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Fig. 1 Soil types and sampling sites of Zhangjiagang City
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(IR EFE L, BR T BRI Ah, B 4 #5
RSP SE . IX P E S P R St /e TR KM T
BUFRARRNE . 3 I AR R IR . AR
MU EE S AT RN BRI ARG, Xk
[FFE s A A M 3, e T 235 R
FERL, FEMA IR 87 AME R . REER, —ts
ASKRFE SR 6 ~ 8 HHE T35, IRAHA 4R 1
~2 kg $e48.
1.3 HREMO

Arlalszas =i LR A TS, AEENSIRA
P MR A58 0, B 43 llid 104 60 1 100 H i,

FEHEATICHRARINE o pHS-3C K% pH 113 pH
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CEC; EAZ IR EM S InFIEN E G NI 1384 N,
APy AR P FIARCK I 7200 5k R T I
75 . HCI-HF-HNO;-HCIO, 1 7 — 8 &6 Pt bt 6 1% .
NH,F-HC1 24— HE BT b (a7 hf NH,OAc &2 i—KIE
JEIETL: As [ 5E SR K AT 9 i e it s
5€; Cu Al Cr JT] HCI-HF-HNO;-HCIO4 W 2%, ] Ha sk
A TR T RS 6 (ICP-AES) v4illE, Cd
FHAT S84 J IR CAAS/220FS) vEIEY . b TR R
Y NTE R AT SR RO MER P, RRRE S BEANTIEH BY
AW MRERE . PIASPAT I B AT 10% ~20% 11
SPATFEN A o

1.4 HIRGITRZEEE

A TR Fof A R i85 S b RIS R 22 50 1 i) - 1 o

G B 2 S W EE . MRS, LA SR AR R
A HAS I S F By 0 AR SPSS13.0 A E4T 4y
Bt SRAF AU R 4 I 2 it 1) o A% 4 4 I e
ArcGIS9.2 AT ZE TR (Geostatistical Analyst)
SER; HAREEE 3 W 7E Excel2003 H33E1T .

2 #R

2.1 TEEAMRIESEREHAKIT

AN R AR A B i S b - SRS AR M RN T 4 5
Wk 1 fim.

2 LEPORE A7 BRFH - 438 R AN DR 3R BT T 25 O i
KW (R D), ghieHrh PR BN T eS8 B ) -+ 358
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HETE L IBOKBE ) T B BRI AL, CECy 4 N,
MWK, B pH. 4 P A% P SE. LieaEm
TR b, B S MR AR BRI SE D, T pH 1Y
W FEAR, 4 Py APy AR K WIS,
A3 P A K M7 KRE L B3 maHUR.
CEC A4 N JTCU AR, X 55 LA IR by X355 S 1
IR A TR AR AR BR AR — 3K, IR 1~ 5
SERBOES A, 4 P AR P AR K Ak
=) IELR

TR RN R A R AN A E S B e = A T
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Table 1  Soil basic properties and heavy metal contents of vegetable fields under different cultivating ages
PRI AFEFHIER () PSR
0 D 1~5 >5 LKA (S) FHEAERR (Y) SXY
AR (gkg) 224+4.7a 21.9+£58a 225+54a o NS NS
pH 7.14+1.03a 693+1.17a 6.32+1.20b HxE HAE NS
CEC (cmol/kg) 1431+3.14a 12.19+2.60 a 13.35+2.38a HHE NS NS
AP (mg/kg) 10.7+5.2¢ 86.6+79.2b 108.8+59.1a * Hokk *
A K (mg/kg) 66+24b 167+139a 177+133 a ok ok ok
AN (g/kg) 1.47+0.56 a 1.50+0.43 a 1.58+0.31a HHE NS NS
4P (gkg) 0.73+£0.17 ¢ 1.15+0.45b 1.30+£041a * Hoon NS
Cd (mg/kg) 0.141 £ 0.083 b 0.185+0.065 a 0.178 £0.078 a o * NS
As (mg/kg) 85+19a 87+27a 82+15a * NS NS
Cr (mg/kg) 56.5+9.1b 76.2+173a 76.5+122a Hk HkE NS
Cu (mg/kg) 29.7+82b 39.6+129a 40.1+15.0a oAk HAE NS
M WA 87 A, B 1~5 R 64 A, B 5 AL 35 A EATARNS FRERRTE p<0.05 K EZEFRBE: kL o+ Rl
G RPN LA I A AR SR AE p<0.05, 0.01, 0.001KF L5 B3 NS JbfE p<0.05 K LEFAEE.

