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(1 ERERVAHEAREREALRE (PEMERARLIRFARN), &R 210008;

2 FEE B AL, X 100049)

B B AYHSTAHMBXESHELLAFESM Cr. Cd. Cu. Zn. Pb ME2EBRAARFER, FERERGFENR
HTERERTN. LBEH: FRE0~20cmER20~30cm 12, EHESR (GRS 2ERABRHETERE. TR

| RABTRANS, F0~20cm tEFAEELELHTF 20~30om 2EPER. RAREFREENAIET EET Rt iEn
RE g BTN, DS LT R ER, 2R ERRREL: UBXZRAENIPIIRE, ZHMEDRRES

.
*@iA: B A8 FEEE: W
hESEE: X144

20 th42 80 FFARLAK, FEE K X TR Z B
RERRE, T ZR MR HERLER, B
HNEEERMRY. WIEHEREEHZHEM. B
SRZHXLIRGESESETNEM. ERESR
Tae L RBEYEM, ELRNENEATHRR,
FELIRYERLENGARER, REAFEE. I
MR FERRERZ B Cd 555, B,
TRESCRAESEKFE—ERELTRBRR> @
R et 4. (M RESRISRER,
¥EEREFHIEFERRE, STREREXESR
S8, REFXNAR. BREATHELNEM. &
BAMIMKERE, REFRETTRERBRFER
HEEME X,

B E& BB RRE £ WiE T ERSE, X
BREHZXLROARBASEPELERAL FOR
A KAELB. WEDHBURBEESAIE, T
ESRRAMFRGDEAR D BHERFRE,
WFE KW LEAE RS Cu. Zn, Fe EEEYRTIE
F4: Cr. Cd. Pb BAKEH, EREEAMMRAER
HmMEgEmas, FIRAMIGEE. FERED
VSRR TLH BB EEREAM L RFESR TR
As. Cd+ Co. Cr. Cu. Hg. Fe. Mn. Mo. Ni. Pb
M Zn & B REBEAMFIAERMZAES . Fn 8
H BARTE B A AP R T BT M X BB KA £ 4R
FESBRIEMRE—FLZEKT, BIFRAEHS
HEET WX~ EREKT, ESFREKX

M EERRBRLFMUENR. LETBXEAL
FHEANRELEESLRE Cu. Zn, Pb S EFEHEFR
MnmAREN, RERSMEFREREEEMX:

"HARERMEMAL, B=E3% Cu, Zn, Cd. PO B

BREAREESM, KPP Cu. Zn HERK, EXE
B E R LR BARAE, MRTEAIS R

10 BEER, KX KRHERA BB T E
RRE. #2000 &5 AKIRE, HM. X%, FHEH
1 HE AR S AR S 10000 hm?, pRN 2 KM E
BEHNE. ARBHELRE, RERERERIBEE,
BELETHRZHEEZHX I RESREENA.
Ak, BATF 2005 F 6 AXF KB ELHHT 7R
HiRE.

1 MR5REE

1.1 HEHRRESHE

SREE M A AT 75 4 TR K E TR R R R
R, LAt FUBRAED. ZHREE
KMEH 5 EME, FEMEEDAERNRL. &
A KK 36 mi B 6 m. EGHIEEAFHACE
(N + P05 + K;0250 ghkg, AHLE>300 g/kg) 4

"4630 kg/ hm®, FEERHEIEAAE 1160 kg/ hm?, I BEER

#5 1160 kg/ hm?, [R% 230 kg/ hm’,
EERAREHEN 8 MNER KW, SMEZHFRA
KSR AR, BERES520~20cm, 20~

30cm; B4, KT, it 100 B, EFRZEHOK
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RS AWHXEELRELRERAERITY 911

pEHRE, &H.
1.2 WMEHE

TRELBLEALESRA HF-HCIO-HNO;
BEATHME. HEFRFREL 0.5000 g AT 30 ml RIUE
IEHIRT, mEEEHEFKIEE, A 10 ml HF,
2.5 ml HCIO, 1 2.5 ml HNO;, Mz {KEHEH 1~1.5h,
REFEAFAEBE (<250C) HUEREREKRE
B, BREMERFR, Fin S ml HF, 2.5 ml HCIO,
F12.5 ml HNO;, HHET (WA REETE BIR), £
AN 5 ml 2 mol/L HCI i35 I i i i (ELIKIR),
BN 100 ml FEMT, AHE, EFEHFL B
51, it ETERRP .

TRESERARAENLR: R 2.00 g AT
100 BIREIERRAN 50 ml EAES, A 20.0 ml

EDTA &5, 25°C #RHIA 1 h, B 30 min (5000
t/min), SEFBEESH LR,
BATELRAERASETHRE TR LE
(ICP-AES) ##ll REL#AT 44T
1.3 HithlE% -
AR LB G T Excel AMHF0 SPSS HiE4iit
B4 LT
2 GRS5HW

21 IMEEREESH

2.1.1 0~20cmtEHRELBLBMT ME 1T
PEH, ZHEKEBEZELE 0~20cmEEELE B Cr
5 SEMEITHELRERE, #EMK HEE
EZARRRRENS S, Pl Cu R eSS K.

