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Table 1 Selected properties of tested soil samples

B K 0 o ﬁfﬂuﬁl/ CEC/il oﬁ%’%k]/ i‘a“fﬁtﬁl/ ﬁif} *ﬁﬁ“l/ %&1{1
(g'kg™)  (emol'kg™)  (g'kg™) (g-kg™) (grem ™) (gkg™) (mg-kg™)
SI - RHEEFEHL Wt 7.81 10.51 14.05 12.89 1.17 1.28 159.2 0.175
S TP a5 8.64 10.36 40.88 2.13 1.31 423.3 0.081
3 wHbAKRE Bt 7.9 13.54 14.81 4.14 0.56 1.12 168.8 0.170
S4 TAIL a 1.53 21.78 8.68 34.44 1.33 1.27 358.6 2.945
S5 LT R 537 16.81 12.74 11.95 1.67 1.03 299.9 0.309
S6 H M KL 8.04 14.34 6.31 4.96 0.26 1.25 83.6 0.250
ST HMORIL it 7.83 9.09 8.14 5.88 0.38 1.28 161.0 0.147
S8 HELGEAS fREt 818 6.18 4.55 5.29 0.35 1.18 100. 1 0.069
9 HMATE Bt 553 62.25 25.54 12.60 3.07 1.09 225.0 0.289
SI0 FHHAEWE  EEIE 7.76 25.93 15.86 16.99 5.90 0.93 89.5 0. 106
SIT kA E Bt 7.41 30.77 19.91 10. 64 2.64 1.15 318.7 0.113
S12 BRIHEHH W 462 19.33 12.31 31.57 1.94 0.94 269.5 0.094
SI13 BRPEIE% Wt 8.27 11.27 20.49 6.85 0.32 1.29 121.6 0.118
S14 LM wket 7.97 22.81 12.88 20. 66 3.99 1.04 257.4 0.202
15 WKL %01 4.46 15.73 11.26 17.68 1.61 1.01 300.9 0.307
S16 R KEEL 5.37 27.43 12.46 40.89 3.01 1.14 368.8 0.523
S17 PGB Bt 6.72 81.78 26.37 26.06 9.72 1.11 126. 1 0.169
S18 iEmIfEM LI 6.76 18.41 3.61 55.16 1.11 0.91 392.4 0.055
S19  faatEM W 7.08 25.23 17.35 23.99 1.43 1.29 425.0 0.246
$20  VLIRRIA TAHE 6.08 16.37 9.68 21.18 1.83 0.92 145.6 0.211
21 JUPE T IRETHE 4.56 12.33 8.52 34.10 6.04 1.22 391.9 0. 104
S22 ANFEMEANERE L 8.17 22.33 12.11 4.40 0.15 1.13 100.2 0.110

TE:1) KRR < 2 pum L 3ER0RL

PR e pH (B 4. 46 (F KK M 1) —8. 27 (BRFT 4 1) Ju Bl Y, BR 1k + 4 8 Fl (pH 4. 46—
6.08) , B E KLt P ARLTHE SR N VTP LIE IR KRS T AR R A I
R (CHe MR U, T IR . vt 34383 A (pH 6.72—7.08) , 43511 H PG A6 1 7 o s £ 98 1 s
O PR 3 11 FP(pH 7.53—8.27) , 43 BT MOKES £ 7 PE IVTLLE ARG AREE R ERE 1 AR
XL R A bt £ VTR et CHOR KRS £ S SRS - R AR 4 R Y A -

1.2 V54 3Ry &

BEBEAMERRIN Cd** IF R ER IE R (3CdS0,-8H,0) , 7554 /KF-H 500 mg-kg ™", W1 + HEPF 85 i 7
S RARE(GB15618—1995) K i -4 LS i &)@ IR SR B SOR S ik e E e B 5
i HHERA) PR IS R HER A E R TR 8 IR AR BUE BRE 90 d 5 (& B KR
W90 d J5 V54 N E SR 2 TRE) BT, i 2 mm 5 PR A7
1.3 i TR

WV AR R 25 em, NAE S em WA MLBEISAS . AR SEBRIEFA) -+ HER 25 5 S+ IR0 i & 7K i i
PRI, A5 4 YGHFATRE 0, TR 5 om, REUCRBUITTR 2209 AR T =05, R AR =
[EHEAR x TR E < (1 + WGBSR E/KE) |, BRI DR T S0 58 | R BIRLE 1915
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Fig.1 Schematic diagram of soil column (a) and leaching experiment (b)
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Fig.2 Leaching characteristics of Cd in tested soils receiving simulated rain
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F2 IR T 3 Cd W R R KRR

