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AR Cd; 2R FHHLA% (POT) I 39 pH {5 R A
%L (VOL) I + 1A HLBT (OM) &% i, 4341 Cd 7E
AR RGP R W R RE SR AT AL
X R AR Cd SEY Cd & mAHDCHE, T
S T4 T 4 A AT A FR IR AR 1 5 5 7 S KO
[i] -+ b A FH 2SR 35 Cd A WA RO IEAG RCR, LI
AT T R A e X I Cd AR A SR O i,
k5 Y FH M 24 R R XRS50 L PR B 7 i
PR AR

1 BRI
FLFWivLa £ Hbp X 0t Rk 08 2 ok}, 1



%5 4 1]

R, % LT DGT MR IGE ST PU-Ib M 5 s 7 5% X e B A Ak

A2 %

BRI VAL -1 Cd i T 5 O 4, R
FESA BB AR TRH BANELBRBAARX, 5
FbE AT T TR ST R
XAES(E 1), WX ) 20 FERG R an
R, JEJE 450~1700m, #b)2 K A E, Hd 148
AT A AP BH L4 TR GE R Am N 415 T G2 faf
AL, KBRS . fERtEdLE I, FER G 1 LARR
Fath s B, TN REE Je a2 w20, W
VG DX B4R TR, AR, TR . AR
[ JK HAE 1100~2000mm 22 [8] , 4= 4F H M i} %
1800~2200h, 4= -4 15~18°C . HuF LA LI b Al Fr
B2k, FRE A MR IR A R AR FH M, AL G /K 2
Mo AR ML, - HERRDIKRE + | 2T RN £

2 SEgsT
2.1 PSR S PR

TF5E X N R 27K 4 3K R RF SRR 80 &
FELH -3/ N SRR 20 B (K 1), REFCRER
N7 9 7 A 2 B b T o B R A2 D 3 )
(DZ/T 0295—2016), 7Ei% & By B N A ik 3 4~ DL 1
FFENIX, WRER R AEY SR R M . B K
FERAE SR AE 5~10 BRFGFHAL A L —1FFE &, B K
F0.5kgo BEA/INE SR SR AE 3~5 BRI LA
B AR, BT (B8 R T 1kg. TEAEWIRE AR

7 40b %of 137 S AR MR 2R - (0~200m ) BE i, 1 350RE 5 L 4G
i KT 1kgo

RN TR AR T R, i 10 H(2mm)
Je e b, 4t 0 e 1 B AR A 3840, BB 100g +
FEFF DGT J5 vk 0+ 8 W $E B S8, T4y
B AR IR SO % 2 5050 % o — L
A SR BOL AR B S . R AR pH E
A HLT (OM) S . SRAE MK RERERE &, )5
BN, S N KRR, Fag oK iR T
A, BETBSE 28, e Pl e 4. /A
SERE AL B LI, BaF K TR T
RREET, LSS B LS AR 2] 5 B 1 DU 55
S,

2.2 LR A
22.1 DGT#A

ARSI R F Y DGT 2% 00 B T 7 5 4 H 3R
BHEA PR, SR M AT, 2.54em’, WL B
# i H Chelex-100, JEF 0.4mm, HA% 2.5cm. 7 HL
JRRE T ok B s B e, TEERE 0.78mm, JE A TR A
PESCRELIN), JEFE 0.14mm, L1 0.45um.

DGT EZMA A PR AL 45 : O 5 FF- i« 44 38
)4k (WHC) B 60% 25 85 1K it E 15
JEIE R R . WCE 48h R Ak SRR N £ B T K E
WHC 1 100%, 24k 25 15 15 i & 24h; @ DGT %% & 2

Cd(mg/g) N

I 10271~27800
I 3836~10271
[ 1475~3836
608~1475
289~608
[ 173~289
I 130~173
B 13~130
o SRERSAT

TR AR T 2 BAR X s R R A T AR
Bl RSB R RAE R

Fig. 1 Location of the study area and sampling sites. The red point is sampling position, the base map shows the distribution

characteristics of Cd content in soil, and the data comes from the multi-purpose regional geochemical survey.
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BUA R Cd, $2 8L 24h; @DGT % & #Y [n] fig #0102 .
TEHERAE AR FIA AL Cd W BE (Coer) TR LS
HEOCHR [15]
222 HPREGE

