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Effeet Factors and Model Predlctlon of ,8‘011 Heavy Metal Bloaccess1b111ty
ZHANC Jia-wen', T,IAN Bl-ao , LUO Jing-j ]mg WU Fan}/r ZHANG Cong , LIU Zheng- taolf-k‘ WANG, Xla% -nan’ * £ o— =
(1. State Key [aboratorv of] Emlronmemal Criteria "and Risk Assesament @hinese Research Academy of Eﬁlmnmenlal Sclences Beijing 100012, China; 2. Offbhore
Emlronmental Technology & Services Limited, Beijing 100027 Chlna)JI j

Abstract ; Th;& soil envirormental pollution situation has been severg in récent years, butistudies on evaluating with bloavallablhty testing and prediction models are lacking,
which rakes'it difficultyto accurately assess the ecological nsks of egntaminated’ soﬂ.--"' As an important indicator of bioavailability, the bioaccessibility of cadmium (Cd),
arseni¢’ (As) s+copper (Cu)), zinc (Zn), and lead (Pb) 1 in the soil was analyzed in this study. The bioaccessibility content and their corresponding soil property data were
screened and'systematically analyzed to explore the relationship between bioaccessibility content and soil properties. Furthermore, some testing methods for hioaccessibility were
summarized to analyze the relationship between bioaccessibility content, test methods, and bioavailability content. Additionally, the bioaccessibility content prediction models
were eslablished. The results showed that there was a strong correlation between the bioaccessibility content and the total content of heavy metals (P <0.01) and a significant
(P<0.05) correlation with the soil pH. Different test methods had obvious effects on bioavailability. The proportion of hioaccessibility content determined via various test
methods was as follows: in vitro gastrointestinal tract simulation > chemical reagent extraction. The proportions of bioaccessibility content of Cd and Pb in natural soil were
relatively high, with mean values of 42.12% and 37.33%, respectively, indicating that Cd and Pb had higher risks of heing absorbed by soil organisms. Moreover, 30
bioaccessibility prediction models for five heavy metals were constructed, which involved the soil properties and test methods. The results of this study can provide scientific
information and bioaccessibility prediction models that can help in accurately assessing the ecological risks of contaminated soil.

Key words: soil heavy metals; bioavailability; bioaccessibility; risk assessment; prediction models
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Fig. 1 Effect factors of bioavailability and corresponding research methods
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Table 1  Overall data situation

B REA 5 CEC w(OM) w(Clay) w(Fe)  THEh A& AalFI Y

14 H YN
R /4 P /cmol-kg’1 /g-kg’l /% /g-kg’l /mg-kg’1 gﬁ/mg-kg’l ik
F¥ME 6.67 1.55x10"  5.07 x10"  2.48 x10' 7.55x10' 3.01 x10>  2.33 x10?
Cd 177 #&/IME - 4.00 1.00 1.00 3.20 2.74 2.00x107% 1.00x107? [9,22~39]

KM 1.01 x10" 1.01 x10> 3.49x10*> 7.10x10' 8.80 x10%> 3.93 x10*  3.07 x 10*
FHME 6.45 1.70 x10° 3.18 x10' 1.16 x10' 8.81 x10' 6.18 x10>  5.26 x10?
As 125 w/ME 2.60 5.52 2.00 1.00x10~"  1.40 6.37 3.00x10°% [8,36 ~38,40 ~46]
KM 1.01 x10" 3.30x10"  1.03 x10*> 7.21 x10' 5.05x10*> 6.00x10°  1.70 x10*
FHE 6.60 1.56 x 10" 3.07 x10' 1.85x10' 7.53x10" 1.35x10°  3.86 x 102
Cu 170 Hw/ME - 2.39 1.00 1.00 3.20 2.74 1.94 | 19.00x10 "2
KMH 1.01 x10" 5.98 x10"  3.01 x10®> 4.19x10' 3.57x10> 4.87x10* 1.30x10*
FHIME 6.83 1.83x10" 5.91x10% 2.03x10' 6.81x10" 6.72x10° 2473 x10° [10,254 56 128530,

104757 30 )
35 ~38 4547 60
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T4 6.55 1.60 x10" 5.72 ><,]‘O‘”., 449 x 10" 5.92x10} 3. 32.“5%103I 1,37 x103 [7,10,22,27,28_,30 .
Pb . 292 HOME[ 239 4.80 X107 /5. 10 5105 'EHEDx10 274 [ F 9.85 4l 00102 39,44,45,48.55,

ARSI 9.16 1,01 107 43 4ﬁ10 (41910 3.57x10% J5. 12x10° ) 545 x10°  56.58,60 ~ 72]
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Table 2 Pearson correlation coefficient between the bioaccessibility content of heavy metals and soil properties

