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Abstract 

139 

Polycyclic aromatic hydrocarbons (PAHs) are hydrocarbon compounds which 
originated from the incomplete combustion or organic compounds during industrial and other 
human activities. The most important sources of P AHs are coal tars and derived product. A 
second source of PAHs is petroleum distillates. Roasted, grilled or smoked foods are also 
important source of PAHs. P AHs are present throughout the environment, human may be 
exposed to these substances at home, outside, or at the workplace. The distribution of PAHs 
in the environment depends on properties of each PAHs. In human, P AHs are absorbed and 
distributed to internal organs especially organs rich in adipose tissue which can contain high 
level of PAHs and metabolites. PAHs can be changed a multistep metabolic activation by 
specific enzymes which are bioactivated to reactive metabolites. The metabolites can bind 
covalently to DNA and subsequently initiate mutation and carcinogenesis which may cause 
harmful health effects. Industrial and technological countries have set regulations for health 
protection in high risk P AHs exposure by suggesting amount of each PAHs in human body 
which will be harmful. 
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Polycyclic Aromatic Hydrocarbons 
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um.h 

Polycyclic aromatic hydrocarbons 

(PAHs) L1'ium~iiul'l'iif~vnithnTiou1uri~Lnl'l 
a!J!J LtilJ !llfllA ~lJ tl1 Lnl'lifllto'l'll!Jlfi~!J'lflqJ 
1'l'imiil'l•1nm"mum~Lm 11'11J'1i.ia1Jmrull!l~ 
J ~ ... ~ 
L'lfBLYrn''H~!lm"mum> pyrolysis lJm<ll> 

fllll'l'iU LtiU ri1uiiu tl1:iJu~u nl'lfG>>!J'lfl~ lJU" 

J;!ilrfau fll>Ll'll 1 m7ll!l~'lf1n~n~1uww (fossil 

fuels/-' ll!lmnnif PAHs il'wm\'Jmhu 

th"n!lu 1ul'li'lll.!1'1~ l'lll!'l1mfa lmllu>auuof 4-6 

mm>tl>"urnil~ th~ l'l!ll'l wrii'u L1'iuiu' a1~ 
PAHs a11J1>mii'1~ri~Lnria!l1J 1.i'mnum' ~' 
m~uw'im"•1u110,ll1> PAHs Lii'1liri,Lnriao1J " . . 
uu iiuotjnu~rua1Ju~Lil'll1"iii"1ll!l~ll1~ Liiu 

m11Ja1m>a 1 um>;m:nutl1 m11J<111J1>a 1 u 

fll>>"L1'11l 11'11ummA L \'Ju.iu 1Jlft1UiifamaM 

~ua1> PAHs 1.imnum'~'>"uum~L~U1'111l1'l 
>•tJU\'ll~L~\J!llm> LLil"\'ll~i111'1U~ 6 ~~Lrlmm 
PAHs Lii'1~'i1,fll1l'l"\)nL tl~U\JLLtla~ faurnu hi1 ... 
\'l'll L Wl•L'll"'l~ !Jl'lri !J 1 irLiil'l L!JlL 'YIU !J lan~ii 

""1 II'... d ' ' ql'lG mnl'l!J"L>,l'l!l~"\JU\ill' 1 ll!l~'i1~m11' 1u 
tJ1 .J""' ~ II' "L l'lA\'l!Jnl>WWl\Jll'l l uq \)J <111'1 nn!J LLil" 
Ll'lri1u1aii wulll> PAHs tlmTiouluri,Ln\ila111J 

11tjL\'Jutl'i1J1rumn ~~ 1.iiiii'mm"tl1L~111num> 
i'.111' nuijlllll'llll!l'!J1l1'11f ~~ L~111ii'mnm"iii"u 
lll~ PAHs ~L1'imJu\il>lUl'i!lijlllll'll 6 

iin"Mru::r1t, lumN<ll">th~m1u PAHs 

PAHs Li.lua1>tl>"n!lu 1n1mm{u11u~ 
ti • , >"O!JU\il1U5l~l'll>IJ!J\J LLi:l"Gl~ 111fa~L'lU>1!J 

iii"1nm\'Jm,LLmu11"1>1J1~n (aromatic ring) 

\'1~!l1,LL111\JLU\J:ziU (benzene ring) m'lii 2 1~ 

1'l~!l1J1nni1 2 1,if1Jltl"' ai~ PAHs ~ii1' 
LL111mu1Jii1Ju1111ni1 3 1' (tl111un1mana 

' . 
>"m1' 12s-11s) iiam1J•L1'i1Jn1'1l li11Ja1~ 

PAHs ~ii1,LL1'11\JL\J\Jiiu&,LLl'i 4 1,if1Jltl (tll 

~un1mm1amnni11'l~mvi1nu 202) •"wuM 
yfo 3 <lm\J"fl!J n1'1l '11!J~L\'1il1 LLil"lJ!J,LLil,1

•
4

•
5 
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<111 PAHs 

iillm1 

~WU 1.iit1 ltlm'l'l"L1'11Ja1>~ 
.oi ~I d .J.,.~.,. 1'l>!JL u\JlJ !J~ LLlJ,\'l!J o LlJU1LLn!J 

