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WM LIEEEE TR S A RBEESKBRIEMN”

BRI, SR, fA/hig2, Eok4, fpEE
CLWRTA MM T SRSE MR st WTLTWIM 3180005 2 WiV LB KAREL R JRAT IR STAE AR, Wi LB 312300)

B OE: N T L E S D YRS T R S, SR bR R T o0 i L G R A A AR HEAT T IR
ZERFW]: BN T R BRI KEPD, FKIRECd, 3PP R AR, KRR ELIEICEA W B, 68.9% [+
B Tae i, 21.6% MHEEA TR, Rygd+ Y 8.1%, HEisgi+iEd 1.4%. 68.9% i) +HA TR %%, 27.0%
[ LAl T A AR AT, SRR A5 L3 N 2.7%, ARBRIAI AT 139N 1.4% . PRHbITEE G S AR B i X TR . B

Mo IR YRR T b . PR S S R TTRR SN e Cd>Ni>Cr>Hg>Zn>Cu>As>Ph,

REER: TG EeEs BRSNS Y
FESES: X8204

TR, HTAOZREEK, Tk ke, [
PR AN i) - H 2 1T HEBORMBUR], A5 3 B K AS B 17
TIERBIE, KA A A SR AN W Bt R 7K
B A T3, SR IS I T v e H i
FE] P AN 2D 27 506 - 398 v 4 i )7 G S 2 S R DR
YETHFFTE T, 2007—2008 £F, VT AWM A58 W i)
HL R SE R TN T R RA 55 o A5 R B R et
S VRS R AR T AT B X P SR A
PG HE T FEAN IR A o A SC LA IR A 20 4 24t
XL N T - 43 b i) R R B AT AR S RS AT VR

e
1 #RFITTE

1.1 HREE

H g R SRS 4 B R AR b . DR A
TEAEI N T B A 38 S i, BB R R DK /N K 4 km x 4
km, FRH8FA% AN 16 km x 16 km, I GPS 547,
KAFFERL 74 A, Joh FEHb B AL B 52 A4, R §h
22 o BEHRAE 0~ 20 em 2 1338, ARHERAE 0 ~ 15 cm
A, Z AR, RS WERIRE . FEAE T
g s L KT B 1 100 H fiE—b
25 G R 53 il o
1.2 SHhAZESREE

£ 8 BhFE4xJE A As. Cd. Cr. Cu. Hg. Ni.
Pb. Zn. Z3#1 535 A DG 1 e N RSR[5 bR

o b, Pby Cd MIE A s S IRl o) o e
15 (GB/T17141-1997); Cr {5 Ay KA R T W 3
JEIEREY: (GBIT17137-1997); Ni [R5 Ky KA 51
W o 66 L (GBIT17139-1997); Hg MM E K4
JEFIR e R (GBIT17136-1997); As [l
M INEA PR R B 3 Ot RSV (GBIT17135-1997);
Cu. Zn 1 & b KGR T Wl 4 e Ot B
(GB/T17138-1997). A HI ¥ EE 4 8 T bR HERE i b
ESS-4 RAEE 1 B 10 MM AARAE T3 1A, &
10 ANFE L BEALPRIE 1 ASFE S AT s RBoRse: JF
BEHLAII 15 /MRS (2 AR SR E01) 20%) AT RS
Mg, LR 7B 45 5 00 S i A T 4 1
1.3 FESINUEE

HR 5 Zeenit700 Jit WSO A3 (A HR 43 4% i
BEBRATD, T6 Friis st (dbntE s H 4L
WHRAFD.
1.4 FMAZE

1.4.1 ARETF PN FEE PI
. Ci
P = —
i S (1D

X, PGS TR I A 15, Si D T
bRk (GB15618-1995) H1 4 < Ja Y VPO bn vHEAE
1.4.2 WIEPLEE NI PN

Pif, +Pif,
PN = |ﬂJ2 EEON (2)

ORETH: HERY 4 E R EEIUR & &5 piam e (2110402) RN iR REMIFIE (2007YS19) %8,

EZ TN ML (1980—), 4,
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b, PN WD SR VEIN AR R Pl 475 P LG
PRI GAR BT IR, Pl Ay di K B < TS e
¥

WS TS B FR U T 805 a3 4
FTs TR S vk B G ont - SRR B S5 () 5
AL NG SR T R R E T R E . WD ERE
TIRAREC IR G ROP AR LR 1.

