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The spatial distribution and pollution assessment of
heavy metals in arable land in southeast of Huzhou

CHEN Xiaolei, XU Mingxing, JIAN Zhonghua
( Zhejiang institute of geological survey, Hangzhou 311203, China)

Abstract; Case study is performed on the arable land soil in the southeast of Huzhou in this paper, the spatial
distribution characteristics of soil heavy metals are studied using the Geostatistical method, in which soil pollution
conditions are evaluated using single pollution index, Nemerow complex pollution index, index of geoaccumulation
and potential ecological risk index. The results show that the average content of Cd in this area is higher than that
of national soil environmental standard ( Il ), and the contents of heavy metals (Cr . Ni,Cu.Zn,Cd.Pb Hg) are
higher than the background values. It is also found that the soil pollution degree of the research area is not high,
Hg pollution degree appears to increase from the west area to the east area, and Cd pollution is concentrated in the
southeast of Nanxun and the middle of Lianshi. The geoaccumulation indices of Hg and Cd are 0. 50 and 0. 11,
respectively, which belonged to light-moderate pollution. The single pollution index of each heavy metal in soil is as
follow; Cd(1.47)>Hg(0.69) >Ni(0.66)>7Zn(0.41)>Cu(0.31)>Cr(0.27)>As(0.25)>Pb(0.11). The
Nemerow complex pollution index suggests that the pollution condition of the arable soil is insignificant, only the
soil in the middle of Nanxun, the south of Shanlian, and the junction area between Jiuguan and Shuanglin is lightly
polluted. The potential pollution risk of Cd appears to be moderate and the comprehensive ecological pollution risk
shows to be in a light level. The soil pollutions are supposed to be mainly from agricultural activities and industrial

wastes.

Key words: heavy metals in soil; spatial distribution; pollution assessment; arable land; Huzhou city
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R BBUERL Y AR PR EGL D R A TS YR BRI A S R B
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3 HAREGREWR

3.1 TEBESESMEEE
1 WS IX g B LRV E ST AR . T Cr Ni (Cu\Zn \Cd \Pb \Hg P2 5 L5331
7 82. 34 mg/kg 32. 58 mg/kg .30. 80 mg/kg . 102. 20 mg/kg 0. 44 mg/kg 32. 74 mg/kg 0. 33 mg/ kg , = T4 17
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LHETT A 5 As FHIBUR LE N 6. 25 me/kg, AR T-WIN T LTS 56, BFCR I, 5 HEHL Hg Zn 15 %4 X 45,
Rl —H X, G B E Cd | Cr R DX A i BBl — 20, B SEIX Ni L As B0 A LA
®1 ITEEEEHERZRITSN

Table 1 Descriptive statistics analysis of soil heavy metals

Fan HfEs PrifEZE/ EE S We/IME /FN-Y GE Y PrifEfE/
(mg-kg')  (mg-kg™') % (mg-kg')  (mg-kg')  (mg-kg')  (mg-kg')
Cr 82.34 17.86 21.70 50. 00 231.00 66. 30 300.0
Ni 32.58 5.06 15.53 17.20 43.30 27.20 50.0
Cu 30. 80 11.93 38.74 12. 40 103. 00 25.50 100.0
Zn 102.20 34.49 33.75 62. 00 352.00 73.60 250.0
Cd 0.44 2.16 495.79 0.10 23.90 0.15 0.3.0
Pb 32.74 5.69 17.39 22.50 48.70 30. 40 300.0
As 6.25 1.18 18.90 3.06 10. 30 7.51 25.0
Hg 0.33 0.21 64. 62 0. 09 1.11 0.13 0.5

WhE X4 45 J8 78 5 R BN KB /MK RN Cd  Hg . Cu.Zn Cr As Pb Ni, Hii Cd 09728 55 25 H
495.79% ,J& T ik, b E e @ TR B S E Trh 2R, X Cd He Ui Az 218 55
WA AFAE— RV e, SRE Y % ATl R —3L,