] Bac pH Clay OM CEC Fe Total
cd Bac 1. 000 0. 145 -0.118 0.358 0. 062 0. 083 0.954 ™"
Total 0.954 ™ 0.193 ™ -0.152* 0.396 ™ 0. 067 0.164 " 1. 000
As Bac 1. 000 0.237 ™ -0.248 ™ 0.051 0.209 " 0. 150 0.824 ™
Total 0.824 ™ 0.179 " -0.438"  -0.062 0.175" 0.368 ™ 1. 000
Cu Bac 1. 000 -0.236" 0. 088 0.019 0.116 0.217* 0.879 "
Total 0.879 ™ -0.305" 0.036 0. 030 0.152" 0.185" 1. 000
In Bac 1. 000 -0.172* -0.205 0.529 ™ 0.021 0.159 " 0.919 ™
Total 0.919 ™ -0.176 " -0.157" 0.453 ™ -0.026 0.232* 1. 000
b Bac 1. 000 0.135" -0.441 7 0.363 ™ 0. 042 0.212™ 0.. 883+
Total 0. 883 ™" -0.021 -0.406 ™ 0.286 ™ -0.039 0. 132 % =T, 000 1=

1) Bac &/ AA I IE 3 ik 5 Total 7 e o B A Bk pH (AR IEAT X R AL 5
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Table 4  Regression model of the bioaccessibility content of heavy metals
JLE 4 BIEJTR R? PE  FEARE TRE%GY
lg (BCd) =0.827 lg (TCd) —0. 826 0.528 <0.001 109 1
Wi 1g (BCd) =0.824 lg (TCd) —0.434 lg (Fe) —0.411 0.578 <0.001 109 2
cd lg (BCd) =0.840 lg (TCd) —0.379 lg (Fe) —0.306 lg (OM) —0. 015 0.609 <0.001 109 3
lg (BCd) =0.901 Ig (TCd) —0. 691 0.682 <0.001 163 4
lg (BCd) =0.864 lg (TCd) —0. 175 lg (Fe) —0. 460 0.689 <0.001 163 5
A g (BCd) =1.021 lg (TCd) -0.227 0.986 <0.001 45 6
HEHE 1g (BAs) =0. 640 lg (TAs) —0. 545 0.487 <0.001 31 7
lg (BAs) =1.237 lg (TAs) —1.972 0.628 <0.001 64 8
As lg (BAs) =1. 154 lg (TAs) +0.749 lg (CEC) —2.721 0.651 <0.001 64 9
lg (BAs) =0.638 lg (TAs) -0. 160 0.350 <0.001 89 10
lg (BAs) =0.803 lg (TAs) —0.709 lg (Fe) +0.509 0.458 <0.001 89 11
145 1g (BCu) =0.976 lg (TCu) - 1. 064 0.571 <0.001 77 12
cu lg (BCu) =1.012 lg (TCu) —0. 969 0.616 <0.001 124 13
lg (BCu) =1.039 lg (TCu) +0.395 lg (OM) —1.538 0.632 <0.001 124 14
A 1g (BCu) =1.083 Ig (TCu) —0. 830 0.887 <0.001 49 15
WM lg (BZn) =1.323 lg (TZn) —2. 055 0.642 <0.001__ 98~ 16,
lg (BZn) =1.478 g (TZn) —2.321 0.751 <0.001 136 17
Zn  AEY lg (BZn) =1.461 lg (TZn) -0.461 lg (Clay)—=1. 685 0.761 <0.001 ~i36 /' 18
lg (BZn) =1.433 1g (TZn) —0. 443 lg ( Clay) #0:215 1g (OM) —1. 962 0.768 <0.001 136 =19
A lg (BZn) =1.037 lg (TZn) -0. 633 i 4 | 10,884 <0.001 #5847 20]
Ukt lg (BPh) =0.933 Ig (TPh) - 1. 066 4 10.386 <0.001 | 86", 2147
lg (BPh) <T- 088 lg (TPb) - 1. f65) “ / i . 0,548 <0.001 1837 22
lg (BPK) =17038 lg (TPh) +0. 758 It (CEC)™=A. 8}0 ¥ 0,632 <0.001 133 24
lg (BPB)I= 1,115 1g (TPb) +0. 29&-1g (1;%0,@54 lg (CEC) -2.257  / i 0,655 <0.001 133 24 -~
A g(p%5—1m3g(T%)+QQ%Jg(e)n)Mzﬁ(cmn+o3ylggm) -2.418 , 0.667 <0.001 133 25 &
lg/(BPb) =1.009 lg (TPh) -0:476 / /¥ | 1 0.815 <0.001 200 264
14 (BPb) =0.949 lg (TPh) -0./529 g <c1ay)JLo 163 . 0.854 <0.001 200 7
N[ 1g (BPbY=0.969 1g (TPh) —0/473 Ig (Cldy) 40. 064pH -0, 360 g 0.861 <0.001 200 28
AW (BPb)|=0. 972 (TPh) -0. 403'g (Clay) +0. 01§J;,4)174 lg (CEC) -0.350 0.867 <0.001 200 29
g (pr) =0.954 Ig (TPh) —0.416 18" Clay) +0. 086pEF=0. 192 Ig (CEC) +0.124 Ig (Fe) —0.518 0.862 <0.001 200 30
3 mn s
— s (R2=0.875 4, P < 0.001) A 3 #ig
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95% i) 445 . .
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