_... ' ~I .J ' L\'1il!l~!l!l\J 1 LLil•L ulllll>l'liina\J lll> PAHs jj 

m11Jll11J1~a 11Jm>a"aiutl1 liil'aumn LLl'i 

il•il11l 1.i~fo llJ:iJ'\11
'
6

'
6 \J!JO'llnif PAHs a~~l'l 

L \j \J <ll>tl \J L If !J\J L \J ri~ LL11'1a!J!J~Lf.111mf1J1 n 

aaiuiii"1ii'1 LLil"fN '11ll'll!J1JL \Jri~LL1\ilall!J\Jl\J. • 
PAHs L1'iui11>tl~"°'lU~ii1J1nni1 500 

'llilri LLl'iiitl>"1J1ru 1 7 'lfilri~ilu1Jl11m1i-lni,i1 
fl\! LLa•wui1ll11 PAHs ~!JU1'1Ull!lfl1<!1.i'fo • 

' ~ ... 1 • ' !Jl0011'1l\J\il!l\J 1 \ilLLn acenaphthene, ace-

naphthylene, anthracene, benzo[a]anthracene , 
benzo(a]pyrene, benzo[e]pyrene, benzo[b] 

fluoranthene, benzo[g,h,i]perylene, 

fluoranthene, benzo[k]fluoranthene 

benzo[j] 

, chrysene, 

dibenz[a,h]anthracene, fluoranthene, fluorene, 

indeno[l ,2,3-c,d]pyrene, phenanthrene ua~ 

• pyrene 

tt'Viri'1fi'l'l1J!i1":i'lh~miu PAHs 

a11 PAHs 'llu11tjJt11t111Jri~Lm1a111J t\ilu 
-~, 1 •• ~ !J1j1'11lmoma \il1\J1'lil1Ul'11' m'l1n1111111Ju11J 
W do d 1 

\J!JOUl\J LLil"\'11'11~1\J '11~ll1> PAHs nl.i~U!JUL\J 

tl
d '.., d ... 

J m.Ji:l!J!l~nulll> PAHs 'llU\il!l\J 1 (PAH-

mixtures )''" 1rimL U'\ill!JLL\'1ll~~M~rnmiil~il' 
1. m1 lvi~rnn> PAHs •1nri~Ln\ila111J 

Lilli !JlnlA tl1 LLil"~\J l\iluJt1 ltlri~iiWi\il~d.i 
fotrium~mahu1mmA~iia1> PAHs tlll 
TI ··t1 · ~ .. L !J\JLlll\J !Jl'l LlJ\J rl1\J'll0n11\JU1.!1'11 ~l\J'llO 

vi11lmll111aa1JoJ l'll\J'l1nm>Lf.l1ri11Jii1J m>Lf.ll 

1mJ•1mmci~Ln1'l\il>m11J l'll\J'lln hH11J11\il • 
'111'ln»!J LLa"rii'u'l1 nm~Lf.llll1l"!Ja fl1111 
lllt.t~\112,13 1 ti "' .... .,. ... \J 1"L1'1Ai:l\'11jj!JL!J1fl1!J111J~l\Jil 

1"l'lum> PAHs 11J!JlnlALlJ\il'll\JUl'lii~1Lvi1nu 
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0.02-1.2 ng/m' mi• 1 mlllilLilll1i'.ili1L'vhii'u 

0.15-0.93 ng/m
3 

ll11 PAHs ~wu'llmTimJlu 
!' d ... I I 6 I 

'UllillJIJfl11•111111 4-24 ng/L <l1'U<l11 PAHs 

~wu'llmTillu 1 u&iuwui1 lu1lJlilll'UUl'llrn•11Jlil 

LiJlJ1\Hl11iJ~11\11iJu 1,000 µg/kg Ila• 600 -
• ~ l 

3 ,000 µg/kg lilllJallilU 

2. m11vi'fom1 PAHs lmhuwnll11fo 

~1ilil'ililmllm<11Gi~Ull11 PAHs illnAi''UtfH~ 
Ai'u5'll A1u•1nmw-n h11r i.ffo 1Gi~um1 PAHs • 
~'llmTilltil'UllTH11 Lli'U Lil'mllill f1'n r.rn1iJ 'UIJ 

Llilmuw1•m11.h1 ll11'11111ils lim11J-foua1 1liu . . 
ll1m1'll1•1n'YID1 1h1 'Yllllil 11JAi'u

10
"' 

3. m11Gifom1 PAHs illn~·1'h11u 1liu 

1 u h~11u ll lil'11Hm>IJ~l'l~lil ri1u "·" ll•o il 1ils1J . . 
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1Milll11d 11'.luGiu"·" ~1Am1umllmalGifoa11 
.J .¥. • 

PAHs fasm1msh1ll1ll1n1A'Yl'llm1lllu"11il 

'UlJOillntl A'U~lllflSll~1n<i'1mcl1~ilm1 PAHs 

Xilfa m<l\j1 ITTll m11Gi~um1ii'1liuii'u' 
m111wfo1•il1Sllll1lll> PAHs ilm11J 

a1Jwu:fii'uA111JH'UlllU'Ullll1U>•ll1m wui11u 

'll>•l 'Yl A LIA 'Ullillil>1S11'U m> LOlilU l)J\'111Jilill1• 
<'1~~d .I "'1• lu'UW1'1ll'Ul'Ull11Jlill0"1>u>•OllU PAHs 'IM Iii 

LL<llil1Lllum1mii1Jiiullll1lll> PAHs llil1i!lii111 

lull1mAlii'11il1111~ 1' 

