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Abstract; To investigate the exposure characteristics and health risk from the barbecue scene, the external and in-
ternal exposure doses of polycyclic aromatic hydrocarbons (PAHs) in Chinese population were simulated with both
the equations recommended by United States Environmental Protection Agency and the physiologically-based phar-
macokinetic (PBPK) model. The results showed: 1) The equivalent doses of the average daily benzo[a]pyrene in-
take by the ordinary residents and the occupational population were (50+3) and (179+98) ng-d™, respectively. The
life-time carcinogenic risk was 7.57x107-1.28x107, which was within the acceptable range; 2) The maximum con-

centrations of pyrene (biomarkers of PAHs) in different tissues of the ordinary residents after exposure were liver
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(6.52-8.67 ng-L™), kidney (0.97-1.12 ng-L™), venous blood (0.71-0.94 ng-L™), skin (0.64-0.75 ng-L") and fat
(0.36-0.56 ng-L™), respectively. Meanwhile, in occupational population the values were fat (2.97 ng-L™), skin
(1.14 ng-L™), kidney (1.14 ng-L™), liver (0.57 ng-L") and venous blood (0.17 ng-L™), respectively; 3) Dietary

was found to be the dominant exposure way for the ordinary residents, leading to the highest concentration of py-

rene in liver. Inhalation and dermal contact were the dominant ways for the occupational population, leading to the

highest concentration of pyrene in fat; 4) The total daily accumulation of pyrene in the occupational population (48

ng-d") was higher than that in the ordinary residents (6-11 ng-d™).

Keywords: PAHs; human tissues; PBPK model; liver; pyrene; biomarker
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1 ## 57 % (Materials and methods)
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H 4% A ft (estimated daily intake, EDI)AR 4 %%
FEIRAR ) IR (inh) | B R fi (der) ARG £ £ A (di-
et), 2 BIAR R (1 ~4)7F Matlab “F & F #7524 R
AR ILE B IEFRRECA 1000 ¥R, ER2H 1 000 47
ST REALLSE SR P o (E S LA PR normfit 531 o =
0.05 £ F 1 EDI Y{H ShRrifE 2

EDI,,(ng-d") = (C,+ G,)* IR+ ET 1)
EDI,(ng-d") = C,* k,- SA - £,- ET )
EDIdict(ng.dil) = Cfood. IRdicl (3)
EDI = EDI,, + EDI,,+ EDI,, )

Hrb, C,, C(ng-m?) 53| KR AR BURLAHB[a]P-eq
WIE IR, (m - h") FORIFIR R X5 4 JLE
WO ABEBUE S 59k U6.7, 11.1),U(6.3, 8.7),U(7.0,
9.2),U(17.2, 28.5)(U ¥ %5) 43 41i); k,(m-h™), B[a]P
() B R 3% 280, BUE R 2.5 m-h 5 SA (m®) 2 7
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Hor CSF, Ze0PI | B Bk Hz fih R B 22 5 18 248 W B0
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R IR TR | A 3 3R 4 2 R S A R AR A A
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Table 1 Physiological parameters: blood flow fraction,

volume fraction and tissues-blood partition coefficients

e ] Bk, JLEE, Bk AR TE) e
Parameters Abbreviation Men, children, occupational population (Women) References
ML 7 5 FE 1 Blood flow fraction
BE Wi Fat QO 0.05(0.91) [24]
Ji Liver Q. 0.25 [23]
' Kidney Qe 0.19 [23]
BBk Skin Oy 0.058 [23]
PRBLELA] Volume fraction
BE Wi Fat Vie 0.23(0.3) [22]
AT Liver Vie 0.026 [23]
¥ Kidney Vie 0.0044 23]
Bz Rk Skin Ve 0.0371 [23]
IfiL 7% Blood Ve 0.079 [12]
®2 PEAERESH
Table 2 Chinese population exposure parameters
RIS AR 53 1 AR 2 JLEE PP AR
Exposure parameters Adult men Adult women Children Occupational population
15T /kg Body weight/kg 62.7 544 26.5~36.8 62.7
JZ Bkt f/m? - Skin surface area/m? — — — 14~2.0
@ L 1/%  Exposure fraction/% — — — 25
1% 54 % /(L -min™')  Inhalation rate/(L-min™') 6.7~11.1 63~8.7 7.0~9.2 17.2~28.5
H a5 A/(g-d") Daily food intake/(g-d) 98.4 98.4 68.1~88.9 —
T “—" FORAHFF o PBPK 5 4N R A AT B S 4L,
Note: “—” means unused parameters in PBPK and external dose modeling.
x3 EHMMLSEIKESH
Table 3 Physico-chemical and metabolic parameter for pyrene
45 fig W
Abbreviation Value Reference
S Bki815 250 Dermal permeability coefficient ky/(em-h") 0.0119 9]
% B} HEA31 Absorption fraction fi0/% 376 [4-521]
22 045 A Z %X Oral absorption coefficient k,/min’! 0.023 [4,11,25]
TH BRI % %L Intrinsic clearance CL, /(L-min™" - kg07) 0.068+0.025 [26]
IS 43 it 2 %X Blood-air partition coefficient Dba 2.04 9]
ZH 4N 1Ml 43 e 22 %L Tissues-blood partition coefficient
fig Wi Fat Per 11.84 [25]
Bk Skin Pes 2.38 [25]
' Kidney Pe 2.38 [25]
JIF Liver Pa 237 [25]