K H1 0.01mol/L S/ A 24 Cd 28GR, B
1A 218 Houba 21" (1) 792, FRE 3g H3RE S, INA
30mL 0.01mol/L % 1k 45 % W , % & R ¥ 2h, 7E
3000r/min T &.L> 20min, F 0.45um REEIAE AL IE,
F ICP-MS il $2 R Cd i
223  EZAREGE

Z (S HERIE A PP AR i o AT H R B K )
(DD2005-03), & - 25 % 2 4 Bl 72 118 Cd B
AU, 45 KR, BT A (F,) | kg
A F,) . BHREAAF,) . BREAms &8
(Fs) . sBA ML EE (F) kS (F,) . HH FLF,
F1Ey MR CA(Crip,er,), Fy Fs i F NIELEE WA
RSy, By AEER
224 HIHERWGE

- DGT SZ 9048 o fe 8 35 5 L b el ) 1= B 4
#B 4% 23] S0mL B .0 4, 7E 3000r/min T L
30min, K¢ IE W 0.45um SEEBEIE IS 3, F 1CP-
MS Ml E I Cd &4
2.3 PRSI S o sl

RS R AT A P o b SR 27 e M Bk 4
FHLH R b A A A T S g o e . R
Cd FYEY) B Cd HIE R HH A B A 4 B8 IR ik
#:(ICP-MS, £ [E ThermoFisher 2~ &) ), #& i iy &b 3
J7 1 Sk 2 R e, 7 At BR 43 51124 0.02mg/kg F11
0.0002mg/kg; + 1 pH {E 19 I 2 % FH LA 32 (B
F1 DKL FEP Cd SRR LR
Table 1
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I T A B R I A A, T A thBR A 0.1% .

3B IO S o 7 4 I b T M R 2 T
B HELYE )(DZ/T 0295—2016) Fl1{ £ H Fx X k8 s Bk 1k
“EVEMALTE )(DZ/T 0258—2014) AT, FES M
TR, e B AR A B R —JhniEY) i (GBW0740 ~
GBW07408., GBW07423 ~ GBW07426) Ff] T ¥ 1l 73
BT o B RS B R . & oo R TR PRI B S A
B &R 100%, A5 % B SR G A% R 100%, ik %)
(Z B XS HERAL AP A ) (DZ/T0258—2014)
E S N T4 €7 T i

3 g
3.1 RS RS WA E SRE

THER Cd F it (Cd-S) Af LATE— & F2 B E 15
TG YR DL . B 1 AT DL, AFST XK 4 S
Cd &HAE 0.18~6.61mg/kg 28], F4E K 1.07mg/kg .
b+ 3R Cd S RAE 0.16~2.39mg/kg Z 7], SFH1{H
7 0.73mg/kg. X #T AT 4 [ R )2 IS S AE A
Pt B ST IX K R R e rh Cd S B i
AL R E H4E(0.07) 0 153 f5H1 10.4 4%, 12
4 EFE I RE0.14) 19 7.6 f5F1 5.2 4%, WBoR
WFFEIX Cd 52 B & A

EAT W55 2 W1, AR 5% IX i T S 700 f) 2 6 2 2R
FimE s X, BEARE B S AA LT
MIUTRRE, AL A PG (0 DUS | R R 05 F1 /D e flk
fRih s, HE4E Cd FEEE TR, RIS T,

Statistical date of Cd concentrations in soil and crop and soil properties in the study area.

TR RS 28 Cd-S Cd-P BCF pH AL
F/ME 0.18 0.01 0.015 49 0.74
K- B RS2 BRME 6.61 3.29 1.18 8.0 7.48
(n=80) FHME 1.07 0.26 0.28 6.1 3.40
brifEzE 1.27 0.43 0.26 0.8 1.16
A5 ZE(%) 119 167 94 14 34
F/ME 0.16 0.01 0.03 4.7 1.68
RN BRME 239 0.31 0.24 6.0 4.80
(n=20) ?ﬂJ{E 0.73 0.08 0.11 5.3 3.37
brifEzE 0.55 0.08 0.06 0.4 0.71
A5 ZE(%) 75 99 56 7 21
HHTRIZ ey feE 0.07 570" 2.26!""
A A S ) 0.14 8.0 1.00