1il111~~ 1 m1mii1Jiiullll1"1>'ll1•nllu PAHs u'lrnumm~ilm>il11il>H'UlLLiiu1'll'lsrnrisu 
tlUll'U'U~ilm>il11'i!>LUlU110i1 lum1LA1'llmmnu 'll>•l'YIALIA'Ullill i'.I A.A.1992

1 

• 

1111:111ii'11iu (ng/m3
) 

ai1'll1•nllu PAHs 
.i~ 

ll'll'l!'YllJ '11'1!<11511111:: 

01HHil1flU~1 iuGJ'11iliH 

Anthanthrene 1.6 0.27 

Anthracene 0.6 0.18 

Benz[ a ]anthracene 4.1 1.0 

Benzo[ a]fluoranthene 1.5 0.4 

Benzo[ a ]pyrene 4.4 1.4 

Benzo[b ]naptho[2, 1-d]thiophene 0.55 0.18 

Benzo[ bjk ]fluoranthene 9.3 2.9 

Benzo[ghi]fluoranthene + 
7.0 1.5 

benzo[ c]phenanthrene 

Benzo[gh1]perylene 8.0 1.5 

Chrysene + triphenylene 7.9 2.3 

Coronene 5.8 I.I 

Cyclopentena[ cd]pyrene 6.l 1.5 

Dibenzothiophene 0.28 0.07 

Fluoranthene 5.6 1.3 

Indeno[l ,2,3-cd]pyrene 4.5 I. I 

Methylphenanthrenes 7.0 1.4 

Perylene 1.2 0.14 

Phenanthrene 2.4 0.9 

Pyrene 7.3 1.3 
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-- , 'l'fM'l'IUJ1'il!l'IJ 1'11 i1 lil':i ( Toxicokinetics) 

'1liNill':i'lh::m:l'IJ PAHs 

1. fll':ililVl'illl (Absorption) 
~ 

ni'1ijcl1uiii111 11111~11ma tiu U!llil ~11a W.l• 

ii1l1u1 vnri1m1maht111ill1 PAHs tiii1u 

m•••amh~lilaan 11il''llilaa1irn l1''ifl cilia ~mi . . . 
uufi1 mucosa ih1a~1um1i'lmnvnrii fll111ii' 

-l'Uill1 benzo[a]pyrene 11ill'Jfll1ml'l1il il•1hlil' 

ill1ii'ui11uil•il1Jlill!J1•uum1t~umu1• trn•cl1 

1:rnlil'm111ii'-l'utl'l1J1w 0 2 lummlilllliltN u11n 
3 ~ ~ 

illnu illo PAHs ••~n~lil'lf!Jlillm•UU!'l11Llilu 

1 ....... ..i ... ' ..: .... .J' ..i 1 • mm1 lillil m11~•1nmnwtl1a1u1Jmmu11 lllJ'U 

iil•il1J11titl'l1J1w1J1n jj mol'llill!1l11 ul1'U iiu~m . . 
Llll•l11,j'1111 WUil benzo[a]pyrene Llll•illo 

PAHs Ul1'11Ulil Ltfu phenanthrene Llll• pyrene 

'111J11n:S1Ji:i1m'li'1ijfi1m:r1 M11ti11011il t~1 lii'1u 
....... • • . 1 19 
15 passive d1ffus1on ' 

2. fll':i!t'l'l°ifl"l::'il1UW'l (Distribution) 

a10 PAHs 11w~m••1u 1u11ii"lu11i'a1• 

iii111 11iim11w1•11i'u1•~"1ml'u1J1nil•tnua•il1J 
"11 PAHs 1i;i~ ltf'U mu U!llil tlii'lulJ 1•UU\'111 

t~umm11•uum1t~uilaill1• t1'1uliiu 20 o•uu 

• .J ... • "" llfl1ill1 PAHs il•il!Jai:11J1n L'U1Mill0!Jfll1fl1\llil 

ill 1 vl1 na11~ vi' Ulll! •il' u 1l 1l nm1tl1~7 ' 21 il fll1 

l'llill!!l11u'l1'\jUU~mtrnn1'\jlll1 wui1 benzo[a] 

pyrene ill1J11ni:l1u111mti.iluclvi'1li11u 11ii'm~w • 
n1lil'vi'1aauilm11JUlilUn~ Ltf'U Wfll1Ltiiirhtillil 

tl1l1unvi'1tt1miililil'11u t1'1ulii'u 20 

3. LllLL'111J<1ii;;i:JJ (Metabolisim) 

' !' Ill cl .<!! cl 
\l'\jfi lil!llJ'Ul'UlJ IJllJ il1J1l1 LlJlilll!!llilllvM L!Jlil 
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~ -'1.r"" ., L'11llil'1111LLll•IJlil\jO "1'U 'ULUflll'J!lll!l11il11lflU 

wui1 Blil1lfll1LU~l'l'Utttla111111a11 PAHs ~1 
ni1lu~my1 

1111 PAHs il•nmtl~l'llJLLUll~1ul1l!ll'J~'U • 
lil!lu 11ilm11u hi1~mvn•till•'N trn•11'lurnu hi1 
.J.., .<!! w 
l'llil!l1fll1 NADH '11111 NADPH Llll•fll'lf 

