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Abstract Trichloroethylene (TCE) has been used as a degreasing and cleaning agent in the hardware, electropla-
ting, and electronic industries. Occupational exposure to TCE produces a range of health risks, including hypersen-
sitivity syndrome and carcinogenicity. In 2012, TCE was classified as a Group 1 carcinogen to humans by the US
Environmental Protection Agency (USEPA) and the International Agency for Research on Cancer. TCE air levels
from manufacturing process of an enterprise in Dalian were analyzed by adsorption tube sampling and thermal de-

sorption coupled with gas chromatography/mass spectrometry. The dynamic distribution, metabolite production and
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carcinogenic risk of TCE in tissue levels of occupational workers by inhalation exposure were predicted with physi-
ologically based pharmacokinetic (PBPK) model. The predicted maximal tissue levels of TCE presented an accu-
mulation trend of fat tissue > gut tissue > richly perfused tissue > tracheo-bronchial tissue > poorly perfused tissue
> liver tissue > venous blood > arterial blood. The predicted maximal levels of metabolites with carcinogenicity
presented an accumulation trend of trichloroacetate > dichloroacetate > chloral > S-(1,2-dichlorovinyl)-L-cysteine.
The estimated mean cancer risk of occupational workers was 1.31x10~ based on external exposure at the monitored
TCE level of (392424 4) wg-m™ with an exposure duration of 8 h-d™ for 20 years. Under the detected exposure
level, comparable risks were estimated by the internal tissue levels of TCE based on PBPK model and by the exter-
nal exposure level of TCE, however, 1.17 to 1.73 times of risk values were estimated based on internal exposure to
the main carcinogenic metabolites than that of external exposure to TCE. The higher the exposure level of TCE, the
greater the discrepancy between the assessment results of carcinogenic risk from internal exposure and external ex-
posure methods. Sensitivity analysis showed that values of cardiac output and blood flow of richly perfused tissue
highly affected the predicted results by PBPK model. Uncertainty analysis presented that the variation of model pa-
rameters significantly affected the output of cancer risk assessment. Nonetheless the variation was acceptable. It was
indicated that it was necessary to consider in vivo distribution and metabolism of TCE in the assessment of the car-
cinogenic risk for human being.

Keywords: trichloroethylene; metabolite; PBPK model; Monte Carlo simulation; cancer risk
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Fig. 1 Human physiologically based pharmacokinetic (PBPK)

1

model for trichloroethylene (TCE) and its metabolites
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Fig. 2 Levels of TCE (a) and its metabolites levels (b) in tissues predicted by human PBPK model
Note: VB, venous blood; AB, arterial blood.
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Table 4 Cancer risks of internal tissue levels of TCE and its metabolites based on PBPK model
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Types
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I-CR ® I-CR © I-CR/E-CR ° I-CR/E-CR °©
A(mg-L™") A(mg-L™")
Crcg.ter 1.07x10° 4.68x10° 136107 571x107 1.04 1.50
Crcg.rer 1.02x1073 4.50x10° 129x10°3 570x1072 0.99 143
Creg-Gut 1.02x1073 449x10° 129x10°3 566x%1072 0.99 143
Creg-per 342x10* 1.50x10° 129x10°3 511x1072 098 142
Cre-Liver 32210 1.24x10° 133x10°3 4.17x1072 1.02 128
Creg-Fat 1.13x107 3.56x10° 132x10°° 7.78%10%2 101 1.05
Crea 3.17x1073 109x10° 226x107 4.09x1072 1.73 195
Coeve 1.56x107 596x10 1.53x10°3 9.13x102 1.17 147

et BTG R 5% ~95% A IME " 2 KM E R 392 pg-m™ © X MEH 119 mg-m™,

Note: * Based on mean value of 5™ to 95" percentile maximal tissue concentration. ® Air level of 392 wg-m™. © Air level of 119 mg-m™.
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ARG 23 < TCE W /KF T AR 8 h, B4 24
h, AT B HA o U A e AU A 2 R
5 R, BTN A RO i IR QO 7T
O T 2 LI ( Qe FA R SV 355 LI R 3T
T TCE ReACH ™ W 1E AN [R) 2 2 4 iy 12 0 4 1 .