. Cd-S Al Cd-P 4351 R HERPEY) B Cd &, PN mg/kg; BCF. pH (HICEN; HHLREEANLN %,
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R, Zve . BARE . YEPE — E AR R, &K
1600km, J& H it F [ KA B A0 A Ry 2 —P)
ABIFGE X AL v [ R 7 R A R A AR, 4 Cd 1Yy
SR RS RO RS R AT T S DI

T G R A SR WS E R R U

IAERSFAE YA RCERME T EEZEL, PR X L
HE CA A MHFEILE 2. HERIKEZE(F) FIE
T3S (Fy) 3890 L1 Cd AE Wi 1 i 1) 41 47
WFFE XK IR 25 (F)) Cd AR & AR, A8 30K Fy Al
F, & Cd imfngeit. #sEIX 13 F+ F, & Cd (i Lk
B, MRS RAE 16.29%~75.0% 22 18], 7K H 450 5
Hit A+ HEOEIE AT R 54% FI 47.2% ., BRIRELEE G35
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REAC s ] FEOB RS A -4 AR 25 A A (Fy) S
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X E R AE 4.3%~16.8% Z ], 7K H e S i+ 587
YIES591H 9.3% F1 11.5%. %k EALP4s 6745 (Fs)
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AL A (F,) Cd BUARXT F i 7E 2.3%~10.6% Z [,
7K H A RN b VI E 3 5 4.2% F5.5%
BRI A (F,) S A M e A (30 43, AN 5 A i
WHIH L F, & Cd B AXT & S 7E 5.1%~30.3% Z [f],
7K A SR 5 P Y 30 13.2% F1016.9%
BT, 5T IX -4 Cd A=A Rl 53 s,
HA BRI AT

— Bk T, W - i I Ao R X 3 Cd A A AL
PR B AR, 2 R S IR R (pH ) . A
BB & = (OM)SFER R A EHVINIKR . 5K
1358 pH SR ] - B T 2E AT O SRR A S EE R
2, Wi pH (ERFAR, 1580k % 42 8 ST R 1
BRHVE RIS . FHEE 1 ] L, ST XK 3% pH ER
fia P2 5508 (4.9~8.0, SF XM 6.1), i+ 18 pH H
g R TR F) 55 'R PE(4.7~6.0, F B 5.3). R
(4.5<pH<5.5). 5 MR T (5.5<pH<6.5), i H %
(6.5<pH<7.5) F1 55 5 1k (7.5<pH<8.5) + 4 i [t 43 5l
K 37%. 43%. 12% F 8%, H: 80% ML 5 & THR
P B S B GRS 1B EE R,
Al AE R R IR AL M SRR LA 0 A A
HoAth 3t X, 40 Park 2501 $i7 38 A ] rp s 2 68 T XL
AR 45 148 pH AR & 3.7; X1 25 422 358 1 1 PR
B h R LI pH AL ZE 3.75, 3T 70% 19 LB
ik, IR REE Tizad 2. B PR (OM) HA &
R BUFS A R E R, X & E B TR H
S B R E AR, B REAREEEE L, 252 £
HECd M A ER B — AR B RPY, PR X
7K H A R 2 i+ 3 HL L (OM) - 344 43 51 by
3.40% 1 3.37%, & T i L8 o4 W R 2 H IR
H{H.

100

®

80
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40-@
R
= 205

Cd I Ba | 43 (%)

0 i

F F K

Fig. 2 Percent distributions among various fractions of soil cadmium in (a) paddy soil and (b) dryland soil. The proportion of

bioavailable components of Cd is relatively high.
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3.2 PR BRHIE