" ... l.J .11·~~1·•1 !l!lO·aL\lu LWfllul!l'J'Uill1 PAHs \'I lJlJ'll1 'llluu 
d.:.1.?: d ~I 

ill1!11Jll1'lf~Lu'Uillow1n hydroxy derivative trn• 

arene oxide \1-:jfl epoxide a1n11AnH1'Wui1 

benzo[ a ]pyrene il•Lnlilfll11 U~l'JIJLL tl l!111ilmiilil 

tl~ii'lm epoxidation 11ill'lfl1on111u11a~rnu hi1 

CYP lAl M11'luill1uo•n11u arene oxide 'll~!l 
'd ~ 1 ' epox1 e \llnuuil•~m!l'U 'lflJ epoxide hydrolase 

1tl~aulu11'1ua11tl1•n11u dihydrodiol •1nii'u 

dihydrodiol •~~m11tl~ii'lm 11ilm!lu hi1 CYP 

3A4 11ii't1'1uai1tl1•n11u diol-epoxide ~111'1m1J 
1 

;..l • ' • ~ 0 7 .1.J • I Lll'IU!l l!l'll'IO!l rnLnlillJ•I~~ fll~I ul!l'JIJLluM 
• 1 .1.J 7 ll!l~ benzo[a]pyrene lil111iillil1 uiul'I 1 

4. m-:;'ll'rnhu (Excretion) 

L!JLl!'lua1ali'cl1ul'llqj'llfl1ill~ PAHs •• 

nn'll~lil!l!lnm11111\l1~•1rn•ilaill1•'· 22 ·" m••• • • 
11u'lu1tJlia1~'!1~111 il u a11 tl1•n11 u~ n n . . . 
conjugate nu glutathione 11ilmau hi1 gluta­

thiones transferase (GST) 'lfillil GSTMI <bu 

epoxide ifl:tJ conjugate tlu glutathione ~~on • 
• 1.J 1·1 ~I • d ' lu'11'11J uluuill11il11lu L'lfu phenol, phenol 

diols, quinones 1 \'Juiii'u LLiiiLIJLll'IUfl 1<tvlll!l1ill1 

PAHs ma1if iJ11i.iiJ#1w!l~il•nn'll~lil!l!ln ~1 • 
conjugate nu glucuronic acid 'Yl1a sulfuric acid 

.. .J • • • • 1- 11· 1 1wa!111•m mnnll'llilaan u lil • 
ilm1i'lmnlualili'l'llill!!l1 Liu 1ul1'\j 

111111lWUl!JLll'IU1l1lll'ILu~\l'll1• 85-95% l1<1'1 
.J"" " "' .... "' "" "" d 91 ' 111nl'lillil1!11iillm<11Jr.1anuill1 mwa~rnnu11mm 

ii'u~nn11~1iia!ln!111ilam1• '11u~11ii'fo "c . . 
pyrene lil11\lWUllJLll'IU1l 1i.l!'IL 'U~'l\ll1•Llll• 

U<llll1"iJtJ'llJ1W 1m\'1i'im rlu8 iJ1u 1 u1Jm16ii'u • 
il11'luuwui1 m1il'um1 PAHs 11an'l1n~1~niu 

cl1u 1 '11 tli•~a~"l u;itl LlJ 1rnu111<1li'~il1l'il)J'lfil lil'l1~1 
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Ben.zo(a)pyrene 

l 
,Arene ox! des 

I 

""'2 
,) 
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I GSH conjugates I 

l 
IGsH conjugates ~ ~:~: ---- Ph!ffi.21! 

1- 7-
3- 9- -

Qy!!10ll!:_! 
1,6-
3,6-

'1 ~ 
6, 12-9,10-

l l 
Glucuronides 

and 
sulphate esters 

Phru!Q! di2J! 
9-0H-4,5-diol 

-->- 6-0H-7,8-diol --i-

!2!!n~:.Q!odi.2l§. 
4,5-

- 7,8-
9,10-

Glucuronides 
and 

sulphate esters 
l-(3-)0H-9,10-diol 

! 
j GSH conjugates I ..,._______ !2.i.2l~Q.Ql!;!des -------!IP- Tetraols 

7,8-diol-9,10-epoxide 
9, 10-di ol-7 ,8-epoxide 

.... ..... ti ... • _,. 7 
~u'll 1 n1•'U11.lnl1Luamm a~trn~ benzo[a]pyrene L1JOLm~11~ma 

mN pyrene ilia 1-hydroxypyrene 11'ia 1-

hydroxypyrene glucuronide ~~lil1111W'U 1flL1.1 

ili:m11•""' ~~ pyrene ii'm\'Jmn11h•na'U 

PAHs ~w'U1flL\Jl'll1N<llJ'lfm PAHs 'lln"lfWfl • 
( 

, )24-26 .:-.... I I d 
PAH-m1xtures 1.1amnn1.1a~wm1mm~ 

il'imwa~ai~ PAHs iif1111JtLmn~h~fi"ulmLvia• 

ljflfla 1flaiil'i1tl~•mru 18 ii'111J~" LLl'iiim~ 
11a~11.1w'Ui1 l'i1fl~~ilimwa~ai1 PAHs i'.il'i1 