3.2 TEESEZTATRLSN

S - T A 1 23 H) AR S A O, SR H b T T i kA R 4 s ) 4 0 R AR S R B R AT A BT

(22 2)  MREHE RBURNIE 25 0 £278 55 pR A LA AR
x®2 TESSETHREHIBILEEREXSH

Table 2 The theoretical models of semivariogram and relevant parameters for soil heavy metals

HIEE SR Iy A PR AR R R HEM HedL b/ % AP/ km YeE RAL
Cr XEOERST R i A AR 214. 000 938. 900 22.79 49.26 0. 690
Ni NEyivin [ el 12. 500 47.760 26. 17 31.09 0. 986
Cu XHECE A A BRRAS Y 0. 157 0.383 6.63 10. 57 0. 902
Pb EAS T AR 23.900 88. 800 26.91 66. 03 0.912
As &SR i T AR 0.954 2.757 34. 60 40.51 0.918
Hg YHBOE A A [ iy iais 0. 098 0.239 43.90 12.73 0.985
Zn PEOE S o A = WA 0.325 0.822 29.71 12. 06 0.957
cd XBUER A BRARAS A 0. 003 0.019 22.79 3.69 0.511

F5EIX 188 428 Cr Ni Pb As Hg.Zn PG E WAL Cu,Cd £F6 BROREAY; Cr Cu ,Cd L /N T
25% , 73 0] A AR OG0, A2 b T 15 e il BRI AR S5 R A8 S 5210 s Ni P As Hg  Zn PJERIEHA T 25% ~
75% 2 8], Fe I Hp A 2s (R AH DG, BB BT R BR T 52 B S A5 R DR 358 i A, 18 32 A PRI R 520
Hirf Cu Hg Zn ,Cd 288/ P R 30 L X+ 38 Cu \Hg . Zn Cd it 32 A0 SR8 2w s ok, e Hde: + 0
Cd JfE LR 3. 69 km , 6 BHAN AR M B A7 255 ] ARG 8 M TRl 2 ) Y AH DGR 2%

3.3 1ESSETENS

RASRE  WF5EIX He 1 Cd 15 Y58 A H (E 2) |, SRl HbIX. Cu i LT, Cr Pb Ni  As i L4 AR
JUN Y

WFFE X -3 Hg 75 Y i X R R VAR T AR RS A, V5 e X 52 S IR0 A0 v L X o O )
Cu V54 DX AR ST R3S e (A DX T2l B P A A B A 5 R A A, 52 S IR 431 5 1248 Cd V5
R T Y X 32 AT A e S EELR B R T B P S R T Y i DX AR A SO | S BRI T
JERIX; Zn W5 YA TS B S SRS A A Ad s H 3 b Cr P Ni As i HOBUIG, R BT S 4, Cr N
(K23 8] A0 A 5 R AL, 1 B DX M BAE B YRR 2R g o0 R T v s 5 P R b 25 v 1 3 Xy = 380 M 7l i 4
5 H A IX 22 AL s BRI A3 As JBTi LRI, B VAR F A RN 2R T L B AE /BT As fRi{EIX
3.4 ITESEETETFM

DI 7T £ 85 S AR A9 X R 48 it R BE 4, W9t IX 4 4R Hg Cd Hb i B RS
B M0, 50 0. 11, K52 V5 Je K 7 Hofth 5 4 Jm o R AR B/ T0, LAGB15618—1995( + 1
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Fig.2 The spatial distribution characteristics of soil heavy metals ( units: mg/kg)
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PRI, Cd AR A S P Cd BT e R
0. 438 mg/kg, K H1 Cd HFRHH 16. 67% ; Hg Hbr 1
HERE L P He R FLIIME N 0. 336 mg/kg, FE K Hg i
IR BRI, Rk Cd, He it L i
7R, Cd Hg [t oA i b X, Rk v 0 107 o0 28 it HE R
Ay AR, UL 52 Cd Al Hg 5 4L Y 382 R 2 B

—Z

i i
WIS fe R W i
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3.5 TEANREEERHXE
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’ E3 TESSESEFRITENIMIFE

