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M E NRREAEZHITE (PAHs) K EHEZH 71 (OPAHs) (N B 68KV S IR S A HEALUN
AWFFERAE T KT 45 AT AE B MRAEAS P A0 0 - BTk ek ) 2 3005 8 e & | 2 5 1R i)
FEEEVRIE R FRAE OB TR 0 2 503 40 A v ok LR U5 B DTk A T AT, I RIHIPR T [a] B (BaP) #
P Yt e J3E R0 IR A TR X S0 et B IXURS: 26 A7 PP A . 25 SRRt 7 #h PAHS #1 6 Fft OPAHSs, #iH 2%
43 9°H 17.8%—80.0% Fl 28.9%—66.7%, TPAHs FlYOPAHs V-1 ¥ & & 24.8 ng'mL™" 1 31.9 ng'mL';
Hr, —23F (a,h) B (DBahA ) 1 10H-9-EE] (ATO) MM K& (142ng'mL', 27.1ngmL") ,
YRR LUIC-rh 23— B 0y 2 (8 HARRAE LU (BR A0 8 B4 a0 Uik ilb A 75 Yook I b, S5k, Al
TR AL A RRE B IR B e AR I 2 o PAHSs (14 52 B2 R TR 3 3 B0 KU 43 A 15 KU (CR) AT 107 5
1070 2Z Ji], F WY ILIK v i) 22 005 K S T4 A V8 A 119 B0 AR

KR IR, TR, MK, RIS

Exposure characteristics and health risk assessment of polycyclic
aromatic hydrocarbons and oxygenated derivatives in human plasma

LI Chenguang LI Weixia ZHANG Jing LI Penghui ™
(Tianjin University of Technology, Tianjin , 300382, China)

Abstract To investigate the internal exposure level, sources, and health effects of polycyclic
aromatic hydrocarbons (PAHs) and oxygenated-polycyclic aromatic hydrocarbons (OPAHs) in
human, the plasma samples of 45 young men were collected in Tianjin. The concentrations of PAHs
and OPAHSs in human plasma were measured using gas chromatograph-mass spectrometer instrument
(GC-MS). The sources of the PAHs were analyzed by using diagnostics ratios and the principal
component analysis (PCA), and the health risk of PAHs was assessed by BaP equivalent
concentrations (BaP,,) and cancer risk (CR). Seven PAHs and six OPAHs were detected in the
plasma samples. The detection frequencies of PAHs and OPAHs were in the range of 17.8%—80.0%
and 28.9% —66.7%, respectively. The average concentration of XPAHs and ) OPAHs were
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24.8ng'mL"'and31.9ng'mL "', DBahA, ATO were predominant species (14.2ng-mL™", 27.1ng'mL",
respectively ) , and the ring distribution of the PAHs was dominated by low —medium molecular
weight components. The results of the diagnostics ratios and PCA suggested that PAHs originated
mostly from petroleum source and petroleum combustion. Based on cancer risk analysis, CR values
was between 10 and 10°°, indicating the potential carcinogenic risk of PAHs and their derivatives in
plasma.

Keywords polycyclic aromatic hydrocarbons, oxygenated-polycyclic aromatic hydrocarbons,

plasma, health risk assessment.

% ¥ 55 1% ( polycyclic aromatic hydrocarbons, PAHs) J& — 28 HL A5 R M i A VA A1 e ¥
(persistent organic pollutants, POPs)™", 3= % thy Ak A7 48k sl A= 9 i 19 A 58 ke r= A s HOokR 40 B AR TR
(BRI AN L sE ) FIN R (B 3 88 e . B %4720 L Al B . S8 iz i 5 ), Horh AR IR
P PAHs I R EEEE AR FHEANG Y, PAHs BA ML WRIER . m) . Btk
VERD 0 2 45 e . i TR B0 . BO8F . B8 1y« =808 PEY, USEPA 7€ 1979 4F#LE 16 Fi PAHs i
P Seda il 5 Ye .