TE: py,=2.04,k,=0.0119 cm-h™ JFATE Heredia-Ortiz 551 #IF 5 I T Bla]P A2,
Note: p,, =2.04, k,=0.0119 cm-h"! have been used in B[a]P model in the reference”).
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R A AE AL B AT T30 i 50 35 B0 15 20 i AR Ak &,
B (%> % 4 0.035 min™ . 0.005 ~0.01 min" 0.014
min) 3 E(0.023 min )R AR BT TR k, S8
(3% 3), W& Fff Lb Bl (absorption fraction, £, )& X Ay it
A 2 8 fe & LA I 2 i PR A il
LB, AR, ATZE G T Viaw Y
Chien 5EPVRT Li 45 PUOC T EE 1R £ 22 S8 W90 v AT FH i
BRI £, BUENTHEI91E 3.76% A
RS 3), K-I'](Michaelis-Menten) /L Ef 1)
— B e PEAL T A A U R B T B A
ML Z —( 10), HOCEAM S H—IHBRE0R T
#((intrinsic clearance, CL, )55 T i K AT R 5 4
FIK G B0 HUAE( Vo / K™ ARASCRA T Hadd-
ad SECE I AR SN SE B0 A5 2 i T AR
i CL,,(0.068+0.025 L-min™ - kg™ ) /E MRS %
(#3),

V(L) = V- bw (6)
Q(L-min") = Q.- CO (7)
CO (L-min") = 15.87 - bw"” (8)

1.3.2 PBPK ¥iflizfy

FRAYE Yy o~y 4E B, i 57 B 1 TR i PBPK 4%
B KBRS T RRAGE 8~12)F /R, FIH
Matlab X #3571 PBPK 1343 7 B2 41 #E 47 50 (E oK Mt
DL R )25 W0 06 S5 1 Sy 4% 2 SO

BEIWIFVE .1 = £ k
V- dC/dt = Q;+ (CA - C/ p,) ©)
Bk -
V.- dC/ dt=
Q,- (CA-C/Jp,) +k, SA - £, C, (10)

G b kA W A, AR (hepatic me-
tabolism){FE ¥ 2 {A N 9 PAHs & &8/, 2R1M,
Heredia-Ortiz 55 "HA S P TS24 b 32 PAHs
PR R il | B 5k AR P A i AR AR X w2 7T LA 22
W, XIRFFAZUR Y4 S i iE i AR B ir
2041 PAHs 7E AL ZU M BE VT L3RR
Vi- dG/ dt = Q- (CA-C/ py) + L+ k,* Ay
-CL,,.+ G/ py

Hr A b BAMEEYIE AR (ng),

M -

CO - CA =30 C

M AT A
CA =(CO-CV+IR - C)/(CO+IR/p,)

(11

(12)

(13)

2 R 5178 (Results and discussion)
2.1 AR
2.1.1 Bla]P-eq H ¥ A&

A% Bla]P-eq M EETHHAS 0 4 B AHECH |
2 JLEE B AFEEDI 433l 4 (54 +£5.9), (54 +5.8),
(43£5.4),(178+98) ng-d"'(K 2), X FAEHLL ARE,
EDI,, A1 EDI,, #2847 5 P > il A7 ot > L
A, IR H T EDL, MAREE R FEEH Y
P R, (MY H A LEE H R ZE SRR/
T HEREE, R, JL# EDI, /N T H4E A, BR
AP AJH EDIL,, #1 EDI, 35 .3 K TR0 AR,

