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0.006; F1 +F2 [Al/INig By BB A= W ] 25 PE 52 IEAR S 1, PBET M VG & AR SE R 5518 r=0.94,P =0.001 Fl r =0.87,P
=0. 009, 1 SBRC MR UM BAAHICHE. [FRE,3 B in vitro Jrik rhHRF IL L T & BUBRSS S350 (F3) 5 B Wy Bedh iy £ 9] 45
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Effect of Different Iron Minerals on Bioaccessibility of Soil Arsenic Using in vitro

Methods

ZHONG Song-xiong'”?, YIN Guang-cai', HUANG Run-lin', HE Hong-fei', CHEN Zhi-liang”* , LIN Qin-tie',
WANG Wen-ke'

(1. School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China; 2. South
China Institute of Environmental Science, Ministry of Environmental Protection, Guangzhou 510665, China)

Abstract: To explore the effects of different iron minerals on soil arsenic bioaccessibility, ferrihydrite, goethite and hematite were used
in PBET, SBRC and IVG in-vitro experiments in this study. The relationship between arsenic bioavailability in gastric, small intestinal
phases and arsenic speciation was also studied. The results showed that when 1% ferrihydrite was added, arsenic bioavailability in
gastric phase was 2.22% , 5. 11% and 7.43% by PBET, SBRC and IVG methods, respectively, while in the small intestinal phase it
was 3.39% , 2.33% and 6.18% . At an elevated ferrihydrite dosage of 2% , significant difference in arsenic bioavailability was
observed in both phases (P <0.05). According to in vitro experiments, the addition of the same amount of different iron minerals had
contributed to the decrease in arsenic bioavailability to varying extents in contrast with the blank group, in the descending order of
ferrihydrite (F1) > goethite( G1) >hematite(H1) (F¥2 > G2 >H2). Total arsenic in exchangeable (F1) and specifically sorbed (F2)
state was found positively correlated with arsenic bioavailability in gastric phase by PBET, SBRC and IVG methods, the correlation
coefficient of which being r=0.93, P =0.002, r=0.90, P =0.004 and r =0.89,P =0. 006, respectively. It was also found that
arsenic bioavailability in gastric phase was positively correlated with total arsenic in F1 and F2 states by PBET( r=0.94,P =0.001)
and IVG (r=0.87,P =0.009) methods, but no significant correlation was observed by SBRC method. Additionally, three in witro
experiments showed that amorphous iron bound arsenic had significant negative correlation with arsenic bioavailability in gastric phase
and small intestinal phase, except that no correlation was found in small intestinal phase by SBRC method.
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RN B B B HA A R EL A S 2 M A OGP (r =
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1.1 {0

ARSI U R B TP A BN T R L
A YL X A 8, 2 B AR KT FEE AT 100 H
i), LA B A AL B AN in vitro SCH. 4 HEILOR
P PE R R . pH 6.26; FHE T 28 e 7 (CEC)
4.766 cmol-kg™'; AHLF(SOM) 12.0 g-kg™'; +
B $ R (EC) 127.3 Sem™'; Cd. Pb, Cu Al As
MRy 13.76 ., 353.45, 360. 63 F1109. 35
mg-kg ™.

1.2 +HERE

BRA W A KR SR RN AR T Y
BHESFZICR[15 ~17 ], IE3 0 1 g F2 g 1Y
3FEE YT 100 ¢ L HER (1% A1 2% &4
o)l ARSI 1 AR AR 50% (i
HOH) WA K, o diE 54 5T T
f3m WA 2k 2 JE S RORIFES 3k 100 H i 5 45 .

x1 REEF(FESE) /%

Table 1  Formula of stabilization treatment/%

SR IRBRA B gea R
CK 0 0 0
Fl1 1 0 0
2 2 0 0
Gl 0 1 0
G2 0 2 0
H1 0 0 1
H2 0 0 2

1.3 in vitro HIE
AR SR PBET , SBRC AT IVG 3X 3 Fift in vitro

2. HA/NARBGEEA 1 Lomin ™ Z0BE R
PEIAE 37°C FFAE 100 r-min ~ 5 FHEEN, B in
vitro J75TE B B Be Az B BOF AL JS , 9143 SR 3.0
mL, 10 000 r-min ' B4, i 0. 45 pm P8 ]
BHFESEA T M BOE AT, 780 3. 0 mL B W LAAMER
FEJG RS, BARIR S B Al Se s e an i 1. 3
rh T AR A R 2O (AFS-52) T AE.
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| 1 | I I l
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Fig. 1 Flow chart of the in vitro Gastrointestinal simulation test
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PANIESS . R in vitro T3 IEWFTEAN RV HRAT XS - et 4= )l 28 PE ) 2 )
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mol - L' (NH,),S0, W] 1:30 (g-mL™") L
BIHEE, i N IR 2 h, HE G HRBK; )8k
PR SAR FH 1:25 (g-mL™") A9 1 3E/42 BURK (0. 05

mol-L ™" NH,H,PO,) % il FH2H 12 h; TCEMEEH
AR A 0.2 mol-L™" (NH,),C,0,/H,C,0, %
(pH =3.0) 7E = ifit IS 25 F T 4837 4 h.

