table III (HowAJID et al. 
1968 a). 

Table Ill. PAR found in herane .wlvenh uaed in the ~troction r:t/ vegetable oil.t 
{HowARD et al. 1968 a). 

Parts per billion• 

Su b!ltituted 
Solvent p FL A I' A PA 

Pure be~ane 0.8 ( l/5) 0.8 (1/5} 8.1 (2/5) 4.6-.35.0 5.3 (2/5) 
(3/5} 

Pme Skdly B - (0(1) - (0/1} - (0/1} -{O/q - (0/1) 
Ree)'de<:1 hexane 0.7-2.6 1.5-2.3 2.4 (1/6) 6.0-14.4 0.6 ( 1/6) 

(2/6) (2/6) (2/6} 
Recycled Skelly B -(0/3) -(0/3) - (0/J) - {0(3) - (0/3) 

• Data in parentheses are no. of samples with PAH over no. of s;~mples tested. 

A recent -~•uvey performed by PAN AUKS ( 1976 b) revealed that food­
grade carbon blacks may contain CH, BaA, benzo(k)fluoranthrene (Bk­
FL), 3-methylcholanthrene (MCA), and BeP up to 100 ppb. 

d) Curing smokelf and other pyrolysis prodtlds 

The PAH of this origin are probably the most jmportant one.~ be­
cause they muaHy represent the bulk of PAH found in foods. TILCNEI1 

and D AUN ( 1009} in their review identified 24 P AH in this category 
(Table I). In ~liquid smoke" P, FL, BghiPR, CH, and BaA were found 
by LTJlNSKY ~nd Snuanc ( 1964 and 1965 a). A, PA, P, FL, tripheny1ene 
(TP), and methylbenzo(a)pyrene (MBaP) were identiSed by WHIT£ 

et al. (1971); their respective levels were 9, 35, 4, 3, 7 and 2 ppb . 
The PAH content of smoke condensates, smoked hams and sausages, 

and of '1jquid smokes" was extensively studied by Torn and BLAAS 

{1972 a, b, and c), by TOTH ( 1969 and 1971 ), and by FIUPOVIC and 
Torn ( 1971). BaP, P, A, P A, FL, CH, BaA, 3,4-benzofluoranthene { 3-4-
BFL), perylene (PR), BeP, 11,12-benzofluonmthene ( 11,12-BFL), and 
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Ll2-beuznperylene ( 1,12-BPR) were found in the condensates and pnld­
nds. Washing the smokes by bubbling in co)d water rmd subsequent 
filtration thnmgh glass WO·ol, the quantities of rAH in the treated meat 
prndnds muld lle rt'lhlcetl hy 30 tu 00%. 

]ksiJ.es snwkin~. the heat treatment of fo<xls during cooking plays 
abo an important part in contributing PAH to the 6nished product. 
Carhohy(lratf's and fats scf"m t() be the most important sourc!e:S of PAH, 
tlw qmmtities produced del)ending on the temperature and mode of 
cooking. Starch heated at 370 to 300°C in the absence of air yields 0.7 
pph BaP in its tlistillatioH t:cmdensate; at 650°C the yield is 17 ppb 
(DA\'JES ;md WlLJ>.ISHunsT 1960). In a similar study with carl)ohydrates, 
amino adc.ls, and fatty acids, MASUDA et al. ( 1967} found no PAH at 
,')()()~C. hut at 500 to 7{1()°C IV PAll, including naP, were detected. By 
conki11~ ml.'ats under relatively severe conditions the HaP concentration 
can rcach 50 pph in stt>aks, and other PAH are fo•·med as wc11; the 
authors SLiggt.'sled that their ndgin is the pyrolysis of fat~ ( LrJrNSKY and 
Hoss 1967). 

IV. Analysis 

Tlw determinati(Jn of PAH iu foods is very cumhersome and time­
mnstuniug. For thi~ reason most early investigators limited their studies 
tn the drtrction and determination of BaP; only more recently were other 
PAl I abn investigated. The entire analytical pmc-ednrc can genemlly be 
dividt'd into two disti11ct steps: (a) isolation and wparation and (h) 
iden tH.l cat iou a IHl d<'tt>Jm ina tion. 

a) Tstllation and separati()n 

Organic solvents are normally u!>cd to extra<.:t PAH from food or ()ther 
products. Further st>parati()n i~ achieved by elution, with solvents C)f 

diffrrent p~Jlarit)', from chromatographic colnmns ( IIAENNI 1968, Tn..GNER 

ami DAl'N 1969, Soos 1972). In the case of "liqui{l ~mokes" partition 
hetween diffcrmt .m1vents is the more often used method. This consists 
of isuodaHt' c.ttraction, wCL-cssive washes with alkali solution, water, 
pimsphode add. ancl dimethylsulfoxide, follnwed by column or tl1in-layer 
ehmma\'()graphic scparatiou {WHITE et al. 1971). This technique ltas also 
been tl$('{1 ror the isolation of PAil fmm commercial S()lVents emplnyed 
fn thP fond imlustry in the pmduction nf edible vegetable oils (HoWARD 
rl af. 1966 e aud 1\J(Xl a). 

The pweedmc is more c.omp!icated in th.,. case llf foods of high fat 
<:'\Hlteut, stwh :1.1 smoked meals. To eliminate the interference ol the fats 
atl initial extracticm i.~ mmmonly carried <lut with acetone in a Soxhlet 
extradm. After evaporati011 of the solvent the eldract is tre.<tted with 
alooholi(~ potassium l1ydroxide and the unsaponHiahle fraction is dis­
.S{Ilvcd in cyclnhexane. This is followed hy chromatographic S('.paration 
with cydohexane-lwuzcnc as eluting solvent ( BAtu:v and DuN(;AL 1958). 
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Similar metbods a1so were developed by HAENNI et al. { 1962 a ahd 
b}. HowARD and HAENNI (1963), and HowARo et al. (1965). Further 
improvement made it possible to isvlate nJso BaA, BeP, BghiPR, P, and 
4-methylpyrene { 4-M P) from smoked foods ( HoWA11D et al. 1966 a}. The 
refined method consi.~ts of extraction with ethano1, saponification with 
potassium hydroxide, further extraction with isooctane, and partition on 
paper or thin-Jayer chromatography. A comprehensive multidetedion 
procedure including BaA, BaP, dibenz( a,h) anthracene ( DBahA), 
BghiPR, and a method for BaP in "total diet" composite samp]es was also 
developed (HowARD et al. 1968 b). 

A more recent method involving liquid-liquid partition systems based 
on methanol-water-cydohexane and dimethylformamide-.water-cyclo­
hexane systems has the capacity to extract and separate 19 different PAH 
from high protein foods, vegetable oils, and fats ( GmMMER and BoHNJCE 

1975)' 
Several methods are available for the separation of PAH from marjne 

foods. Methanolic extraction followed by methanol-cyclohexane or 
metbanoi-henz.ene-hexane partitiou was found to be suitable for oyst€1'8 
and barnacles ( CAnNMANN and KuHATSUNE 1951, ZECHMElSTER and KoE 
1952), Aqueou.<> caustic digestion followed by ether-hexane extraction 
seems also to be effective for the separation of the hydrocarbons from 
clams (WAllNER 1974). 

The separation of individual PAH from the hyd.J"'<:arbons extracted 
from foods is generally achieved by chromatographic methods, as sum­
marized in Table IV. 

b) IdenlifiC~Jtion and determination 

Identifle<ltions of PAH are mainly based on direct comparison of 
physical and physico-chemical properties of isolated oompounds with 
those of standard samples. Techniques and instrumenn frequently em­
ployed are listed in Table IV. Ultraviolet absorption sptlctra can be used 
for qualitative identi6cation and quantitative detenninaUon; fluorescence 
spectra are mainly used for qualitative confirmation of data arrived at by 
other methods ( Tn.GNER and DA UN 1969). Recently methods based on 
gas-chromatography I mass spectrometry and on high-pressure liquid 
chromatography ( HPLC) have al~o been proposed, but have not been 
extensively used yet in the area of foods (GmMMER and BoHNXE 1975, 
WARNEll. 1974, GUERRERO et aL 1976}. 

V. ()c{:urrence and concentration in foods 

a) VegeroMe oils, fats, and shortenings 

The review of HowARD and FAZIO ( 1009) Ji.sts eight PAH { P, BaP, 
BeP, PA, FL, BaA, CH, and PR) occurring in edible refined oiis as deter­
mined during 1962-65 by European workers. In the U.S. sqme soybean, 
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cottonseed, corn, olive, and pe.lnut oils, but not safflower oH, were re­
ported to t-'()ntnin 0.4 to 1.6 ppb c)f BaP and BeP, and 0.5 to 3.3 ppb BaA, 
BghiPR, FL, and P (HoWARD ef al. 1966 c). Oils being used in deep­
frying of foods were analyzed hy. LIJINSKY and Ross ( 1967) and hy 
MALANOSKI ef. al. 1968): these contained 0.9 to 1.9 ppb of llaP and six 
to 12 ppb of FL and P. TI1e relatively high lew•l:s of PAH found imlieate 
that the heating ~uch nih were exposed to might have led to a slight 
increase of PAT-! concentration.~, mainly of the noncarcinogenic types . 

In a total diet study HowARD et al. ( 1008 b) found only trace 
amount<~, less than 0.5 ppb, of BaP, BkFL, benzo(h )fluoranthene ( Bb­
FL), ReP, BghiPR BaA, and PA in the composite ~·amp]e containing 
the fats, oils, and shmteuings. 

l1) Fish and otlter marine foods 

Fish from unpolluted waters nsnally do not contain detectable umount!i 
of PAH, hut smoked cJr cooled flsh oontain varying levels. The presence 
of PAH in smoked fish has been rccogi1ized for over two decades: most 
of the relevant studies were conducted outside North America (HoWARD 
and FAzro 1969}. In smoked fish RaP W<ls found at levels of two to 50 
ppb, the difference was probably dne t() variou~- parameters such as type 
of sm()ke generator, temperature of combustion, and degree ()f smoking 
(DRAUUT 100..1). In a later study of Trmns-rli:tN'SSON {1969) on eommer­
ciaUy !imoked fish from Ioe1and, the DaP was found to be only at a level 
up to one pph i11 the edible portion {see Table V) . 

Tab1e V. PAH in commerdollg-9f11oked fi-sh from lcelm1d {TROIISTEINSSON 196'9}. 

No. of 
Fish art~l)'St's ·p---ACT 

Eel 
LumpfisJJ 
Trout 

2 
2 
3 

6 
1 
5 

t 
4 

• In edible portiort; t = tmec. 

A 

4 
t 

26 

P;nis per billion• 
·---·---·------·----· 

BcP BaP FL 

I 
(} 

t 

4 
2 

12 

BliA F 

9 
5 

67 

PA 

37 
10 
52 

In North America LqrNSKY and SnuJUK ( 1965 b) fmmd the foJ1owiog 
amounts, r~spectivdy, in smoked salmon and haddock: TlaA ?.ero and 
0.2 ppb, RaP 1.0 and 0.3 ppb, Bel) zero and zero ppb, BghiPR 1.5 and 
(J.2 ppb, fluorme (F) 6.0 and 1.1 ppb, and P 3.0 :md O.B ppb. 

In an FDA-spo11sored study PAH levels in uusmoked and smoked fish 
were oomparet:l (Table VI) {IIowAno et al. 1900 a and IJ}. As a conse­
quence of this, a further study wa1>' initiated by FDA-USDA in which 60 
d.iHerent foods, including nine smokc£l fish samples-, were analyzed. The 
results showed {Table VII) that BaP is present at levels up tu seven ppb 
but only tr:1ce amounts of F and P wert" fotllld ( MALANOSKI et al. 1968). 