®1 TRAET EETREBITMRE”

Table 1 Evaluating criterions of Nemero combined pollution indices in soil

(1 PIME D LT Yo TRV (AR
I PN<0.7 I (A
I 0.7<PN<1.0 R CEARD
1 1.0<PN<2.0 BEEGR (IS5
\Y 2.0<PN<3.0 PEEE G (hyg3Y
\Y PN>3.0 R (EiGH)

1.4.3 Hacansony& 71 4= 24 XU & 5 % AT X )

9 G S N PR A7 A 1 2E A5 XU - Hacansonthd

by 3 rp T 4 JE 6 IR A AR VAR A AR A KU T
FAXKR:

m m i m CI

RI = Z Eri = ZTri'Cf = ZTri?

AP, Ry 3R 2 008 4 8 1 25 A e A S RS TR

(3

e B/ BTRNE S MIE A RS R, T B
PHESE TR MR REL, R W SR (1) 5 PR A A
Pt T Y I U R . Hacanson® Bt Cu
Zn. Pb. Cr. Cd 5 P4 (W8 RECGHEAT T 09T,
FEBLIERE b, AR SRS A4 R B R b % 4
JEICE M FEEEAES NI As. Hol #2480 & E4E
BRI EE R BN Zn=1<Cr=2<Cu=Ni=Pb=
5<As=10<Cd = 30<<Hg = 40. C{ 4 Eift E L Bt %
(g e 2250, Bk S50 4 8 o0 R 0 Y SRR
CUhHIEE S g e RS, C oS, BIAAH
TIEE S, HIEPESEIREBR, ESRSEY
L, F4 RSO, A RS
HRMEEK, R E SRR . B0
* 2,

2 #R51NE

TEGFEERESE

M 3 I, IR R R E LR S A A
SERIWB . A5 RBOR/NFF Ny : Cd>As>Cu>Hg
>Zn>Ni>Cr>Pb, UiH] 3% Pb &8 LR,
ACIR L e/, Cd 5 AR B B K. A3t R A
AR, PRl 1) <o 5 o A A 3k KT
Mo S BB B R TR T )8 J5 3R O H. Pb.

2.1

®2 TEBEETRESR

Table 2 Classification of potential ecological risk in soil
VPR fI% g G 5 stk
E/ <40 40~ 80 80 ~ 160 160 ~ 320 >320
RI <150 150 ~ 300 300 ~ 600 600 ~ 1 200 >1 200
£33 TEHELEAE (mgky)
Table 3  Contents of heavy metals in soil
TR G H. Hg As Pb cd Cu Cr Zn Ni
Lk BE 0.151 9.6 327 0.25 25.0 66.5 85.1 24.4
(n=74) Jifl  0013~0.637 19~475 144~563  0.06~4.34 3.4~169 15.5 ~ 217 25.8 ~371 6.7~755
A5 R 0.75 0.84 0.26 1.96 0.77 0.42 0.53 0.46
BEHh S]] 0.168 9.0 333 0.20 25.6 714 85.0 26.7
(n=52) Jufl  0.039~0637 38-~431 144~558  0.06~057 75~703  242-~121 25.8 ~ 157 6.7~47.0
R 0.65 0.73 0.25 0.56 0.37 0.26 0.37 0.34
PRl BiE 0.112 11.1 313 0.37 23.7 55.0 85.2 19.1
(n=22) Jifl  0013~0573 19~475 16.2~563  0.08~4.34 3.4~169 15.5 ~ 217 26.2 ~371 7.8~755
A5 R 1.02 0.97 0.28 2.36 1.36 0.74 0.79 0.73
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Cu. Cr. Ni; &M TR E S moc R N
As Al Cd; Bt b3 rh Zn (935 R (LT

faray
SFo

2.2 BEFSEEHITFN

4 % A T E W IR s QAR HO A R
WA 4. B 4070, I Pb FEdlikhy, HR®
BRI S . SRR 75 AR 40
K/ . Cd>Ni>Hg>Cu = Cr>Zn>As>Pb.
A5 S BB/ NIBUR . Cd>As>Hg>Cu>Zn>Ni>

Cr>Pb. & H 4o s A T3 o T 30Re bt S0
FEb 0504 Cd (13.5%). Hg (9.5%). As (5.3%).
Ni (4.1%). Cu (1.4%). Cr (1.4%). Zn (1.4%). Pb
(0%), XUl Cd Fl Hg 75 JAHX 8™ 5, Pb y5 4%
TR AR, A LRI RO E, MR E S8 5 &
AR Ak K TR . BEHL 3 Y Hg. Cu. Cr.
Ni FLR 5 QAR HOI N TRt Bt 138 1) As.
Cd. Zn A5 B4R HOYE /N TR B 5 Ak +
Herh Ph {1 SRRy e F R BB LA A

x4 TEEERBBETISREN

Table 4  Single-factor pollution indices of heavy metals in soil

R Esdit] I RIEN Hg As Pb Cd Cu Cr Zn Ni

I5YEN Bl 0.42 0.35 0.12 0.67 0.39 0.39 0.38 0.55
(n=74) PEA e 003~191 007~190 004~023 015~723 0.03~169 009~108 009~148 0.17~151

