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Abstract: The unified bioaccessibility model ( UBM) was used to measure Arsenic ( As) bioaccessibility of 13 soils with different physio—
chemical properties and concentrations from Hunan Guangxi and Dalian. Furthermore the implications of incorporating As
bioaccessibility into risk assessment were evaluated. The results revealed that the bioaccessibility of As in the stomach was between 3. 9% —
49.5% with the arithmetic mean being 19. 6%  while in the intestine it was 1. 2% -0. 8%  with the arithmetic mean being 6. 0% . The
bioaccessibility in the stomach was 1.2-9. 1 times that in the intestine. The most significant factor controlling the bioaccessibility of As in
the stomach was w( TAs) in soil (R* =0.94 P <0.01 n=13) followed by w(TP) (R*=0.82 P <0.01 n=13) and w( TMn)

(R*=0.79 P<0.01 n=13). In the intestine the most significant factor was also w( TAs) (R* =0.83 P <0.01 n=13) followed
by w(TP) (R*=0.80 P <0.01 n=13) As bioaccessible

¢ 2014-07-28 © 2014-09-17 concentration in the stomach ( R> =0.76 P <0.01 n=13) pH
( D08040000360000) ; (R*=0.74 P<0.01 n=13) w(TMn) (R®=0.65 P<
0.02 n=13) and w(TOM) (R*=0.59 P<0.04 n=13). A
(19864 regression model based on w( TAs) and w( clay) in soil was
zzmmss1986@ 126. com. tested and able to predict As bioaccessibility in the stomach with
* (19649 R® ME RMSE and r,” being 0.97 0.02 0.17 and 0.95

jianglin@ cee. cn respectively. For As bioaccessibility in the intestine a model
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constructed based only on w( TAs) could be used to predict its bioaccessibility precisely with R ME RMSE and rp2 being 0. 90
—0.03 0.26 and 0.80 respectively. The health risk calculated based on w( TAs) was 2. 0-45.0 times and 7. 3-81. 0 times the values

when bioaccessibility in the stomach and intestine was incorporated indicating the conservative nature of the current assessment approach

assuming the bioaccessibility of contaminants in soil to be 100% .
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1
Table 1 Physical and chemical parameters in soils
w( TOM) / w/% w/( mg/kg)
pH Ik
(g/ke) TP TAs TFe TMn TAI
S1 8.34 30. 63 7.27 62. 46 0. 66 916.0 160 000 980 30 500
S2 7.71 29.92 10. 32 64. 48 0. 49 389.0 122 000 501 51 400
S3 8. 11 26. 48 3.78 11.12 0.32 142.0 268 000 506 24 500
S4 8.17 29.24 4.13 22.73 0. 65 29.5 39 900 612 102 000
S5 7. 81 30. 06 6.33 67.61 0.56 13.4 26 300 716 41 100
S6 7.05 30. 06 10. 98 6.78 0. 81 136.0 34 200 1170 58 800
S7 7.96 30. 18 7.22 12.30 0.71 315.0 40 800 1010 58 800
S8 7.03 29. 86 9.16 5.69 1.09 526.0 31 000 879 59 200
S9 6. 83 28.75 2.61 8.37 0.62 366. 0 41 700 1010 57 200
S10 4.72 22.58 15.05 4. 66 0.47 53.2 40 600 500 53 200
S11 4.90 10. 89 13. 65 6.57 0.22 28.4 28 400 339 50 800
S12 3.01 9.24 5. 81 2.53 1. 84 11 200.0 32 300 1 140 24 300
S13 4.59 18.97 4.22 4.28 2.07 10 500. 0 80 300 2 120 52 300
(37« 2)C 1h HIg:w(As)gleXEFXEDXIO%XSF (1)
pH 1.0~1.5 © BWXAT
15 mL 4 200 r/min 5 min HI. =w( As) , x IRXEFXED g0 gp ()
# & BW x AT
0.45 pm
w, = p(As), Xv,/m (3)
1~2 1%  HNO, ICP-MS p( As). 5 ° &
‘ Wy = p(As) ,; xv;/m (4)
@ ' HDPE IR E}‘ E?D
X X —6
HI = TAs) X ——————— x 107 x SF(5
450 mL 1 200 w( TAs) BW x AT (5)
mL pH 6.3+0.5 “w( As) \ w( As) . As
4h pH 6.3 0.5 meg/kg; HI,HI, \HI
15 mL 4 200 r/min 5 As w( As) ~w( As) .
min  0.45 pm w( TAs) :SF As
1~2 1% HNO, ICP-MS p( As) . mg/( kged) ~'; p( As) . p(As),
1.3 As mg/L;v, v,
L;m
As mg; IR mg/d;
w( TAs) EF d/a; ED a; BW
(1) ~(5) kg, AT d
2
2
Table 2 Values of the risk assessment model parameters
IR/( mg/d) 100 w( TAs) /( mg/kg) —
EF/( d/a) 350 p( As) ,/( mg/L) —
ED/a 30 6 v, /L 0.45
BW/kg 56.8 p( As) 4/ mg/L) —
AT/d 10 950 v, /L 1. 65
SF/ mg/(kged ! 1.5 mimg 20