Four different type~~ of smoked fish produds were investigated in 
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Table VI. Pt\11 fnunr:! i11 smoked and mmsmnked {isl1 ( HowARil rl al. 1966 a am\ iJ }. 

Parts per bi Uion 
----------·- --- --· 

Fish EaA BaP BeP B~hiPR F p 

--
SmfJknJ 

lknin~~: - - - - 3.[) 2.2 

llt-rrin ~ ( dri<'c!l 1.7 l.O 1.2 1.0 LB l.8 

S1olmon 0.5 - 0.4 - 3.2 2..0 

St1rrgl~>n - 0.8 - - 2.4 4.4 

Whitt· -- - - - 4.6 4.0 

N rmum1krd. 
1lncl.lol'k - - - - Lfl 0.8 

llt-ninl!: ( salkcl) - - - - 0.8 1.0 

S<lluwn ( ea nn<'cl) - - - 1.8 1.4 

T~ble Vll. PAH found in smoked fish (MALANOSKI e1 aL 196B), 

Parts per billioll" 

Fish BaA HaP BeP BglliPR [? p CH PR 

Chnhs NJJ 1.3 ( 1/3) ND ND ND ND ND ND 

Salmon ND - ( {)/1} ND ND ND ND ND ND 

Wl1it..!ish - 6.6 ( 2./4} - 2.4 - 0.5 - 0.4 

Kippr•r<·d Cod - 4.5 {l/1) - 2.2 - 0.6 1.4 0.7 

--- ---------

• Data )!i Yen f 11 pa rt>ntheses are nn. nf samples with llaP over no. of ~amples 
~x,.nrim·tl; N D ::::: not de term frterl. 

Japan hy MASl-'DA et at { 1966 a} and MASUDA and KuMTSUI'<"£ ( 1971). 
SPveral )'AU wPre found in all samples, wmetimes in extremely high 
levf'h (Table Vlll). 

r n additinn to Gsh, various other marine organism5 were investigated 
<lml found tfJ coutain PAll. Fm example, hanmcles were noted to con· 
t<till A, PA, UaP, CH, Fl,, aud coronene (CR) (KoE and ZF.CHMUSTf'..R 

IH52, ZEcn Mmsrr.n a ncl Km:; 1952). Oysters collected from moderately 
enntaminal<'d areas were shown to contain RgbiPR one to five ppb, 
RaP two to six pph, RaA l\"n ppb, BkFL eight tu 14 ppb, BeP 20 ppb, 
Cll 20 to 4U ppll, P 100 to 160 pph, and FL 000 to 1,000 pph ( CAHN­
MA~N and KunA1'liUNE 1%7). 

c) Meal awl me.{lt prodt1ds 

Whereas raw meat Joes not uormally contain PAH, smoked or cooked 
meat may contain varyJng amounts. Steaks prepared "well done'" on a 
"stamlard" charcnal broilel· contahled 15 cllfferent PAH, and so did steaks 
and rihs harhecned in a restaurant ( LTJINSKY and SBumK 1964 and 
HlM h). Tlu'\ quantitative Jata from this study are summarized in Table 
IX. The same anthors could not detect more than occasional trace 
amounts of PAil in untreated bacon. 

Polynuclear.• in foods 49 

Table VIII. PAH in smoked and/or broiled Japanrue fi8h• 
( MASUUA et al. 1006 a, MASUDA anrJ. KUBATSUNE 1971 ). 

Parts per billion 
---·~---

Japanese horse m~ckere-1~ 
., __ 

Saba-
Electric broiler Cas broiler 

Katoun- Ummc- ......... - .. 
ulmpound hushi" hu~hi· bushi< Smoke Srurch Smoke ScCJreh 

NA - - - - - 167 
AN 77- 392. 160 45 - - 22 
F 205- 210 130 122 2..6 - 8.2 3.2 
A 138- 435 us 23 1.9 0.2 2.3 2.0 
PA 584--1,650 610 206 9.0 1.0 11.0 8.0 
p 318--1,02.0 170 70 3.6 0.2 4.0 7.0 
FL 320- SH6 200 71 5.2 0.2 3.<3 7.0 
BaF 40- 90 21 5 LO - 0.6 1.7 
BaA 55-- 59 34 6 I.2 - 0.6 2.9 
CH 42.-- 173 36 10 4.3 - 0.4 2.1 
PR 1- 6 1 t" t" - t• 0.2 
B11P g._ 37 7 2 0.2. - 0.3 0.9 
IleP 7- 2.9 7 3 0.5 - 0.2. 1.2 
BbFL 12-- ~ 7 4 0.2 - 0.1 1.2 
BjFL 5- 23 5 2 0.5 - t' 0.5 
BkFJ, 3- 12 2 1 ()jl - - 0.2 
BghiPR 2-- Hl 2 1 0.2. - 0.3 2.2 
CR - - - - - t' t• 

• Fresh Horse mru.~kerel contained no PAH. 
b Mllde from KllutHvvnm vegan., ( Evthymltl$ pelnmis ~ = bonito. 
e M ul~. from Scomber iaponiCU8 QT Saronnia ffiP.WPiostictll. 
• Traclmrus ja1J(micu,y. 
"t =trace. 

Table IX. P AH fc>tmd m c1wrcoai broil<'.d ...teaks and barbecued ribs 
( l.J.JINSKY and SnUIIIX 1964 and 1005' b). 

Part~ per bi !lion 
--

Charcoal broiled steal<,; Barhecued ribs 
------·---

Compound Lab. prep. Commr.rcial Commercial 

AT 2 o.a l.1 
A 4.5 - 7.1 
RaA 4.5 1.4 3.6 
Alkyl-BaA 2.4 
BhCH 0.5 
B~h.iPR 4.5 6.7 4.7 
BaP 8 5.8 10.5 
BeP 6 5.5 7.5 
CH 1.4 0.6 2.2 
CR 2..3 3.2 4.2 
DBahA 0.2 
FL 20 43 49 
PA 11 21 58 
p 18 0.9 1.5 
PR 2 35 42 
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Table X. l'AH C<JTIUII!ratitm i11 !alwrat"'YJ cooked mea~f (LIJINSH and R08s 19S7). 

P~ rts per billion 

Foo.J. BaA B~l' Bt>P BghiPR F P BRF CH CR 

Chamml f1roill'd 
Hambnrp:N, fat,' 

hot' 

IIamlntrger, ht .~ 
L'()OI' 

}hn1lmrgcr, lean,• 
hot' 

H amhml(cr, lean," 
C£Hl]' 

Hamburger, 
nll-c.lrip pan 

Hamhuq;~er, 
(fm7Rn), hot' 

Pmk Chop, hot' 

Chidcr!l, hot' 

Sirloin st P.ak, 
hot' 

T-boo~ ~tt>rolc, 
hut< 

F!<Jrne lmril~ed 
T -b!tnr. !11.-al, 

hot' 

2.7 2.6 14.9 

0.9 

t' 

4.5 11.2 4.6 10.7 

8.!2. 7.9 5.9 1.3 

3.2 3.7 3.4 0.8 

IO.:> 11.1 6.4 24.3 

31.0 50.4 17.6 I2.4 

3.9 4.4 5.7 6.2. 

13.3 7.7 -

tlA 3.9 -

0.3 1.6 -

1.3 O.fi -

0.2 0.1 -

4.9 7.0 -

2.2.5 24.2 -

l.l 0.9 -

12.6 lUI 4.3 

19.8 19.1 5.7 

19.0 20.0 

• ('~ml = 25 t'IH from h("at fjllll~, hot= !lle\'en em ftum heat source. 
~!'at = 21% fat, le11u = sev-en % fat. 
't := Ira<-~. 

1.7 1.0 

t' -

- -

0.3 -

t• -

:u. 3.0 

6.3 -
2.2 

9.3 4.0 

25.4 B.Cl 

2..0 9.() 

Further inve.~tigutiom; have shown that the presence of PAH in 
hrotled mPats and especially tbe presence of the cardnogenic PAH is 
directly proportinnal to the temperat\lre uf the treatment. Broiling at 
hi~h tempr:-rah1rc (seven em from heat source) led to the production of 
RaA, BaP, or B<'P, indicating that most probably the pyrolysis of fats ls 
th!' ori~in of the.~e PAH (Tablt! X) ( LIJ!NSKY and Ross 1007). 

Otber than pyrolysis of fats, incomplete eombustion of the charcoal 
can alsu contrihutr to the PAH content of the meat. When T-booe steak 
was charC[}al-broiled, its PAH content increased two- to ten-fold com­
pared tn a similar product whkh was flame broiled (see Table X). 
Tuom>TEINSSON aud TnORD!r.RSON' ( 1968) reported that when sheep and 
seabirds wf're singp,d y,:itb mal both BeP and BaP were found in them 
ill cnncrntmtions wen ahove detection limits, hut if propane was usro, 
nf!ither of them was detected. 

! 
; 

I 

! 

l 

l 

~ 
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European samples of smoked .~ausages and smoked mutton were re· 
pnrted to oontain 0.3 to 50 ppb BaP {HoWARD and FAZIO 1969), hut in 
North America, except for smoked flfHn, most smoked meats contained 
much Jess carcinogenic PAH (HowMm et al. 1900 a and b) (Table XI). 

Table XI. P AH in some smoked and tlCfl.it1lOk!!d foods { HowARil et aL 1966 a and b). 

r~rts per bHiiou 
-·--------·· 

Foods BaA Bal> IlcP B)dliPR F p 

Smoked 
Beef (chipped ) 0.4 - - - 0.6 0.5 
Cheese ( Con<ta f - - - - 2.8 2.6 
Ham• 21! 3,2 1.2 1.4 14.0 11.2 
Pork (roll} - - - - 3.1 2.5 
f'rnni<Jurters - - - - 6.4 3.8 

Nmwnoked 
Cheese (Cheddar) - - - - 0.8 0.7 

-· 
• Additional PAH determined: methylchryreoo {0.5) and 4-MP (1.9}. 

In a foUow-up examination perfonned by FDA-USDA on 38 smoked 
meat products, seven were found to contain up to 3.5 ppb BaP; some 
samples also <..'Ontained other PAll (Table XII; MALANOSKt et al. 1968). 

Table XII. PAll i" rome smoked mea~~ ( MA LANOSKJ et aL 1968}. 

P~* per billion 
--

Meat BaA BaF BeP B~hiPR F p CH 

Ham l.J-9.6 0.7 - - 0.6-2.9 0.2--0.9 0.5-2.6 
Barbecued bP.ef 13.2 3.5 1.7 4.3 2.0 3.2 9.6 
Hot sam;~ge' 0.5 0.4 ~ - - 1.5 U) 

• A.ddition:tl PAH determitted: 4-MP, 2.0 ppb. 

ln Iceland, home and commercially smokecl meats were compared by 
THORSTEINSSON ( Ul69). While very little "BaP was detected jn smoked 
sausage and mutton, considerable amounts of BuP and othf'.r PAH were 
found in home-~moked mutton and Jamb, either with or without being 
covered with cellophane or cotton fabric (Table XIII). About 00 to 75% 
o£ the BaP was found to he in the superflcial layer of the meal This 
low penetration has also been noted by RHEE and BRA TI-LER ( 1970 ), who 
observed that in smoked bo1ogna sausage the BaP is 1ocated within 
1.5 mm from the surface. Ce11ulose casing is more effective as a barrier 
to the pa~sage of PAH than animal casing (SIMONet (ll. 1969}. 
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Table XIII. PAH Itt commerdall!l and home .~nwkP.d foods (TnoRST!liNssoN l\l69). 

