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2 Cd 0.21 ~ 64.7 mg/kg Pb
20.21 ~ 6 153 mg/kg CK
2.1 cd 1.39 mg/kg( 2)
1 ( 1)1.05 mgkg
2 pH (104.177704° E  26.861269°
4.05~7.88 pH 7.5 N) ( )
pH 7 Cd

F1 HEFETEEREBELER®=30)

Table 1 Physicochemical properties of historically contaminated soils

pH cd Pb
(g/kg) (v/v, %) (g/kg) (mg/kg) (mg/kg) (mg/kg)
7.00 63.26 47.54 1.35 15.83 15.00 1089
4.56 16.94 28.60 0.70 5.74 1.05 46.50
7.63 54.73 48.20 1.36 15.77 8.42 563.5
90% 7.84 87.35 59.30 1.80 2436 47.50 2266
7.88 210.7 68.50 2.00 38.19 64.70 6153

%2 AL Cd/PbiRmmtiBEEREILIER (n = 50)
Table 2 Physicochemical properties of artificially-spiked Cd and Pb soils

pH
(g/kg) (v/v, %) (g/kg) (mg/kg)
6.14 14.16 58.4 0.38 4.98
6.02 44.09 44.5 1.23 16.62
5.80 27.14 51.9 0.47 5.00
4.05 10.08 28.6 0.38 4.98
5.60 25.64 34.7 0.45 10.33
CK Tl T2 T3 T4
Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb
0.21 20.21 0.32 88.66 0.43 237.6 0.77 319.6 1.17 680.0
0.52 69.33 0.72 72.96 0.86 206.8 0.97 312.0 1.13 657.4
0.30 37.71 0.52 76.76 0.77 198.9 0.84 308.2 1.31 699.6
0.32 30.68 0.43 228.1 0.53 270.3 0.81 323.2 1.18 728.7
1.39 45.68 1.64 83.33 1.69 216.5 1.93 311.3 2.56 657.4
Cd Pb mg/kg
2.2 Cd Pb 1 1
3 80 0.43 mol/L HNO;>0.1 mol/L HCI>0.005 mol/L.
30 ) (50 ) Cd Pb DTPA>0.01 mol/L CaCl, Cd Pb
(0.43 mol/L HNOj3 ) 0.076 ~ HNO;
44.37 mg/kg 8.080 ~ 5 774 mg/kg Cd Pb Cd DTPA
(0.01 mol/L. CaCl, ) 0.001 3 ~ HCl Cd
4.81 mg/kg 0.001 7 ~ 95.50 mg/kg pH
[34] Cd Pb
1331 cd Cd Pb
Pb 0~0.11 mg’kg  0~0.03 mg/kg 5 224
(=90 ) 0.43 mol/L HNO; Cd
Cd Pb 0.43 mol/L HNOj3
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®3 XTI CA AP REEMEMEREYWESE(n = 80)
Table 3 Reactive and directly available metal pools in tested soils
HNO; DTPA HC1 CaCl,
Cd Pb Cd Pb Cd Pb Cd Pb
5.61 572.1 2.41 142.1 3.28 113.3 0.176 3.73
0.076 8.080 0.030 2.28 0.055 0.085 0.001 3 0.001 7
1.49 2343 0.69 122.8 1.11 27.63 0.03 0.02
90% 7.54 760.7 3.51 2494 3.54 241.3 0.13 0.13
44.37 5774 27.33 614.4 40.55 614.4 4.81 95.50
140
[t oy [ Vish 5 15 2.3 Cd Pb
120 L AT T34 EmPN R R (1) 0.43 mol/L HNO; 0.1 mol/L
S 0f HCI  0.005 mol/L DTPA cd  Pb
&0 L
ﬁ{ 80 . Cd Pb
< of (4
& .l 7 (MAPE) ( 4
2 Ll % % cd
= B o
1; . i E,’:LJ _._EIJ ( 2A B O Pb
( 2D E F)
-20 _HNO3I DTPAI HCl | CaClzl HNCI)3 DT[I)A HCIl Cacllz 4 043 mOl/L HNO3 Cd
el Pb Cd  Pb
( 75% 0.43 mol/L HNO;
( ) 25% ) cd Pb (R
21 TREMAETALELEN COMPENERS (o0 (o0 (RooMSE
Far ' ’
Fig. 1 Box-plot of Cd and Pb extractable capacities of different 0.089 0.12) (MAPE 0.321
chemical extractants in different soils 0.215) 2 1:1
cd Pb 0.43 mol/L HNO;
Pb
0.43 mol/L HNO;
Cd (CdHNO3 =0.160+0.663Cd, R? = 0.994)
(oral bioaccessibility) In Pb (Pbyyo, =—90.92+0.939Pb,,, R* =0.998)
Vitro Cd Pb De
Vries B¢ (Cdjno, =0.72Cd gy, R? =
. 6 0.99)
Rodrigues ' Freundlich ( )
0.43 mol/L HNO; HNO;
0.43 mol/L HNO; SBET Freundlich
0.43 mol/L HNO; Ccd Pb 0.005 mol/L DTPA
( 60%) 0.43 mol/L HNO; cd  Pb
Cd Pb SBET ( 4 0.005 mol/L
DTPA
0.1 mol/L HCI pH
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Fz4 HTFHMLTIE CAFPb REEMEEHIIRRE Freundlich XX AEEIILER
Table 4 Extended-Freundlich type models to predict chemically reactive Cd and Pb pools
Adj-R* MAPE
Cd lgCdyno, = (=0.21£0.02) +(1.05£0.02) Ig Cd gy 0.984™ 0.321
lgCdpyrpa = (0.70+0.28) + (0.87 £ 0.03) Ig Cd oy — (0.68 £ 0.17)lgclay 0.949™ 0.595
lg Cdyyy = (0.66 +0.19) + (1.04 £ 0.06) 1g Cd .y — (0.16 +0.03)pH 0.899™ 0.998
Pb lgPbyyo, = (-0.58£0.07) +(1.15£0.03) IgPbyyyy 0.969™ 0.215
lgPbyrpa = (=0.13+0.17) +(1.23 £0.06) Ig Pb,,,,; — (0.71£0.11)lgOM 0.904" 0.328
lg Py = (4.54£0.66) +(0.59 +0.21) Ig b,y —(0.74 £0.11)pH 0.467 0.825
el P<0.0001
20 15 N
— w PGy | = Jﬁ;ﬁ;gs;j:% .
2o sl e ATyl X 1o0L® &J;J‘F’%";}% .
¥ H T TRNZ — BRI
S _ B hES ¥ o7 TEILE
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= 1.0 % 05
= 05 2 0.0
2 2 [ ©
% 0.0 - < o5t
05 0.98420.017)+(0.00420.013)  Z MO oo »=(0.950=0.030)x~(0.002+0.018)
"o Adj-R*=0.984, P<0.0001 i ﬁdJ'RI\;ggfgap <0.0001
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Fig. 2 Relationships between measured extractable Cd and Pb (logarithmic transformed) and their predicted concentrations
(logarithmic transformed)
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0.005 mol/L DTPA