9T X K REKF S Cd & & 7E 0.01~3.29mg/kg
ZIa], SE¥IME A 0.26mg/kg. /N H Cd & H#AE
0.01~0.31mg/kg Z [6], “F- ¥J{E 24 0.08mg/kg(F 1),
Z (R L 2 E AR & TE YR & ) (GB
2762—2017) FRLAE Y “FEA" AN IS8 287 Cd 15 Y
5 {ELXTVE R i B4 7 B F & MR RAL , 9% IX KA
FFEEHUNE SRR Cd MFRZR5390 R 34% F1 10%. it
— S R IEIAEE T i A b 39805 e XU 45 %
FrUEGRAIT) Y(GB 15618—2018) HHLE Y Cd 1544
I 5 0 P X - SJE R i R A7 75 e IXURS TEA, 5T XK
FH A5 1 -4 Cd BB AR R4 70% F 75%, VEH)
HbRR W EM T AR R R, DR %
S R Pl 2P E B )T Cd MR T S X KA
FFISBARRA N 8.8% I 4.2%, [EIAEIA AR T 443
Cd AR 3R (95.6% F1 33.3%) ., 0l WL, B AR ML =iy
SeX I Cd B FRRE R, (HARAVEYIBAR R AN,
WAL LA B3 B Cd B 2 0 s IR 4375 e XU i
PEXMELIBLFA P 38 Cd 159K, 23 i - 7 R
(TR B, N ZE A% e 3 Cd A sk .

AW E A R BU(BCF) ] LA e 5 45 i 7 A A
VARG HTEHE RGN, HRIEYESR GRS
Hox v +HEh 4R 0 U E R R . BCF K,
FIAFHGEE IR RGBT RS & 4L RE 7R
9% XK R FFS2 Cd 19 BCF {E 7E 0.015~1.18 22 JA],
SEHI{EN 0.28. /N3 Cd By BCE {H 7E 0.03~0.24
Z 8], SEYMER 011, KFEAFSE /NS CdRY
BCF “FHEYI KT 0.1(3 1), Uil 3 Cd t
WA PEE. HE—EX AR A Cd G
YeIX K FEFFSE BCF B (5 2) o AHFSE 5 1w 450
KTV 2E 35 K FEAFSE Cd 19 BCF 5T 4 SR 2ZEA K,
PiE AU RS (REAR). 55%%
SRR I A O AT A SRR L, PR BRI
VU R X (BRI ER 5 X)) /K RS FFSE Cd AY BCF {H
AR T AR XS5, Cd ) BCF {H4> M2 3.7 1%
7.4 F5. Al 0L, BRAG A R IXKREFFSE Cd 1) BCF {H
B I i TOR AR ER S5 X P 9T 45 5 . 5 Chen 2509 A5
PARELT X = A AEE = A Tl X K5 Yk H Y
i 55 45 FAH H, KRG FFSE Cd 19 BCF {EAH 22 A K.
— BB LT, T Y R X R A R KAk
B« IR 4 I, R MR R, N 5 WA R
Fio W ARSI AR “HNR" 4 8 KA 13
RKFERE, A B R A=A w5k, 4 = i 40
5% R PRI JE L T Tolk X 4 Cd B WA sl
I3 HEh 44.93%, RAC F8 5068 21 5 KU 9. (HAS
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FERA S, ARFIE X 48 Cd AR [ A A R B)
AR R A YA . N AR i gl
AR, A XIR A R UL R E 4R
IRAFTE S FEIE A — @ AU, Zn, Cu, Cr F1Ni
FLRATAE TR A5, {5 Cd A5 25 HE AR X451 o
W XA Ry B R B U 4 i Mo s 15 = X, +
Herh s B EE Cd, HEAYA A 575 s, Cd
St FIEAEM RGP TR A, RECRIED T
Cd 1 R

2 AFKE Cd 5RO A EERB(BCF)
Table 2 Bioconcentration factor (BCF) of Cd in rice from

different sources.

Cd&sm  CdfE  CdaE
IKFEREEHBIX  CAdBYR RME S oNIE] I
(mg/kg) (mgkg)  (mgkg)
AHFFEIX BEOER 0.015 1.18 0.28
W BEHER - - 0.36
I R WRmREE A 0.003 0.735 0.076
IUUEPYREEREY BRIRER A 0.001 0.174 0.038
KEMTAXPT A ChiEs) 0.01 0.94 0.25
BREMTAXET A ChES 0.20 0.46 0.35