Foocl P ACT A 

Crmmwrdally smoked 
Mutton 8 5 13 
!Yh1tton s8u~ages 2 t•· 2 

HomP smoked 
Clnse to stm•e ·102 253 31l8 

without t-'(}Ve~ 
Clo.~e lo st<J\'e 3·1 27 41 

with cover" 
Di~-tanL-e {ron• 'im•" !lfl 14 70 

withm1t L"""'r 
llmH.,_,,,nked lamh 127 

'In edih!e portiou. 
b CuHoo fuhric or cellnphanc. 
't = tr~ee. 

29 l62 

Parts per bill inn' 

BeP DaP l'L BaA F PA 

5 t" 18 2 117 104 
t< t" 6 0.5 10 17 

2.1 l 07 303 ll5 2,024 873 

3 J5 3 2.15 80 

2 2.! 47 5 280 88 

4 2.3 158 115 811 443 

Ten <lifferent brands of bacon and hflm weTe examined in Germany 
by Ton1 { 1971). Seven of them cv11tnined BuP at levels ranging from 
0.2 to ] .6 ppb. The other three l1eavily smnked products contnined 4.0 
to 14 ppb ~wd, in addition, in these thn:>e sample.~ many other PAH 
were also present. IT1 a further study Yugo~lflv sans;lgrs were analyzed by 
Fn .. n'OVJC and To·m ( 1971) both with their t:asing.~ and with their c::~s­
iug;; rcmovP{I. Data from the~e studie.~. and additional data from ToTH 
and BLASS ( 1972 a) alT' snmmaTized in Table XIV. 

FRF.TIU.<:IN ( l97fl) analyzed several Norwegian .smoked meat products: 
tlwse contained Jower PAll levels as a rt'.mlt of the lighter smoking 
methods of this country {Table XV). 

d) Fruit and other plant pmducts 

Various European workers have reported the pre$em~ of J1AH in 
fruits and rdat~>d products, flS summarized in Table XVI ( lARC 1973}. 
Nn simi I a r :o;tnd y was rr-pnrtetl from North ;\ mcri ca. 

KullATSUNE antl Hl'KPI'H ( 19!}8 ::md 1960) published PAH data on 
roa~ted cofl't"e and (:-<Jifer Sfl(Jt (Tahle XVII). Carcinogenic PAH, ]Hlrticu­
larly BaP ami HrP, may vary frorn zero to 0 .. 1 pph in roasted C()fff!e. 

In Japan r.V.sunA rf al. { l91J6 a aml b) analy·z.ed whiskey, roasted. 
harlf'y, shoj\1 (soy sanec), aml (~Hamel. Only whiskey and ro;uted barley 
contained some I' A ri. at very luw fevds. 

Sons ( 1974} detennincd a number nf c01rcinogenic PAH in Hungarhm 
grain, <.-·nlh•ded in ttnpol1nted and industrially polluted areru.·. Wheat, 
harlt'y, and rye S:1mpks wew analyzed and P, FL, BaA, en, n~P. ReP, 
DBahA, and BPR were fuuml in the samples, i11 low concentrations. The 
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Table XV. Morimum amounlB "' PAfl in Rmohed ;you,mge r•roducelt m No•way 
< FRETHF:IN 1976). 

Onnpmm£1 

IkPA 
BaA 
CH a11d TP 
BkFL and DMBaA 
HaP 
PR 
MCA 
DBahA. 
Picene 
BgniPR 

Parts per biUion 

Fennented and clrieJ 

0.2.5-2.15 
0.05--0.30 
0.07-1.95 
0.05-1.35 
0.04--0.15 
O.~.l5 
{)_04--0.15 
0.07--0.60 
0.20-1.70 
0.2!HI.50 

Cooked boiop;na 

0.15-0.70 
0.04...0.55 
0.15-l.ZO 
0.05-2.1:5 
0.04-0.00 
0.04--0.07 
0.04-0.04 
0.04-1.10 
0.05-6.75 
O.Q4-.Q.2.0 

Table XVI. FAR in froit flnd. vlllnt products (IARC 1973). 

Parts per bill ion 
-----------------------------

Food BaA RbFL BaP BeP CH DB~hA 

6.9 28 0.3 
3.7-14.7 5.7-26.5 0.6-1.0 
1.1-67.2 58--395 O.l-2.!l 

4.3 

Spina..,h 16 - 7.4 

Salad 4.6-15.4 - 2.8-5.3 

Kale 43-2.30 - 12.6-48.1 

Soybean - - 3.1 

Appl~ - - 0.1-0.5 

'fomatiles 0.3 - 0.2 

Othe1 f mits - - Z--8 
Yeru;t (dried } 2.5--93 - 1.8-40.4 

Tea - - 3.9--2.1.3 

Whisky" 0.04-0.08 0.05 0.04 
Prune.~ ( dried) -- - 0.2-!.5 
Coffee ( malt or 43" 1.2-3.0 15 

(1.04 0.2 0.5 
- -

3.1-55 42-003 
- --
0.00 O.M-0.06 

-
20.5 

0.9 

heavily roosted) 
f'.ereals 0.4-6.8 - 0.2-4.1 
Tea extracts 
Rcm .. ~t pennuts 0.9 

0.3-4.9 0.8-14 
1.9--22 4.6-6 

0.4 0.01-0.7 

0.1-0.6 

• Orte riUt of 15 samples. 
• Up to thi~ value. 

data showed that industrial pollution i<> the prohablc somce of these 

PAH. 

e) Other daf.a 

Recently some data are availahle for various foods collected hom 
the Canr~dian mr~rket (Tables XVIII a11d XIX, PANAl.AKS 1976 a and h). 
With tbe ex<..-eption nf smc,lced marine foods and charcoa1-bmi1ed meat 
product~, which exceeded 20 ppb BaA, BaP, or BeP, the other samples 
were very low io BaP or otl1er carcinogenic PAll. 

Compound 

PA 
p 
FL 
CH 
BaA 
PR 
BeP 
BaP 
BkFL 
8ghiFR 

l'olynuclears in f~ 

Table XVII. l'AH m co{]ef' and r;{lffee sool.s 
(KUMT.SUNE ami r-f<lliPI!I.I 1958 and 1\JOO), 

Parts per bilHon 
-----------

Roasted coffee 
--~-·-. ··-~-----~--

Coffee sont~ Moderate dark 

130--300 
28Cl-72.0 ~ 
340-1000 1-7 
530-670 0 

16-li)Q 0 
280-600 0 
191h'l70 0 
200-400 0 
70-140 0 

100-140 0 

VI. Metabo1ism 
a) Absorption, cli.slrilm!ivn, and excretion 

55 

D~rke<lt 

0-17 
Q-15' 
0-0.5 
Q-2 
0-0.8 
0-J 
0-4 
0-0.8 
0--4 

The absorption, distribution, and excretion of PAH in experimental 
animals have been studied exteus[vely (U.S. NAS 1972). However, in 
most of the studies t be test compmmd~ were ad min istcred by pare11 teml 
mutes ( i. v., i.rn., or i.p. injection} and the 1'€-'>ults may not have much 
relevance in the evaluation of orally ingested PAll. 

The only availuhlc recent infom1ation in this field seems to be that 
of DANIEL et al. ( 1007}: .radior~chve DBahA, MCA, 7,l2-dimethylhenz{ a) 
authracene ( D MBa A), and dibeuz( a,c) ant hraccne ( DBacA) were given 
orally to rats. Most of the radioactivity was rapidly absorbed and ex­
creted through hiliary excretion in the feces alld in urine. Some of the 
absorbed material wa..'i retained in the ndrenals, tbc ovaries, and in the 
body fat and could be detected after eight days. None was dt'Jeded in 
brain lipids. 

'J) Degradativn 

Since the discovery of quinones ami of 4-hydroxyhcnz.anthracene ( 4-
0H-BA) as metah.Jiites, res~ctivcly, of BaP nnd BaA (BERENHLUM and 
ScnoENTAL 1943 a aud b, Buumm,uM et at. 1943) many su1dies of PAH 
metaholism •~ave been made in intr~ct animals, in tissue cultures, or in 
in l"itro systems. 

HF.mELBERCRR et aL ( 1953) identified three quinones in thr. liver of 
mice treated with DBahA. These were t2,5l6-dibenz-9,10-anthraquinone 
(DH-9,10-AQ}, 1,2,5,6-dibenz-3,-t..anthraquinone (DB-3,4-AQ), and di­
hydro-1,2,5,6-dibcnz-9,10-anthraquinone { diOH-D8-9,IO·AQ). HARPER 

(1959 b) administered BaA to rahhi~ and dcteeted 2-hydroxyben:~..anthra­
cene (2-0H-BA) and 4-0H-RA excreted with the feces. BoYLAND and 



Table XVIII. PAH found in smakl3d and charcoal broiled food products (.PANALAKS 1976 a). 

Partg per bilhon 

No.• 
Foods ana]y:zed BbFL BaA BeP BaP DBahP lP DBaiA CR Bghi.PR DMBA PR 

Smo~d 
Bologna 2/l'S 5.0 2.0 0.5 
Frankfurters 2/4 1.5 2.0 z.o 
Salami 1/3 1.5 2.0 2.0 
Pepperoni 1/2 0.2 z.o 1.0 
V<o~.rious sausagEi!s 1/15 0.5 2.5 1.0 8.0 LO 
Ham 3/3 0.2 0.2 2.0 l.O 0.5 
Wesphalian ham 1/1 5.0 2.0 
Bacon 4/5 0.5 0.5 1.0 0.6 4.0 
Smoked bee£ 2/3 8.0 0.5 
Smoked pork 2/2 0.3--0 . .2 
S.rnoked herrings 7/7 20.0 2.0 15.0 O.lh9.0 8.0 
Various smoked fi~h 5/7 1.0 1.5 0.5 5.0 10.0 
Canned smoked ftsh 1/6 1.0 1.0 
Gouda cheese 1/1 0.5 
Canned ( 9moked) oysters S/5 25.0 30.0 16.0 2.0 5.0 1.0 4.0 38.0 20.0 
Canned ( no!lllmoked) oyst.,rs 2/2 30.0-15.0 1.0 2.0 25.0 

C hatcoal-broiled 
Porterhouse steak l/1 1.0 4.0 3.0 2.0 
Barbecued chicken 1/1 2.0 10.0 8.0 15.0 2.0 2.0 
Hamburger 1/1 30.0 50.0 20.0 20.0 10.0 
Frankfurt~r l/1 2.0 2.0 5.0 5.0 
Chinese sausages 1/1 30.0 40.0 25.0 20.0 

• No. of samples with P AH over no. of samples tes~d. 

~------------···· ··-~-----.............. _ ..... . 

Table XIX. PAH fOfloo in "liquid smoke11,'' {r8h otls, and coconut oil (PANAL.\KS 1976 b). 

Parts per billioll-• 

Foods BaA BaP BeP BbFL CH DBajA MCA IP BghiPR 

Liquid smokes 10( 1/8) 10(1/8) 10(2/8) 8( 1/8} 
Hydrogenated llat ftsh oil 8 5 4 
Hydrogenated anchovy oil 8 
Cod liver oil 100 50 80 80 
Cod liv<;~r oil (high test) 80 20 10 Halibut liver oil 40 20 25 20 5 Coconut oil 5--80(3/3) 8-10(3/3) 8-20(2/3) 60(1/3) 5 

20 20 
20 20 

5--S 20 

• Data in parentheses are no. of samples with P .AH ove:(" no. of samples tested. 