I HLB] T BFEMKN, JCHAE 1~ 5 FRwitise
P 5L, Cd. Cr. Cu & W RIZ: 75 1~5 4F
SEHLRI >S5 AP ) 3 Pl 4w 1 B e R IA B 2
A, ARAEAERE IS . AN TR PR A R 1) e dth 1
Bl As 4b, HiAth 3 PPOcEIEHE TILIVE 1T
IS (Cd: 0.126 mg/kg; As: 10.0 mg/kg; Cr:
77.8 mg/kg: Cu: 223 mg/kg) M. XFIR - HEEREE 5
EARE) (GB15618-1995), #hizghh 1+ Cd. Cr. Cu3
Pl T3 & 8 R = bR MERRAE (Cd: 0.600
mg/kg; Cr: 250.0 mg/kg; Cu: 100.0 mg/kg)o
2.2 TIESEERTESH

B 1 nJAN, RE BRI BRI 0, As &
A, FrLlE 2045 T Cdy Cr Al Cu (175 ]
AT AR b, TR R A s T
TR G MR . SAE, WA TE 1 Cd.
Cr. Cu S50 # a2 W T /KB A 1 U7eRa
RO A HORE R ] R ID R S MR S R I, S
e AR R, MR X e > . Cd gt
FH AT 0.200 mg/kg TR 20 404 hm* ([ 2-A1)
BN 21 163 hm? (& 2-A2) . Bk se s L3R 5 S,
Cr &H5AE 70.5 ~ 77.8 mg/kg YU Bl A AR b DR 1
788 hm® (/& 2-B1) H#Jn%] 15 640 hm® (}& 2-B2); #i
ST 60.5 mg/kg BT 4 1 LA 56.7% kb 31 34.7%
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mg/kg) IR 16 845 hm? (& 2-C1) H4 N5 20 484
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Fig. 2 Distribution patterns of Cd, Cr and Cu contents in soils of

Zhangjiagang City
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DU T R PS5 2 T (R G 2R, T HORYR . 24 BOE RPAE
AT 1 I, $/EE 3 ANEMRSY, BRTTIREAR T
75%. HI TR R, 12 DX g S b 139 5 HLAh M X — 4
R T B BREEAE BB (58 0 L3R4 P AT P
SN (A, i I R AT HLAC R 5
HERS TG Rl s, LA P & P A K
TEEA 1 EAARKMIERA , 17 H A A LR CEC.
AN AWER T 2 IS, AR R SR AR EE
XoF R IR . 1% R T AR Cu A Cr BoR
TEEIERAT, Cd A As W IERAT, X BhARSCTE
A DA B 4 e A SRRV T B S R 1 e e AR,
e T AR AE Ry 1 b, pH SRS RS2 4
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Table 2 Loadings of soil basic properties and heavy metals

on principle components

=l ERr 1 TR 2 EHy 3
OM 0.492 -0.718 0.207
pH -0.317 0.727 0.340
CEC 0.201 -0.826 0.305
HAP 0.898 0.033 -0.328
HEHK 0.763 -0.197 -0.403
4N 0.561 -0.615 0.239
4P 0.801 0.380 -0.185
cd 0.325 0.609 0.021
As 0.492 0.230 0.686
Cr 0.696 0.364 0.106
Cu 0.728 0.474 0.195
FEAEAH 4.089 3.072 1.134
TR (%) 37.174 27.925 10.305
FRTTRAE (%) 37.174 65.099 75.405

VRN M 2255 R BRI X 2 —, SRR
IR R A 3K RS R 1 1 78 AL R AT HLAE

FEE AR, ARSI CRealE E SR E IR ITR
WA Zny Cu 55) JURLAAL, HrhHE S JE TR
T e ] 2 G Y, KSR I e B
AL AN ESETE (W Cry Cd 55, BT
AN BE M S RS H AR A R S v 4O, —
it FH 3 e LA At G e A B <6 Je E N L A T RE
F— 7, BT S R E R, Tk
KEBAMISI RS TN O m &5 e ek, wR
SEGE T R FEEG, TR I, R A
B I A LI AR RO T RE . SRLRI T
SO UL T NER 118 DR S it FH e oA AR M - 438 v i 4 e A
[ EEES CAVUIER A &= R A S ] Cu
1 92% LALE, Cd b 100%) U7, R B S A al L
B I A JSURLAE P AT HUAEAE F 18 4 i 11
PN INE DN 7 I AT b VRN
HIX NGRS A = R G 1 A R B S PR o i v
J& T B WP ERIR DL AR B, AR A LI 2
ARG E AN LR, S ESERA RN
98% LA Io & TR ISR LB 2 AT X T AR 3R
PR SR 4F B 5 398 T 4 R B B IR AR A 5 5
%, WHEHZH X R Tk H 3 E SR B R
WA OC, XPE A DE T e PR I 4
JERRZ WA KR R A, BEBKAE R Al i)
TR PEGORL, VS YR NP L R B 4R
28 350 7R SCHE HE R U P R R A SR B, EE K AR
JN R, AR R E 4 S SRS (Cd A 0.000 1
mg/kg. As J 0.006 mg/kg. Cr 4 0.009 3 mg/kg. Cu
4 0.0193 mg/kg) ©, FrLLILE S @S AR (1 )
RN