A5 A 0.84 0.85 0.28 1.24 0.55 0.41 0.49 0.44

HBFRFE S L (%) 9.5 5.3 0 135 1.4 1.4 1.4 41

b BifE 0.45 0.34 0.12 0.58 0.40 0.41 0.38 0.59
(n=52) FEA el 0.04~127 013~144 004~022 015~165 0.08~0.77 012~067 009~0.79 0.17~115

A5 AL 0.74 0.70 0.27 0.60 0.41 0.31 0.38 0.36

HBFRFE & L (%) 11.5 3.8 0 15.4 0 0 0 3.8

it BE 0.34 0.40 0.12 0.88 0.37 0.33 0.40 0.44
(n=22) 3 [ 003~191 007~190 005~023 027~723 003~169 009~108 010~148 0.19~151

AR5 R 11 1.03 0.29 1.61 0.82 0.62 0.66 0.60

HBFRFE L (%) 45 9.1 0 9.1 45 45 45 45

2.3 MIETEEITREBHTMN

B2 5 nl L, Brb RT3 A Mg 2 GeFR N TRk
My, ARG FE A LU AR AN, B T G R R
TARHL . EAKTE, 68.9% 1) L1 Ab T 22 25540, 21.6%
() b A T B, R g I Y 8.1%, Vg g 14
i 1.4%, GRS (R 6).

x5 TEEESRRIBTREFREN

Table 5 Nemero combined pollution indices of heavy metals in soil

T SiilE WM G375 Y46 5 PN
JEYLS BT[] 0.67
(n=74) FIER e 0.17~5.22
R 3 0.88
H b Sl 0.63
(n=52) FIEA e 017~121
AR5 R AL 0.38
it S]] 0.76
(n=22) FIEA e 0.24~5.22
AR 1.32

#6 TRFRTIEMLHME (%)

Table 6  Portions of soils at each grade
R JERE Hl b Mt
(n=74) (n=52) (n=22)
PN<0.7 g4 68.9 63.5 81.8
0.7<PN<1.0 R 216 28.8 45
10<PN<20 ®y5% 8.1 7.7 9.1
20<PN<3.0 "5 0 0 0
PN>3.0 EREES 1.4 0 45

Or PR S T T A 6 S s Y AR B vk L
RN RIS R TR RN AR 7 AT, KR
& B AR SAIERE, DI S EE TG R
(K TTER AR /INIFUF . Cd>Ni>Cr>Hg>Zn>Cu>As
>Pb. &G R YT G DTS/ . Ni>
Cd>Cr>Hg>Cu>Zn>As>Pb. % H 4 &% 5
YL Tk KNI K. Cd>Ni>Zn>Cu>As>Hg>
Cr>Pb,
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*1 EEBMEETEREHSEEXR (%)
Table 7 Contributions of heavy metals to combined pollution indices
bR BN Hg As Pb cd Cu Cr Zn Ni

R BT[] 12.2 11.2 4.1 19.0 11.9 12.4 12.0 17.2
(n=74) FER e 0.8 ~39.2 35-~453 1.0~84 6.1~47.6 35~220 47~220 5.7~249 6.7~275

L5 R 0.65 0.64 0.29 0.47 0.27 0.29 0.30 0.28

b S]] 12.7 11.1 338 17.3 12.2 13.1 11.5 18.3
(n=52) FEA e 25~343 36~453 24~84 6.1~435 6.3~216 5.0 ~22.0 59~189 6.7~27.5

R 0.61 0.68 0.25 0.44 0.24 0.26 0.22 0.25

it Sl 10.9 11.2 45 233 115 10.8 13.2 14.6
(n=22) FIER e 0.8 ~39.2 35-~27.2 1.0~6.8 11.9~476  35-~220 47~176 5.7~249 8.3~26.7

L5 RH 0.75 0.54 0.33 0.44 0.33 0.34 0.39 0.30

2.4 LTIEBEETSKEIFMN

& 8 [ WL, M EEIME KRG, Hg F1 Cd [
TRV A A AU REAE T S5 R & 2, HAR & IC
BRI AE TR RS &8 s W5 AR A2 3 U F8 B B ME h
147, KPR SR . & EAJE o 2o g
A RS DTER K /MUY R . Hg > Cd > As> Cu> Ni
>Pb>Cr>Zn. #fHh & F 48 o0 20 TS e RS
KR BTk /MBS k. Hg > Cd>As>Cu>Ni>Pb