Z:1 39'ii'd ~H~ 'A~SlOGOd llir 
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StMs ( 1964 h) f1h'O inj!'cted f\aA to rats, rahbits, and mice. No 2-0H· RA 
wa.~ detec-ted. hut one conjugated derivative [N.acetyl·S· ( 5,6-dibydro-
6-hydroxy-5-hl'tmmthra<--enyl }-4-cysteine] plus four phenols and four di­
hydmdinls, ail as sulfuric am1 glucuronic acid cnnjugates, were found in 
the urine, bile, and feces of the treated animals. The eight metaoolites 
found were: 

5,6-di bydm-5.6-tl il1 yd roxrben7.a nthracene ( B A -.'5,6-diol} 
~.9-dihyuro·H,9-dihydroxybenzantbrarene ( BA-8,9-diol) 
lO.ll-dihydro-WJ 1-!lihydmxyhem.anthracenc ( BA-l0,11-dio1} 
3. 4 ·tlih yd ro-3.4-dihydroxyhem.a ntluacene { BA -3, 4-d iol) 
3-l,~·tlroxybenzanthraccne ( 3-0H-BA} 
4-hydroxyl){'H7.anthracene ( 4-0.H-HA} 
~-h y<lmxyhrn zan t h racene ( 8-0 H-B A) 
B-l•ytlwxyhr1J7.anthracene ( 9-0H-BA} 

fAI.t\ et rd. { 1962) injected radioactive BaP into rats and then col­
le-cted hilf', from a bili:.ry llstula, for 48 hr. Within six hr 70 to 80% of 
the radioactivity was excreted and most of the metabolic producbJ fell 
intu two main categories: the primary oxidation products S-hydroxybenzo­
(:t)pyrene 0-0II-BP) a11cl 6-hydroxybem..o{a)pyrene (6-0H-BP), and 
the ~e<-'fmdary nxidatioJJ products 1,6-dihydro-1,6-dihydmxybenzo( a)· 
pyrene ( B P -1,6-d io l } , and 3,6 .. cl ihydro-3,6-d ihydroxy ben zo ( a ) pyrene ( BP-
3,&-diol). AH these {'Qmpounds were fotmd to he conjugated with sulfuric 
or glm~mcmic acid~. 

The mrtHh~llism of nnncarcinngenic PAH wa11 also studied br some 
authnrs. DilJydrndiols, phennls, and rtninones have been founu to be the 
most c~lllliiHlll rnctabolites of PA, P, CH. and A in animal studies, as 
~nmmarizrd 1n Table XX. (RERF..NBLUM and ScHoENTAL 1949, BoYLAND 

Table XX. PAH metOOoll!eR fmmd in rat and nw•Me $tudies. • 

Metabolites 
-~· . ------ .. -· ---- ·-------··-------------- --·-

FAH Gmup In vitro ln vivo 

A Dillydrodiols 1,2-lliH-1,2-diOH-A 1,2-diH-1,2-diOH-A 
- 9, 10-ilill ·ll, 10-tli<JII-A 

Phenol~ - 9,10-diOH.A 
2,9,10-~iOH-A 

Quinon€S - A-9,1 0-clione 
l'A Dihydrodiols 1.2-difl-1 ,2.-diO H-PA • 1,2-di H-1 ,2--diOJI-P A 

3,4-JiH-3,4-diOH-PA 3,4-diH..J,4.diOH·PA 
9,10-diH-9,10-diOH-PAb 9,10-clill-3,4-diOH-P A 

l'ht>nols l·OH-PA 1-0H-PA 
2--0H-PA 2-0H-PA 
3-0H-PA 3-0H-PA 
4-0H-PA 4-0H-PA 

BaA Oi hy<lrodiols 5,6-dif1·5,6-diOH·BAh·• 5,6-diH-5,6-diOH-BA 
7,8-diH-7,3-diOH-BA~ 3,4-diH -3, 4-diO H-BA 
8,9-diH-8,9-diOH-BA 8,9-diH-8,9·diOH-BA 

10,11-diH-1U,ll·diOH-BA 

PAH 

p 

DB ahA 

DBacA 
MBa A 

DMBaA 

MCA 

BaP 
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Table XX. ( OOtltinud) 

Metabolites 
--------··----~ 

Group ln vitro 1 .. o4oo 

Phenols 2-0H-BA 
3-0H-BA 3-0H-BA 
4-0H-BA 4-0H-BA 

8-0li-BA 
9-0U-BA 

Quinones BA-7,12--dione BA-7 ,12-dione 
Dihydrodiols 4,5-d iH -4,5-tHOH-P" 4,5-diH-4,5-diOH-P 

l,fl-rJiH-1,8-diOH-P• 
Pheools 1-0H-P 1-0H-P 

1,6-diOH-P 
1,3-<liOH-P 

Quinones - 1'-1,6-wone 
Dthydrodiols 1,2-diH-1,2-rHOH-DBA 

3,4-di El-3,4-diOH-DBA • 
5,6-diH -5,6-diOH-DBA'·' 

Phenols 3-0H-DBA 
4-0H-DI:lA 

Quinonet~ - DBA-9,10-dinne 
DBA-3, 4-llione 
4,~tliOH-DBA-9,l0-dlone 

Phen~ls p.m. 
Dihyurodiols 5,6-cliH-5,G-tliOH-MBA• 

8,9-diH-8,9-diO H-MBA b 
Phenols p.m. 
Derivative:< 7-HM' 
Dihy1lrodiols 8,9-diH-8,9-iliOR D MBA' 

5,6-diH-5,6-diOH·DMBA' 
Phenols p.m. 
Derivatives 7-HMb 

12-HM" 
7,12-dilJM 
other HM 

Dihydrodiol.s 11,12-diH-ll)21liOII-MCA" 
Pheoo!s 1-0H-MCN 

Z-OH-MCA"' 
1,2-tliOH-MCA 

De-rivatives 3-HM 
Di bydrocliols 1 ,2-rli If -1 ,2-illOH-BP 

g, 10-di ll -9 ,l 0-d:iOH-BP 
4,5-JiH-4,5-diOH-BP" • 
7 ,8-diH-7,8-diO H-BP" 
1}, 10-tliH -9,1 0-diOH-BP" 

1,6-diH-1,6-<liOH-BP 
3,6-diH-3,6-dtO H -B P 

Pl1enol.~ 1-0H-BP" 1-0H-BP 
.1-011-BP 3-0H-Bl' 
7-0H·BP' 
9-011-BP 

B-OH-DP 
1,6-tliOH-BP 
3,6-d[OH-BP 
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Tah.lf> XX. (rontinued) 

ln t)Um 

B l'-1 ,6-cli{>ne 
BP -3 ,6-di()ne 
BP-6, 12-dioned 

Met..OOii~e~ 

-t ,5-diH -4,5-diOH-BeP 
p.m. 
1 ,2-di f 1-l ,2-iliOH-CH 
3,4-tliJI-.'l,4-diOH-CH 
p.m. 
1,2-<llH-1,2-diOH-NA 
!-OH-NA 
2-0H-NA 