3.3 PYRMREEORIIE PR IR A R RSs R

THAR Cd 2B SEWIAN Cd & & Z R
TELMEAR I SAH SRR BE S TR e T8 %0 Cd PR 7
Pl EAE AR AR . AWFSR N H DGT #K | H—
FEH%(0.01mol/L AL ES S HO) | SR Buk (LA
T SR ) 1 SR R IR A R Cd B A,
WME LSR5 HIEHN Coory Ceacton Crysrye M Coota (B 3) 5
Kolmogorov-Smirnove (K-S ) 1F 25437 K6 56 45 5 i s
Cpar~ Ceactin Cryibyisa Con MIVEY) Cd & 1 (Cd-P) 4T
AR BOER I35 o KB T BB 3 )5 , 43 ik
4 PPy i E ) AR Cd S51EY) Cd & a4k
PEAHIC T T, Z5 R W3R 3, DA Pearson ZRELAIHI, 4 Fif
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Table 3 Relationships between available Cd in soil and Cd

concentration in crops.
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area, showing a high biological activity.
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Table 4 Relationships between available Cd, pH value and

organic matter (OM) in soil.
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Cadmium Bioavailability Based on Diffusive Gradients in Thin Films
Technique and Conventional Chemical Extraction in High Geological
Background Soil Area of Northwestern Zhejiang Province, China

WU Chao*, SUN Binbin'*", CHENG Xiaomeng'*, LIU Dong’, QIAO Yu'?, He Ling"?,
ZENG Daoming'*
(1. Key Laboratory of Geochemical Exploration, Ministry of Natural Resources; Institute of Geophysical and
Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, China;
2. UNESCO International Center on Global-scale Geochemistry, Langfang 065000, China;
3. Shanxi Geological Survey Institute Co., Ltd., Taiyuan 030000, China)

HIGHLIGHTS

(1) DGT technology is not only suitable for anthropogenic pollution areas, but also for high geological background
areas. The DGT technique can be used to simulate the Cd release process from soil to solution cased by plant
root absorption, which can more accurately reflect the Cd content in crops than the chemical extraction method.

(2) The single extraction method can be used to quickly assess the bioavailability of soil Cd, and the sequential
extraction method can be used to obtain the speciation characteristics of soil Cd.

(3) The proportion of bioavailable components of soil Cd is relatively high in the study area, and the available Cd is
positively correlated with soil pH and OM.

|

Chelex-100 DGT ‘
| | Single chemical

extraction method E
High geological Collection Conclusions
background soil summary

| | Sequential chemical
extraction method E

Soil solution
method E

ABSTRACT

BACKGROUND: High geochemical background has a greater impact on soil Cd pollution than human
activities and is more detrimental to the environment and human health on a regional level. Research shows
that the bioavailability of Cd in soil is the key factor to determine its bioavailability and biotoxicity, so it is of great
theoretical and practical significance to find an effective method to evaluate the bioavailability of Cd in soil for the
safe use and risk control of contaminated agricultural land. Single extraction methods with relatively simple
operation and relatively low cost and sequential extraction methods providing morphological distribution feature
information, are the most common methods for evaluation of heavy metals bioavailability in soil. In general, the
available amount of soil heavy metals obtained by chemical extraction methods can better reflect the level of plant
absorption than the total amount. However, chemical extraction methods have some drawbacks, including
differences between the extraction principle and crop absorption process, a lack of universality in the extracts,
redistribution and re-adsorption during the extraction process, and most notably, the failure to take into account
dynamic changes in heavy metal concentrations in the root environment.
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Diffusive gradients in thin-films (DGT) technique is a new biomimetic in-situ sampling technique, which
has been widely used to assess the bioavailability of various elements in soil, water, sediment and other
environmental media in recent years. The process of DGT absorbing target elements is similar to plants
absorption, which can better reflect bioavailability. However, existing research results using DGT to evaluate soil
Cd pollution is mainly based on indoor pot experiments. Exogenous addition of heavy metals to contaminated soil
not only has high bioavailability, but also reduces the sensitivity of soil pH and other factors to the bioavailability of
heavy metals in soil, which does not accurately represent the complex situation in naturally contaminated soil.

It is not clear whether the results of DGT can accurately reflect the bioavailability of soil Cd in high
geological background areas. In order to confirm whether DGT technology can effectively evaluate the
bioavailability of soil Cd in high geochemical background areas when compared to existing chemical extraction
methods, 80 sets of paddy soil-rice and 20 sets of dry soil-bok choy samples were collected in the black shale area of
Northwest Zhejiang Province. The DGT technology, 0.01mol/L CaCl, extraction method, seven-step extraction
method and soil solution method were used to evaluate the bioavailability of Cd in soil. Inductively coupled plasma-
mass spectrometry (ICP-MS) was used to determine Cd content and available Cd in soil and crop. Soil pH was
determined by potentiometry (POT), and soil organic matter (OM) was determined by oxidation combustion
potentiometry (POT). The migration and accumulation characteristics of Cd in a soil-crop system were analyzed.
The evaluation effects of different bioavailability evaluation methods were compared by the correlation between

available Cd and crop Cd content.

