DOI:10.13758/j.cnki.tr.2007.04.022

(Soils), 2007, 39 (4): 497~502

a

1,2 1> 1

2 1 1 1

210008 2 230036)

1 B ERIHEERY X, AL EREDE LG YR T TR . SREI, A 0 R
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Fig. 1  Soil sampling map of the Jiuhua copper mine located

to the east of Nanjing, Jiangsu
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50t 10 H. 20 BHAL 100 Hif, £, #9F 5S4
BISCIGE S, oA E SRR, BREE K
e, FAWOKARR T, MABAEHIE 10SCTFRFE 1h,
HiAZE 70°CHET, A MREBERELEERE, 5.
1.2 SRk

TP ES BRSO EN: T 100 H
1) 3RS TE 105°C T4 2 h J&, FREX 0.5000 g AN
FIUFE KR+, B HF-HNO;-HCIO, i1 1L,
JR IR BRI E & e R AR . 138 DTPA $2HL
JER MM ER 0.005 mol/L DTPA #% Vi : M * =
2:1 BIELBISREL, #R%% 2h, iTiE, AAS ENE & T
AOE. MUEREMTE, FRE0.5000 ~1.000 g
TINHEFE S, SRH HNOs-HCIO, =1L, AAS
ME .

MG R 2T X (pearson
two-tails bivariate correlations). 75 W& M0
(one-way ANOVA) FIEZE 4147 (cluster analysis) %%;
SR8 R 3 22 SPSS 11.0 Al Excel %

2 #R5WE

2.1 MRETEEEELESH

W2 X ICRERE LR & 124 A, YR
86 1.
M BN S ESE SRR TR, EZX
BRI A AR 38 R IE S5 . 58 Cu. Zn
K4S, el 3320 mg/kg F1 704 mg/kg,
I BRI Z, HoP & 25 AlA 547 mg/kg
A1 219 mg/kg, {H4H Pb. Cd. Cr. Ni & EAHXTHIK,

1.3 BURSH JUF- AR AR e [ - 3R B o & = bRt (3R 1)
#1 HEREMESESBOMEMG (myke . n=124)
Table I  Descriptive statistics of total soil heavy metal concentrations in the mine area
HEJE RME L ONE T PrREZE A5 R (%)
Cu 27.0 3320 547 524 86.34
Zn 16.8 704 219 143 65.65
Pb 17,5 313 71.7 393 61.27
Cd 0.06 4.28 0.69 0.68 97.30
Cr 21.0 154 59.6 18.5 31.82
Ni 10.4 57.5 31.0 8.48 27.35
Fe 21315 121484 43397 16035 54.04
Mn 92.4 2803 687 377 67.37
Mg 3195 12108 6060 1313 21.62
Co 2.09 65.6 20.1 8.94 49.28

i MR LT Cuy Zno Pb. Cd. Cr CEHIHUEMHIN 32.2. 76.7. 24.8. 0.19 I 59.0 mg/kg.

MGt ERKE, EXLEELEBSEM MR
SRS, RIER 7 RELECK, #7572 Cu. Zn,
Pb. Cd. Fe & Mn 1257 ZE35881L 60%, 1M Co.
Cr. Ni 5 Mg AR RN, XRFANENNEE
AALAEXT R

SR, L3 Cu & B B &K 5 = JbrifE
(400 mg/kg) HIFEM (5 T 48.4%, Zn S E#EIL 400
mg/kg & BFEME 14.3%, XU AN AR EshE
SN T iz X ) IR EOR ). Cus Zn HFEES
) H X 25 2 7E B SR A 3500 ) H X RN 3 /K T 1 3t
X, TER SRSt X, HE&EHRK,
B E K LI B R E =R AR E LA .

THESBEZBMHELXRLE 2. LEECul
4 Zn, Pb. Cd. Co. Mo #HWEZEMIEMHFIKR,
M5 Cr. Ni Z[AITLEFEMKME. KETLEK Fe. Mn,
Mg 54 & Pb. Cd. Cr. Co Z [ FH#ERE B3 EAH

KKF. ZUME—ERE L, @ X AN L Cu
VS G, i B — eI A R s .
2.2 MREXTI|EESRE DTPA ERASERHEEX

ST

+ b DTPA &4 W H &8l 5 ol A4t
YIRS . KH 0.005 mol/L DTPA Xt ffifa L1k
i TIRIE (R 3). LY Cu RIS EER S, M
1X 776 mg/kg, “FHIMEA 117 mg/kg: T Zn. Pb & &
BAK, 25T 1.24~46.1 mg/kg 1 0.13~30.2 mg/kg
2 18], “FIMESHIN 13.1 mg/kg F1 7.45 mg/kg. T+
b Cd. Cr i#lEERRK.