In uioo 

BP-3,6-dione 

3-0H-CH 
1,2-dill-1 ,2-d!OH -N A 
l-01I-NA 
2-0H-NA 
l,2-diOH-NA 

• ~Hr<'t's: lknF:NELVM and ScnDENTAL 1949, Bon,AND aDd WoLF Hl50; BoYLANV 

:tnrl SrMs 1962 a and b lllld 1~ a; fiAiu>Ea 1959 a; Sn.u 1962; BoYLII.ND and SrMs 
19G.'> a and h 'md 1967 a; BoYLAND cl al. 1964; CoNNEY 1957; SIMS 1006, 1967 b 
and c, an<I uno h; KlNOSlHT-" et (Jl. 1973; SELKIRK et al. 1971; J<EYSELl. et aL 1970; 
f'n~:L•r>•;NTJIAI- el af. 1975; SllLKmK et al. 1974 a and b and 1976 a. Abbreviatious 
w::,•d lo •k•st'rihe rtlelabnlites: dill ~ dihydro, diOH == tlihyt1roxy, triOH :::: tri­
~~~·<1roxy, p.m. = pheoCllk mehl)ol}lites (not specified), HM = hydroxymethyl deriva­
tt\1<'~ und {liHM = dihytlmxymethyl derivatives. 

~ )\fajm mdabolitE>S. 
• K-regjnn clitlydrotliuls. 
" Dct••dt>tl h)' HPLC. 

aud \VnLF 1950, l!OYL,\N!l and S1~rs 1g62 a and h all!l 1964 a, liAili'FJJ 

19.19 a. Sn1s 1002}. 
The ill rirro mctahnlfsm of a number of PA H was also inve.'iti~ated, 

in the [Jn'S('IItc of rat liver hom•)genatc:-; and rat Iivcr micro.~omes. The 
data from tlwse shlllies are presented alongside other ones {in vivo and 
i11 vitro data) in Tahl(• )(}( (BOYLAND ami STMS 1965 a and b aud 1967 a, 
OoYI.,\r-'D f'l of. 1964, C'.DNNI':Y 1957, StMS 1966, 1967 b ami c, and Hl70 b, 
Kr,..osmTA et a f. 1973. Sr:uunK r.t a!. 1971, K.RvsELL et al. 1973). 

Excf'pt fctr"i-ml't!lylhenz(a)anthraccnc (MI3aA), DMBaA, and MCA, 
whieh ar<• mn,·crtible into hydnn:ymethyl derivative~ in Hvt>r pn•para­
tions. th(• rest of tlw llndings iudicated that most PAll are similarly 
mrtaboli:r.Ptl hoth iu intact m;imab· and in liv€r preparations, giving rise 
t{l pll('mtls. quinOIH'~. alld tlihydrodiols. Some of the: sh•dies reft'rred tn 
abo\'<' inrlic;lkd that tfw rate of metabolism ()f the PAll can he increased 
<"m~itl<•rahly if tlw animal!> are prclrcatetl with various l' A lJ. 

:\ lthtlu~ll no studies on whole animals were done with MHaA. DMHaA, 
aud ), tCr\, thrs(' mmpmmds haw b('en examined alou.~ with BaP, BeP, 
and DH:\ i11 mome prostatE' c:TII cultures ( lhm..:RMAN et fll. H:l7l a), aud 
111 mouse rmhrro culhnes ( St~Ts 1970 a). Results of thcsf' studies gcn­
t'ralt,· intlic:·:~~ed that the rnetaholic 11atterns of PAH in ceH cultures are 
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comparable to those in llver preparations, with phenols and dihydmdlo1s 
plus hydmxymethyl derivatives as major metabolite.~~ however, in cell 
cultures most PAH tested also yielded unidentified water-soluhle metarnJ­
lites; this phcnom en on had he en described by D1 AMOND et ol. ( 1968) 
and by DuNCAN e~ al. ( 1009). 

High-pre,~sure ]iquitl chromal(1gmpl1ic (HPLC) te.chniques were re­
cently used for the separation and identification of BaP metabtJliles 
formt--d l)y rat liver mierosonws. New metabo1ite.<> were identified with 
this method by FI\EUDENTHAL ~t al. ( 1975 }, SELKHIK et a~. ( 1974 a and b 
and 197fl a), which, together with metalm1ites previously known, are 
H~ted in Table XX. Th£'se data S\lg):!;e~t that at least 14 different com­
pounds can lw formctl during metabolism of BaP in tht>. rat. 

HPLC technique~ were ah-o used hy LEBER et at. (1976) to analyze 
the metaho!ites of BaP formed at incubation with squirrel and rhe.ms 
monkey liveT microsome preparations. The chromatographic rrofiles ob­
tained reveaJed the presence of 9,10-dihyclro-9,10-dihydroxybcnzo( a)­
pyrene ( BP-9,10-diol ), 4,5-dihydro-4,5-dihydroxyhenzo( a )pyrcnc ( BP-
4,.5-diol ), 7-8-dihydro-7,8-dihydroxyben:t . .o( a) pyrene ( BP-7,8-diol), beuzo­
( a )pyrene-1,6-dione ( BP-1,6-quiuone), heuzo( a )pyrene-3,6-dione ( BP-
3J)-quinone), 9,hydroxyhenzo(a)pyrene (9-0H-BI>}, and :l-OH-BP, in 
atlditi.on to a number of nnidenHfled peaks that appeared in the dihyclro­
diol region of the preparations. When BaP was incubated with rhesus 
mm1key 1nng microsome prepamtion~ tile overall pattern of the HPLC 
profiles wa~ different from what wfl:s seen in the liver preparations and 
onl~· BP-9,1()-dinl, BP-4,5-diol, 9-0H-BP, and 3-0H-BP oould be identiGed. 

The metabolite pattern of HaP breakdown in human beings was also 
studied recently. Liver microsome preparations were obtained from car. 
accident victims a11tl from individuals killed lly sterile brain damage. 
SF.LKIRK ef al. ( 1976 h} found in these preparations the same metabolite."! 
:1~ L~:~ER et al. ( 1976) found in expeJime11ts with monkeys, and also 
benzo(a)pyrene-6,12-dione {BP-6,12-quinone}, a~ wdl as six more un­
identified metabolites. 

Pt-:Lt<ONf.N (1976) and PELKONF.N ~md KARKI ( 1975) incuhated BaP 
with tissue prepamtions from human fetal adrenal gland~ and liver, adult 
Hver, and plaL'P.nta. Thin-laycr chromatography revealed the meta.holites 
BP-~,10-diol, BP-7,8-dioJ, BP-4,5-diol, Rnd ( nnt-spedflc.d} hydroxymctabo­
litcs. When HaP wa.~ added to C\lhmed fetal liver oelL., or to fibrublasts, 
quinones, ctmjugates, aml (.:nvalently hound derivatives were found in 
addition to the metabolites mentionrtl abo\'C. The qna.ntity of the uio1s 
and water-snluble metabolites was prcdomi.nant in the preparations con­
taining lJJtact L-clls, whereas in the in mtm systems phenols prevailed. 

The most important metabolites of carcinogenic PAH are supposedly 
the so-called "K-n'gion" ep{)xides (Fig. 2), because they are believed to 
be di.redly respnnsihle for the hiologica1 effects attributed. to their parent 
compounds. In the case of BaA the K-region cpoxide h;ls been pnstnlated 
to fonn at the 5- and 6-positio11s ( BaA-5,6-epoxide) (GROVER et al. 
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ln l'ilro metabolism of benw (a) pyrene. Rea <:lion ( 1 ) involves microsomal 
oKidase and N II.DPH; reactfon ( 2.) involves epo~ide hydntSe (GROVER et ar. 
1972). 

1972). Undc>r hinlo~ic~l conditions (e.g., in rat liver homogenates) this 
epoxide may also tte converted to phenol (probably 5-0H-BA) by spon­
tanrom ismnerizaticm~ it can be. hydrm:ylated to form dihydmdiols { prob­
ahly BA-5,6-dinl). or conjugated with glutathione [S-( 5,6-<fjhydro-6-
hyclroxy-5-h<'llzanthracenyl) glutathione] (BoYLAND and StMS 1964 b). 

Other cardnogenic PAll which may form similar K-region epoxides 
include: DBah.<\ ( BoYLil"l> and SIMS 1965 a, Cnovrn ef. al. 1971 a, SEL­

xwK t't a!. 1971), MBnA (KEYSELL e« al. 1973, Sn.ts 1970 a), DMBaA 
(KEYsF.LL et (/l. 1973). MCA ( BuRJ<I et (1/. 1972, SIMs 1966). and BeP 
and Bar ( c RO\'EI1 e t al. 1972, SrMS Hl70 a ) . Of thc..'le, per hap.~ the last 
one has been investigated most cxten~ively. Until 1970 the K-region 
epoxicle of BaP ( BaP-4,5-e}lilxide) was still l1elieved not to be present 
as a BnP mctabnlite, but now it is believed to l>e tl1e first intermediary 
cmnpnu ml iu the BaP tlegradati on in animals ( see Fig. 2 } . It is suspected 
to ll€' the activ~· carc:htogenic mdabolite of the meta holism of BaP ( SEL­

KIRK ef al. 1975 }. 
The em.yme sy:-;t{'m responsible for the metabolism of PAll is the 

micrcmnnal {')'tfJehmme mixed-function oxygenase also known a:-; aryl 
hydrocmhm hydmxylase ( AHH) or lJenzpyrene hydrox.ylase ( GF.LII01N 

er al. 1972}. Thrs enzyme systcm is known to be present in rodent tissues 
(Arrm 1973}, human liver (KUNTZMAN et al. 1966), human skin (LEVlN 
et al. 1972), human placenta (Nt:BERT et tJl. 1969), fetal liver (Pt.:.LKONEN 

et af. 1972), macrophages (CANTRRLL et al. 1973), lymphocytes (BusBEE 
1972, \rnm..<){';K et al. 1972}, and monocytes (BAsT et al. 1974). Studies 
with rodmts rev<>aled that this enryme system can cnnvNt PA H to vari­
ous hytlroxvlatt•d derio,;atives inducling phenols, {jUinones, and r:poxides 
(SF.uut" et aT. 1974 a alld 197.5). and can also activate PAH to produce 
cardJulgrn!c metabolites ( (;ELEOIN et a/. 1972). 

Thr adtYHy of thi.~ enzyme system can he intlueed by HaP ( ~hsoN 
1965), MCA (HASMt!SSF.N and \VIING 1974), DBacA, DBahA, BA, and 
DMHA (SLM;A et al. 1976). On the other band, it can be inhibited hy 
hutylatrd hytlmxyanimlt> and 7.8-henzoflavone ( SPEIRE and WATTENilE11C. 

1975, \\'rr.RF.L el (1/. HJ7l) . 
The SJ)('PiG.c emyme which pmduces .. K-rep;ion" oxides i~ called 

epmridr .'>rnthet~se, aml tl1at which detoxifies it is epuxi<1e hydrase 
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(OEsr:n el al. 1971, ()~n and DAl,Y }g71}; hoth enzymes arc inducible 
in the rat by pretreatment with MCA or phcnoharhitol ( NF.HERT et al. 
1972). Epoxide hydrase has been shown to be present in adult hmnan 
li vcr ( OESCH I97 4, OESCH et ai. 197 4 ). 1 ungs { GnovER ef ai. 1973) , pl a­
centa, fetal liver, and fetal adrenal gland (PELKONEN and KAHKI 1975 }. 

c} R&Jelivity of int-ermediate metal mute~ 

In addition tn metabolic pathway~. <-'Onsiderab]e attention ha.., been 
directed also to the ~tudy of c·hemi~J-cel!ular interactinns that may ex­
plain the mechrmism of PAH carcinogenesis. Am·:t.L and lhmEL11EHGKR 

(1902) noted that carcinogenic PAH are covalently bound to proteins of 
mouse skin following topical app!ieation of the componnds. RnoOKKS 
and LAWLEY ( l\164 ) aud Gosu l'> rAN and II F.IDELHERGER ( 1967) further 
found a rough correlation between carcinogenic activity and the amount 
of PAH bound to skin DNA. A sirniJar correlation was also observed by 