Z A 571 BT AR B R iR A B RGO | B8 A IR B2 fil. PAHS 75 4 W) 7F Ry SR
PEAL Y T AEE A ARG, B Je o v e, SR 5 8 A VR R S b A7 53 A, FF PAHS i85 21 fE#8 B 0L oF
FEUERA, Z I J5 1805 K Z2 R0 B, A0 PSR L BRI 05 DA R R0E | IR L B KR L B DRI AL G A
>k, PAHs i1 4 Wt 9% & B0 2 A 305 U0 00 7, A & A £ B 55 £ (oxygenated-polycyclic aromatic
hydrocarbons, OPAHs) 7| & A4 S AN i =17 H i 1k, 5¢ T A& PAHs. OPAHs )% 857K
TR SR Z2 5 AR AN 2R BR Y, RIS IR BT A A DU R (475 Y vk BE KO, i3 AR SURPEA S50 TR
RIS Y B At R T 3 SR A A o ) A 23 (] B 25 80, 78 IR EEIPAN il BB AEAE R PR, AN
FE S Bt LA A 2R R KT, A L2, P 2 R 3 ok A A4 sl 28 2 1) T G vk B2, LR R K T
B WEm M . B Sl A R 2 30 05 R 2575 YL W 1Y R R R AE, A7 Bl TR A ik L g 6T AR Y
SRR ARV AE AR .

A BT E B R 45 2 FAE B A B X4, dEAT I AR AS Y SR B, Rl 3K Y PAHS,
OPAHSs e BE 7KV B A2 Lt AT 0B, F45 B FRAF FUAE 50 3 500340 i 5 6 f T H AR B oK R, 12
P [a] EETENE 2 5 (BaP, ) FEUE KUK AR AL PFAl (e e KUK

1 #MRLE5 7 (Materials and methods)

1.1 FESCRES G

ARIGRF G IR T R 45 A BN, 25 N0 NERTE 25—35 2 Z ], ¥ KR E;
A R 2, A P9 28 AR EL TG H Al 2 553 XU . 5 R 4 B e Jik ot B T 2 P70 19 2 mL EDTA SR IfiL.
B, L3000 rmin”' #5.0 10 min, B TS, IFHERE 220 C kK IREE 200 G2 5%
FOREEAN S AIESE H W, BTG R A AR & TR A2 R B Ak A /R E 3 E
1.2 I 2R S A A B

500 uL I AEH 2 10 mL RN ELE T, A 1 mL BERR S (1 mol- L) | 0.25 mL H R
W (1 mol-L™") 1 1.2 mL &7k A 2 171 A8 1. 8 7 A0 B 10 min J5, LA 4000 rmin™' 2.0 5 min. $2£HUHY
FeAbfd ] SPE AEHEAT, KWK S mL iIFEC &%, 5mL 40 %%, 5 mL PN . 5 mL HI A 5 mL 48 4l /K 3
SeTEAL. BEA TN 40 pL B ACFRVE & (Phe-Dyo. Chr-Dy,), £ SPE H: 42 HUS, 9 mL 1F O % : 5 %
(V:v=1D)IR G R HEAT B AR 0T A e 0. 22O AR Ve, A6 IR A 030 IR &0 15 SR 5 il
FH 500 pL E CBEHFAT S0, BE RS R HEREIL
1.3 XER T

A5 308 ) 8 HE AR (0 3% - BB FH A (GC-MS) X} £ PAHs & OPAHSs BT /& P Al I .
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OIS SEE : Ak AL S DB-SMS B414 H: ((SHIMADZU; 30 m x 0.25 mm, 0.25 pm), JHE 2
AR WU IR N 65 °C, f£4F 0.5 ming A 15 °C-min™ 59 TF a3 R I 2 130 °C, £+ 0.5 min; 7514
9 °C-min' B3R E 220 C, HF 1 min; XS5 LA 7 Comin' (R T+ E 240 C, f£5F 1.5 min; #7J5 LU
15 C-min' FHEZE 320 °C, f£FF 5 min, FHEFEF BB R 31.02 min. FERE HEEE N 270 °C; dEFEE N
5 pL. SR KA 2 0 R, A AR, WE N 1.4 mL-min