NTH—PTHRIEESE DTPA IRIESES
HeEEBRR, T T7THERMHESE T, T
' Cu. Zn 1) DTPA $REUE S5 H 48 2R 2 1 IE A
KRKEZ (p<0.01), HAHXZRFIFHIH 0.723 F1 0.676
(K 2), ZEUWAEMLLIEE G, REFERIBHE
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Table 2 Correlation coefficients between soil heavy metals in the study area
Cu Zn Pb Cd Cr Ni Fe Mn Mg Co
Cu 1
Zn 0.563" 1
Pb 0.370" 0.783" 1
cd 0.611" 0.879" 0.695" 1
Cr -0.079 0.005 -0.030 -0.045 1
Ni 0.017 0.129 0.041 0.178" 0.479" 1
Fe 0.552" 02377 0.059 0.259™ -0.172 -0.141 1
Mn 0.303" 0.205 -0.013 0.265" -0.043 0.131 0.626" 1
Mg 0.294" 0.253" 0.287" 02817 0.374" 0.346" 0.127" 0.148 1
Co 0.477" 0.201° 0.040 0.196 0.197" 0.166 0.308" 0.316" 0.323" 1
E: *BEMFKF (P<0.05); **HREEMKKF (P<0.01).
#£3 NERT XIEEEBRISEAMSIT ST (mgke, n=124)
Table 3 Descriptive statistics of DTPA extractable soil heavy metals in the mine area
HER s /ML o il Y FRUEE 5 R (%)
Cu 0.62 776 117 113 95.86
Zn 1.24 46.1 13.1 103 78.76
Pb 0.13 30.2 7.45 6.14 82.42
Fe 5.4 186 51.8 34.1 65.91
Mn 1.4 196 37.9 322 84.90
Mg 21.6 343 130 55.4 42.76
900 y = 0.1883x + 12,144 50 y = 0.0472x + 1.9642
200 | . r=0.723 (p<0.01) 4 . r=0.676 (p<<0.01)
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Fig.2 Relationship between total soil Cu/Zn and DTPA extractable soil Cu/Zn
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SRR, I X 4 R TS A R R S i
SR (R 4) ATUEE, HAKE Cu WELEKTF
ERE, N 182%, SHMERBENEMILE, A
SEMMER, XUHZX Cu XBERE, MEWH
fEEME K. M Zn. Pb MVELEEUL, 70517 5.84%
F19.90%, XiiBESR Zn f1 Pb MIEEHRERE, (HH
TR REUE, SHEMPBER . TESTER, 3
i ESBN K DTPA HHERERREE (p<
0.01), AHHETM S /& Cu>Pb>2Zn, Cu MiEHEE K,
ARG R SR ESEIG R RAEEL, Pb MiELE
# Zn &, KEBITE Fe. Mn. Mg KPR EE
w2 121484, 2802 1 12108 mg/kg (R 1), {HHE

EWERBAL, 29 RE 0.14%- 6.73%H 2.15% (& 4).
2.3 MEEXTEELESRIEH (PD 2%

KREH L IEEE RIS R AR B TR RS
e, MiRZLENEEEY, HH, EE8i54ta—
BRBMERMNERS. LESAFRRETTUR
MELEELRBOR AT RFEE, WRRA PI=[(Cd/3 +
Cw/100 + Pb/100 + Zn/300)/4], X PI>1.0 B,
MANELBEAIEY, MAZFETEE 3 MR
SR X PL AT 0.19 5 8.99 2 [a], “FIEAN
1.28, #Ed T 1.0, Hrp PI L 1.0 MOFES 5B AL
i 57.3%. WMIZX I IEEL RIS JORGLEE .
hAs 5 Z B350, PIEZX ALK,

F4 WREXIE DTPA REVESEERFELEMNIAMEGIT (%, n=124)

Table 4 Descriptive statistics of percentages of DTPA extractable against total soil metals

EE] B/ME Lo FHE bRk SR (%)
Cu 6.83 83.8 182aA 10.2 56.04
Zn 1.66 40.5 584cC 491 84.48
Pb 0.43 219 9.90bB 4.67 47.47
Fe 0.016 0.541 0.14eD 0.11 78.57
Mn 0.39 49.4 6.73¢cC 6.27 94.03
Mg 0.51 5.39 2.15dD 0.90 40.91