HM
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) 2125
2.1 As (w ( TAs) 20
26 .
w( TAs) w( As) ,~w( As) N mg/kg) As
(BF,, = w( As) ,/w( TAs) 3 (54.510.511)
BF,, =w( As) ,/w( TAs) ] 3 . As
3 w(As),  w(As), w( TAs) 8 (S1.S3.54.S6.S7.59.
As S10.S11) . As
3 As
Table 3 Statistics of total and bioaccessible As concentrations and in soils
w( TAs) / w( As) ,/ BF,./ w( As) i/ BF,/ w( TAs) / w( As) ,/ BF,./ w( As) i/ BF,,/
( mg/kg) ( mg/kg) % ( mg/kg) % ( mg/kg) ( mg/ke) %o ((mgrkg) %
S1 916.0 69.1+21.6 7.5+2.4 11.3+£2.2 1.2+0.2 S8 526.0 185.7+4.6 35.3+0.9 57.9+x4.4 11.0+0.8
S2 389.0 26.8 3.5 6.9+0.9 26.5+0.4 6.8+0.1 S9 366.0 120.5£2.4 32.9+0.7 13.2+2.5 3.6+0.7
S3 142.0 35.6+1.6 25.0+0.1 12.6+1.9 8.9x1.4 S10 53.2 5.8+0.2 11.0+0.3 4.9+0.6 9.1x1.1
S4 29.5 14.7+0.1 49.8 +£0.2 3.1£0.1 10.6+0.4 S11 28.4 1.1 0.1 3.9+0.2 0.8+0.0 2.9+£0.0
S5 13.4 1.9+0.2 14.5+1.5 1.4+0.2 10.8+1.3 S12° 11 200.0 1427.0+43.0 12.7+0.4 312.3+9.9 2.8+0.1
S6 136.0 27.9+1.3 20.5+0.9 18.6+0.2 13.6+0.2 S13 10500.0 1116.0+26.0 10.6+0.2 327.5+2.3 3.1+0.0
S7 315.0 76.3+1.0 24.2+0.3 9.2+1.2 2.9+0.4 — — — — —

As o0 OENE mGHE
Go( As) /w( TAs) ) 3.9% ~49.5% 19. 6% o SOF
(( As) ,i/w( TAs) ) % a0t
1.2% ~10.8% 6.0%. §3O_
As ( 1) Sl
As g
<1oF
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(P: 0 ST S3 S84 S5 S6 S7 S8 S9 S10 S11 S12 S13
s
0.001 n=12). UBM
pH (pH 1.1+ 1 As
0.2) ( pH 6.3 +0.5) H Fig. 1 Bioaccessibility of As in stomach
' P T P and gastrointestinal
Fe’ " (A’ \Mn** .Ca®* w( TAs) (R* =0.83 P <
As FeAsO,.  0.01 n=13) «w(TP) (R*=0.80 P <0.01 n=13) .
AlAsO,Cas( AsO,),  Mn,( AsO,), w( As) ,(R*=0.76 P<0.01 n=13) . pH( R =
As ) 0.74 P<0.01 n=13) .w(TMn) (R* =0.65 P <
0.02 n=13) w( TOM) (R* =0.59 P <0.04 n =
13) 14 24 2729
( 4). w( TP) As
2.2 As P
w( TP) | As
As As 7 Mn As
w( TAs) (R =0.94 P <0.01 n=13) w( TP)
(R*=0.82 P<0.01 n=13) w(TMn) (R> =0.79 (Mn,( AsO,) ,) As As

P<0.01 n=13). As w( TMn) .
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Table 4 Comparison of As bioaccessibility results with reported values
As 1%
w( TAs) /( mg/ke)
313 ~17 500 UBM 1.2~27.3 1.3~19.2 19
170 ~3 900 PBET" 34 ~50 32 ~50 22
233 ~17 500 e 1.7 148 23
PBET 11.8 8.26
19 ~102 PBET 1.2 ~58.4 — 39
. 1) physiologically based extraction test; 2) in vitro gastrointestinal method.
n=12) w( )
(R*=0.43 P<0.01 n=12);Eric *
Fe As YING ¥ IVG
As As As
Fe As w( TAs)
As L w( TOM)
As w( TFe) As w( TOM)
14 24 3335 ool W PBET
As  Fe N As As
Fe As N N Fe As ( w
%36 pH As ) As
As . Albert
As * SBET As
pH As
24 As w( TAs)
M SBET w( TFe) Fe As
As w( TAs) ( gossan)
As w( TFe)
pH.w( TOM) .w( CaCO,;) . Dibyendu Fe
# VG ( sheep and As
cattle dipping site) As
w( TAs) As .
w( Ca)  w( Mg) +Fe/Mn
As w( ) 14 . 21 . 24 .
As As 33 . 35 38 w( TP) w( TMn)
. Karen * SBRC  As YING Mn
( solubility/bioavailability research consortium) w( TMn) ( 101 ~
As 467 mg/kg)
w( Fe) w( Al) 2.3
(P<0.01 n=11); Priscill ¥ w( TAs) .
IVG 18 As As
( multi-variable regression)
w( TAs) As (R*=0.51

P<0.01 n=12) w(TOM) (R’ =0.36 P <0.05

7 (S1.83.85.57.
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28
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Table 5 Health risk with As bioaccessibility incorporated
in soils 10°°
HI O OHI,HI, HI O HI, HI,
S1 2300.0 170.0 29.0 S8 1300.0 470.0 150.0
S2 990.0 68.0 67.0 39 930.0 310.0 33.0
S3 360.0 90.0 32.0 S10 130.0 15.0 12.0

S4 75.0 37.0 7.9 S11
S5 3.0 4.9 3.7 S12 28 000.0 3 600.0 790.0
S6 340.0 71.0 47.0 S13 27 000.0 2800.0 830.0
S7 800.0 190.0 23.0 — — — —

72.0 2.8 2.1

4 w( TAs)
As
2.0~15.0 7.3~81.0 w( TAs)
40 .
3
a) As
w( TAs)
As
1.2~9.1
b) As
w ( TAs) w ( TP)
w( TMn) ; As
w( TAs) w( TP) . As

. pH.w( TMn) w( TOM) .
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c) w( TAs)  w( )
As
w( TAs) As
d) w( TAs)
As
2.0~15.0 7.3-~81.0
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