Fris S A B E B 2 o B UR (ED, FB LR R 70 eV B IR EE 230 °C; (4l
JER 270 °C; ¥ FIAEIR B[] S ming A 57 R FH 58 B8 WSS = (SIM) X H AR 4l 3 Al , Bk =
LR 1.

£ HRA KT

Table 1 The monitoring ions of target components

Hbrd 5y SERE T EEET

Target component Quantifier ion (m/z) Qualifier ion (m/z)
Vil Fluorene(Flo) 166 165.00—164.00
JE Phenanthrene(Phe) 178 176.00—152.00
H Anthracene(Ant) 178 176.00—179.00
D Fluoranthene(Flu) 202 200.00—203.00
2 Pyrene(Pyr) 202 200.00—201.00
It (a,h) Dibenz[a,h]anthracene(DBahA ) 278 276.00—279.00
I (gh,i)tE Benzo[ghi]perylene(BghiP) 276 274.00—138.00
=] Dibenzofuran(Dibf) 168 139.00—169.00
10H-9- B[l 10H-9-Anthracenone( ATQ) 208 152.00—180.00
JE-9-1% Phenanthrene-9-carboxaldehyde(Phe-9-Ald) 178 206.00—176.00
RI AR 7H-Benz[de]anthracen-7-one(BZO) 230 202.00—200.00
5,12-PUJf 2R 5,12-Naphthacenedione(NCQ) 258 202.00—230.00
RIE[a]-7,12- 1  Benz(a)anthracene-7,12-dione(7,12-BaAO) 258 202.00—230.00
JE-Dy Phenanthrene-D,,(Phe-D,,) 188 184.00—160.00
J#-Dyy Chrysene-D;,(Chr-D;,) 240 236.00—241.00

1.4 i B Ok

AR PAHSs KA AR P00 0 MERR I, REAS 23 AT T U A2 1E O Be s R AR AS IS AE, B 2 A AR
A ARG TR RS SEA TR S . B 5 R s A E C6e2s (1, 25 FURE S TR BRI 2] HARY). 76
FE A AARAE S, B A NS 11 00 R A fE 11 35 RS 3RAE 87.6%—150.2% Z [A], JE 5T
Tk B9 AE X bR o fR 22 (RSD) /T 10%. HARE AP 0K 1 FR (LOD) % UK 3 A5 (5 W b, T v 46 Hh BR v
FEl 4 0.40—1.80 ng-mL .
1.5 kb

K H SPSS 22.0 Gt b1 51 A4 i 47 3 il K5 40 11 Ak BRD 3 A% 49 49 B L Origin 8.0 {4 33E 47 %5040 43 #r 0

2 51 5316 (Results and discussion)

2.1 PAHs, OPAHs £ /KF

AT 5T 38 3 % I 2K AE 5 o PAHSs K OPAHSs #F 47 40 M, 2L 4G 00 2] 7 FF PAHs. ki 2R [Fl Ky
17.8%—80.0% (N3 2 Fi7R ), 5 Yang Z54R 18 B PAHs K H R0 B AHAL®. 78 7 Fh 84K PAHs 7, Phe £
K R 05 5 (80.0%) , Hi Y & DBahA(66.7%) , Koukoulakis 25 % &y i i 4F A ML 1 AT 98 b 6 8] 1T
Phe HLA7 3¢ = (K H R0L ToAl BRI PAHS A6 H KT 50%, For BghiP M4 H R 5 I (17.8%).
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& 2 PAH Fl OPAHs 7E I3 T i 53 A1 15 10
Table 2 Concentrations of PAH and OPAHs in plasma