1•'1'111~ 6-35 ii'111J~ 25 

.... <I' ' d 
n11nalUW1.1~ (mutagen) LL<l•<ll10fllJ•L1~ 

(carcinogen) 11.11J1.1i,ia ""·"·" 11i'1mh~wmai1 
' ... 1 IV I ..,, ....... ~I 

PAHs 'llW'U fl'Umma•lJ~!UlllJ'UflLul.I carcino-

gen 'l'l::ia1iiLU1.I LLlffl~lil1.1m111~~ 2' lfla..t11tl 
~I ..11 ·~ .( .J tld <111 PAHs Lul.11111'11 lJIJq'llll LlJflQnL am.1 

LL ti a~ 1flmat.11'1nhdl1i'a11~i.iql'l~ilia vicinal 

Cl .,J..,. ' .., ti ... 
mam1an11 bay-region diol epoxides fl~~ 'II 

29 ~ tl.J ti 1 ~I 2 1l•Lnflnl1L a al.ILL iN flm ufl epoxide ring 

111i'LU1.1 electrophilic carbonium ion ~~LU\Jlll1 
alkyl group LLa11l•Lflflnl1~'Utl'U nucleophilic 

site 11.IL'U!f'lffl~ DNA 11i'1aWt.1ll• covalent Lflfl 

t\'11.1 DNA adduct
1
"

0 
·1h 1ii'Lnmm11Jilfltln~l1.1 

m•m1.1m1 replication LLa• transcription mn 

DNA 1iJ111i-i'llnWlifllJLL'lflJ 1l•H~t>Ja1ii'Liiflm~ 

tLtl~ir1.1m~w1.1~m11J 1m 1JJ l'lf:iJQmhaia"-" 
IV <I'°" f "" .J' "' "' .J m L 'YI m m1rufl1na11Lnlil'lf1.1 n 'UUl!l'I m'llfl lJ m1 

' ' 
Q " 1 • . 4 LnfllJ•L11 flLm proto-oncogenes 111fl tumor 

~ ·1·Q "1"' ... 29 
suppressor gene lJWal'll mnfllJ•L1~ fl L l.ll'lijfl 
.... 9 I .J.,,. 
lnla111.ln11v!OlflW'U11 diol-epoxide l'llJ bay-

region 1t.111'11~11{1~n11 ii'Lflflnl10alUW1.lll111i' 
' 

mnni1 diol-epoxide ~1iii'.i bay-region i'.im~ 
!3 I f 11/Q .J .... :; 
v1nmma1J1wm1 ow1111'11<11m1oa'Umm1 

n1~ll.l'U~L1!U bay-region ~· 1iin11 !i'tnflm~ 

na1t1Wutf 'H1ti LfiwiiJ~L~"'l 34 

' 
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1111~1~fi 2 111'1!lcil~ill>lh•fl!JU PAHs ~Lllu carcinogen LLa• non-carcinogen' 

Carcinogenic P AHs 

Benz( a )anthracene 

Benzo( a )pyrene 

Benzo(b )fluoranthene 

Benzo(k)fluoranthene 

Chrysene 

Dibenz( a,h )anthracene 

Indeno( 1,2,3-c,d)pyrene 

~~00 ,,. 00 
1.&' 

"" 

Non-carcinogenic P Alls 

Acenaphthy Jene 

Anthracene 

Benzo(g,h,i)perylene 

Fluoranthene 

Fluorene 

Phenanthrene 

Pyrene 

Benzo[ a]pyrene-7 ,8-diol-
9, 10-epoxide 

Chrysene-1,2-diol-
3,4-epoxide 

5-Methylchrysene-1,2-diol-
3, 4- epoxide 

6-Methylchrysene-1,2-diol-
3,4-epoxide 

Benzo{g]chrysene-1 l, 12-diol-
13,14-epoxide 

Benzo[ c ]phenanthrene-3,4-diol­
l ,2-epoxide 

.J' "' <:l ..J 1Jllfl'illf11J ill> PAHs a~LU1Jill>Lll1Ja1 

tl1 (inducer) nwiil,11J'1fll,Lll1Jhif CYP lAl 

LLa• CYP 1A2
1 

'11> PAHs rill 1~LtlVlN<tLaa~h' 1 ~!J~l' 

n1a vr~d 

1. ~•uu~hvnl'~ 

il >1 a,1uif,1 u IJlJ'l:IB LL a •a Vil 'YI 01 all~ vm , 
11 '11> PAHs vh1~LOVll'l111Ji1Vl'llfl&i~i11ml'' 

I ... "" .r .J""' "' L'1f1J LnVlLLf.J<IV\VlL'1fll'YIN1'HlN hyperplasia, 

hyperkeratosis L'1f<lll~1J 1.JiJ1mJ', iJm>L'il'i!]J L&iU 

1VJ!lci1~ ilVJ'lln&i•unmm \'Ju1J• L~' i11'H11'' 1.J " 

2. ~•uu'li1 hua~'H<tilVltiiilVl 

ilm>flfl\:11WUl1 <fl> PAHs ilNaih1~ 
d <'4 I "' 

LOVl atherosclerosis L 1J!JW1\11fl1Jfl1>LL mVl1'1f!J' 
' . 

