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0.39 mg/kg 25 5 0.85 mg/kg®™ . MUBALIE 7 bk /K HEE
R, A3 Cd R As 15 3R 353 R K AL IE,
Pb (1575 G5 A AL et

EARTI I LA A JE 3= T ek AR Aty 1o
B R H R e e e . BAR S E SR
T 5 [P Vo R Y e w1 5| A |51 R

OFAETH: HEEABAREH TREEKNH (KSCX1-YW-09-02) %,

* JIHAESE (jmzhou@issas.ac.cn)
fE& N BER (1984—) , 5,

N TEIARR S, FEBAAL R BB E IR, b
EAR 2 KRt Y OG0 BB 2S84k, AR HH A8
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s, BHZE (0~20cm) H5THE (20 ~40 cm) RAE
RO E 1 PR

KL R 2008 4F 9 H, T-3EfE A Fig 2.
W2, BN SHRRH GPS A, FEPRAIC R 1
FEREE . RAGFEMET, R 2 SUREESRAE, BIBA
SRAE SR AR )y 30T LRI 5 SR, TG
WS GHE DY EIR | kg ZEATRRESL, BEAAAS. JER
SEPHZ TAE 494 A, SRAFIE TR, TR 4
K, SR SUREEAH N R Z A 95 A T 1S
FEWHEHRRAT, HIRMERAARA Y, B, ol
10 HA1 100 Hf, fRAFLARH .

N

o Ny
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g nERE RS

B1 RERSHE

Fig. 1 Distribution of sampling sites

1.3 SAE

4 pH. PHE A . AP UL e 2
etk Fdets, 2% (HgfE S HTT i) Dikr
3. LHEE4JE Cu. Pb. Zn. Cr Al Cd ©&XH
HNO;-HCIO,-HF-HC1 R A, SR iy A 75 i Jk
SR AR R TR 86 W% vk CICP-AES  Thermo
Elemental) 357161 5@ £5:3% th 4> )& Cu. Pb. Zn.
Cr, E4&Jd Cd KA R IO (GF-AAS)

s 3R Hg F1 As SR A KM, JRT %
Jeik (HG-AFS) Wl fr A4 g dli, 384
G BT I R 28 DL S R R SR BR AL 24 b HE ) R
GSS-3 bRUERF: i BEAT BT A% ) o di >R ] Excel A1 SPSS
GET AT AT AL
1.4 FMAZESRRE

G eV 7SR L P A A )
A9 Y8 E0 L Nemerow 28575 Yeda Bk, L,
BAPR 5 G e BT AN DA 3 BRI e ) () S S
VR R HEAR EEAR A (2, 1 BARR R 3 Rz 4t
MG A . B

P; = Ci/S; (1)
Kb PONES i M T B o FREG C o I
Si AHAFNARE. — M Pl RIGHE, Pi>1 A0S
B, 1<Pi=<2 NREEVGH, 2<P<3 NP5, P
>3 ONEJETGGY, Py BORSZ B ) G

TEESEERE R - ESEE, MEE
CRE Ry PN i (PR N A N P T e 3 R o =R (SR e
Z N ZE GG FAREOE AT I R A VM . SR AT G
FREHEAT 20, 38 % R Nemerow Z54575 Jeda 4L
LA R,

2 2
P. = Pimax T Piave (2)
CEa >

X, Po N EIBIGREEETEEG Pina N TG
RRKHIVT R IRE: Pave NETT R REB AN
o B TWIFI N IR pH AE KB IIE 6.0 ~ 6.5 2
], M4 pH (i LAABCT J5 15 5t0E! A GB15618-
1995 - HEIABE TR ARIE (1 — gibsifE (pH<6.5) "MfE
KV R AR N i X B2 T g A SR AT VR . DA
BN PRI T VPN, 76— 75 S VP I g %
VAU e G 2, W RELLACAN IR Y5 Yo ) AH X 18
RIOFERE s B SARUERLE T 52 m SR BE R A B ) —
AN, CUEAE AR UE AT VR Sy - 1Y G oy A
THMARE s N 25 5 BB bt 2R 1,