#£1 0~20cmIBELREZRLEE (mg/ke)

Table 1 Total contents of heavy metals in 0 ~ 20 cm horizon soil

e Cd Cr Cu Pb Zn
SERTE 0.09~0.31 57.74 ~ 84.03 30.81 ~46.31 20.41 ~41.90 57.37~87.23
FE 0.18 71.04 39.69 29.39 7;,31
X 0.03 745 6.05 7.52 9.95
YR 0.126 778 223 262 62.6
EREN 1.43 0.91 1.78 1.12 1.14

i RREAMLFETRERE: SREN = HEERE TH.

21.2 20~30cm tETRESELESMT @

5h, ERTTRNERB BT T8 13RE RME,

R2UUUEH, 20~30cm £EH, B Cr. Pb TE  HRL Cu mEMBREHEBK, LKA Cd A Zn.

%2 20~30cmtETMELALR (mgke)

Table 2 Total contents of heavy metals in 20 ~ 30 cm horizon soil =

] Ccd Cr Cu Pb Zn
SEHE 0.08 ~0.33 66.13 ~81.12 29.69 ~ 48.52 11.03~51.30 56.81 ~ 86.71
FE 0.15 71.84 37.85 22.17 67.16
L2833 0.02 4.48 596 3.80 723
HRE 0.126 778 223 26.2 62.6
BN 1.19 ' 0.92 1.70 0.85 1.07

2.2 IEEBERBYSHH
TEIELSBRAENEREL TRUNTS, &
GH YR AT AR, ATXIHEAA
BEREE. B, TRESRAXSHAEBRRS
ZBZMAMKR, HTERAZRMTHRIIEELR
FREEEENENL. .
221 0~20cmtELRELSEEREMT &
XS MELBAED, LCd TENERSHELE

MR B, BABRENEY, 8BS THEXIRI:
Cr TEMERET (R 3). :
222 20~30cm EXREERERSMT &4
Y, RELRELBEAUESSENHRANRE 1%
FARUZLE, ERENLENHKEEAEREBR Cd
TERE, BREEBRNEE, B THEZREK: T Cr
TLENEERS.

TRPELEBREM, BERLIRSEHER
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%3 0~20cm TETREEGRELSER (mgkg)
Table 3  Available contents of heavy metals in 0 ~ 20 cm horizon soil
b= cd Cr Cu Pb Zn
Fy ki) 0.02~0.18 0.15~1.14 3.05~7.31 2.49~6.78 5.94~20.14
Tl 0.07 073 5.38 4.01 11.50
R 0.02 0.34 141 1.06 4.10
HNHREY 38.89 1.03 13.56 13.64 16.13
i BRURY = ARASRTHEAREETIYE x100% TH.
#£4 20~30cm tETMEEEBYSER (mg/ke)
Table 4  Available contents of heavy metals in 20 ~ 30 cm horizon soil
ME Cd Cr Cu Pb Zn
SRTE 0.01~0.19 0.23~1.27 424~6.09 4.24~7.00 3.87~10.99
FiE 0.05 0.60 5.34 5.72 6.75
R 0.01 0.21 0.44 0.68 224
AREER 33.33 0.84 14.11 25.80 10.05
FEERER, Cd RAKELEERRE, RFCIZE ELESRATK, BEMERRTIR, ATEXR

BHRE SLREBENMMBRE, NIIELHHENL.

2.3 TRIXBRTELRLE. AYSEEXAR
MESTUEE, E€REEAREALERE 0~

20 cm B& % T 20 ~ 30 cm (Cr Bi5H). IX AT RER T iX L8

BER, BUREAEATRE. MTHEEEE,
FARERREGRXTRE (Pb B4, XREEA
REHELERL, ARESEER, KXRAEA
RisfE",

#£5 0~20cm#M20~30cm TEFESESR, BUSIEXE

Table 5 Relationship of the total and the available contents of heavy metals between 0 ~ 20 cm and 20 ~ 30 cm horizon soil

mH Cd Cr Cu Pb Zn
S 8 0~20cm 0.18 71.04 39.69 29.39 71.31
20~30cm 0.15 71.84 37.85 2217 61.16
0~20 cn/20 ~ 30 cm 1.20 0.99 1.05 133 1.06
HESER 0~20cm 0.07 0.73 5.38 4.01 12.12
20~30cm 0.05 0.60 5.34 572 6.75
0~ 20 cm/20 ~ 30 cm 137 1.22 1.01 0.70 1.80
#: SRESEHRATHE.
2.4 BERISEREETN BAN—BRAART ZaBRENE.