A EER A P R A5 R X DCVC A
HRUKP) B AR Ve, ) SRR BU Vo) A
JE/ML 53 T R AP o) 5 B BURAE X AT E S
TCE My Ifil ¥ #F A 3= 22 A0 a8 B 0E 5 A8 8
DCVG,DCVG Fit A B IR DCVC 7 %"

#5 TCE RREF=# A PBPK #E ph g BN S8 RE
Table 5 Medium and high sensitivity coefficients in human PBPK model for TCE and its metabolites

41 DCVC W Cpeye

JIFNEH TCE W iy

FEHEFEZE P TCE W Crpr

Z%) Parameters 2% Parameters

UM R 5L SC)

SRR SC| HURYER B SC|

Z:# Parameters

oc 275 oc
Qrpr 123 Crer
KF 1.00 P
Vkidney 1.00 Ko Liver
Viiver 1.00 Vinax -Liver
Ko Liver 0.83 Qg u
Vinax -Liver 0.83 Crpr
QGut 0.81 (0)4
Qppr 0.69
or 059
BW 0.51

275 oc 275
123 Qrer 123
1.00 Piive 1.00
083 Orer 0.69
083 QP 059
081
0.69
059

TE : QC FR i L, Qrigge RN RE , QP TR Il i, BW R KTH
Note: QC, cardiac output; Qrieue» blood flow to tissue; QF, pulmonary ventilation; BW, body weight.

H T AR A S BRI S8 MR 2 AR AR R
(AR 02 e SR ) AR fE 23 52 T PBPK A5 TRy 1
R ORBIRIET R 1 ~3 PSS, LUK
W TCE S AR 77 9 1 55 R vl B oA i o 45 51, R A
Monte Carlo J7 5%t PBPK #E8I f AHR E HE AT T
DM o TEASWFST Wil i TCE e KV F , LUFFE o
TCE W MIZH 4 DCVC Mk i, 2558 %W, 10 J1
X Monte Carlo FE4ULR Hitw e B2 (B E T8, i i
BRI ZRE TARE o Crepie MR 5% 50%
H195% S %k 23 5l 8.31x10° 2.85x10™ #18.07 x
10 mg-L™"; Cyeye XTI 5% .50% F1 95% 43131
431K 1.85%10° 1.10x107 f1625x107 mg-L" . &~
B T A AT 2 B B 7R S 40048 fb 2t 35 b 52 ) PB-
PK AAY (4t 45 5 B R 25 R 22 R — N 1 A
B g, AT AR () v] 232 K

SR R A5 SR AR - PR B/ € - I T ) o
THRA A A 7= T TCE ¥, N(39.2+24 4)
pgem®, PBPK BIAITI KA, T AZFE 8 h J5
TCE FEAN R 2 b i) e Rk 3 52 30 B 7 > > 7
Gy B >3 R > AR 0 A0 1 > >R I il >3
[ INO) SR I AN A Y Sy B A L E S S ST Aw

Yy BRI FR M A TCA > DCA > CHL > DCVC,
3F TCE . TCA 1 DCVC N2 7% & 5 TCE 4h %%
BRI A BRI S RAAE R 2R,
T3 B 2 I 1L 900 T S RO A iy 1 & SR A T Y
M), AN 2 1 53 B 28 AR 28U S 500 A 25 Bl 35 b 52
PBPK A0 4y Hy 25 5 {H AR S 78 AT 4 52 /K °F-, TCE
A N At R XU PP e 2 7% S LA A PN 1) A1 R AR
A

BIREE WAL E0974), B ik 84k, 22915
BIAFRAERE REFRIEL60 45,
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