L'1fatl'H<l!JV1Liill"1LLVl' ilm~a{1, collagen L~IJliu 

ilm>ll•lllJ'1fiM1m1'u LtlVl cellular necrosis '111~ 
,J 1 • .i 

Lfi~ atherosclerotic plaque "lf~Yn.JlJlfl lJfj'Yl~U 

Ult~ as 

' 
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4. ~•UUl1111~'1l!11!1'll! 

ilnT>i'lfflfl L 'll\1\j hamster vmi1 01 

1 ... .,( ..... 
1'11!1 •Hill benzo[a]pyrene m~\15 1'111'JLlJlJlJ'll 

10 mg/m3 
Lii'1ltJ11r:i11mmUU1•1'l•L1a11J1\J II• 

fi 11i'Lfl\ii11\il lJ" L 'l11 U1•UU\111 L~'ll'Hll'lh 

tl 35""1 ..J .J1 •• • d 1•lJ1W 7• o1'1l\1\j\1 \il1Ul'l1WflnLmB1 

"' "' "' 3 ~I 1101 1'1111JLlJlJlJ'll 4 mglm Lum•a•L1ll11J1\J 

11•1h 1'H'Ln\ilJJ•L'l1tla\iltl1•mru 16% uan111nii' 

ir1il011i'l mn 1 \Jl'l\J11\J~Vi111\J L~!l1tl1J Ll'l~B1 
• d 1w q 
1101 'IN VJ1U'111!'nn PAHs LL!l• asbestos ll•lJ 

a\il11L~l'J1 <MliiBm1L U'lllJ•L'l1tl B\il 
36 

• 
5. 1•UU'11111~'1li11\111 

m11Vi11 li'Ln\il m1L u~l'JULL tla1m1Vi111u 

11a1Lgmilan 1ua1 M 'H"'imnvim1n1•~um1LLu1 
&1111a1Lgmilan ·1h 1 i1'Ln\ilLU'lllJ•L'l1 loi' LLil•i'foil 

m1fln1111m1'011!1\ililB1WUi1 <111 PAHs L\1ti111 

1h1li'L1il1l hepatic regeneration J1ml'nlii'mfilJ~\J 
LL1iiiJ11iHh11111u 1umn:1!1 

1 

' 

<111 PAHs 

uan111nii' m1 PAHs ir1ili.rnm•miliii11ii'1eii1u 

vi111 faaiim1i'lmn1ualil1l1111ail1wui1 a11 

PAHs ri1t:Jaliflii'1eiauil.i11lJW011LLliiri1Li1\il LLlii 

ir1hjil11m1u1 uJJ1f1oJ!I 
1 

1 uu1• L l'll'l~il m1w\i!J u1vi1u 110101\1 mw 
' 

11
tj1•tj• . .J. n • 

LL!l•Ll'll'l \J aa \illJlJBLLU•U1L0!110Un11uB10\J 

ollfll WlJ B1lJUB!f~ii l'l11 lJL~!11a11iiB0111.1-l'u 
' ' . 

~ d 1 <111 PAHs 111nm1nu m1111JJ LL<i•m1m11 II 

famaumLud1 1•lii'mn1 PAHs ~Luuau011111 
01' B ~l1111W 1JJ' l'll>L 1i \Jill n1•&\"ulii'1 dfl B 

anthracene 0.3 mg, acenaphthene 0.06 mg, 

fluoranthene 0.04 mg, fluorene 0.04 mg LL!l• . 
pyrene 0.03 mg \ll11tl1\1un11a1'i11m11 1 kg il 

11m1um11.i-l'ua11 PAHs 1ul'l\J11\J h111uvi1 

' .J..i .. .. 1 Ul\J\11Jl'l111JLlJIJl1\JlliN'111 PAHs \JB1nll'l 0.1 
3 mg/m 

m1miJJJiJu11111a11 PAHs 1ua1ml'l 5 mg1m' 

l\ilalvi-l'muunai 10 ~ilmliia-i'u ,,,·fa 40 ~1 

Suparat Watana 

'.J1 •• LLil•IJljB!l\1 \il1U<l11 benzo[a] 

pyrene 'il10illnll'lU~lJ1\il1 1.2, 0.12 LLa• 

0.012 mg/m 3 11,;ill'l111JL~!l11iii1m1LO\illJ•L'l1 
l/10,000, l/100,000 LLil• l/l,000,000 

l'l\J \il11Ja11ii'u
1 

;;l1um11vi'-l'mm benzo[a]pyrene 
:' .,J .J... "' ... 

1110\J1\illJ\'llJl'l111JLlJlJlJ\J 0.2, 0.02 LL!l• 0.002 

µg1L 11•ilm1m~111\ll11m1L1i\il1J•L'l1 11 

100,000, l/1,000,000 LL!l• 1110,000,000 

\ilu 011JJa1lii'u" 

a·:nJ 
' 

m1 PAHs L1'ium1w1:1tluCiiau1u~1Ln111 
aiJlJ~\'lU 1.Jmn 1 Utfll--iuu "1lJ11mfll1l~\J 1.Jrn1 

.,.. <Oj • .,,J 
11105111JlJ1\il\11i1111001101•l11lJil11J\J1'1!1!11 

' 
1JljBSiilamali;lfo,,,mam1 l\ilm~miJ1~'i11 
n1!11lli1Lfl\iln11L U~!l\JLL tJa1fi11'Hliri'LIJLL\1U1l1al'f 