Cd Pb
(210 g/kg) cd
(60.2 mg/kg) Pb(6 153 mg/kg)
(D DTPA Cd Pb
0.1 mol/L HCI
Pb Pb
(R*=0.467) ( 2F)
0.43 mol/LHNO; Cd Pb
0.43 mol/L
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0.43 mol/L HNO;
(
) 0.43 mol/L HNO3
[16]
2.4 Cd Pb
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1 @ Cd Pb
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(R* 0381 0.823
(6)) (AP)

(R*=0.857 (7))

lgCdcyq, =(3.126£0.215)+(1.106 +0.058) Ig Cdyy,
—(0.771£0.035)pH, R* =0.90 4)

1gPbycy, =(1.909+0.371)+(1.094 £0.107) Ig by,
—(0.94140.066)pH, R* = 0.81 )
1gPb,qy, =(2.037£0.364)+(1.109+0.103) Ig Pbyyy,
—(0.789+0.096)pH — (0.723 +0.340)IgOM, R* = 0.823
(6)

1gPbeycy, = (1.478%0.368)+(1.102+0.094) Ig Pbyyy,

—(0.693+0.091)pH — (1.466 +£0.377)IgOM
+0.168+0.312)IgAP, R = 0.857
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Cd pH Cd
Cd
Cd ( )
pH ( 3A) pH
Cd
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cd B7 pp pH
pH Pb
pH (AP) Pb
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[26, 3] Cd Pb -
3
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0.43 mol/L HNO;
Cd
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2) Freundlich

0.43 mol/L HNO;
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Fig. 3 Partial correlations between directly available Cd and Pb and their total reactive pools as indicated by 0.43 mol/L HNO;
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Assessment and Modeling of Cd and Pb Availability in Contaminated
Arable Soils in Mining Area of Guizhou

ZHANG Sha'?, SONG Jing"*", GAO Hui'?, ZHANG Qiang'**, LIU Gan'

(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 School of Geography &
Environmental Science, Guizhou Normal University, Guiyang 550001, China; 4 Guizhou Academy of Environmental Science
and Designing, Guiyang 550000, China)

Abstract: Distribution of different metal pools and soil-solution partitioning models are able to provide information on
different available fractions of heavy metals and their leaching capacity, thus are crucial for risk assessment and remediation
practices. 30 historically contaminated arable soils with a wide range of soil properties and contaminated status were collected
from Pb and Zn mining areas in Bijie City of Guizhou Province. 5 typical-type soils without apparent contamination (clean soils)
were collected from Guizhou Province and were artificially spiked with CdSO4 or Pb(NOs3), to form single-contaminated soils
with different Pb/Cd concentrations. After aging for 3 months, chemically reactive metal pools, operationally defined by
0.43 mol/L HNOs, 0.1 mol/L HCI and 0.005 mol/L DTPA, and directly available metal pool, defined by 0.01 mol/L CacCl,
extraction, were determined to assess Cd and Pb contamination and to establish soil-solution partitioning models by using
extended-Freundlich type equations. Chemical extraction was selected to best indicate total metal contents in soils. Factors
affecting soil-solution partitioning were discussed. Results indicated that the ratio of directly available Cd and Pb pools to their
total contents in historically contaminated soils were 4 and 223 times, respectively, lower than those in artificially-spiked soils.
However, total reactive metal pools in historically contaminated soils were larger than those in these artificially-spiked soils and
posed a great potential risk for agricultural production and human health vie food chain. Freundlich type equations perfectly
described the relationships between total metal content and reactive metal pool. 0.43 mol/L HNO; extraction was selected to best
predict total metal content in arable soils and the percentage of variation explained reached up to 99% and was able to replace the
total metal content to indicate soil contamination. pH dependent Freundlich type equations were also able to accurately predict
directly available Cd (R*=0.90) and Pb (R?=0.81) concentrations. Total reactive Cd pool controlled Cd concentration in soil
solution. Soil pH was always the most important factor affecting Cd and Pb bioavailability, but soil organic matter and available
phosphorus should also be considered to improve model prediction of directly available Pb pool.

Key words: Heavy metal availability; Soil-solution partitioning model; Chemical extraction; Arable soil; Artisanal zinc-

smelting
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