SLAcA et al. ( 1976) in in vif.ro system where DMBaA, MCA, BaP, 
DflahA, and DBacA had l~·en incubated with epidermal homogenates~ 
however, there was no im.Hcation that the tumor-initiating ability of these 
PAH is correlated to their ability to induce aryl hydrocarbon hydroxylase. 

Usiug mouse embryo ceJI cultures, Dl'NCAN et al. (1969) examfned 
eight different PAH. It was found that these PAH can be clas.,.ified in 
two distinct gruup.~. One group with a high DNA-RNA binding index 
consisted of putP-nt ca1·cinogens while the other group had much lower 
(one-tenth) values for the binding index: with the exception of DfiubA, 
this latter group cvnsi~ted of noncarcinogens. 

In a study wid1 human oells ( BnooKEs and DuNcAN 1971) and with 
i.n vioo rat organ ~y!ltems ( JANs~ et al. 1972, Pnom et al. 1970 ), the bind­
ing of BaP and DMBaA to DNA was also demonstrated. 

Since the rovalent binding properties of PAH are in shmp ctmtrast to 
the fact that PAH are relatively irmrt <.'hemically and cannot themselves 
undergo bindil1g with DNA, RNA, or with protein~, it is supposed that 
metabolic transformation is needed hefore lHlY such links are acrom~ 
plished and carcinogenic effect8 are exerted. Two areas of research have 
attracted scientists must: determination of adive forms (ultimate car­
cinogem) and the nattJre of the interaction between active forms and 
tissne. constituents. 

Althnugh the ultimate carciuogt>nic mechanism is still not known, 
several types of mctaholic pmduct~ have been proposed a.~ ultimate 
cardnogens derivf'd frnm PAH. One typr;>, has been referred to as a car­
bonium [on hy DII'PLF. et al. ( 1968) antl lluLBF.RT ( 1975}. Another type 
i<> that described by Fnmn aud SenUMIII ( l9B7) and by WrLK et t.Z. 
(1968 and l96H), who po.'ltulatetl that the cation mdicai reacts with a 
cellular nucJ{'ophile group and then undergoe..~ a final oxidation with a 
loss nf a protOPl trl complete the suhstitution reaction. Stndies by UMANS 

et aL (1969) wit11 RaP, by CAVALIE!U e! aL. (1976) with BaP and BuA, 
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and by ChVALn:nr et al. ( 1975) with MCII. seem to provide some support 
for this interprelatinn. Jn addition to the above-mentioned mechanisms, 
BoYLA;-;n as early a.~ l!J50 postulated that epoxides arc the activated 
intermrdiate mdaholit('S. Since then more evidence to support this 
hy1lflthesis has emerged. Cnm'ER ancl. SrMs ( 1971) demonstrated that 
K-reg-ion epoxide~· nf PA aud DBahA can react t.'O'-'Hlently tn.. vitro with 
DNA and hi~tone. The intermediate K-region epoxidcs of RA, DBahA, 
and ~ICA exl1ibit highrr levels uf biological activity leading to malignant 
tnnsfmmation than their parent t.•mnpounds, or the finaJ products derived 
from them_ Tllb· was con~rmecl in in oitro preparations hy GnovF.n et al. 
(1971 h) a1Hl Ilu~>EH11tAN ef ar_ ( 1971 c), am] in ce11 culture.~ by HAm•F.R 
(1957 ), nunt<:nMAJ\: et{!J. ( 1972), [lll(1 MARQUAllDT et al. ( 1972). Jn vari­
ous test;- for mutagenicity epDxides prov<'d to he rnore active than thcil' 
parent compomuh (AMES et af_ 1972, f'..ooKSON et al. 1971, FAHMY and 
FAHMY 1973, HtrllERMAN et al. (1971 b). 

HowevC'I', i11 biological assays on whole nnimah thf' K-region epoxi<le.'> 
of Ba/~, MBaA, and MCA were found to eJChibft less carcinogenic potency 
than their parent compounds, when applied either topi.cally nr parenter­
ally (BoYLANll and Srus 1967 h, Mnum and Mu.u;n 1967, S1Ms 1967 a). 
Similar observations were reported in more- recent ~-tudks with PA, RaA, 
MBaA, DBahA, CH, and MCA iu newborn miee (GmwE~ et al. 1975} 
and with DMBaA, DBahA, and BaP in in vitra-in d1XJ test systems, in 
which monse lung tissue was pretreated with PAH lW(l then irnp]anted 
into isologous mice ( FLAKS and Slll.tS 197:'> }. Furthermore, L~.:vtN et al. 
{1976) found that BP-4,.5-<>poxide (a K-regiou epoxide) is less cardno­
g<'nic wlwn applied topically to mouse skit1 thall BaP or llP-7,8-epnxide 
(n non-K-rt•gion epoxidc ). Til<' weak activity of HP-4,.5-epoxide itl this 
C<l~(' W<l~ app<treutly due to its iuactivation hy t'n:~;ymc~· i11 the momw skill 
prior to reachtng its .lite of adion within the cell. 

Some sci(•ntists, however, belif.'ve that the carcinogeuic PA H are 
acti w• per se and neNI no speci lie prelim iuary activation { F ARBI·:n 1968 ) . 
In a recent study BtlRKI and BRF.SNICK ( H.J7.5} applied MCJ\ its K-rt>gion 
epoxidc ( MCA-11,12-epnxidc), anrl other MCA deri\•attves tnpically to 
mioe and fouud that only MCll. imluced hyperplastie effel..'ts. This effect 
was aho putcntiated, wulPr suitable condition~, 1,~, ..-naphthailavone, an 
inhihitor of PAJJ metaholism. 

VII. Carcinogenidty 

In 1915 YAMAGJVA and k:HIKAWA ( 1915) painted t•oal lar on the eflrs 
of rahhirs and mice and fouml that tumors t!eveltlpcd after repeated 
rtpplir-.. atinns. IR1.ter exp("rimrnh· cnnfinnr.J tiU'se results and iuduuecl coal 
tar ( Tst•TSUl 1918, MunnA Y 1921). soot t"Xtracts, crude shale oi1, ami 
blast furnace tar (BoNSEH 1932, LFnr:u l922,PAssu 1922). The chemical 
basis of this "coal tar cancer'' wr.:-; then further inve~tigated and t11e 
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active iugredients were identified as hydrocarbons { BUlCH rmd DREIFUSS 

1921, KENNAWAY 1924). Soon some isolated t-ompound~ were identified 
.1.~ carcinogens, such as BaP, DBaiA, DMBaA, and MCA (KENNAWAY 

1925, CooK et aL 19!33). 
Following thr~~e er~rly studies many other PAT! have been shown to 

have carcinogenic potential hotb iu whole animals aTld in organ or tissue 
eultures. 

o) In vitro bioassay 

BEnwAuJ and SACHS ( 1003) reported that ham.~ter embryonic fibro­
blast\ grown in culture with HaP or MCA developed cl1aracteristic mor­
phologi(: ahemtions such as dirorientation of cell arnmgement and forma­
linn of cri.1·s-crossed, piled-up colonies. lu another study BaP, MCA, 
DMBaA, and 10-methyJhenz( a )anthracene (but not 8-methyibem:( a)­
anthracene, CH and PR) induced tn vitro tmnsformation of normal ce11s 
tn tumor cells ( llEnWAW and SA ens HJ65). D1PAOI.O et ol. (1969 a fmd b) 
observed that such transformation can be indut."P-d with BaA, BeP, BaP, 
DHacA, DBahA, MCA, nnd DMB01A, but not with PA or P. Several cell 
lines derived from BaP h·eated colonies could produce fibrosarcomas 
wheu injected into hamsters. 

LASNl'12KI ( 1951, 1954, and 1003) and LASNJTZKI and Puc { 1957) 
reported that 20-methylcholanthrene (20-MCA) and MCA induce hyper­
plastic and prenenplastic changes in culttues derived from mouse ventral 
prostate. RoLLER and HEIDELBERGER ( 1007) also reported that DMBaA, 
MCA, and DBaA can induce hyperplasia, anaplasia, and almon11al mitosis 
in compamhfe cell cultures, but the!>e did uot prove to be transplantable 
into i<>ol{)gou~ mice; however, when DMHaA- or MCA-treated pmstate 
pieoes were dispersed with pronase and injected into C1H-mice, trans­
plantable tumms developed {HEUJF..LDERCKR and hr>E 1967). 

In an attempt to develop cell lines for tlte ~·tndy of PAH careinogcnesis 
in vitro, CHEN and HF..r.DELilEIU:~-.n ( W69 a, b, and c) obtained several 
B I prostate cell c\lltures deriwd from C3H mice. After treatment with 
MCA th<'-~e cells injected into mice jmluccd Rbrosarcomas. Eight other 
PAlf were al.~o tested, fl.ve carcinogen~· among them, and there was a 
quantitative correlation between their carcinogenic activity and trans­
formation-indllcing cnpacity in cell cultun~s. 

In other organ cell culture >hldies by LASNITZKI ( 1956 ), cnltivated 
human fetal lung tissue was expos<'d to BaP at a concentration of 0.0 to 
6.0 llg/ml. While the control f'"pla11ts showed outgrowth of bronchioli 
with one layer of columnar <'pithelium, the treated explants exhibited 
basal cell hyperplasia in the hronehiolnr epithelinm. In rode.ots CROCKER 

ct a(. (1965} ohserved epithelial mehl(>lasia in respiratory tissues follow­
ing continuous exposure of the tissues to DMBaA, HaP, or MCA at levels 
of 0.8 to B.O 1Lg(ml for over seven days. 
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h) Wlrol.e animal Ilhulies 

Many (bb are available on the carcinogenicity of PAH in experi­
mental Hnimals: most of these are beyond the soope of this review. Data 
puhlishf'cl during W47-H.l69 has been reviewed by the U.S. Public Henlth 
Seroice (PHS) ( HAIHWP.LL l951t SHU!UK and lfARTWJ',J.L 1957 and 1969), 
and evaluated by the U.S. NAS (1972) and EPA (1975). A total of 20 
PAH were identified as carcinogens: BaA, DMBaA, D.BahA, BaP, BeP, 
MCA, indeno( 1,2,3-cd)pyrene {IP), CH, dihenz( aj)anthracene (DBajA), 
DBacA, bem.o(c)JJhenanthrene (BcPA), dibenzo(a,g)finoreoe {DBagF), 
BbFL, benzo(j)Humanthene (BjFL}, 2-methyUiuroanthene {2-MFL), 
benz(j) aceanthry1ene ( B}AC ), dibenzo( ai )pyrene ( DBaiP), Jibenzo­
(a,h )pyrenc ( DBahP), dibenzo{ e,l )pyrene { DBeiP), and dibenzoo( a,I )­
pyrcne (DB alP). The first eight in the Jist were also <-'i:msidered carcinn­
gens hy WHO (ANDELMAN and SuEss 1970). 

In the U.S. PHS "Survey on Compounds which have been Te.sted for 
Carcinngenicity" ( TRACOR JITCO 1973} it is indicated that 15 PAH, 
including nine known carcinogens, three known noncarcinogens, and 