RESULTS: (1) The total content and fraction distribution characteristics of Cd in soil. The results show that
the Cd average contents in paddy soil and dry soil in the study area are 1.07mg/kg and 0.73mg/kg, respectively,
remarkably higher than the background values of soil in Zhejiang Province and China. The abnormal enrichment of
Cd is mainly related to the widespread black shale in Northwest Zhejiang. For the sequential extraction procedures,
the average content in paddy soil of water-soluble and exchangeable Cd, carbonate-bound Cd, humic acid-bound
Cd, Fe-Mn oxide-bound Cd, strong organic-bound Cd and residual Cd are 54%, 5.9%, 9.3%, 13.5%, 4.2% and
13.2%, respectively. The average content in dry soil of water-soluble and exchangeable Cd, carbonate-bound Cd,
humic acid-bound Cd, Fe-Mn oxide-bound Cd, strong organic-bound Cd and residual Cd are 47.2%, 4.6%, 11.5%,
14.3%, 5.5% and 16.9%, respectively. On the whole, the bioavailable component of Cd in the study area accounts
for a relatively high proportion.

(2) Characteristics of Cd content in crop. The content of Cd in rice seed in the study area ranges from
0.01mg/kg to 3.29mg/kg, with an average of 0.26mg/kg. The Cd content in bok choy ranges from 0.01mg/kg to
0.31mg/kg, with an average of 0.08mg/kg. In comparison to China’s contaminant limit of national food safety
standards (GB2762—2017), the over-standard rates of Cd in rice and bok choy are 34% and 10%, respectively. The
soil samples are further assessed according to Soil Environmental Quality Risk Control Standard for Soil
Contamination of Agricultural Land (GB15618—2018), the Cd over-standard rates of paddy soil and dry soil are
70% and 75%, respectively. The Cd over-standard rate of soil samples is significantly higher than crop samples.
Therefore, the bioavailability of Cd in soil should be considered to scientifically evaluate the pollution level of Cd in
soil.

(3) Assessment of Cd bioavailability in soil by four extraction methods. The DGT technology, 0.01mol/L
CaCl, extraction method, seven-step extraction method and soil solution method are used to evaluate the
bioavailability of Cd in soil. The results are as follows: Cpgr, Ccacts Cry 5,4, and Cyn(Fig.3). There is a significant
positive correlation between Cd-P and available Cd determined by different methods, but the correlation between
Cpgr and crop Cd content is better than 0.01mol/L CaCl, extraction method, seven-step extraction method and soil
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solution method. The correlation between available Cd in paddy soil and rice are Cy,>Cpgr>Ceact,>Cr, +5,4F,. The

correlation between available Cd in dry soil and bok choy are Cpgr >Ceaci,>Cr,+5,+r>Ciom(Table 3).

DISSCUSION: (1) Results of DGT technique. The available Cd (Cpgr) content measured by DGT for paddy and
dry soil in the study area ranges from 0.02pg/L to 1.69ug/L and from 0.14pg/L to 1.88ug/L, with average values of
0.78ug/L and 0.62ug/L, respectively (Fig.3). The correlation coefficients between Cpgr and Cd-P in paddy soil and
dry soil are 0.622 and 0.887, respectively (Table 3), which are larger than Ccuci,, Crrer, and Cgy,. The DGT
technique is superior to the 0.01mol/L CacCl, extraction method, seven-step sequential extraction method and soil
solution method in reflecting soil Cd bioavailability, and the evaluation effect is not affected by land use types. The
DGT technique can be used to simulate Cd release process from soil to solution cased by plant root absorption, and
reflects the Cd content in crops more accurately than chemical extraction methods.