X F AR A RS , EDL STk Ho B0 404 o 26
— BEEREEXT B EDI 1Y 5Tk E KT 90% , &4
XESHE, F, R A1) EDL JLT 2
W7 A 0 2 A5, BRIV 0 ik 5 i 0 | S B 4 O 1
VLo Bral S 5 B /N S T R A e — 3

X TR K, T4 Al T Qe P A s i) TE 4
HEDI SR FHEHOE ARE, PFI 5T HK 2 84% , B2
FRTTHRZY 16% o PRI, %0208 Mtk A B3 57 47 5
IO A TG 1R, s Jof A A SR
2.1.2  {RRABS PEAT

NG EAAR i 3 Fp R BRI X
B Atk LB AR S A & BB aEuE
U (ILCR) BT K 3.87x10° 4.81x10° [ 7.57%107
1.28x10°, i@ HIA N ILCR A 107 ~ 107 > Boys XU
() fe KT 3552 7K DRI, 4 2 B 350 XU 35 78 1T
FEZ A B B R XU, g T A BRI R XU —
ARG, LB XS TT LA Z 0%

(%]

(=]

(=]
]

OIFEI #% 7% Inhalation
o 7 it #:58 Dermal contact
w/iEE %R Dielary exposure

2001

100

H #2/Bla]P—eqi A &/(ng * d')
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Fig. 2 Comparisons among estimated daily intake

of B[a]P-eq dose of different population
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2.2 R

PR B A bR A ) — 3 22 35 05 42 (OH-
PAHs) 763 EARF S H TR e TN 50 %%
R B AR PAHSs 2255 K i F T L EE |
2f A SRR RO SR Ak PRV ARSI
FRIEZ TR B AR Y PAHs N B iR 1, 1 Al fig
Al 7 H SRR, R EXT T S~6 G
PAHs L0k, B %%, PAHs {4 aT DL oo HoAth ik 28
HE S GEAE) sl H A 2 2R ) w42 5 FOR, FE 1
A s AL /E T, IR 9 PAHS 1R & LUAE R

JRAE S
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2
JLF
" Children

I i) /h
Time/h
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—_— (39 w N w N N o =]
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S = N W A WL N N 0 O

FEGERIAATE TR AR s HE AR Ah DRt ol AR AR
BN T A5 ) 20 21 8 S b A 0 (R Ve B AN T
e BRI 7 2 A — R e, A,
A5 BIARIE Y 5 JE B R ) ZR R4 0, 45 1
T AR () ZUN R AR R PR AR,
3 AR M AR L EE AN CRE Y A AL
R EE AR ) (B )R E— B ] £
2.2.1  ARHRL AR

B3 Hr ) AR B M AR LotE L E S AR K
W Sy 2B T 0.36.,0.56 043 ng - L5 fz ik 0.64

i A Lot
8 I Adult women
7
6 >
HgWi  Fat
: —— %k Skin
4 — Kidney
3 — Liver
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2
1
g [
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1r I
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I 1) /h
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3 PBPK =i AEf PAHs REESHHNARERER BT

Fig. 3 PBPK modelling of population tissues concentrations of pyrene

®4 ABHERKEITR

Table 4 Health risk assessment of four subjects

B /s JL#E POl A
Adult men Adult women Children Occupational population
SRS Total ILCR 3.87x10%¢ 481x10°° 7.57%107 1.28x10%
I via inhalation 7.1x10° 6.89%x10° 1.75%x10* 3.99%10°
S KA fih via dermal contact 7.56x107 8.00x1077 7.94x10%® 8.85x10°°
& via dietary 3.04x10%° 3.94x10%° 6.60x1077 0
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0.75.0.71 ng-L";'¥ 097 .1.12..1.05 ng-L"; if 6.52
729 8.67 ng- L™ FI#EHKIf 0.71 ,0.80.0.94 ng-L", 3
FAEB M A ZH SO BEHE P 3408 < > 5 0 > # k it
= RS> NgI . Gttt o, AR 2o 4 20k i
AKAEE T 5B (P<0.01), M5 22 5 57 5 5 Brown
PR AR LB 2 G IR R R
TR AIKF(P<0.01), HAYH LU BN TG 3% 2290 (P
>0.05), AR B V Mg/ CL,, S8t
NBEEA SRR A 5 D, 2 S BRI A 2k
JERTHEMEZRA, 25 LM AR i
JEHEAE A B VEAS AR rh R (A AR AR R Y