thrf'e mdabolites have been tested on various species of animals. Table 
XXI summari?.c.~ the carcinogenic data for these compounds derived 
frorn nonoral admin\~tration studies, ami Table XXII tbe data resuJtiog 
from f"Kpcriments involving oral administration. While none Of these 
tests idt•ntify new carcinogenic PAll not known prior to 1969, it is re­
markable to note that only four PAH (DMBaA, BaP, DBahA, and MCA) 
ami tme metabolite {7-HM-DMBaA) have been proved to possess car­
cinogenic activity fnllowing oral intake. None of the previous is.~ues of 
the U.S. f'IIS SurvPy!i ( lfJ47-1009} has documented any evidenl!t'~ of 
tumor in{luctinn hy 1'1\H via the oral~ nmte. 

A nut her t:mnprehcnsivc review (T ARC 1973) listed cfata on the car­
cinogenicity of PAH and 13 of them are classified as pwven carcinogens. 
The relevant data are presented in Tah1es XXIIf and XXIV. 

Tile data shown in these two review~· indicate that only a few of the 
pmvf'd carduogenic PAH are capable of includng cancer in expeTimental 
·animals when administered orally. Moreover, the cRncen; induced ora11y 
are rcstrictl'd mainly to leukemja, fore.~tumach tumors, hepatoma, and 
pulmonary adenQma, whereas if nonoral routes of anministration are 
emplnycd skin tumors are prevalent. Mammary gland tumors are induct:>d 
by both method~ of administration. 

VIII. Conclusion§ 

[\.f()St fOtJ(l!> L'i:mtain very 1ow levels of PAH, unle~s pyrolytic reactions 
contrihutecl dirPctly or indtrf'ctly to such eompounds, as in cooking at 
high t<'mpl'ratures or in srnddng procflSS('S. Notable ex<--eptions are the 
slwJifish which s<>~m ~o L"Oucentrnte and are unable to metaboli:tP PAH. 

Very littlr attention was paid to the problem of ahsm-ptiun, distribu-

~-

1 

I 
' ' I 
i 

l 

I 

Polynuci!'<~rn in foods 67 

tion, metabolism, and excretion of orally administered PAH; however, 
the few data avaiJable indicatP that PAH are. relatively effectively f'X­

creted in fece~ and urine and little is retained. Other studie.'i, both in 
vitro and in vivo, show that PAH are conve.rted in the animal hody iuto 
phenols, dihydrodiols, quinonf:'s, and conjugated pmducb- by metaboliz­
ing enzymes in the microsome.~. CurreutTy there are abtmt 40 dillcrcnt 
metabolites identified from eight lmown c.1.rcinogcn ic P AIJ, but no proper 
studies have been done yet on their conversion rates. 

Among the PAH metabolites the so-called "K-reg.ion" epo:xides, the 
precursors of dihydrodiols, seem to be the activated tumorigenic deriva­
tives, at le.ast in ti!>.~ue culture and in r.."itro systems. Te.~ted in whole ani­
mals t1H>. epoxide.~ nften show les~ carcinogenic activity than the parent 
compounds. 

Since Little or no work has been done on the possible teratogenic or 
reproductive effects of PAH, the appraisal of their potential ha7~1rds for 
health rests entirely on carcinogenicity studies. The current knowledge 
can be summarized as follows: 

I. Of the 22 PAH identified in foods, 11 have been found to be 
carcinogenic in experimental animals. The.~e are BaA, BaP, EcP, Bb FL, 
CH, DBahA, DBajA, DBahP, DMRaA, IP, and MCA. Out of these only 
B~P, BaA, MCA, DEahA, and DMBA have Leen demonstrated to induce 
tumors following ora.! admillistration to rab· and mice. 

2. Of the above-mentioned ll carcinogenic PAI-I, tmly very few have 
been demonstrated to exhibit positive dose-response relationship in 
chronic studies with mice: BaA, BajA, and BaP. The first two were 
tested by nonom! mutes only, the latter IJy both nonoral and oral routes. 

3. Of the 40 identified PAH metabolites only five have been tested 
for carcinogenicity in mice and rat'>. with negative restJ!ts. Apart from 
the controversial results with K-region epoxides, which are tumorig~nic 
in tissue culture but not in intact anirnaJ!'I, tbe metabolites do not seem 
to be carcinogenic. 

4. Until now there is no evtdence to suggest that any of the 11 known 
carcinogenic PAH or their combinations can c.·wse cancer in human 
beiog.~ via the oral route, especially in quantities likely to be present in 
foods. Neither are there any epidemiologic studies to link these PAH in 
foods to any specific disease, except some speculations that a high in­
cidence of stomnch cancer in Iceland could be caused by the high con­
sumption of smoked fish and meat. 

In summary it can he .~tared that althongh foods eontain about ll 
known carcinogenic PAH, there is no proof that at prevailing Jevels these 
contribute to the irwidence of cancer. No realistic assessment of health 
hazards due to such PAH can be made, and tile onJy recommendation 
one can formulate l~ that the level of PAH should l)e kept low in smoked 
or grHied meats and fish. 



Compound 

A 

BaA 

BcPA 
DMBa.-\ 

7-HM-BaA 

7·HM·DMBaA 
p 

Compound 

BaP 

BeP 
DBacA 

bBahA 
DBaiA 
MCA derivative 

( ll,l.2.dii-!-MCA J 
MCA. 

BghiPR 

Table XXI. S(ltM tumorigenic effects of PAR 1'14 non·oral routes 
( TRACOR ]ITCO 1973). 

Animal 

Mice 

Rats 

Guinea piiS 

Mice 

Mice 
Mice 

Pregnant mice 
Rats 

Rabbits 
Hamsters 

Guinea pigs 

Mice 

Rats 
Rats 
Mice 
Ra.b 

Animal 

Guinea pigs 
Mice 

Pregnant mice 
Mice 
Mice 

Mice 
Mice 
Mice 

Mice 

Rats 
Hamsters 
Mice 

Route'; doses•; adjuvant" 

to.~J.; 1; benzene 

t¢J;>.; 1; benzene 

top.; 1; benzene 

s. c.; 1; tricap 
top.; 1; benzene 
top.; 1/d for 18 d; benzene 
top.; l; acetone 

s. c.; 1; olive oil or ethel"$ 
i. p.; 4 X LO mi; sesame oil 
i. v.; 3; adjuvant? 
i. m.; l; benzene 
s. c.; 1; dim~. sulf. 
i. vog.; 1/wk for 54 wk; acetone 
i, t.; 5; colloidal protein 
imp!. (not specified); capsule 
top.; 6 X 10 mg; paraffin 
i. t.; 1 X SOO l'g; cellulose·saline 
s. c.; t; tricap or sun oil 
i. v,; Z; fat emulsion 
S. c.; 1; triCilP 
i. v.; 3; fat emulsion 
top.; 3/wlc f()r 2 wk; dime. 

sulf.-acetone 
s. c.; 1; dime. sulf. 
s. c.; 1; dime. sulf. 
top.; 1; benzene 
top.; 1; benz~Ile 

Lowe!s" causing 
no effect~ 

80 ~g; observed 
for 42 d 

400 ~g; observed 
for 37 d 

400 1-<g; observed 
for 27 d 

1.0 mg 

20 l'g 

2.0 mg ln sun oil 

2.5 mg 
160 p.g 
800 /1-g 

Level&" <md types of tumorigenic 
effe~ts' 

500 1'-g; s. c. tumors 

0.1 ml of 0.0:2 .\f sol.; skin tu!TJOrs 
125--800 l'g; skin pap, mamm a.dsarc. 

pulm. SQ.. cell c~rc. 
0.5-40 J.Lg: sarc., pulrn. adena. and pap. 

skin P~P- in offsprings 
2 mg; skin tumors 
2 mg; soft tissue tumors 
2.5 mg; spindle cell sarc. 
l% sol: cerv.-vog. sarc. and pap. 
2.5 mg; lung sq. c~ll care. 
10 mg; osteosarc01na 
skin tumors 
trache~l pap. 
500 ,u.g in tlicap; s. c. ll.bro$arc. 
3 mg; mamm. rumors, stom. cure. 
over 5 mg; inj. site tumors 
3 mg; skin pap. and mamm. adena. 
230 1-<g; skin pap. 

2.5 mg; spinkle cell sarc. 

-----· ... ·--~-~ .. -........... ,, .... , .. ....,..___ ..... ~-- ............. _, ......... . 

Table XXI. ( t:Dr?.tinued) 

Route'; doses"; adjuvant• 

top.; I; benze!le 
top.; 3/wk for lifetime; acetone 
s. c.; I; cott. oil or others 

i. p.; 11 X 2 mg; sesame oil 
top.; 3/wk for 6 wlc; benzene 
top.; 1; benzene 
top.; 2/wlc for 6 wk; acetone 
s. c.; 1; olive oil 
top.; 2/wk for 60 wk; olive oil 
top.; 2/wk for 57 wk; acettme 

top.; 2/wk for .31 wlc; acetone 
top.; I; benzene or acetone 
s. c.; olive oil 

s. c.; 1; apricot oil 
s. c.; 1; sun oil 
top.; l; benzene 

Levels~ causing 
no effects 

!60 I'~ 
I 1'-i 
lO 11-g in cott, oil 

or LO l'g in 
olive oil 

0.1 ml of O.OI M 
LO ,ug 

39 ,ug 

0.8 mg 

Levels" and types of tumorigenic 
effects• 

12-IBO 1-<g; skin pap. 
over 50 ,~o~g in cOtt. oil or over 

8.0 ;<g in olive oil; flbrosare. 

lung adeno. in offspring 

85 J.L&; skin sq. cell care. 
0.1 mg; flbrosarc. 
78 f.lg; skin sq. cell care. 
37 ;.<g; ~kin sq. cell care. 

0.5%; skin tumorS 
125 1'-ie; ~kin pap., care. and sarc. 
over 0.2 mg; ddn sarc., care: . ..tnd pulm. 

adena. 
1.5 mg/ 100 g B W; s. c. tumors 
2 mg; s. c. sarc. 

• i. g. intraga.!Jtrically, i. t. ::;;: intratracheal administration, i. v. = intravenous injection, top. = topically or skin application, p. o. 
oral, s. c. = subcutaneous injection, i. m. ;;:: intramuscular injection, i. vag. -=: intravaginal, i, p. ~ intraperitoneal admini~tration, b. L ;:;;; 
bladder implantation, and imp!. ::::; implantation. 

• l. 2, 3, etc. = no. of applications or doses, 1/d, 2/d, 3/d, etc. = no. of applications or doses per day, 1/wk, 2/wk, 3/wk, etc, = no. 
of applications or doses _per week, and d, wk, mo == day, week, month duration, respectively. 

• Tocap = tricaprylin, sun. oil = sunflower oil. dime sulf == dimethyl mlfoxide, PEG = pol~ethylene glycol, and cott. oil = cottonseed 
oiL 

• Amounts per application, per dose, per 100 g body weight, per g diet, or per ml drin.hng water. 
• Stom. = stomach, rnamm. = mammary, esoph. :::;: esophagus, pulm. ;::= pulmonary, adena. = adenoma, pap. :;;::;; papilloma, leuk. = leu­

kemia, sq. cell = squamous cell, adsarc. = adenotnasarcom!l, care, = carcinoma, adcarc. ~ adeiiOcarcinoma, Bbrad. ;::;;; Sbroadenoma, .sarc. 
= sarcoma. and fibrosa.rc. ~ fibra$arcoma. 

170 38'ii'd 'ii''"'~ 'A>lSlOGOd llir 6!7=L0 100G/90/90 



Table XXII. Some tumorigenic effect:J of l' AH ~,;ia oral routes 
(TRACOR JlTCO 1973). 

Levels" causing 

Compound Animal Route': doses•; adjuvant< no effects 