2.4.1 WFHE zlis‘c%ﬁﬁqﬂli@ﬁpukﬁﬁl
OB BE TSR ERNGE T R R IT
DURIEM .

(1) 2EFHEEEM. BRTHREERBMEN
WERRAIMHHEZ—. HEAR: P=C/S;, ®P, P,
H:Epsy i HFRERERYG CASEY i %
WE (mg/kg): S RGRY i BRFRARHE (mg/ke): P;
>1, FRi5Y:; P <1, RAakisS: HPAE®K,
M5 s E,

() ZEFRERE. hTéE&M&%H%&%ﬁi
HREIER, JE R IRAETS Rern L SR SR B AR,

NETREFREREYHEAR: Pa=
{H(C/S)maHCIS ) V2}' %) B P FLERPTS R
MABTEEERESR: ¢ AEEY i KHSRE
(mg/kg); S; ATSHA i KIFMARHE (mg/kg): (C/S) max
AL BRI DI R EBKRE: (C/S)ae NS R
V{5 AR BRI FHE. .

ALY E CKF 0 ~ 20 cm 120 ~

. 30cm EERAENMBUE.
2.4.2 HIEHD RAISFELERAARERE
&SN SR pH ENERLEFERE L
¥Rt (GB15618-1995) fE AP #RAE, X Huis B K ¥
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EUA%: AWBXEELRESRESPREBERIMN 913

WX RZETREERNFEEERR, LK 6.
35 FinAE R A € E X LR B AR (GB

15618-1995) #yLisr iz, W& 7 ,

2.4.3 MRS AR 8 HEFTUEL,

KEZLRELTZEER, HE RRER.

£6 TMASRSHITNIFE (AR -FKIFAEE meke)

Table 6 Heavy metal concentrations in the Soil Environmental

BT 3545 3 SE AP i, L &5 3 (Br Quality Standard
- Cr. Pb4P) MB—EREEH>1, WH LIRS E, B2R pHiE
MIBLAERE: Cu>Cd>Zn>Pb>Cr: METGRMIK <65 65~75 >75
WD AR REH 1.0< Pa<20, ZHXEETIE cd 03 06 1.0
BRERAREE, FOFEREGERE. UEX-X Cr 250 300 350
PRI ARIE, 3R P RIS RN RS AR S0Y Cu 0 100 100
<1, HHZREEREITER, NFREHRE Cu> Po 20 300 350
Cd>Zn=Cr>Pb; WHEF ZATS R Pe<0.7, %ith In 20 20 30
£7 TWMABHFE (mgke)
Table 7 Soil quality grading based on pollution indices
BLRS Pa SREE 15 RKF
1 Pa<0.7 =& ki
2 0.7<P#<10 TR ‘ o
3 1.0<P 4<2.0 Bishtig M Z BlS R
4 2.0<P u<3.0 Laber et | TRV R B IS R
5 Pa>3.0 HiTR+ R fEOREREHE™E

£8 TMESRSERUITMENR

Table 8 The single and synthetic pollution indexes of various pollutants

5H B—RMIaN Pu

Cd Cr Cu Pb Zn )
LML 3R SR R R 1.35 0.9 1.8 1.0 1.1 1.51
SRR RO 0.57 03 08 0.1 03 063

3 &ig5itie

ZH KB E LK Cra Cdv Cu. Zn. Pb 5 FESE
BrZE®, BG4, 2ENITOIAEARERME,
HAPPL Cu. Cd BRIEEERT. ERATRS5LEN
b, AEHMERS Cd RS, ETEKHAERA
PREEX. BFERTFEEREN Cd, NTTFBUR
BIEEE) Cd 55 XEERERALETE, 51
FERFEN Cd HELREBRANTALED, Fib#sg
FHHAS Cd FERKE M. NMERB KRBT R E
ERSERNEY, R LYMEEtRELREE
HEE#EEZ—.

PMLFH 4 T IRE SE R, ZHXEEL
BEREFARTER, BERMOALEZHELR, B
ER = ZARHER R rdE, ZMXBELEME TR
2L, BHE, K2R

Hil, AWMKEZLRHRZ S RESREN

EEERE, tEERERERERRLARENEAE

BREFHHFRER, ESRRARFARETES
BRI —EhAZEKT. BB EEL B,
mEMENE, WE. RARAEX, HRHAS,
EXASIRESRNAR, FUNLIEREER.
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Investigation and Evaluation of Heavy Metal Contamination

of Greenhouse Soils in Tai Lake Region

GAO Yan-fang'?, DUAN Zeng-giang', HUAN Heng-fu'?

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sci ), Nanjing 210008, China;
2 Graduate School of the Chinese Academy of Sci Beijing 100049, China)

Abstract: The contents of heavy metals (Cr. Cd. Cu. Zn. Pb) of the greenhouse soils in Tai Lake region were analyzed and the polluted extents
were evaluated according to the corresponding national standards. The results showed that the total contents of heavy metals (except Cr) were higher
than the background values of Jiangsu Province. The total contents and available contents of heavy metals in 0 ~ 20 cm horizon soils were higher than
in 20 ~ 30 cm horizon soils. The single factor pollution index and Nemorow multi-factor pollution index method were used to evaluate the soil
pollution. According to the background values of Jiangsu Province and the Soil Environmental Quality Standard, the studied soils were evaluated at
lightly-polluted and unpolluted degrees, respectively.

Key words: Greenhouse soil, Total content, Available content, Evaluation