(2) Results of 0.01mol/L CaCl, extraction method. The available Cd (Cc,c;,) content measured by 0.01mol/L
CaCl, extraction method for paddy and dry soil in the study area ranges from 0.07mg/kg to 0.95mg/kg and from
0.08mg/kg to 0.55mg/kg, with average values of 0.58mg/kg and 0.31mg/kg, respectively (Fig.3). The correlation
coefficients between Cc,c, and Cd-P in paddy soil and dry soil are 0.583 and 0.795 respectively (Table 3), which
shows a good level of correlation. On the whole, its evaluation effect is second only to DGT technology. Studies
have shown that Cc,q, solution can effectively replace metal ions adsorbed by soil particles, and the change of soil
pH and soil structure has little effect on the replacement rate, giving it a wide range of applications. Cc,¢;, solution
mainly displaces the adsorbed Cd from soil through static ion exchange, and the extracted available Cd is mainly
water-soluble and exchangeable Cd, but some bioavailable metals in soil (such as soil particles or unstable
organic/inorganic complexes in soil solution) may not be extracted, so the bioavailability of Cd in soil may be
underestimated.

(3) Results of seven-step extraction method. Compared with the single extraction method, the sequential
extraction method provides the speciation characteristics of heavy metals, and can be used to more comprehensively
evaluate the mobility, availability and potential toxicity of heavy metals in soil. Water-soluble Cd, exchangeable Cd
and carbonate-bound Cd are generally classified as bioavailable components (Cr, 5,.¢,). The available Cd (Cy,.g,r,)
content measured by the seven-step extraction method for paddy and dry soil in the study area ranges from
0.08mg/kg to 3.95mg/kg and from 0.13mg/kg to 1.61mg/kg, with average values of 0.64mg/kg and 0.40mg/kg,
respectively (Fig.3). The correlation coefficients between Ck, ¢+, and Cd-P in paddy soil and dry soil are 0.577 and
0.717 respectively (Table 3), which are lower than 0.01lmol/L CacCl, extraction method and DGT technique. The
migration factor (MF) is the relative proportion of the bioavailable components Cr, ¢,.r, of Cd in the soil. The MF of
Cd in paddy soil and dry soil are as high as 59.9% and 51.8%, respectively, which indicate that Cd is easy to migrate
and enrich in the soil-crop system.

(4) Results of soil solution method. Soil solution (C,,,) is the main place of substance exchange between
plants and soil, so it can indicate the bioavailability of heavy metals in soil. The available Cd (C,,,) content
measured by soil solution method for paddy and dry soil in the study area ranges from 0.03pg/L to 2.18ug/L and
from 0.15pg/L to 2.9ug/L, with average values of 1.22ug/L. and 1.99ug/L, respectively (Fig.3). The correlation
coefficient between C,,, and Cd-P in paddy soil is larger than Cpgr, Ccacr, and Cr, x5, However, the correlation
coefficient in dry soil is the smallest, so the effect of bioavailability evaluation is unstable (Table 3). This is mainly
due to the fact that some inert Cd in soil solution cannot be absorbed and utilized by plants, and it is difficult to
extract potential available Cd, which has great limitations.

(5) A comprehensive evaluation of four extraction methods. Comparing the characteristic and applicability
of different methods, DGT technology, single extraction method, sequential extraction method and soil solution
— 834 —



%44

R, A BT DGT Fb~E S BOAB 0T P4 Lt Bt e 5 5 DX SR R U A e

a2t

method have different application scope and significance, and they all play an irreplaceable role in bioavailability

evaluation of soil Cd. There is a significant positive correlation between soil available Cd determined by the four

methods and crop Cd, the extraction techniques of soil available Cd can effectively reflect the content level of

available Cd in soil. DGT technology can simulate the dynamic absorption process of Cd by plants which can more

accurately reflect the bioavailability of Cd in soil. The single extraction method is relatively simple in operation and

relatively low in cost, which is mainly used for quickly judging the bioavailability level of Cd in soil. 0.01mol/L

CaCl, is recommended as an extractant for available Cd in soil. The sequential extraction can be used to obtain the

speciation characteristics of soil Cd, which focuses on the analysis of available Cd and potentially available Cd in

soil. Soil solution can not only reflect the bioavailability of heavy metals, but is also a key parameter for

environmental models to predict and quantitatively assess the surface runoff and infiltration of heavy metals in soil.

KEY WORDS: high geological background; black rock series; diffusive gradients in thin-films (DGT) technique;

chemical extraction; cadmium; bioavailability
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