2 HR5ITE

2.1 HIEEARELER
BHEFAZ FIEB AR TR 2 Pios. #HEmM
WAHZ T pH ~FEME S 54 6.38 Fl 6.53, ZHIE,
&bk, TAEENUAL R, B SRR LR,
1 55%, SLUCHRRIFIRDRL, 2300 d7 25% F120%, WE
HHZ S HZ P SO AL B4 [ A IX, B
TAHPUR SRR, PR PSRN 512 gke, &
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*1 FEESEBRORRE
Table I  Soil quality grading standard based on comprehensive pollution indices
(RS e TIRSER 154K
P »<0.7 1 wh i
0.7<P 4<1.0 2 R LRl
1LO<P 4<2.0 3 LESER'S VRIS A, 1RITaRTS
2.0<P 4<3.0 4 i g AT G ) ek
P >3.0 5 EREE S IR G
TN 123 ghkgs WHHETVHISGEN 412 gk, e JaHIE 100 mg/kgs i BOPFE AT R0 AR S ~
TN 785 g/kgo PHES FACHe Ay, SPIMEN 33 30 mg/kg 2 (0], IXAEh: —J5ii, X ARG

cmol/kg. AP EE, TS ENEE 163
mg/kg, WHZ N 130 mg/kg. 28-S B RE,
B2 s {HIA 188 mg/kg, V¥4 37.48 mg/kg, WHf

\\\\\

TR BB, SRR R X R, 3
MR 55k, SREARFIEIR, JF B4R AL
W, AGEABmETRERER o

*2 HEMITHETIENEKRBLIER

Table 2  Basic properties of topsoil and subsoil

T2 KA kL KL FkiL pH BH 8 T A e it HHUR A R AR
(g/kg) (g/kg) (g/kg) (cmol/kg) (g/kg) (mg/kg) (mg/kg)

B 5 /ME. 1.2 21.7 64.9 5.76 18.74 225 8.82 13.30
E=INE 643 815.8 896.8 7.69 44.04 123.0 188.46 549.6

SERME 199.6 543.3 257.1 6.38 33.58 512 37.48 162.62

Fruft 2 87.7 101.7 76.5 0.33 3.48 10.9 22.14 57.79

W M 31.5 136.9 58.9 5.94 26.26 12.0 4.08 82.70
YN 667.2 780.0 373.8 7.85 43.81 74.5 113.89 325.9

TIME 213.6 547.9 238.5 6.53 33.14 412 16.21 129.7

ARG 925 97.0 623 0.31 3.29 11.6 14.99 31.55

22 TEEEEEENHIHE T sE, HATRMES S S EMT. 54 E A

2.2.1 )2 WRXEPHE LBEESE S ENE
3 ir (Hgs As il Cd HUE 7 [H] BERAE B2 R
FAHN 9 250 tHEE 3 T, UM E &8 673 &
29 HK: Cr 58.3 mg/kg, Cu 22.28 mg/kg, Ni 25.74
mg/kg, Pb 19.31 mg/kg, Zn 61.69 mg/kg, Hg 0.047
mg/kg, As9.11 mg/kg, Cd0.055 mg/kg. 5HAMAF 5
AR, Cd W RAC T 544, Cr. Zn. Hg &

—lbl—!
H 5L

H 5%

P22 EE, i Ok 1 S R A R R AR
A S 2R BT AR A R SR IR P B A S R
B, AR REGEOR, UL RIS SRR . ARBFST
& TG R AR R BB IE N 8.14% ~ 41.82%, JLrf
Cd M REU R, As 07855 REUR /N, HAhoos
A S5 R A K B /MKICh Hg>Cr>Cu>Pb>Ni>
/n.

*3 HEIREEEESE (mgkg)

Table 3 Contents of heavy metals in topsoil

4iiHH Cr Cu Ni Pb Zn Hg As cd
SFEIME 58.34 22.28 25.74 19.31 61.69 0.047 9.11 0.055
e 55.66 21.74 25.35 19.58 60.41 0.040 8.98 0.050
PRl 22 12.57 432 3.38 3.55 727 0.013 0.77 0.023
5/ ME 34.78 8.12 10.84 9.12 42.53 0.025 7.75 0.029
SN 189.6 75.60 47.86 29.84 129.84 0.094 11.37 0.132
BRERE (%) 21.55 19.39 13.13 18.38 11.78 27.65 8.43 41.82
FACT )5 5l 42.46 17.78 23.65 20.23 52.05 0.031 9.14 0.073
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ArcGIS SR 7% 18] 73 A1y AR5 i 0 (1 B 22 T L
(31,50 MRS S (R 0 Y AR A AT S T I L 1Y
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2R [  ATRFHERS . ST ArcGIS IR (EYEAF 6 135
PR E S E A A (B 2), rTLOEER] Cry Cu.
R LA X A
AIREAT /D