Gy YA R i1 4%/% PV RE/(ng'mL ™) WM/ (ng'mL™) Frifid 2%/ (ng-mL™")
Species Compound Detection rate Average concentration Range Standard deviation
Phe 80.0 10.8 N.d—51.7 10.4
DBahA 66.7 14.2 N.d—36.1 4.8
BghiP 17.8 1.4 N.d—3.4 1.2
Flo 333 5.4 N.d—15.6 3.6
PAHs
Ant 26.7 2.3 N.d—4.4 1.0
Flu 311 44 N.d—14.1 34
Pyr 333 8.1 N.d—25.2 6.0
> PAHs 100 24.8 10.1—111.2 17.4
Dibf 28.9 8.9 N.d—21.7 6.6
ATO 44.4 27.1 N.d—56.0 7.5
Phe-9-Ald 66.7 6.7 N.d—7.0 0.2
OPAHs BZO 66.7 43 N.d—5.3 0.5
NCQ 66.7 6.3 N.d—9.2 1.4
7,12-BaAO 66.7 8.7 N.d—13.5 1.7
> OPAHs 95.6 31.9 N.d—85.5 21.6

TPAHs fY ¥ B 16 1 24 10.1—111.2 ng-mL™", F {8 24.8 ng'mL" (35 2). 76 & W | 1% 24 {k
PAHs ', DBahA ., Phe H. A 8 & A ¥ B (430510 142 ng'mL™", 10.8 ng-mL™"), 3 J& H A 4G Hi SR i 155 1)
2 SRR PAHs, ¥ B K 119 /& BghiP( 1.4 ng-mL™") . Koukoulakis %5 7E Ifil 75 HP () BF 58 & BX Phe 45 7 #
PAHSs ¥ B A 1.95—62.2 ng-mL 'R 141 ) Fl1 1.26—48.6 ng-mL ' (##l41)"; Singh %51 X EJ JiE
JU#E MLY% PAHs &0 #4945 22 {2 75 Phe, Ant, Flu, Pyr ¥ £ 43515 9.0 ng'mL™", 3.6 ng'mL™", 6.0 ng'mL"’
9.0 ng-mL™". A58 1Y PAHS ¥ B2 il E R PRI 5 r e J32 Y1 L B A — 3.

TE I3 RE 5 o OPAHS AU 3. 95.6%, Hrf Phe-9-Ald, BZO., NCQ, 7,12-BaAOs HIH H R 5
(YK T 60%), 1 Dibf B4 H #5511 (28.9%) . Z,OPAHs HY ¥ i §5 il & Nd—85.5 ng-mL™", “F-2I {8 Ky
31.9 ng-mL", ZEAG I EIAY BT, ATO ELAT fe i YR (27.1 ng-mL ™), M B fIR A2 BZO(4.3 ng'mL™).
H G, B NS OPAHs M 5E i1 = 24 hfE SRR A B, sy . AR OPAHSs IF o8 HiRil 70,
i AN BER LA 1 2= .

22 HREIEST BT

I 3% PAHs #1 OPAHSs (144320 B 3 3131 6 B4 5347, Horb 3 31504 Phe., Flo. Ant fil ATO. Phe-
9-Ald, /5 B Y 56%, 4 71K Flu, Pyr A1 BZO. NCQ. 7,12-BaA0, 5 5 ) 29%, 5 2l 6 3543 5] K
DBahA Fl BghiP, 73 4] di 13.1% F1 1.3% (& 1a). 1ML 3% FP K 2 () PAHs 1 OPAHSs i3 3= 2 LLAIK-H 4
TN E, Yin SEAE R IS AF5T &3 TR0 T2 2 305 R 0 Ll & s o 7 2 2 305 R,
K H EPBEAS R B X 9 2 3855 1 W SR B4 2 1 L ML RS- TR 2R REZ TR TR0
FF IR A -rp - o TR 2RI AR AR A A R BB AR S S TR R S S
IR 45 6w S e M T, 16 b o T B 5 5 35/ R P 45 G B TR e 25 0P %, Tl P A
MNKBHR P 4> TR TR 2, & S80S  PAHs fil OPAHs MK/ F BN EMEERNEZ —.