>Cr>27Zn. MU 4 8 0 300 T VB AR AR A KU
TRk KNI . Cd>Hg>As>Cu>Pb>Ni>Cr
>7Zn, {HAERZ, Frih Hg S 78 2E 4 K
Ko 2R A ME B K T AR, AR MR Cd PRI A
AR 2 R R B R B 0K T B b o B b 1 9
FEAEAS KRS R HOSAE 530 8 145 A1 151, ZE A K,
Ut W P L i ) A AR L 1 v A A S KU K
BUHEEM .

*8 IRECERIPUBELESREAYSBELESNREL

Table 8 Indexes of single factor potential ecological risk and potential ecological risk of heavy metals in soil

TR giiHE PRLIRUIE L AR A AR R AL Er WELEA A AR
Hg As Pb Cd Cu Cr Zn Ni TRERI
PSEEN ¥iE 65.7 13.9 5.7 44.1 7.3 2.7 1.3 6.4 147
(n=74) JuH 57~276 27~684 25~98 98~765 10-~489 06~88 04~57 18~197 33.9~952
Hiith BifE 72.9 13.0 5.8 35.3 7.4 2.9 1.3 7.0 145
(n=52) Jufl  168~276 54~621 25~97  98~100 22~204 1.0~49  04~24 18-~123 47.8 ~ 365
Mt ¥iE 48.8 16.1 5.4 65.1 6.9 2.2 1.3 5.0 151
(n=22) 0[] 57~249 27~684 28~98 143~765 10-~489 06~88  04~57 20~197 33.9 ~ 952
BT, 68.9% (¥ LI TARKR AL, 27.0% 3 Z5iE

(b SEAL T 25 AR S 2, g U S 33 2.7%,
R XU A5 2 35 1.4%, Joiam U T3 (3R 9).

*9 FEFRTIEFTLHHBE (%)

Table 9  Portions of soils at each grade
R ISEES Bt Mt
(n=74) (n=52) (n=22)
RI<<150 fi% 68.9 63.5 81.8
150<RI<<300 % 270 34.6 9.1
300=<RI<<600 i 2.7 1.9 4.5
600<<RI<<1200 fR5% 1.4 0 4.5

RI>1 200 i 0 0 0

TE T b8 v % 4 U0 R A AT A B R
Z). POy, AR RN, Cd e AR IR
JER. tHEEhPhE R ElE, KRS ESECRY
AFAEREARIN G o 338 45 T 4 J ¥ 1) TR /NI
JF4: Cd>Ni>Cr>Hg>Zn>Cu>As>Pb. M PHH
PR PR B AR IER G, 68.9% (1 LT
ARG, 21.6% M) THEA TR IR, ig g bl
8.1%, Fy5yetiE Y 1.4%, Jorh VS Y. MIBTE
AN TR ECR S, 68.9% [ 43 4b T XU 245 4%,
27.0% ¥ 1 3EAL T rh S KB A5 2, i XRS5 2 139y
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Distribution and Evaluation on Potential Ecological Risk of Heavy Metals in Soils of Huzhou

CHEN Jiang!, ZHANG Hai-yan!, HE Xiao-feng?, CAO Shui-hua!, YANG Guo-xiang*
(1 Huzhou Environmental Monitoring Center, Huzhou,Zhejiang 313000, China;
2 ShangYu Water Treatment Development Co. Ltd,Shangyu, zhejiang 312300, China)

Abstract: The potential ecological risk of heavy metals in soil was evaluated according to relevant standard and method based on the
investigation of heavy metal pollution status in soil of Huzhou. The results showed that the single-factor pollution index of Ph was the lowest while
the single-factor pollution index of Cd was the highest. Pb content in soil complied with the standard but the contents of other heavy metals in some
soils exceeded the standard. 68.9% of soils were at the level of security, 21.6% of soils were at the alert limit, 8.1% of soils were at the level of light
pollution, 1.4% of soils were polluted seriously. 68.9% of soils were at the low risk level, 27.0% of soils were at the middle risk level, 2.7% of soils
were at the strong risk level, 1.4% of soils were at the very strong level. The ranges of heavy metal contents in woodland were generally higher than
those of paddy land. The degree of soils pollution of paddy fields was lower than that of woodland. The contribution to pollution of heavy metals in
soil was in an order of Cd>Ni>Cr>Hg>2Zn>Cu>As>Pbh.

Key words:  Soil, Heavy metals, Potential Ecological Risk, Evaluation