~ilql'lllri 1llJ•L'l1 u 11n111nii'ir1L1'I um1mti111tl1 

m1Yi111u11111L1l\l hiJ 111nt:Jam1i'ln1:111ii111 

LL<l1'1111M\ui1 '111 PAHs ria1li'L1i\ilr.JaLllaliia 

1•uu\ll111 11a1'i11ml'l lli1ii'um1 liri'i'lnmL~111 
"" """" ~I "' .J.,. nuMruolJU\ilLL!lrn11muuw1:111111m1 PAHs l'llJ 

' 
\ll 11 'i11m1111•Yi1111' m 1J11aiJ a1nu au011111 au Lfl\il 

'il1mn1 PAHs 1.J 

I. Polycyclic aromatic hydrocarbons 
(PAHs). Chapter 5.9 In: Air Quality 
Guidelines [online]. 2"'ed. Copenhagen: 
World Health Organization Regional 
Office for Europe, 2000. Available from: 
http://www.who.dk/document/aiq/ 
5_9pah.pdf 

2. Boogaard PJ, Sittert NJ van. Exposure to 
polycyclic aromatic hydrocarbons in 
petrochemical industries by measurement 
of urinary 1-hydroxypyrene. Occup 
Environ Med. 51,4(1994): 250-8. 

3. Sherson D, Sabro P, Sigsgaard T, 
Johansen F, Autrup H. Biological 
monitoring of foundry workers exposed 
to polycyclic aromatic hydrocabons. Br J 
Ind Med. 47(1990): 488-453. 

4. Jongeneelan FJ. Benchmark guideline for 
urinary 1-hydroxypyrene as biomarker of 



Thai J Pharmacol; Vol 26: No 2, May-Aug 2004. 

occupational exposure to polycyclic 
aromatic hydrocarbons. Ann Occup Hyg. 
45(2001) :3-13. 

5. Ruchirawat M, Mahidol C. Tangjarukij 
C, Pui-ock S, Jensen 0. Kampeera­
wipakorn 0, et al. Exposure to 
genotoxins present in ambient air in 
Bangkok, Thailand - particle associated 
polycyclic aromatic hydrocarbons and 
biomarker. Sci Total Environ. 287,1-2 
(2002): 121-32. 

6. ATSDR. Toxicological profile for 
polycyclic aromatic hydrocarbons 
(PAHs) [online]. Agency for Toxic 
Substances and Disease Registry. 
Atlanta, 1995. Available from: http:// 
www. a tsdr. cdc. gov /toxpro fi les/tp6 9-
c l.pdf 

7. ATSDR. Polycyclic aromatic hydro­
carbons: toxicology [online]. U.S. 
Department of health & human service, 
Agency for Toxic Substances and 
Disease Registry: U.S. Government 
printing office, 1995. Available From: 
http://cdfc.rug.ac. be/HealthRisk/P AHs 
/toxicology.htm 

8. Jongeneelan FJ. Chapter 4.2: Biological 
monitoring of polycyclic aromatic 
hydrocarbons: 1-hydroxypyrene in urine. 
In: Biological monitoring of chemical 
exposure in the workplace, volume 2 
[online]: WHO-Geneve, 1996. Available 
from: http://www.industox.nl/ARTHP 
WHO.him 

9. Hu L, Robert IK. Improved HPLC 
method for analysis of 1-hydroxypyrene 
in human urine specimens of cigarette 
smokers. Sci Total Environ. 257, 2-3 
(2000): 147-153. 

10. Strickland P, Kang D. Urinary 1-
hydroxypyrene and other PAH meta­
bolites as biomarkers of exposure to 
environmental PAH in air particulate 
matter. Toxicology Letters. 108 (1999): 
191-199. 

11. Scherer G, Frank S, Riedel K, Kossien 
IM, Renner T. Biomonitoring of 
exoposure to polycyclic aromatic 
Hydrocarbons of nonoccupationally 
exposed persons. Cancer Epidemiol 
Biomark. 9 (2000) : 373-80. 

12. Goen Th, Gundel J, Schaller KH, 
Angerer J. The elimination of 1-
hydroxypyrene in the urine of the general 
population and workers with different 
occupational exposures to PAH. Sci Total 
Environ. 163 (1995): 195-201. 

147 

13. Angerer J, Heinzow B, Reimann DO, 
Knorz W, Lehnert G. Internal exposure to 
organic substances in a municipal waste 
incinerator. Int Arch Occup Environ 
Health. 64 (1992) : 265-273. 

14. Lijinsky W, Shubik P. Benzo[a]pyrene 
and other polynuclear hydrocarbons in 
charcoal-broiled meal. Science. 145 
(1964): 53-55. 

15. Quinlan R, Kowalczyk G, Gardiner K, 
Calvert I. Exposure to polycyclic 
aromatic hydrocarbons in coal 
liquefaction workers impact of a 
workwear policy on excretion of urinary 
1-hydroxypyrene. Occup Environ Med. 
52,9 (1995): 600-5. 

16. Wu MT, Mao IF, Ho CK, Wypij D, Lu 
PL, Smith TJ, et al. Urinary 1-
hydroxypyrene concentrations in coke 
oven workers. Occup Environ Med. 55 
(1998) : 461-467. 

17. Levin JO. First international workshop on 
hydroxypyrene as a biomarker for PAH 
exposure in man-summary and 
conclusion. Sci Total Environ. 163 
(1995): 165-168. 

18. Jongeneelan FJ, Anzion RBM, 
Scheepeers PTJ, Bos RP, Henderson 
PTh, Nijenhuis EH, et al. 1-hydroxy­
pyrene in urine as a biological indicator 
of exposure to polycyclic aromatic 
hydrocarbons in several work 
environments. Ann Occup Hyg. 32 
(1988): 35-43. 