TR 2 AR, 3 pH HAT B s 1 1R 8T,
M4 N. CEC. OM &5 B A& m A, X—FH1E
5 R b s B BT g 2 Tk
R R & X —F R P EEE Cd Won TR IE R
B, HREGEWEA—EIEmEfm, 76k
i pH HESE SRS IEN LR, KRG
BB A b, RS R IR E SR S
B — N EERNE., 2T RS 3, UTHE As
HATB E I 3, H ar s Sk o ik i L 8
o
3.2 tiEEEEREMM

Ok ZHETT N RBURT. A2 RB 58 7 2 R e V0048 Tk SO bt b ) 8 £ 5 B 1P, 2005
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L X, WFPHE S FFEH S ESE TSR XA
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Table 3 Prediction of heavy metal contents and areas with vegetable fields in next 10 years and 20 years

JLHE gE] 2009 4 2019 4 2029 4F
cd TEME (mg/kg) 0.183 0.250 0313
<—ZthrifE (hm> 1496 (43.4) 1394 (30.9) 584 (10.8)
— ~ T (hm®) 1948 (56.6) 3118 (69.1) 4780 (88.5)
> kRl (hm®) 0 (0.0) 0 (0.0) 36 (0.7)
Cr FHEIE (mg/kg) 76.3 80.3 138.1
<—ZksfE (hm®» 2957 (85.9) 697 (15.5) 620 (11.5)
— ~ 2% (hm®) 487 (14.1) 3184 (84.5) 4780 (88.5)
> gbsfE (hm®) 0 (0.0) 0 (0.0) 0 (0.0)
Cu P (mg/kg) 39.8 57.0 71.7
<—ZiksfE (hm®) 1461 (42.4) 183 (4.1) 182 (3.4)
— ~ 2% (hm®) 1983 (57.6) 4218 (93.5) 4817 (89.2)
> kR (hm®) 0 (0.0) 110 (3.4) 401 (7.4)

W PR YRRES W CHIEIREE TR AE) (GB15618-1995); H5-5 WAL R /R & bRl X I AT &7 Ll (%)

SRR, B B3 S R TR R P A B PR 5
Cd. Cr. Cu [P EEAEAWN N, 3 MESENT
IR — AR B AR AR BT o7 (0 LA gD o I
gl Cd IS, 2009 4EF1 2019 4EHEAMFITIX A B i
T AIREE R PRAE (03] 2029 4F O BB g bR
FRAE M 4%, THFRZh 36 hm® (A BRI 0.7%).
F4JE Cu E 2019 4ERD L HH I I - A 85— B
(38, THBUA 110 hm? (BRI 2.4%), 4 2029
SEFBARTEIA N 401 hm?, FLRT A LRI CUik 7.4%.
T Cr u# M R E R, PrlL, #% H T ik e,
20 AN FEA EANSS MR [ R R U . AT
W, AEEAT I B RA AR T T, 045 sRsefh
M FS AR S R T E 48 Cd Al Cu BUR A
T Y 1) N AL A 2 78 5 AL
4 Z5ig

(1) SxEfEERET A LEML, et
WhES)E As ZUAE, Cd. Cr Al Cu & FIHH

BRI N S AWTAR R S, X RE R R i
PR “ A ATHLIERHT G

(2) WHAT - EAEDIROORE , diseh L
EJ& Cdy Cr A Cu & AT T IEIE i (1 2
PRUEFRAEL, (H4% HEDEH AR T &, KRR 10 4, KA
2.4% AR 4 Cujlid T IEIAEE —RAE, 20 )5,
Cd JRHILEARILE (2 0.7% TAD, DRI EERE
AR KL BRI R AR R, PRUEG S i %
e
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Spatial-temporal Distribution and Prediction of Heavy Metals

Under Different Soil Use Patterns in an Economically Developed Area

LIU Jing'?, HUANG Biao?,

SUN Wei-xia?, ZONG Liang-gang'

(1 College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China;

2 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

The changes in soil use patterns with economic development may lead to the accumulation of heavy metal in soil and then threat

food security. Situated at Yangtze Rive Delta (YRD), Zhangjiagang City is an economically developed area. Based on intensive soil sampling from

rice-wheat fields and vegetable ones, this paper discussed: (i) the effect of the soil use conversion from rice-wheat rotations to vegetable planting on

spatial-temporal distribution of soil heavy metals, such as Cd, Cr, As and Cu, and (ii) the accumulation and pollution trend of soil heavy metals in the

current condition with the expansion of vegetable cultivation and the increase of planting years. The results indicated that the concentration of Cd, Cr

and Cu in soil were accumulated in the process of vegetable planting except for As. A certain area exceeded the first grade of the national standard for

soil environmental quality (background value). If the current trend continued, Cu concentration of 2.4% of soil area would be over the second grade

of national standard in by next 10 years, and that of 0.7% over the second grade standard of Cd by next 20 years. Therefore the attention should be

paid to the accumulation of soil heavy metals in vegetable fields and potential pollution for the future vegetable planting management.

Key words:

Zhangjiagang City, Rice-wheat rotation, Vegetable plots, Soil heavy metals