2.2.2 B AFE

3 e WO AR 48U KMk B HET o < IR D5
(297 ng-L™)>k(1.14 ng-L")="5 (.14 ng-L™")
>HF(0.57 ng-L)># bk I (0.17 ng- L"), B A BE
o4k 8 h WP B 7 R fih 2 68 ), Mg Wi | Rz Bk RN
B AADL B R A B BB 1~ 2 A5, bk o v
2R AR O ANHER 1/5, I 210k B 25 R AR 0 A
BEM 113,

XFF RO AR B 72 & AR e Wk P e K ZH 4
I AR A 0 A AT 1 B — B, T RE A SR R
M- WL BE R ER (p = 11.84), 38 UIR DT 2H 2L
SEEENRNR L, [, BT Em R KB IER
Bk, VBN, Bz IR 20 2% 23 S rf SR EE 18 W B AR
AR B BRI /N, T B R s 2 XA N 2
U P STHRAR /N
223 AKRBEEEE

Xof T — AR R L0 A AR S ME LUIRAS, DR A
Xof dife /D2 SR S KRG SR AR 4 N 2 e AR ALL 25
S FRATAT DA R R AR T AR 4% PAHS
1 EVE R (A 14),

A=C -V, +C - V.+C -V,

+C - V,+075+-CV -V, (14)
Horp ) AR MBS (V) AT A E 1Y 7.9% #5575
2, H# KO o5 g SRR 75% M, AR,
— R ARG L0 B E (AR KA
SRR ARE 6~11 ng-d™, WL ARE 48 ng-d™,
[Fi] s A1 13 T 3] R R KT 2 A S T R B A it —
Beifalid 5, A S HRIE(E IR 80%
224 NG

“RE AR EE T NI 5 R IR A foh AR R kAR
B 8 R R A B T 22 Rt DU B R N &2
AR B AN FEZH 20k B2 51y ) 2 BRI R e 1 T

TR B B RIS Keys 2" | Draper
SEPAHL R B LAVE I 5 R kB fih 2 O 32 R
M AT 2 D0 77 2 5 DI TR AR PRIk 21 fe RV B T
PR E , 25 R R HR Ja Gl T B, sl 2pad R B
5 Kim SEPHLE EE(E ),
2.3 AT

R EE WA AR S 2R 80 CV R, T 36 B Rl
PERRA &l 5 SR AT GE B RY (%) AN Bff o 1 43 B 5
ARG T T ) 45 4 2R EE R i U B
BERUANHA PR I PE I A v, R BRME B EAR AR vk BE
(IS CV H 34% ~36% , B0l ABEISER) CV ol
12% ., 5HAAFFEAR L, FRATRIAE PR, X 3
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A o
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Fig. 4 Modelling of exhaled air naphthalene concentration
for occupational people exposed to jet fuel

(JP-8) (Kim et al., 2007)>"
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Table 4 Probabilistic distribution of model parameters: each parameter was used

to assess model uncertainty respectively

BRI S5 Hfy R 53 A E= BN
Model parameters Unit Probabilistic distribution References
CLin L-min! - kg7 N(0.068,0.025%) [26]
k, min™! U(0.005,0.035) [4, 11, 25]
Do — U(2,10) 9]
Lo % U(1.66,6.8) [4-5, 21]
SA m? U(1.4,2.0) [31]
IR, L-min"! U(17.2,28.5) 31]

U, B2) 0340 N(p.o?), IESSM i
Note: U, uniform distribution; N(u, o>), normal distribution.

RS THEUIN-BETEESENERSEMESHITENELREEE (ng-d' ) BSME

Table 5 Uncertainty analysis: the calculated percentiles of pyrene accumulated amounts (ng-d™) based

on probabilistic distribution of model and exposure parameters

eyl
Dietary model

W0 % 1 P 22 i A Y

Inhalation and dermal contact model

H /35 Percentile

CLiy k, Poa Lovs IRy, SA
P10 8.09 5.77 11.19 5.03 46.23 34.95
P25 8.96 6.72 11.53 6.67 47.88 34.95
P50 10.31 8.82 12.10 10.86 49.14 34.95
P75 11.95 11.95 12.46 14.03 50.40 34.95
P90 13.54 13.54 12.63 16.12 51.31 34.95
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