®2 3 MEIMEREMTAETENEESY

Table 2 Main parameters of the three in vitro bioaccessibility simulation methods

1 WAL B Bt 7 4 B = p 2 Y bt oilEl
ik 1B B WAL AL (5 L) H +: FLETE]/h
1.25 g BHEHE, 0.5 g ¥R, 8.766 g A, 0.5 ¢

B BB S s T s ’ ° 2.5 1: 100 1

PRET] ABEE eopem, 420 uL 3R, 500 L AR
/Na B 1.75 g AL, 0.5 ¢ i 7.0 1: 100 4
SBRCLY] A B 30.03 g H &M 1.5 1:100 1
/Na B 1.75 g AL, 0.5 ¢ i 7.0 1: 100 4
o A B 10 g HEHME, 8.77 gNaCl 1.8 1:150 1
/N B B 3.5 g Ak, 0.35 g AR 5.5 1:150 1

1) B pH R MHERRINNY ,/NATHALT pH R NaHCO, (PBET Hl IVG) 543 NaOH(SBRC) J77

44 pH RJH 0. 01 mol-L™" CaCl, IF¥# ( +: K
=1:2.5) HREBOFE A pH i, 3 SR F] H
H SR AN e, b g KB koS
(gemL™"); HHEFHES F 28t (CEC) R H BaCl, #
Heids; HHEGHLECR FH A R AR A Bk .+
HEE4JE P, Cd, Cu F1 As BB JH T /K B 1
fift WSS U, AN 1 mL HE #4782, Ph. Cd
Fl Cu & 1K ] ICP-OES ( Agilent,710) I 5 , As 7]
FHIRF 56 (AFS-52).

1.5 HIEMAEY AT AMITE
B B BRI B BEA 0 A T 25 T R oA
BA = (¢, x V,,)/(T, x M) x 100%
A, e J2 in vitro SEIE B BLECE /NG Y BOE AL TR
R AR S, g L7 VO BRONE AR R B
MARRR, Ly T, & 3R S 1) B, mg-kg ™5 M,
SR IV £ Hh A - SRR S A T i ke
1.6 ST

S 45 B SPSS 19,0 G843y B Ak F #4743

Br5 SEERAERIR A Origin 8. 1 #fF.

2 HR5ITR

BB i A= T 45k

WK 2 frzs, #& 18 PBET . SBRC 1 IVG X 3 F
in vitro RAMER T, 25 1 H3E(CK) 7 B WA i
KATIAEEE  HEEsF  B BEih () A= W mT 25 4 3l ok
2.70% . 6.68% 1 13.33% ; i Jiti JH A~ &) 2 57 49 %o
AR B B B A AT 5P e AR T R2 ) it
FH 1% KB A B4 (F1) , LT CK b PEZH 75 B
B B P et 26 4 AT 25 1 i 2 BRI (P < 0.05) , B By
Betif () A= ) vl g VEAR IR R 2.22% |, 5.11% Fil

2.1

7.43% ; H Yt FH 252 5 5 2% B (F2 b3 ), B
B B At i 2 4 1T 45 M aE— 2 R B (P < 0.05) , B IR
SN 0.84% . 3.0% F19. 16% . X 1] GE 5K EkH"
EUA S K L R AR | 3 1T 396 12 o AR 7 PR A
REAC BN 1% Mk it 5o g, B
A SBRC Ml IVG ik RN B IHALK Be i A=)
AR FFE(P <0.05) , Ho IVG e b 3%,
e RPEIER 3.29% 5 $i i Bk 8 &= 21 2% B,
Tt 9 A 0 AT 25 PR S 2 AR (P < 0. 05) , LR, AR i
PBET, SBRC #l IVG X 3 F in virro J7 KK K
2.29% . 5.49% F1 8. 64% . X ] HE 5 £ kA AL T
s, RMEAKZWEILILI A, — i 5, 68
5 - A WS A R A T A AR 58 o 1 A R T B
e B pH BARM S5 1F R, W R A A A 25 ) B
P AT KA AT AT, AR T B B
TR A T 25 P AR R B 45/, 40 HY AR EE FL AR
Gl #HA B AP AR o] 250 AR TR A0 25 SR R RE
PAE H2 | F2 Ml G2. X 5Bk a5 i, B
AH LG T /KR R kA ELA 58 i 235 i B AR AR
FEF AU L. AR, Cutler 5570 £EA Y5 Y2 +
B A FeCl,/FeSO, A K, K B AF I 2R 44
AN DT B AR T b S A Y 2R T A BRI T
63% , H it — A 98 IE 523X 5 8 1 19 B BT i —
AL AL T A . HL 3 Bl in vitro BER T 4
o HA R AR ER AR B B B 0 A= 4 P S5 MEASTRD, A R
AR PR S By BEA A W) 0] 45 BA ey < BAggee <
BA ., X T RES H W B WA pH &R W)
AR A ¢, 4 T PBET J7 &, IVG 11 SBRC
B 7510 1 b B A AR pH A, FLR
pH 2508 T4 A7 R A AE B b i, Foh s o o e
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RUBRZE 5 AN A LR s i, S B0 R 2 W B0 e 2 T I HH) Fe Tk BE B AIG, 3 2 B /N i T A6 B B B 3
AR, WA AE0 B O A A X Fe?* A REHE SUAC R AR B L. Liu 25 i