Cd Mo A AR AR L, 775 g
¥, Cr A1 Cu £EH AT L2 BRIK ik B A

N N

A
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0510 2[:(m - 980~ 11.37 0510 2DKm
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I 13.70~20.29
I 20.29-21.89
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SO FE VS A s Zn B S s AT 5], bR
G s, HALX ORI B 2R Ni & ES
Mt LIS, FEP A S5 B A Hg As Al Pb
FEVGALHR & B LA, Hg AR AR X I AR BRI
HEAE KKK ZER, 11 As fEPEHS, Pb fEPiRMAH
—EE A R . B, e E SR S
P AR, JUHR PR RIS U SR .
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B2 tEMEEEREZESH

Fig. 2 Spatial Distributions of heavy metals in topsoil
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2.2.2 WHE TR g T 4 A S B
JEAIL (3R 4). Hg M1 Cd FrERRIEER, H
Cd I S 2 A HEZ 1, HoAt o0 28 B fE I e B s
ICTHHAE . A2 57 R B KB/ MKIR A Cd>Hg>Cr
>Ni>Pb>Zn>As>Cu. Cd 5 Hg #t/ZWHIZ 128 57
FREEART K, I BAT AT AHER X A s 2 BN
HRETF R LL K. Cry Cus Niv Pb. Zn.
Hg. As. Cd 25 WHHZ 2 & L - 3ME 55 h
0.981.0.994. 0.978. 1.05. 1.014. 1.349. 1.025. 2.168.
Cr. Cu. Ni #Z2WHZWEK(ET 15 Pby Zn. As
I LLAE S B 15 He 1 Cd IR B k1 1, R
H—EmEEBA . He FFAHER 1.349, KT 1

(FILLBE S 64.21%, e KGEA 3.38. Cd T34 LL
ik 2.168, ALK 0.79 ~ 6.61, KT 1 [LLA
LT 90%, Cd #HZ 5 WAHZ & E K T8 5 E,
HE ZF IEROK, X5 AR 8 W 4 R 2 e iR
j([27] .
2.3 ITESEEELESTIELEMXR

TREAS Hb DX AL T RATIOT BRI 7N 2 2 U6 5 00 1) sk 5
W, HTHUBRZESR, KBIRIUAS [ FTRE 4 1035 E
TEAS RIS TE TR AT 73 AT AN A () 142870, AR+, B
fl . KR PR, HHPRLUR R A
FE A ERA . AR SO AN AR T G B AT
T, Wk s P,

*4 THEEEESE (mgkg)

Table 4 Contents of heavy metals in subsoil

goitia Cr Cu Ni Pb Zn Hg As cd
TR 58.81 22.30 26.52 19.17 62.45 0.038 9.008 0.029
L 56.14 22.10 25.68 19.36 61.43 0.037 9.025 0.027
NP 12.96 2.31 5.29 3.61 7.072 0.015 1.019 0.013
B/MiA 46.88 17.90 19. 48 9.32 49.01 0.018 4.680 0.007
EEPN: 155.3 30.84 71.50 29.70 96.75 0.094 11.70 0.068
A5 RE% 22.04 10.36 19.95 18.83 11.32 39.02 11.31 43.10
R5 ARRBETIFESEEMEE (mgkg)
Table 5 Contents of heavy metal among different soil types
TR Cr Cu Ni Pb Zn Hg As cd
M (361)  5826+11.58a 22.18+3.62  2580+323  1932+354  6196+7.82  0.048+0.013  9.15+0.78  0.052+0.018
Bt (101) 5938+ 1628  22.82+6.37  25.76+3.71 19.13+£3.53  6127+544  0.040+£0.014  881£0.74  0.076+0.046
R (9) 5477+7.08  21.95+£343  2577+6.63  1823+3.33 6108641  0.042+£0011  9.07+024  0.045+0.006
At (9 5444+ 696  21.50+£346  2520+261  2058+3.13  59.60+3.00 0.048 9.85 0.034
KFEL (6 57.99+£4.00  2644+7.07 2561+0.071 19.93+12.06  58.12+5.08 - - -
HwEL e 48.88+4.19  19.62+1.02  23.69+2.16  19.68+2.69  59.04+5.62 - - -