Table 2 Accumulative release amounts and release rates of Cd from tested soils

g cd &ms iR ¢/ FeUR K/ o Cd &/ FIPRCE: ¢/ REHCE K/
(pegkg™") (ngkg™) % (pgkg™) (pegkg™") %
s1 1085.70 292.59 26.95 s12 982.41 355.93 36.23
$2 871.29 313.41 35.97 s13 1028. 56 137.32 13.35
3 986.31 328.72 33.33 Si4 1043. 34 258.71 24.80
4 3621.51 1028.77 28.41 sls 1214.20 463.51 38.17
S5 1157.16 360. 55 31.16 S16 1428.57 324.55 2.72
s6 1197. 50 469.19 39.18 s17 1118.73 26.70 2.39
s7 929.07 475.09 51.14 S8 996. 98 400.33 40.15
s8 907.58 557.46 61.42 S19 1182.45 191.66 16.21
$9 1059. 56 147. 68 13.94 $20 1064. 47 367.34 34.51
S10 989.87 192.12 19.41 821 932.88 329.10 35.28
Sl 909.32 146. 64 16.13 22 939.06 394.10 41.97

TE:1) WMASMNE Cd FHZALEH 5 E i L5 Cd 54

MFR 2 R LAE BT A5 1 T 138 Cd M REICRAE 2. 39% (PU K ES 1) —61. 42% (HTiEts
Bit) ZE. Cd J& T L 5 5 8 B 48 |, 2c s Cd 78 HHER W EE LUK & B FEF
TE 5 A ORI 2o Lo R o (157 T, BELAS 1 1) HE e B A W e Ak, FERE O S5V R AR e 4
JE Bk R i R A A BRI R FERR N AR T 20 45 4 BT R
MUK . Pb > Co > Ni > Cu > Cr > Cd , {H R HER ], B3R KRR A 22 5K, A BN 52 X HF
frifE—2 53
2.3 3 Cd BRI R oA

¥ -4 Cd W BT RCE: o TE R IRZR & K6 1| S R BR A M R Oy 1 A8 o (4% S5 Iy 22 I ik
REUVIF <4, ZIC IR W3 ) | e MR Se PE R R M R G 2514 Cd Rt (9 PR BT o5 AR 3B 4
]S 437 G 485 T L 36 3.

&3 ZEL0ASH

Table 3 Summary of stepwise regression analysis

RS HY

Bl ZEEET R Yo Z AL R SE
I ¢=251[Cd, mg-kg™"'] + 266.3 0.5364 31.28
2 ¢=224[Cd, mg-kg™'] -20.4[ CEC, cmol-kg~'] + 541.7 0.9184 15.67
3 ¢=237[Cd, mg-kg~'] -21.7[ CEC, cmol-kg™'] -2.69[ Fed” , g-kg~'] + 609.4 0.9525 12.67
4 ¢=244[Cd, mg-kg™'] -22.2[ CEC, cmol-kg™'] -3.66[ Fed, g-kg™'] -17.2[ pH] + 748.9 0. 9609 11.27

TE:1) Fed FoRER AR,

LM HEA A A D7 AR P R S 1 I D E 2R B (Partial R ), 1T LLAIE 4 R X Cd RE
Jit AR ( Variance ) FSEIAALE. 5| AJ5 BRI SEON Cd B 52 A 2 AR, R 3 5 (1)
ATLAE Y, 23 Cd /75§ K% Cd Bttt i s ma BT o5 A B K, AR MKIKCA CEC (Fed il pH, iX 46
BRI XT Cd B B2 i 7 2 A5 [l A R rpoak 31 1 8 38 K7 A AU R, 28T | I 2 4 S M T AR 3k
) 0 R ACE, B THERR.

ATLAE 6 BRI A P S i iy [ 7 AR
qg=244[Cd, mg-kg '] —22.2[ CEC, cmol-kg '] -=3.66[ Fed, g-kg™'] —=17.2[pH] + 748.9 (R* =
0.9609,P <0.05)

T3 Cd i PHE - ACH i B A Ak 5 i M pH XFRE IR T 148 Cd Bl AR,
#RIFYE REGRE) T 0.9609. FHorb 148 Cd &2 7 5 AGE Sy, B SRR VR R IE , f b
ERECN 0.5364 , HR N CEC, Bk 2 2800 0. 3820, 7 B2k Il pH & 11 BT 5 AL 1Y R D 78 R B0
0.0425. CEC ¥ B8k & pH X SRl i/ H D 1.