19. Sander CL. Percutaneous absorption of 
benzo[a]pyrene and dimethylbenzo[a] 
anthracene in mice. Environ Res. 33 
(1984): 353-360. 

20. Modica R. Comparative Kinetics of benz 
[a]anthracene, chrysene and triphenylene 
in rat after oral administration. I. Study 
with single compound. Toxicology 
Letters. 18 (1983): 103-109. 

21. Schlede E. Stimulatory effect of benzo 
[alpha]pyrene and phenobarbital pre­
treatment on the biliary excretion of 
benzo[alpha]pyrene metabolites in the 
rat. Cancer research. 30 (1970) : 2898-
2904. 

22. Lafontaine M, Payan JP, Delsaut P, 
Morele Y. Polycyclic aromatic 
hydrocarbon exposure in an artificial 
shooting target factory : Assessment of 1-
hydroxypyrene urinary excretion as a 
biological indicator of exposure. Ann 
Occup Hyg. 44,2 (2000): 89-100. 

23. Bremicki S, Jakubowski M, Czerski B. 
Elimination of 1-hydroxypyrene after 



148 

human volunteer exposure to polycyclic 
aromatic hydrocarbons. Int Arch Occup 
Environ Health. 70 (1997): 257-260. 

24. Buchet JP, Gennart JP, Mercado­
Calderon F, Delavignette JP, Cupers L, 
Lauwerys R. Evaluation of exposure to 
polycyclic aromatic hydrocarbons in a 
coke production and a graphite electrode 
manufacturing plant: assessment of 
urinary excretion of 1-hydroxypyrene as 
a biological indicator of exposure. Br J 
Ind Med. 49 (1992): 761-768. 

25. Jongeneelan FJ, Anzion R B, Handerson 
PT. Determination of hydro,xylated 
metabolites of polycyclic aromatic 
hydrocarbons in urine. J Chromatogr. 413 
(I987); 227-32. 

26. Whiton RS, Witherspoon CL, Buckley 
TJ. Improved high-performance liquid 
chromatographic method for the 
determination of polycyclic aromatic 
hydrocarbons metabolites in human 
urine. J Chromatogr B Biomed Appl. 
665,2 (1995); 390-4. 

27. Boogaard PJ, Sitter! NJ van. Urinary 1-
hydroxypyrene as biomarker of exposure 
to polycyclic aromatic hydrocarbons in 
workers in petrochemical industries : 
baseline values and dermal uptake. Sci 
Total Environ. 163,l-3 (1995): 203-9. 

28. Chau N, Bertrand JP, Figueredo A. 
Mortality in retired coke oven plant 
workers. Br J Ind Med. 47(1990): 454-
461. 

29. Braithwaite E, Wu X, Wang Z. Repair of 
DNA lesions induced by polycyclic 
aromatic hydrocarbons in human cell-free 
extracts: involvement of two excision 
repair mechanisms in vitro. 
Carcinogenesis. 19 (1998): 1239-1246. 

30. Koostra A. Formation and removal of B 
[a]P dial epoxide-DNA adducts in human 
fibroblasts. Carcinogenesis. 3 (1982) : 
953-955. 

Suparat Watana 

31. Venkatachalam S, Denissenko M, W ani 
AA. DNA repair in human cells: 
quantitative assessment of bulky anti­
BPDE-DNA adducts by non-competitive 
immunoassays. Carcinogenesis. 16 
(1995): 2029-2039. 

32. Osborne MR, Jacobs S, Harvey RG, 
Brookes P. Minor products from the 
reaction of ( +) and (-) benzo[ a ]pyrene­
anti-diolepoxide with DNA. 
Carcinogenesis. 12 {1981): 553-558. 

33. Meehan T, Wolfe AR, Negrete GR, Song 
Q. Benzo[a]pyrene dial epoxide-DNA cis 
adduct formation through a trans 
chlorohydrin intermediate. Proc Natl 
Acad Sci. 94 (1997) : 1749-1754. 

34. Jerina OM, Daly JW. Oxidation at 
carbon. In: D. v. farke and R.L. Smith 
(eds), drug metabolism from microbe to 
man, pp 13-32. London : Taylor and 
Francis, 1997. 

35. Sherson D, Siggaurd T, Overgaard ES, 
Poulsen HE, Jongeneclan FJ. Interaction 
of smoking, uptake of polycyclic 
aromatic hydrocabons, and cytochrome 
P450 1A2 activity among foundry 
workers. Br J Ind Med. 49 (1992) : 197-
202. 

36. Bente EM. Assessment of exposure to 
polycyclic aromatic hydrocarbons in 
engine rooms by measurement of urinary 
1-hydroxypyrene. Occup Environ Med. 
53 (1996): 692-696. 

37. Szcseklik A, Szcseklik J, Galuszka Z. 
Humoral immunosuppression in man 
exposed to P AHs and related carcinogen 
in polluted environment. Environ Health 
Perspect. 102,3 (1994): 302-304. 

38. Benzo(a)pyrene [online] 1988. Available 
from: http://www.hc-sc.gc.ca/ehp/ehd/ 
catalogue/bch _pubs/ dwgsup.doc/benzo 
(a).pdf 