TE ISR RE i ARSI 2 % OPAHS ¥ 5 T PAHS, 4331 5 Eb 56% Fl1 44% (&1 1b). i F H AT 7E AR
7 5% TR OPAHSs W BFFE A FR, H Fi 78— LL BR45 A 3 b i B 55 v, & 3 PAHs AT A= 9K T PAHSs ¥k
J& ; Bandowe 25 FOBIF I8 FR A5 FR, 1222 90 52 30730 —4b Tl X %) + 358 vh 2 3R 55 12 145 42 %) (MPAHSs, OPAH) Y
SR T PAHs A& 0% Wang 2578 Jb 50 RS0k A A9 AT Fh % B OPAHSs (& JE (X T PAHs!™, 7E 2R
e A ARG 45 RN, IR dkGE, 205 R AT AR Y S AR PAHS AL, AT DA 4 A TR AR
P AR 04 A1, PAHS 37 AR 80 36 AT LU i PAHS 18 AR P A A 35 1 52 37 2 U, 3 R #E AL ] BE =
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OPAHSs Bk &5 T PAHs BYJE . AR 81 OPAHSs ¢ BE 45 & B8 e v B R 00, 7645 PR B9 rh 36
W] OPAHSs (1Y PE ] B8 5 PAHs 1 5EPEAH R £L %2 05 5. OPAHs 78 4 Ml /K 7 b i 3 MEAE T RE 1o 35 IR
i 5 JOk P9 Bz 41 (HUVECs) — &AL &L (NO) B9 A= 1%, A7 78 TETE A P B2 503 5800, 7T i i A 24 it e B R

AR A AE R,

2 PAHs
1 OPAHs

B 1 Ifi3 ' PAHs Al OPAHs 4315 L.
a AN[FPEL Different ring numbers; b ¥ & 7K - Concentration level
Fig.1 The distribution ratio of PAHs and OPAHs

2.3 PAHs U5 T
231 FRIE(E ST
H A [ A4 IR 23 7= A 5 1 1 22 IR 55 Kb i 42, PAHSs HRAE HUAEL 25 % W R Dl 51 2 3R 55 1 205
YWy o] RESR R ASHIF 98 5 FH LAAERE Y v T vz A G 4 FRRRAE LN F T A5 10 P PAHSs 1 I U5 i
BPE 171814 248 il R X6 I 95 G R R PAHSs 4RAF FU (U35 3 BIf/R, ZEAR AT bl i R AR A o M, R IH 41
TR A BB A 58 2R Be & PAHS 7 A8 1 i) 2R 5.
3 AR I 5 YR PAHSs AR LA

Table 3 Various causes correspond to the diagnostics ratios of PAHs in pollution sources

FHELLE AR ATRRABH AN 5E R IR ARBFSE
Diagnostics ratios Petroleum source Incomplete combustion of fossil fuels This study
T Flu/Pyr 0—1 >1 0.55
qE/E Phe/Ant >10 0—10 5.8
R/ (P Flu/(Flu+Pyr) 0—0.4 0.4—0.5%,>0.5" 0.33
B/(E+EE) Ant/ (Phe+Ant) <0.1 >0.1 0.15

1 a. BRI A TE 2 bed # HH I iliMainly formed in the incomplete combustion process of petroleum products; b. &%
TEARMBS | B AR SR 58 2Jbeid 72 1 IE AiMainly formed in the incomplete combustion process of wood, coal and grass

232 FWr
Rk —2 i 5Y PAHSs BYRIEIE L, SR R4 ik ke i 2 M 12K PAHs 289 5 1R SR 5, $250)
WREHEE R T 1 B, 2 D FE ) BT 2 5080R R 79.7%, 7 F PAHs 3 A5 R F 2w i3 4 Fiok.
R4 ERG N R F R R