872 B2 5% 1k 2 2%

TG A BUE AT B 25 SR 0T DL Y, 3 Cd 75 YK R ok ag Cd B i EE N, HAEFH A
IE, BS ek R £, 7E 22 B BRI R A )T VI X AT X A7 A (04
JEO LI AR, FIEE S B YT, Cd R BB R ESE LR — , DA HE R IX K
Kt Cd R E A DARRE 4.9 55 PARTFFE S5 R TE , 1R SRR 1R F R % b X
KA AZ B LA A U, (B R B G

CEC XF +4¢ Cd B /E It , B -4 CEC BRI Cd Bl B 55, L CEC XF Cd i 52 T (54X
FRAR UK T HHE Cd BT5YKE. CEC R T 3 e (A £ i fnf 2, CEC 88 g DU 670 P o sl 5, i et
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4 pH e, W - oRs A KA R AR B DL A R AR 22, X Cd® T W B A Bt
P, & pH (EAA R T4 @ R G AR N, FEAR T 88 (0 -5 s ar | (02 B S0z 1 RE R FEAIR, A R 1
T Cd®* AL PRI 540, OH - BUBSIN LI5S T H X s b b B e 4 4R e T HIEA LR - AR
KA YRIRRENE  FRES B 3T Cd® MM RFHRE 1. i A IR RS IR A 45 ) T
— e e HAE R T R R A R L W BRI D DL, ST L ) Y 2 T FE A
PR TR X Cd™* BMEBRE. Spark 258 A BORFFT A1) 0] 25 R i - 38 (A R 4y 2 1 40 RS 4345 1]
B A AR Bk EAR AR AR LA R A LIS, %ot 4 i A T B /s R P SRR SR
FH, E AR A — 2 1R {H 5 i R R 4 A ek bl 2
3 45

22 Fh 3 Cd REHGE FE R B NS 55 1| ST AR T PRI A 75 MRS £ | e 7Y 2 4
d IR B | PR R SN B 3X 7 B AR AR R R O R EE AR, R
1L T KK T TARAE. 5 2 A $ERIA 15 Fh 48 3 Cd BB AP BY B FERIA B 4 L 209, ik
Wb Cd> W R, BASE BRI B, SR EE K R /K. B 4 L5, Cd BEHGHE I AR 2% | ok
JE AR T bR AR . 3245 UE AT 25 SRR W], 1 Cd & . BHE Fac it Wi A Ak ek & i I
pH X FERMIAEH T 14 Cd B B HEAEH, U#E Bt ipes REGAE] T 0.9609, Hop 8 Cd &
T AR s, LN BB AE R IE, HOCh CEC, MR fa. W B M pH &3 T i AL T 501G, 4
Fd k.
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Effect of simulated rain on leaching of cadmium from
22 typical soils and key factors identification

ZHENG Shunan'” CHEN Chun'”* ZHENG Xiangqun' LIU Shutian'
SHI Rongguang' LIU Xiaowei'” SHEN Yue'

(1. Agro-Environmental Protection Institute, Ministry of Agriculture/Key Laboratory of Production Environment and Agro-product Safety,
Ministry of Agriculture, Tianjin Key Laboratory of Agro-environment and Agro-product Safety, Tianjin, 300191, China;
2. Rural Energy & Environmental Angency, Ministry of Agriculture, Beijing, 100125, China; 3. Laboratory of Quality &

Safety Risk Assessment for Agro-product on Environmental Factors, Ministry of Agriculture, Tianjin, 300191, China)

ABSTRACT

Leaching characteristics of heavy metals were closely related to their transformation and migration in soils.
However, the information on the leach ability of heavy metals in typical Chinese soils was rather limited. This
work was conducted to study the leaching characteristics of cadmium (Cd) and their related influence factors
in 22 Chinese soils under simulated rain through column experiment. The results indicated that, 22 soils can
be divided into two classes. Class 1 included black soil from Jilin, dark brawn soil from Jilin, chernozem from
Jilin, loessial soil from Shanxi, paddy soil from Suzhou, felty soil from Tibet and yellow soil from Guizhou.
Concentrations of Cd®* in soil leachates from class 1 during leaching process were inconsistent and very low,
less than Groundwater Quality Standard for Class Ill. Class 2 included the other 15 soils (fluvo-aquic soil from
Tianjin, red soil from Jiangxi, brown soil from Hebei, paddy soil from Hunan, laterite from Hainan, yellow
brown soil from Nanjing, lateritic red soil from Nanning, chestnut soil from Inner Mongolia and so on). The
release mechanism of Cd in these soils appears to be consisted of two phases involving the initial rapid process
(leachate are less than 4 L) followed by a slow continuous process (leachate exceeds 4 1.). In rapid process,
the concentrations of Cd in leachate were comparatively higher. In slow process, the concentrations of Cd in
leachate were very low compared with Groundwater Quality Standard for Class Ill. Stepwise multiple regression
analysis showed that release of Cd from soils might be related to soil total Cd, CEC, pH and free Fe oxides of
soil. These 4 factors could describe 96.09% of the variability in Cd release from soils, which followed by the
order; total Cd > CEC > pH plus free Fe oxides. Soil total Cd had positive influence on Cd release, while
CEC, pH and free Fe oxides had negative influence.

Keywords: cadmium, leaching, simulated rain, influence factors.