L IATHLITS BB B AR S AR ITF - Cr O Fig.3 The distff)ution charactefstics of f}m;rehensive
0.105 .Ni A7 0.124  Cu 24 0.305.Zn } 0.323 .Cd N
0.569 .Pb A 0.376 . As N 0. 2 Hg 4 0.332, HLA
T Cr Ni As SAYURIC I F AN, AR R BB, 15 B8 SO PR R I8 0, mE X A T 1 R IX
(F2) s BHA DTS Cu Zn Cd Ph Hg BAHE AR N, UL SZ IR 34 BLTAT Cr Ni As 220 EK A
ZAAE2 T, S Cu Zn Cd Ph Hg S50 Z IO ZA LR, 45 AW 505 S B, B0 X
Cr Ni As FEEZH T 5o m 2 OS2 AL & S

TG ZWT R, LA PTG Jm R E e [R]I,  SEA ALB0  Jm BRA BR m A
TEHb DM 2 5700 AR X SR O B A T A DG 3 B R B, i IX -3 HLIST S Cu Zn (Cd \Pb Hg {71
BEASCHE, I FIZH X A US4 N 35 2 i T A AT 3l S 20, DRI, 320 DA R 15 3 x4 4
H Cu . Zn Cd \Pb Hg St FUAFAE—E S0, (EA T J] 30 R 058 00 o 453 s RARMAFAERE I 5 Cd 15 % X R i A 7
B /NI T A, WTRESRE Tolk =" HEC T3 Cd V5 YR 3R Zn 15 9 XT38 8E 5 5 5T Bss AU AL,
Ph Bt HO e A X Ry S WM T i B 5 A IX A2 A | 2547 B S FARAZ i K 3K Zn Cu KPR TR A5 MR
P, Ph RIR TR R AHERC ™ 122 NG AR v A S 5 5 ORI AL & sk X, e Ph J2: H 38241
G RPRICR T X IR XA ORISR X S A T Y s A R
3.6 CdHg SRRIREEEEMT DM %3 AEREHET He.Cd REL

FEXHIT N M X+ 398 4 Ja ] A D A0 1) S i Table 3 The mass contents of Hg and Cd at
b, R H R VR He 75 9 X He AET5 341X, %k different soil depths
L Cd 755X Cd ARG Y IX B 3 ASRAE TR

0 R
B g

pollution evaluations for soil heavy metals

IS4
w

Bttt/ (mg - kg™")

LE K

FERRIRJE 452 (0 ~20 em | 20 ~40 em ., 40 ~ 80

0 ~20cm 20 ~40 cm 40 ~80 cm
em) , 23t 36 MR X Hg 15 94 XA Cd 155X L, FERIK 0.23150.064  0.135£0.082  0.063+0.018
1 Hg A1 Cd JCE WA oA A B o 647438, ¢ TGYIX0.719+0.295  0.938+0.430  0.0730. 037
SG5YLX 0.240+0.050 0. 180+0.060 0. 090+0. 020
LERIE 3 A 4. A : -
15 YL X 1.060£0.270  0.250+0.050 0. 090+0. 020
R4 TESEEFRSSM
Table 4 The results of principal component analysis( PCA) for soil heavy metals
TTH FASy BRI TR/ % B TTERE/ % Cr Ni Cu Zn cd Pb As Hg
" H—EW  5.66 70.70 70.70 0.8 0. 86 0.88 0.96 0.82 0.99 0.78  0.55
£ kW 134 16. 80 87.50 0.56 0.26 -0.25 -0.16 -0.4 -0.05 -0.43 0.72
F—-ES 472 59. 00 59. 00 0.65 0.94 0.97 0.82 0.73 0. 86 0.6 0.4
cd  H_oEFWS 168 21.00 80. 00 0.71 0.1 0.05 -0.35 -0.3 -0.35 0.71 -0.57
BEFE 127 15. 80 95.90 0.21 0.23 -0.17 -0.44  -0.6 0.37 0.03  0.68

i 2 MR 1 7 SAE TS AN IR TR BE v Hg ot i FU AR, AR 95 X 1 H Joie: o 2 35 1 22 5

(P<0.05) , 759 X FIET5 YL IX 40 ~ 80 cm +3E Hg i & b 0 o E 22 5 (P<0. 05) , Ui W R X 3l i