Table 4 Factor loading matrix of principal component analysis

AR FEHTFI1 FERHTF2

Variables Factor 1 Factor 2
Flo -0.929 0.301
Phe —-0.881 0.390
Ant -0.897 0.265
Flu —-0.862 0.329
Pyr -0.899 0.317
DBahA 0.845 0.275

BghiP 0.262 0.379
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Zidk 4

AF FHF1 FHF2

Variables Factor 1 Factor 2
Dibf -0.790 0.154
ATO 0.601 0.443
Phe-9-Ald 0.939 0.241
BZO 0.923 0.254
NCQ 0.894 0.258
7,12-BaAO 0.908 0.290

TR 227 5% 70.2 9.5

BT 25Tk % 70.2 79.7

— BN RIS T 1 PAHSs FEZOR IR T4 A R . A B AN A 2 5 A AN 58 AR5, T i TR
el B R EIE B o T & 19 PAHSs; WN7E PAHs R TR H1H Pyr, Phe 53K 7 T & R B 5B A
%, DBahA . BghiP 2 /A A HE M EZAL S0, FIN T 1 A RE T 2 50H0E (70.2%), 78 E W+
1 [ 54K PAHs 1 A7 DBahA HA 1R & 192k fa7, 3200 PAHSs (98 5 2 28 @ AT HE R =1 2 7 22
TR N 9.5%, 1E 511K PAHs 1 Phe E A7 fi s 4 far, FLUKZ Pyr, Flu 58Ik + it PAHs L HAT 55 2
o, FEHAMRIEIE 1 2 19 R BORIR. AR5 38 28 32 A 4343 A 2 BA 58 S AR T HE O 32 2075 YR IR, AR
R PAHS (155 5 e IR HA AT 45 RS9 AE AR IR (25 A BV & 25 b A i A AL A okt
FIRRBE S PAHS 7= A A4 B ZER IR, 3l i Xt PAHSs IR A AT A B T 530 4 1 i HE A A2 R [R) R TR
TR, R A K 10 XU 45 R R IL R 22 A 3

A K OPAHs R EZ, BIn >k A T— W HEE, tnl ok A F A, HATSST OPAHs i H{k
VAR A 1 A AT B 0 3 i, TS 2 B oY R BR, 4 R R AT i — 25 B9 TR, LUHAE R
OPAHs HAANR R & 458 Je Hsg ma P %

2.4 R KBS PEAL
241 HHBBEARMEEYE

McHE 245 4% 8 ) 2 AR N L3 H 2 3055 I8 B A A BB (TEDIs) WA =0 (1) firR, 24 i3
(1) 22 B4 55 J 1l ke JBE AN AE Bt sF ] 28 A IS, Bl de/de=0, BIV I3 ) 22 BR 55 J2 e B8 3k 1) 5P, mf L LA 353
HESEARS, i+ Hur 72508 8 14 B b U Pyr S 8GT 4, ARBFSE T R E Pyr 76 R
X4

d
vd—joEDstBWxAxf—bexC (D

K, Coim e AR Z D5 W BE; Vo AR & (L), — ok g2 55 M i o (K F 1Y 8%
BW Ak (kg); ACTCHEAN) Ky Pyr $5 AT it B WS 2324 0.90; ATC i 4X) J2& Pyr WIS 8t 43 A5 76 1L
H ) F A 0.052; b AR 2% Pyr (1971 5 14 R 5 BN 0.068; 2 H X 26 2 82 % Haddad™ 1 Viau®' (RIHF 5T
g,

DL 3¢ v Pyr v JE R JE Al 55 T 050D 355 3K Pyr (9485 H S04& A &t . H: TEDI (30 [
0.296—2.928 ug-kg™'-d™ bw, “FHIREH 0.935 pg-kg'-d ' bw, L3 5.

