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Comparison of Three in vitro Methods to Study the Bioaccessibility of Soil Lead and Arsenic

CUI Yan-shan'?, CHEN Xiao—chen', ZHU Yong-guan®

(1. Graduate School of Chinese Academy of Sciences, Beijing 100049,China;2. Research Center for Eco—Environmental Sciences, Chinese A—
cademy of Sciences, Beijing 100085,China)

Abstract: Three in vitro methods, Physiologically Based Extraction Test (PBET), Simple Bioavailability Extraction Test (SBET )and In Vitro
Gastrointestinal (IVG) were used to determine the bioaccessibility of lead and arsenic of four pollution soils at small intestinal and gastric
phases, respectively. The results showed that concentrations of dissolved lead and arsenic that determined by these three methods were dif—

ferent. Highest concentrations of dissolved lead and arsenic were obtained by the SBET method but the lowest concentrations were observed
by the IVG method at the gastric phase. With the IVG method at the small intestinal phase, the highest concentrations of dissolved lead and
arsenic were observed without food but the lowest concentrations were obtained with food added in. The bioaccessibility of lead and arsenic in
the four polluted soils varied among these three methods. The highest bioaccessibility values were obtained with the SBET method at gastric
phase, which were 89.2%, 71.3%, 56.2% and 43.7% for lead, and 7.4%, 6.6%, 5.9% and 7.4% for arsenic, respectively, among the four stud-
ied soils. With the IVG method, the lowest bioaccessibility values were derived with food added compared to the other methods in gastric
phase. The bioaccessibility values of the four soils were 30.1%,26.9%,18.4% and 15.0% for lead, and 3.8%,4.9%,2.8% and 3.4% for ar—
senic, respectively. With the IVG method, the highest bioaccessibility values were conducted among these three methods at small intestinal
phase, which were 13.9%,11.1%,21.8% and 7.7% for lead, and 7.1%,7.3% ,4.6% and 7.3% for arsenic, respectively, among these four
soils. However, with food added in, the highest bioaccessibility values were obtained with the IVG method at the small intestinal phase, which
were 3.4% ,1.7% ,4.3% and 1.9% for lead, and 3.3% ,4.8% ,2.8% and 2.8% for arsenic with these four soils, respectively. The main differ—
ences in the results of bioaccessibility with the three methods might be attributed to the conditions of applied gastric and small intestinal pH
and components. The main differences in the results of bioaccessibility from the four soils may be attributed to the various properties of the
studied soils.
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Table 1 Basic properties of the soil

SR /RS pH HHUR/%  CEClemol « kg &1 As/mg * kg'  /KHEA As/mg « kg 5 Pb/mg * kg! CaCl, #2H( A Pb/mg * kg'!
A 4.70 431 8.45 3322 1.51 7104 1.60
B 5.61 5.71 10.64 1862 0.89 8621 0.91
C 477 2.08 3.54 177 0.21 851 0.80
D 5.26 5.37 12.49 3138 1.04 13211 3.23
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Table 2 Parameters of the three methods
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Figure 1 Soluble Pb in gastric phase

C D4 Ffr 5853 551 A6 X 0 9 {E 4 2 1382 321,157,
1976 mg-kg™, X 4 Fp + BELERTLLE W P A g 45 2 5
Br, ERE A IR IVG 7 53 B0 /)N

UE—2 08T 3 R A 3 BB FE B 1 T R Y
AEPIRT 2 E (3R 3.4 4) %Rl — 14 SBET 153194
Yol s MBI, TRCH B0 IVG A5 211
BB/, 4 B3 p BT A A P T 25 PR S v T
BT e B AT S5 VELE 15%~89% , A1
WAl ST 2.8%~8.4%

400
O PBET
3001 SBET
@ 1ve
O 1vG+D

200+

B HHERAT As/mg-kg!
S
<

bR R
2 3 MATEGRR T EMES P RRES
Figure 2 Soluble As in gastric phase
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Table 3 Bioaccessibility of Pb in gastric phase (%)

+ 1% PBET SBET IVG IVG+D
A 63.6+4.1b 89.2+4.8a 59.2+4.2b 30.1+5.6¢
B 47.942.3b 71.3+3.0a 66.3+6.6a 26.943.5¢
C 41.445.0b 56.2+6.2a 37.1£3.6b 18.4+2.3¢
D 36.3+0.6b 43.743.3a 42.9+22a 15.0=1.5¢
J5 E 5 W
Jy ik P<0.001
3R] P <0.001
J VIR X 4] P <0.001

T [T Z AR A R R R8N A 22 5:(P<0.05)
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Table 4 Bioaccessibility of As in gastric phase (%)

+ 5 PBET SBET IVG IVG+D

A 7.940.4a 7.440.8a 8.4+1.0a 3.840.6b

B 6.610.6ab 6.610.7ab 8.6+1.0a 4.940.3b

C 4340.3ab 5.9+1.4a 4.940.7ab 2.840.5b

D 6.410.2a 7.4%1.1a 8.310.8a 3.440.4b

Ji 5T

Ji: 18] P <0.001
-4 P <0.001
T 1A X -4 P <0.001

1 [F—A7 Z AR A R SRR RN A 25 57:(P<0.05)
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Figure 3 Soluble Pb in small intestinal phase
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Figure 4 Soluble As in small intestinal phase
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Table 5 Bioaccessibility of As in small intestinal phase (%)

Pb As
+ 1% PBET IVG IVG+D PBET IVG IVG+D
A 8.340.5b 13.9+1.4a 3.440.4c 6.84+0.3a 7.140.9a 3.34+0.4b
B 8.540.2b 11.1+1.3a 1.740.3¢ 5.620.2b 7.34+0.9a 48+0.3c
C 13.21.2b 21.8+3.0a 43+0.1c 43+1.0a 46+0.7a 2.840.3b
D 6.11+0.3b 7.740.5a 1.940.2¢ 5.440.1b 7.340.5a 2.840.4b
T3 E 5K
J5idn] P <0.001 P <0.001
3R P <0.001 P <0.001
D] X - 4] P <0.001 P <0.001

E: Al —A7 Z A A R PR 3R 2257(P<0.05) (Pb Fil As 5351),
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