T RAFE SIS, Hob Hes Asy Cd =Mons B AR 794, Wt 1A, B 3 A, bkt 14 RP BV RS RS = i,

Cr o4 T8 5 1 48.88 ~ 59.38 mg/kg,

THEE IR RIS TR, 32 NN/ A o Zn A

Hh ARG, wA b b S E R Cu
RAEKFE A S, A7) 26.44 mg/kg, WREH T4
WARMER G, JFEA AR, DU R AR
TR e I S RN, A U AR - SRR R L
BA), W K RAZ . Hg 78 5B MR A L & 2AH
I, Bf b SR S EA Y As IS RN LR
w, FA TR Cd EERR TS ES As
AR, e AL, S thhms, HEE
FHZERARE 1 6%, Lei & 3R, W31 Cr. Cus
Ni &, Zn & EWRAA TEMAKE, Wheim T

PR R e, BB P I AR I
7 -1 SR v o < o 5 AN R (0 S DN 2 AT B LA
Jit: G, ARSI R AEA BT S AL
IR, SRR R S RS R EOR, IR
HAF LM E G w A R —E 25 X,
H1 T H e AE AN ] R R A K IR AN ]
I s I LA A AN e, 2 A
T, BT AN AT OB B it
iRty 55, AR RS EUR RIS s

B 2R,
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2.4 EEEMFETHIE

AT R 20 et 80 AR ik 3k A
J% 2000 4 973 Tt HAF G Rk AT LA, I ori 4
FEFIA] B AR . ] 3 WL, Cu JCER & RAE
3 AR KR4 Pb 78 2000 4FF1 2008
SEAY, (HAXT 1980 ESREA PR Cr 1
L) Pb AH{EL, 2000 4E 5 2008 45 B AN KAR L,
H/2 5 1980 FEAHLL & A BORIREL N R, ARG
Frib—2bF9T; BT R A T A R & Hg.

(mg/kg)

I
&1

19804 20004

20084

I} ]

As. Cd %57z, PIe#EIY 2000 FAHLL, 3 Mocsk
1) 2 B S R L) — S R P TR ARG, I Hg 1) B A e 2
TR AR 48 & m B KR g LI, o
M AN R R B A 0 2R T e T
B — ) Tk, Ak =, AN 4
J& HENFRBE AR A, A e AR, Rl 1
YRR, A A E e 2 LI S — i, A
MIREFEN G AR LA A T, AKOGHR
PIA G IREPE, BT B8 S B M — e iR % .

0.18
0.16
0.14
0.12
0.10
= 008
& 006

0.04

0.02

it (mg/kg)

20004

20084
R} ]

B3 tREESEMN=TLE

Fig.3 Concentrations of several metals at different years

2.5 TESEEEITFFN

18 FAAS IR (R b v 6T 224 1t 1) 4 i 7 G R L AT D
s SRR 6 FiR. DIAMCT T SEAE A brifk it
TP IS, B Cd 2 4h, Ao s R 15 45
B 1 KT 1, S EEEOHE MGG (5
GARHORT D WHR R HAE 50% Wb #NIos
75 R4 B R B MK IXCh Hg>Cr>Cu>Zn>Ni>
Pb>As>Cd, HALL Cd KW Fis g B is, b
0.740, T5YLRWAN 11.7%, BHVGTIMES, Hg

() LR 7y et e i, IAB T 1.517, 154 FRIE
T 94.7%; Zn. Cu fl Cr MHFFr5 345 >1.1, 75
YL R L T 95%. FEAMWFFT X IREE A5 Yeda B
0 1.341, BEHTEACHLIX 2 2 AChIESh s,
T — RT3, I8 T RS g . L
R bR HEREAT PR I, 3 v Gt i) B R 1
V5RO <1, WPl Ni>As>Cr>Zn>Cu>Pb>
Hg>Cd, Zia759a%08 0.504, FRUZHIX 3
GCRER, JRIEHARZIGT.