x5 Pyr Y5 H BIEAE(TEDL ug-kg '-d ! bw)
Table 5 Total estimated daily intake of Pyr in plasma (TEDI, ug-kg'-d™' bw)

- R
Hir¥ Percentiles FEME FERRE|
Compounds 25% 50% 75% Average Range
Pyr 0.487 0.777 1.156 0.935 0.296—2.928

M T A Fh SR PAHs HoAA AN [R)R2 BE 0 3 1, [ PN A B AF 95 vl o >R B R 9T [a] BE 24 29K ¥ (BaP
equivalent, BaP,) R T4t 15 B H Al B {& PAHSs 1Y B¢ 14, 4 5114 PAHs 1 BaP,, #E 24 # 11H55 A X (2)
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FiR.
BaP,,; = TEDI, x TEF, 2

P, BaP,, 44 PAHs Hi{A () BaP 24 it 81, TEF, Jy %t 1 PAHs B4 () 85 24 5t X 7 (Pyr (19 224 24
A4 0.001).
2.4.2 AR R XU A0 XU

(1) AE 3 R A (HQ) /& 53 H A & (TEDD) 5 3¢ [E ¥F f Jmy $2 k4 H 2% 5] & (RID) 1Y U AE, #
HQ>1, W358 W A7 75 AF 0 XU s HQ<1, W & WIS £ 76 B0k KU 4. Pyr (192 7% 7 14 30 pg-kg'-bw-d ™,
AN (3) Fis.

TEDI
(2)PAHs 2 G 1 BUw KR 1 315, ana =X (4) s,
CR = CSFx BaP,, @))

X, CSF A BUR AR HF, ABF5TE H BaP B9 1 IRBUBAPR I F[7.3 (kg-d) -mg '], #4555 E R AL E
FLE, CR<10° B, 5| & iy B0 KU A W] ; CR7E 107 F1 10°° Z A B, 3R B HL A V7 19 3500 KU 5
CR>10"* i, FHAAAAEAR i 1) 300 AU 220,

SrBITHET HQ AN CR A (K 2), LAPEAR i 3% Hh Pyr N %% 28 1Y JE BUkE A B0 KUK . 1L 3% 5 Pyr Y
HQ B F 4 0.072—0.712, 7%k 0.189, F B AR I 3K T 9 Z 34 05 e AN AE AR BUE XU . SR, 4
R BUE B B, JE T ROF [a] 86 Y v B Y SO KU N 51 R 85 5C T, I 2 CR A 1938 [ R
2.16x10°—2.14x107, F £k 5.67x10°°, fir AR CREEEE I T 1x10°°, R W 1 2% H PAHs f£7E
TR I B0 AR

0.8 125
*
= ::20
041 . M
. . 110
A
o . =
== : s X
021 H . | <
. : 58
: b
1 3
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1
ok 10
HQ CR

B2 I IRFEAEE AR A RS R A (HQ) A i XUBS: (CR)
Fig.2 Individual hazard quotient (HQ) and cancer risk (CR) of Pyr in serum

3 4518 (Conclusion)

TERHET 45 4 5 4E ABE I rp 22460 Y 7 Fh PAHs 1 6 7 OPAHSs, SPAHs F1Y OPAHs V- 34 1 FiF
534 24.8 ng'mL™" F1 31.9 ng'-mL". FERAL A Y h ATO. DBahA MR XS 5 f 4 i, XoF A B (g 110 0
TESE KR, W8 A OCTE. H PAHs A1 OPAHSs ZH BURAAE DAIR h 3R 5t 8 3=, oy o s TR 32 1) 85%. A1
TERE AR BR P A A BE I PAHS () 5B L. 38 1 S0 XU PP, 22 B ML A PAHS 7776 T
T R 50 RS, i 282 I KT AR PN 2 8 1 4 T W0 00 R 00 e R XU Fr) P-4
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