s oo o in vivo YIS K PE— 2 S UM o KR
LB S e R T A U 1 4 e M AR RE. A1, PBIET 356

;o2 w| TR SR A B e TN B )

2 & o Bl TR, RE S A AL BN

ST I BB M pH (A Juhas %

H s B < N = N K W5 —5k

ool NGB 2B & fdl  cdfd s

& N T NS N & & 10

SN BN N o NN _

S8 N e : Fuzt

N LN N | N N | N |\ S| B
CK  FI Gl HI F2 G2 H2 B 6k “E:?f = AR s L] b
Al A5 I 5 N I B K
#1L.8 OB N R & e
il in vitro 7t RIA| T BEI AT 225 (P <0..05) £, § . B ab ab NG RN
B2 AR kA T A0 B 2 T S IR\ § N e\ §
Fig. 2 Effect of the application of different iron minerals % §§ w% §§E§ §E§E c %gg §E§i
on arsenic bioaccessibility in the gastric phase 2 k:::: %{::: \:::: %E‘? \E}i \:;: \E:i:
N N | NS NN | NG| N\
Nt [N NS N | N | N | N
2.2 /NGB T JUNE N N | N | N | N | D
CK F1 Gl HI F2 G2 H2

A 3 Al 25 HARRAH (CK) 7/ N B B POl

T A T 45 $ 8 PBET . SBRC F IVG 1X
3 Bl in vitro MRAMERL T ¥, KNG 5 R 4.05%
5.84% F1 8.84% . 3 Fh KW 1 1E 4 It A1 [m] 4% 1F
T4 PBET F1IVG i, #R IR AR | 514k
WK Ab FRZEL AE /)N B B A A= 9 vl 25 AR YR
i, 40 BA,, <BA,, <BA, (BA,, <BA, <BA,),llt
ff, ¥ i PBET J5 v /N B B 1) 26 1 T 45 PR AR
H3.83% . 3.65% H13.39% , ¥ I8 IVG J7 100435
H7.48% . 7.40% F1 6.18% . H 3 B in vitro J7¥E
o, HUA KR A B B A ] i AR T2
T4 (CK) BB TIE(P <0.05) X il 6 5/ N Tl
A eS80 P A e e AL ROR A 6/
WAL pH (E8S I (7.0 855, 5) , BEME F — Wk 4k
T A B, FLARE % R K BB & AR T A7 Ak 58 $6 i
Xt AT B A R e SRR T Xt R 3 Ak
YyxH b i e F R e AR, ARG SBRC A1 IVG {4 4h
BRI v, AT Ach B A R 98 B0 ) 1 By B e ) A 9
BYERT/NG BB A Y mT 250, 0 F1 ARBEZ 35X
AR AL AT — 80, R IO/ N B BE T 4R
WA FAR R AR, A E B B 2/ g i 1k b
B WAL pH M 1.5 THEF] 7. 0 (SBRC ALk ) 1§
18 FHEE 5.5 (IVG B TERG= 1Y pH 451
TR R TR E AL 0 A G, A1 T X I i S )
BT , DRI T AR VRO b T 8 3R A T At 75 e e
FAK™. Juhasz 25 BRI R, B IREN NG LT

[R]—F in vitro I75 PR FEFHER R R A 225 (P <0.05)
3 HERARESE T 5 RN B R R A R0
Fig. 3 Effect of the application of different iron minerals

on arsenic bioaccessibility in the small intestinal phase

2.3 BEEEVIE S SR A A A TR

2.3.1 ARG o W R AR - e 4 Ay n]
2R

I 4 R, B B BR G AR W mT 4 T A
ST AL P g O 5 ) B (FL + F2) SR IEAH GG
Z MR %d% PBET . SRBC F1 IVG 3% 3 Fl in vitro
FEMIK K r=0.93(P <0.01), r=0.90(P <
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