*6 TEIHMPETLREERISREN

Table 6 Heavy metal pollution indices under different evaluation standards

4 ) FAMCT S5 S8k VP bt [ R Gt Ay VAN
FABCT IR 15 5¢{H (mg/kg) Pi VGRELR (%) K _gikriE (mg/kg) Pi VGRELR (%)
Cr 42.46 1374 98.0 150 0.387 0.02
Cu 17.78 1253 95.7 50 0.444 0.04
Ni 23.65 1.088 71.5 40 0.641 0.06
Pb 20.23 0.954 40.9 250 0.077 0
Zn 52.05 1.178 97.1 200 0.302 0
Hg 0.031 1.517 94.7 0.30 0.156 0
As 9.14 0.997 0.5 40 0.303 0
cd 0.073 0.740 11.7 03 0.180 0
P =1341 P =0.504

e TSR AN P> 1 BORE s SRS EL A
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AR E S JERIEARE 2, BT 2R K& T
A sh, ANMAT A G WA B E 4 E
AN K MR AR 2 J o B IR R ()38 FH 45 it
BREEETT R B, DR R IR S b R A SR Rk
A el R R Ak 2 oD S N A R e b
XA R Tk Ak, 54 IR SRR T Tk nl RE
BN o ZHBIX ) FEAEY R R G EOK, TR
JE it B 2, it B TS P SR R AT v A R
Cdo  EHRAERIKIB I 2V7E 3 i X el A 5 4 Lt A
Jii Cd & BIEJFURIN 2 52 . & Cu S INFIAEsh
BHOIEH, WTRERE Cu 78384 Hb X 5 A iy 1) 22
B, 28 (A S i FR 4, R Cu b3S
FHE N HIEHN S TE R Cu (AR . & Pb YU ARG
I A IR 1Y) Pb N £ 464k 22 Ui, i
KAE AR AL R B E e A B, KA SRR 4R ok
W, XIS R AN RN . ARk
RO AR ] DT Ik ST R 0 7 A 4 b ) Zn,
Cd. Hg &=k,

3 #Hig

DN LT 67 < 2 (RS 1 L w2 3 g s s 0 Ny
HEMK. Cd & EHBT Y 5E, Cr. Zn.
Hg i T8 5o 12X G A i, U AR I
AR . Cr F Cu 5B A S8 SR IK ik A, wf
BEAT /N RIS S pdi . 10 As 7EPEEE, Pb fEVH RS fA
A — i s A . He 1 Cd [HHZ R (i
K, W — I E S, IR _FRE, Pb Al Cr
(1B B AE 5 — I [ B 5 Bt 3A, JUIE Cr TR
R HAb LR T2 & BB B ITR, #A —
SE YR A BR824 b - 358 T 4 Bt T [ R34S
BB, 23 E S8 VG Y e IR B R
N,

DL SEAE AR ERAT VRN BT, BR T Cd Ak, I
TG ZE IS R e R RS LR 2, Hs Qe da dith i
W, Hob Heg iK% T 1.517, RWHIEXEGH LT He
& e E, BT RENR: e iiEich
1.341, IEBRRIG R0 . M UUE K Z GhrUERAT IR
B, SANTCRBIRERTGRAKT, EETE RN
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Heavy Metals Distribution Characteristics and Pollution Assessment
in Farmland Soils of Hailun City, Heilongjiang Province
CHEN Yu-dong'?, WANG Huo-yan', ZHOU Jian-min', ZHAO Yong-cun'
(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science ,Chinese Academy of Sciences), Nanjing 210008, China;
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract: In order to study the distribution and status of heavy metal pollution in farmland soils of Hailun, a typical agricultural city of

Heilongjiang Province , 494 topsoil samples and 95 subsoil samples were collected from the farmland. The contents of Cr, Cu, Ni, Pb, Zn, Hg, As and

Cd in these soil samples were determined, and monomial pollution index and Nemerow aggregate pollution index were applied to evaluate the topsoil

environmental quality. The results showed that the contents of heavy metals were relatively low in most topsoil samples, and the contents in west

were higher than in east, especially in southwest and northwest. The contents of several heavy metals in the topsoils were beyond their respective

background values, suggesting that some heavy metals were slightly accumulated in the topsoils. According to the Environmental Quality Standard

for Soils, the contents of heavy metals in topsoils were below Grade Il Criterion, and the Nemerow aggregate pollution index was 0.504. The contents

of Hg and Cd in subsoil were lower than in topsoil, but other element contents and spatial distribution characteristics of subsoil were similar to those

of topsoil. The variation trend of heavy metal accumulation was not evident from 1980 to 2008, and the risk of heavy metal pollution was low in the

short term.
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