7.12-d.iHM· 
i. jj[.; l; ar~hts oil 2 mg OMBaA. Mice 

DMBaA Mice i, g.; 1/wk for 8 wk; almond 
oil 

L g.; 8; PEG 
L g.; dose?; olive oil 

i. g.; 1; .;>live oil 

Hamsters 1. g.; 1; "Labrafll1944 CS .. 

Rats i. g.; 1; sesame oil 
p. o.; 3; apricot oil 

i. g.; 2; corn oil 

p. o.; l; sesame oil 5 mg 

i. g.; 1; corn oil 

·-~--------~-----------,_,-------~ 

Compound 

7-HM-DMBaA 
BaP 

DE ahA 

MCA 

Animal 

Rats 
R>~ts 

Mice 

Rats 

Mice 

Mice 

Rats 

Table xxn. (continue4) 

Route•; dose~•; adjuvant• 

i. g.; 1; sesame oil 
L g.; l; com oil 
p. o.; l; sesame oil 
i. g.; 10 X 0.0-1 mg/wk~ 

trlethylena 
p. o.; in diet for 98 d 

p. o.; in diet for 155 d 

i, g.; 2; se~ame oil 

i. g.; I/wk for 3 wk; various 
oils 

p. o.: in drinking water 
(aqueous-olive oi! emulsion) 

i. g.; 1/wk for 8 wk; arachis 
oil 

i. g.; lid tor 4-Sd; sesatne oU 

Leve]sd causing 
no effects 

0.25 mg/g for 7 d 
or O.OOl mg/g 
for 110 d 

25 mg/g for 
100 d 

2 mg; sun oil 

•· b, •- ~- .... • See footnotes !o:r Table XXI. 
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Level$' and tyoes of 
References tumorigenic• effects 

JuLi. & RL"s~E:LL ( 1970) 
B"x~IFIOtl.l et al. ( 1961 ) 1 mg; mamm. tumors storn. 

sq. cell pap. 
CH.ES ( 19i0l 1 mg; lymphoma 
KRARUP ( 1970 a) 0.04 mg/g B W tumorS 

in ovary 
over 0.25 mg/g B W; leuk., K~RUP ( 1970 b) 

rnamrn. turnOI"$ and 
pulm. tumors 

At.iBERT et al. ( 1970) 1 mg; mamm. tumors 
10 mg; mamm. tumors EsKIN 2t al. ( 1968) 
10 mg; marnrn. gland B£SJCROvNY et al. ( 1970) 
tumo~ 

10--SO mg; mamm. adcarc., CARROLL & KHOR ( 1970) 
mamm. fibra.d. and 
mamm. adeno. 

Fu:sHER & SYDNOR ( 1970) over 10 mg; mamm. fibrad. 
and mamm. adcarc. 

40 mg; mamm. adcarc. Kovrt.cs & SoMOGYI ( 1970) 
and adeno. 

------.........--.............................. ,......,.,. ........... --.. ·""··~~···' ......... . 

Levels• a.nd types of 
tumorigenic' effects 

10 mg; malllm. ~dc;.~rc. 
:30 mg; mamm. adcarc. 
20 rug; mamm. 6brad. 
over 0.1 mg; sq. cell 

care. in stom. 
0.15 mg/g for 70 d: leuk. 

25 mg/g for 100 d; leuk. 

.'3 mg; pulm. adeno. 

2 mg in ~\m oil plus b\1tter 
ojl; polymorpho. cellular 
sarc. or spindle cell sarc. 

0 . .2 tng/ml; mamm, tumor~ 
pulm. <ldeno. and alveo. 
care. 

Referenct>s 

WEISst;fiGER ec al. ( 1970) 
You~c ~ al. ( 1970) 
FLESHER & SYDNOR ( 1970 J 
FEDORENII:O & Y A.~YSHEVA 

(1967) 
RIGDON et a{, ( I 967 ) 

R1cr>o:-.: et al. ( l969) 

\\'o\TI£NHE:RC & LEONG 
(1970) 

TL'iiKIY.-1. et al. ( 1971) 

SNELL & STEWART ( 1962 
and 1963) 

0.2 mg of 0.5% sol; mnmm. BIA!'i'CIFIO.IU et al. ( 1961) 
tumors, stom. pap. or 
care. 

5-10 mg; leuk. ~10LOKJ;:\' 2t al. ( 1971) 

G0GE17G17909 



Compound Animal 

BaA. Mice 

Rats 

BbFL Mice 

BjFL Mice 
BaP Mice 

Rats 

Hamsters 

Guinea pigs 
Rabbits 

BeP Mice 

Table XXIII. Some tumorigenic effects of P AH da non-oral route$ 
(lAR.C !973). 

top.; 2/wk for 68 wk; toluene 
s. c.; l; tricap. 
taD.; lid for 5 mo; acetone 
i, v.; 3 X 13 mg; adjuvant? 
b. l.; I: paraffin 
top.; I; acetone 
s. c.; 3 X O.B m10 
top.; 3/wlc fat 9 mo; acetone 
tot).; l; toluene 
top., 3/wk; acetone 
$. c.; 1; tricap. 
i. p.; 1; water 
top.; 1/wk for 21 wlt; bem:ene 
i. t.; 1/mo for 10 mo; India inlc 
s. c. or i. m.: 1; olive oil 
top.; 1/2 wk; acetone 
s. c.; 1; olive oil 
s. c.; I; lard 
top.; 5/wk; acetone 
top.; I or rel)eated; acetone 
top.; 3/wk for ? period; acetone 

Levels• causing 
no effects 

0.02% (amount?) 

saturated (amount?) 
39 mg 

1 mi' 

94 ,!(g 
0.0005% {amount?) 
0.03 mg 

0.002 mg 

0.01 mg 

0.0001% ( atnOunt?) 
Single dose with 1.0 mg 

Levels'' and types of 
tumorigenic e:ffects• 

0.2% (amount?}; tll'P. 
5 mg; sarc. 

2 mg; pap. 

sarc. 
0.1% ( amount?); pap. and care. 
752 p.g; pap. 
0.001% (amount?) pap. 
0.06 mg; sarc. 
2 mg; £brosan;:. 
0.5%; pap. 
0.01 mg; lung tumors 
0.1 mg; tumor~ (not specifled) 
O.Ol% (amount?); slcin tumors 
1 mg; sarc. 
5 ms;; tumors (not specified) 
0.005% (amount?); pap. 
repeated with 1.0 mg; pap. 
0.1% (amount?): care. and pap. 

·---------------------------------------·~· ... ·-·--· ... --....... .,_,-,.,..,_;,~-~·-···· ...... ··.-····1 ...... , .. 

Table XXIII. (continued) 

CompOund 

CH 

DBahA 

TBP 
DBaeP 

DBahP 

OBaiP 

DB alP 
IP 

Animal 

Mice 

Mice 

Newborn mi;;:e 
Rat~ 

Mice 
~fice 

Mlco 

Rats 
Mice 

Hamster 
Mice 
Mi.;e 

top.; 2/d; vadous fats 
~- c.; 1; arachis oil 
top.; 3/wk; acetone 
s. c.; 1; tricap. 
s. c.; l; adjuvant? 
i. t.; 3 X ().-....20 mg; lndia ink 
s. c.; 1; olive oil 
s. c.; 3 X 0.6 mg; olive oll 
top.; 3/wk; dioxane 
s. c.; 1; olive oil 
top.; 3/wk; dioxane 
s. c.; 1; olive oil 
i. m.; l; sun oil 
top.; 2/wk: dioxane 
s. c.: 1; sesame oil 
5. c.; 3/wk; peanut oU 
$. c.; l; tricap. 
s. c.; 2 X 0.6 mg; olive oil 
top.; 3/wk; dioxane 
s. c.; 3 X 0.6 ~ng; olive oil 

•• •• •• •• •G4 • See footnotes for Table XXI. 
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Levels" causing 
no effects 

7.5% (amount?) 
10 mg 
0.001% (amount?) 

0.01 ,u.g 
O.Smg 

0.01-0.05% (amount?) 

Levels" and types of 
tumorigenic effects• 

over 0.1% ( amount?); sarc. 
over 0.0002 mg; sarc. 
over 0.08 ,~tg; sarc. and lung adeno. 
over 2 mg; lung sq. care. 
0,1 rng; sarc), 
sarc. 
0.1% (amount?); care. and pap, 
over 0.6 mg; sarc. 
0.05% (amount?}; pap. and adeno. 
6 mg; sarc. 
0.5 m~t; sarc. 
0.05%; epidermoid care. and pap. 
50 /lg; sarc, 
O.B mg; sarc. 
over 250 .!lg: sate. 
sarc. 
0.1% (amount?); sarc. pap. 
sa !'C • 
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A 
ACP 
AC 
AGl' 
AN 
AT 
BaA; BA 
BHF' 
RaP; llP; 1,2-DP 
BPP; 1,4-BP 
HhCH 
BI.Fr. 
ReP A 
BghiPR 
RjAr. 
Bki"L 
RjFL 
BPR, J, 12-BPR 
BnA-5,fJ-epe~xitle 
BaP-4,5-I'poxide 
RaP-7,8-epoxide 
RA -ll.9-difll 
BA-5 ,IKiiol 
BA -10, 11-diol 
RA -3.4-diol 
BP-1,6-dio1 
UP-3,6-diol 
Jl P-4 ,.5-cliol 
BP -7 ,ll-tliol 
BJ'-9, 10-diol 
Hl'-1,0-Qufnonc 
HP- 3,6-Quinflne 
Bl'-fi, 12-Qninone 
2-011-BA 
a-OH-TIA 
4-011-HA 
S-OH-HA 
8-0H-BA 
H-OII-BA 
:l-OH-BP 
6-0H-BP 
9-0li-BP 
10.11-BFL 
3,4-RFL 
ll,lZ-DFL 
CH 
en 
DB;1cA 
DBJt1-:lr 
DBahA; DBA 
DRnltP 
DB'-liA 
D!llljA 
IJB~wr 

Polyo11ld!"lii"S in food.~ 

Table XXV. Us~ nf tlbhreviatfoo.~. 

anthnK'<'n<' 
<lCIOH;IphdH'!l" 

ace,tnt 11 ryle rw 
~C'1'1l<liJ hI f.af Cll(' 

alll.'naph thyk1rc 
antlwnt1Hen('; dibrm:()( cd,jk )pyrene 
hem (a ) ant h r:tCI'Ilfe 

heu:w(a }llm>rent~ 
ben:t.o ( 11 ) pywne; I ,2-l:w.n?.py~ene 
!wrno( I' )pyrpne; 3,4-ht-nzpyrene 
bcrtm ( b )ehryst>r>c 
1>enm(h)flnumnthene 
1>eJJzn{ c) phenanthrene 
henz.<l( ghi )peryl<>ne 
l:ft'm,( j) ac<:>u nth tylcne; cholanthrene 
hen7..CJ ( k ) llnnm11thene 
IWJIZO( j ) fluom n tilr•ne 
1, 12.-bem:peryiP rte 
I >rnz (a ) anll1 raccnc-5 ,0-qwnd.de 
hen:r.u ( tJ ) [l}'Telle-4,5-f'Jloxide 
henm( a) pyrene-7,1hopuxide 
8,9-dihydro-8,9-tlihydruxybenz.anthraoen~ 
5 ,6-dihy<Iro-5,6-<lihy<lruxyhen r.anthmcene 
10, 11-dihytlw-l 0, 11-Jihydro:cybenzantbraceoo 
3, 4-dihydro-.1,4- dil,ytlmxybem:anthracene 
I ,6-dfhydro-l ,6-.-l ihydroxyhenzo (a ) pyrene 
:!,6-di.!.ydro-3,6-dihydr<Jxybcnzu( a )pyrentl 
4 ,5-<lihydro-4 ,5-dihydro~yhenzo ( a }pyrene 
7,8-dihydro-7 ,8-<1 fhydroxyh .. .nro( a }pyrene 
9,1 0-Jihydm-9 .1 ()-d[IJydroxybeJJzo (a }pyrene 
lwnzo { a} pyrt't>e- 1 ,(1-!Jione 
hf'nm( a }pyrctw,-3,6-dione 
IJF•n7.o (a ) pyrene-6,12-rlifllle 
2-hycl ro~y her>7.:mthrucene 
3-hy<!roxylto'm<tnt h n1t . .'Pile 
4-hydro,ylwnmnl!lr:mP.ue 
5-hydro"y lw1m•nthracene 
H-nydrmo:yh!lm.anthracene 
9- hydmJtyhenz8 nthmcene 
;}. l.ydm)(yb.-nzo ( u ) pywnc 
6-hyc 1wx}'benm (a ) pyrene 
9--hydroxy ht·nz11 ( :.1 ) Pl''""'ue 
10,11-1 H'lt'l".oH un nmt hcne 
3, 4-hen?~>lh,. tr;llltlwnc 
11 .I Z- b~·tmJilunr.111th-f'ne 
ch r·ys,. rw. 
c<m>rwne 
dil~n7.( a,L' );mthn•C'('~te; 1,2,3,4-dibenr.antllrilCene 
titht>o?.lJ ( a,~tl fl unn•nc 
thhl"nz ( .'),h ) ar>thm~elrf'; 1, 2.5,8-dibcnzanthf!lcene 
dilwm:o( ~J,)pyrene 
difwnz( a,i )nnlhntt'e"u" 
diheH:r.( a,;) :mth rH('t'>le 
;lihenm{ ~ ,e ) pywne 
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Dll•iP 
IJB~ll' 
Dlkll' 
DB-9,10-AQ 
DB-3,4-AQ 
dKJII-DD-9, 10- AQ 
7-0H-DMBaA 
7-HM-DaA 
7-!IM-D~maA 
7.!2-diHM-DMBaA 
DMDaA; DMilA 
F 
FL 
IP 
MP 
MBaA; MBA 
MU~P 

-1-MP 
l\ICA: 3-MCA 
MCA-11,12-ep<Jdtle 
2tl-MCA 
fi.WL 
2-MFL 
3-MPA; MJ>A 
NA 
TP 
p 
PA 
PAH 
PR 
TBl' 
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Table XXV. ("011t1nued) 

<librm.n( a,i) pyrent> 
dib<'ll7.fl { .~.1 ) pyr{'ne 
<lihen:m( e,l) pyrene 
1 ,2.,.'5,6-d ilmJz-9, 10-anthrnquinone 
1,2,5,6-dibenz-:1,4-anthraquinoqe 
dihydm-1,2,5,6-dilwnz-1},10-anthrnquinone 
7-0 H -7, 12-dimetllylller>7:( a} anthrnceue 
7-hydru~)'lnethyl derivative of BaA 
7-hy<lroxym..thyl derivative of DMBaA 
7,12..-,lihydroKymethyl derivative of OMBaA 
7, l 2- dimethylbenz (a) anthraJ::ene 
llmn-ene 
tluoranthe11c 
i nclomr, ( 1 ,2,3 -eel ~pyrene 
methylpyrene 
mt>thy I benz (a )anthracene 
rnethylhcnm(a )pyrcne 
4-m<'thylpyrene 
methylcholanthre~; 3-methy lcholanth rene 
mdhyh· holant hrene-11,12-epoxide 
20-ln<'t hy khofanthrene 
methyl !lnuranthene 
2- met by lfluorftnf bene 
3-metloylpheAAllthre.ne 
naphthalene 
tfipht>ny ]ene 
ll}'rene 
pl~nan th rene 
poly~ydic aromatic bydrocarlxms 
peryle[)e 
trilwnw( a,d )pyrene 
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