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Variations and Influencing Factors of Oral Bioaccessibility of Polybrominated

Diphenyl Ethers in Soils Using an In-vitro Gastrointestinal Model
ZHANG Yun-hui', LIU Wei-jian', CHENG Fang-fang', XIONG Guan-nan', YANG Xiao-han', WANG Xin',
TAO Shu', XING Bao-shan®, LIU Wen-xin'"

(1. Laboratory for Earth Surface Processes, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China;
2. Department of Plant, Soil, Insect Sciences, University of Massachusetts, Amherst, MA 01003, USA)

Abstract ; Intake of contaminated soils is considered as an important exposure pathway of polybrominated diphenyl ethers (PBDEs) to
humans, especially for children during their outdoor hand-to-mouth activities. Oral bioaccessibility is an essential tool to quantitatively
assess the exposure risk of pollutants. In this study, we employed an in vitro digestion model to mimic the gastrointestinal digestion of
typical PBDEs (BDE-28, BDE-47, BDE-99 and BDE-153 at a series of initial concentrations) in three natural soil samples with
different TOC contents and to verify a previous hypothesis that the sorption of PBDE fraction mobilized from soil into digestive fluid on
the surface of residual solid phase may lead to an underestimation of bioaccessibility of PBDEs. In addition, a method with multiple
fluid-to-solid ratios was applied to calibrate the underestimation. The results indicated that the calibrated digestibility values were
commonly higher than those without correction. For the different soil samples, the averaged increasing rates of PBDE digestibility at
different initial concentrations ranged from 14.3% to 42.3% , from 11.1% to 32.1% , from 4.9% to 12.3% and from 0.0% to
7.7% for BDE-28, BDE-47, BDE-99 and BDE-153, respectively. Therefore, the bioaccessibility of PBDEs in gastrointestinal gut
would be significantly underestimated without calibration, especially for tri- and tetra-BDEs and soil samples with low TOC contents or
high PBDEs concentrations. The corrected digestibility values of BDE-28, BDE-47, BDE-99 and BDE-153 were 21.9%-54.7% ,
18.8%-43.1% , 13.4%-27.2% and 9.3%-19.9% , respectively. The results indicated that the PBDEs digestibility was negatively
correlated with 1gK,, ; whereas there was no significant correlation of PBDE bioaccessibility with TOC contents in soils or with initial
concentrations of PBDEs, particularly for the highly brominated components.

Key words :in vitro gastrointestinal simulation; PBDEs; bioaccessibility; digestibility calibration; natural soils; influencing factors
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Fig. 1 Concentrations of PBDEs in digestive solutions of soil sample 3 at different water/soil ratios
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Table 1  Calibrated sorption coefficients and total quality of bioaccessible PBDEs for different soil samples
TR e BDE-28 BDE-47 BDE-99 BDE-153
Qs 20.29 17.31 15.62 9.56
1%54(T0C=0.9%) K 22.23 22.33 11. 60 3.68
R? 1. 00 1. 00 1. 00 0.99
Qs 15.58 12. 16 8.82 4.26
251 (TOC=3.0%) Ky 23.73 16. 90 5.21 NF
R 0.98 0.99 1.00 1.00
Qs 16. 44 14. 67 10. 04 5.25
35 +(T0C=5.3%) K 46.22 40. 05 14.17 0.46
R? 0.99 0.99 0.99 0.98
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th, T3 PBDEs ) IRy 2% 58 Wk 2B K, 15 YL ) 7 [
E v 1 R o 4 P ., LA YRR 4 4 bl i VAR 2
Ay B A R BB G (B F2 BTN HE )R
=) I EXFH A BRI RIS, BT
=0T AR 4143 ( BDE-28 . BDE-47 . BDE-99
BDE-153) , AN[E A KW G 88 W BE T, F2 Fir 5 kb
BTG 25 1.1% ~22.7% ,0.3% ~ 15.7% ,
0.0% ~6.6% 1 0.0% ~1.8% ,¥J{H N 5.7%,
4.1% ,1.5% M 0.5% . &5 IRESMIE, W6 K
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Fig. 3 Distributions of dissolved(F1), sorbed(F2) and residual(F3) fractions in soil sample 3 after in vitro

gastrointestinal digestion at different initial PBDEs exposure concentrations
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Fig. 4 Solid and aqueous phase absolute amounts of PBDEs

in digestive solutions of soil sample 3
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Table 2 Increasing percentages of PBDEs digestibility after sorption

calibration compared to initial ones under different conditions/%

IS 22k B
e PEERE e 08 BDE-47  BDE-99 BDE-153
/ng-g
100 5.0 2.9 1.3 21.9
200 6.3 1.6 -2.9 0.0
15 300 14.5 15.0 7.6 3.1
(TOC =0.9% ) : : : :
400 31.3 24. 8 13.8 5.9
S 14.3 11.1 4.9 7.7
100 25.0 18.1 2.2 5.5
. 200 31.0 21.8 8.9 0.0
e
(TOC =3. 0% ) 300 15.8 11.4 3.2 -5.5
400 17.7 11.8 3.8 0.0
R 22.4 15.8 7.0 0.0
100 14.2 15.6 2.8 -2.5
200 8.0 9.8 1.9 3.5
35 300 30.6 26.4 9.7 0.5
(TOC =5.3%) : : : :
400 116.2 76.6 34.7 11.5
Ty 42.3 32.1 12.3 3.2
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Fig. 5 Correlation of digestibility before and after sorption calibration
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Table 3 Digestibility of PBDEs after sorption calibration for the soil samples/%
L 22 vk RE
ke TOC/ % ?’fﬂﬁ @T BDE-28 BDE-47 BDE-99 BDE-153
ng-g
100 23.3 21.4 15.2 13.9
200 21.9 18.8 13.4 9.3
15 0.9 300 27.7 25.3 19.9 13. 4
400 28.5 26.2 19.8 14. 4
T 25.4 3.5 22.9 +4.1 17.1 3.7 12.8 £3.5
100 28.0 20.9 16.5 9.6
200 28.3 24.0 17. 1 11.4
25 3.0 300 27.1 23.5 16.2 10.3
400 26.6 22.8 16.6 11.9
FH 27.5+0.9 22.8+1.9 16.6 +0.5 10.8 1.1
100 30.5 25.9 18.5 11.5
200 25.7 24.7 15.8 11.7
35 5.3 300 40.5 37.3 27.2 19.9
400 54.7 43.1 27.2 17.5
T 37.9+16.9 32.8+10.4 22.2+6.4 15.2£4.8
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0. 05 /KF EIfA 2 Jo HO2 = A 4 73 ( BDE-
28:R*=0.78, P=0.12; BDE-47:R*=0.87, P
=0.061; BDE-99:R> =0.69, P =0.23; BDE-
153.:R*=0.68, P=0.19). X5 Yu %" %K
20 v 22 PROR kA S0 TH A6 i B 9 45 SR — B
T B4, TOC & A Y 3 Fl A XA 7] 278
R R Tk 2 533 Ak 2% 1 5% i R SO R [ Dt PR AT
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¥=-0.19X +2.62
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Fig. 6 Relationship of 1gKy and digestibility (1gD)

of PBDEs before and after sorption calibration
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