WM L5 He

db B2,
H A3

B RME N 0. 13 mg/kg K T HLIX + 35 He AT HHE) 154X 0 ~20 cm 20 ~40 cm I5

b 155 He et LI K TAETG G IX 75 P R FE IR 31 40 em, 238 .02 15 Qe IX 1 F 225N s el 15
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Wi, Hg 1544 X 8 4 Jm 4 dB s BTt 2 A s (FFIE(E 5. 66+1. 34=7. 00 A5 HE) [ 87. 50% , 55— Tl
A3 TR FIE 70. 70% |, FE S RBUAE Cr Ni Cu . Zn Cd Pb As AR Ho 1A Bm B IR 2k fr i, X A2 552 H o
5 AR RS s A1 EEE B AL R R2 A, 55 — 32 oy sTik Rl 16. 80% , He it e 12k far &4 0. 725, %1 IX.
Hg 75 4 EZE il A Folb A =t B p ot 25 700 5 350, 58 = 2o 220 25 7] (96 07 A= B 05 ) 1l
FH R

Cd V542X 0 ~20 cm +3E Cd Fide Fofad R R BE bR | il ad 22 5 LA i 07 U ST AN ) VR B 1 3
Cd s tLAFRAE (6 3) , AE 75 e OR[R AR BE £ 48 Cd i TG i 3 1 22 5% (P<0.05) , HLi5 Y X R dET5 J4 X
20 ~40 cm 40 ~80 cm 1 Cd [t LI Jo B EPE 2 (P<0.05) , ZHu i S AU SE IR, 75 44 X 0 ~ 20 em 358
Cd Bt 5 20 ~40 cm 40 ~80 cm 5 @ F 2257 (P<0. 05) , BT X +4 Cd & S EMK THrdb b IX +3% cd 5
FAED U Cd Ve R B R L ERR

Cd 5L X 48 205 BT i 3 A E o (FrEfA 4. 72+1. 68 +1. 27 =7. 67 P78 H) )L 95.90% , 55
— EWA TR 59. 00% , 7€ Ni ,Cu . Zn Cd Pb BT bb Ak far 80K, 52 M BTy 50 2838 DA R i T
(FEIR 5 28 — A BTRkR o 21. 00% ,7E Cr i b B m ik, Cr R HAG Y E2ZORIET &R T
L RO AR ATAL | TR & B AT A X Al , DRk, 58— 32 A0 5 B A2 4 R I TRk ATl Y
S 3 5 — A DTERFON 15.80% , H. He it He a8y 4K, B2 A0 245 75 FH i 5

4 & &

WFFE XA T 3 Cd S fE T PR R b v 11 Sbmife, Hofl o 46 J i LU B (IR T L PR B Aot 11 26
FRiE, Cr Ni \Cu Zn Cd \Pb Hg V34 JFUfE L i 3150 M 77 8 53¢ {5 M o J 2 1) 2 S A1 2 W 2% X
Hg 15 4%t 7Y [0 AR B g 0, T 22 4O IR S 5200, Cd 15 G455 A4 L DXl B R B AR A i b g, 32
B NI . I Hg Cd BT R BURBIIME Y 0. 50 0. 11, - 5 JeoKk-F, 5 ¢ )8 A 1
TS YR Bk th = BUIRAK K Cd Hg \Ni \Zn ,Cu ,Cr As, £33 Cd KB RT5 YKo 1% X KFR 7 + 3
EARIB NG YK A R B HR SRR R AR H R B SUMKER A 42 b — s th BRAR BE R L 5 | 25
BIGREEGONR Y — TR S E U /R IIFE X Cd A A= 25 KU e 2 O vh 4% HLAl B 4 s
BWOARE , 2R IR S F AR RO R B T X A 25 KU B s 9, 1 Cd  Hg i HOR bR L DXOR R B
W) A 14 A 25 18 T 000

WFFE X S AR DL R, SRS QR AN o, Ry DX B Hg  Cd BEAR , i XA AR 77 336 8l
P S e R A A 250 T [R] A 56 Xk T Ll Sl i P05 A L e S A T b 2 B T S U, UMM
LA,

S Xk
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