E: FRARRRERENER, FELRARFEEELZER (NEFE: p<0.05; KE5FE: p<0.01).
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Fig. 3 Frequency distribution of PI in soils

2.4 MREXEPERECRESESH

XTI X AT TIERE R, HERR
GEERWMFE 5 fiac. Cu. Zn. Pb. Cd. Cr 7E/EY
PRI S B E AN 47.4. 198, 9.01. 1.85
Al 11.4 mg/kg. HILFHERERHE, Cu. Zn EEY

Al A S B, A8 1473 M176.57 mg/kg.
R A GE R EIR, Cus Zn TEMEYAR N BARER 4 HIE
67.5%%190.0%. Pb. Cd. Cr FIFF¥I&RESHIN 2.12,
0.41 14.25 mg/kg, BAEEYE Cu. Zn HHEIK, H

5 WMRXEYIRBNESRES OIS S (mg/ke)
Table 5 Descriptive statistics of heavy metals in edible parts

of crops in the study area

&R RME BOKE PN BEE ERAR%)
Cu 29 47.4 14.73 9.73 66.06
Zn 7.2 198 76.57 26.2 98.57
Pb 0.23 9.01 2.12 1.55 73.11
Cd 0.018 1.85 0.41 0.407 99.27
Cr 0.18 11.4 4.25 2:37 . 55.76
Fe 1S 724 227 156 68.70
Mn 1.4 1360 97.6 97.5 99.86
Ca 156 47580 14577 11328 77.71
Mg 434 6801 2977 1632 54.83

#E: #3% Cu. Zn. Pb. Cd\.Cr FRAEST 508 104 20, 024 0.05
F10.5 mg/kg.
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IR RME R, 20k 62.5% 47.1% 1 91.8%.
UL T %X T s, AR AR RIS SE 1)
faFB K.

TEV5 Qe L aRIAEE b, SR Fh KBRS X (5] Fp 2 4 )
MR AEEI, —RIME, HRBWER. #EX
w4 A BRI AR A O ARG th Fe 3
Foxt H 4 SR RS RE AR, SEFI SRR NI Cu.
Zn. Pb. Cd Ml Cr &&H&, Hh, CuF¥HEEN
4273 mg/kg F118.6 mg/kg, HIREFE (). &b
RN E SR & BRI L, H Cu S &R
15.4 mg/kg F1 13.8 mg/kg, X 5 MRS IR U 45
—.

3 IhEE

IR 25 LR X EE 4 R s Gtk R £
B, RIZX AR H IR 24 Cu 2 HE 54, [
fERfiE — e b E LSR5 . %X PLAELL 1.0 AOFE
i BLEFE R E) 57.3%, IR T IZKMESRS
PRGLE™HE . [FINf, %X 13 DTPA £IUE Cu &8
thE®, MH Cu. Zn () DTPA A S HELEN
DEMIEMX KR, RPULEELBEREEE.
ZX YA Cus Zn HEEBSER S, L
A XM O RKE SR EEY, @R RIT
HB, HUMBESFIEDERNEGE.
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Heavy Metal Pollution of the Environment in Jiuhua Copper Orefield

LIU Xiao-hong"?,  ZHOU Dong-mei', HAO Xiu-zhen', SI You-bin>, CANG Long', WANG Yu-jun', CHEN Huai-man'

( 1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China;,

2 College of Natural Resource and Environmental Sciences, Anhui Agricultural University, Hefei 230036, China)

Abstract:  Copper is not only a nutrient element for plant growth, but also a pollutant in environment. Copper mining is one of the most
important sources of soil Cu pollution. A study was carried out on environmental status of heavy metals in Jiuhua Cu Orefield, which is located east to
Nanjing City, Jiangsu Province. Results showed that about half of the soil samples contained Cu well above the 3™ Grade Criteria of the Soil
Environmental Quality Standard of China in concentration, and the mean vaule of DTPA extracted soil Cu was 117 mg/kg. Soil Cu is highly and
positively correlated with soil Zn, Pb, Cd and Co (P<<0.01), but not with Cr or Ni, suggesting that the soils in the region are also polluted by these
metals. About 57.3% of the soil samples had comprehensive pollution index (PI) >1.0. A survey of crops in the mining area also showed that Cu, Zn,
Pb, Cd and Cr concentrations in the edible parts of the crops were quite high.

Key words:  Cu Orefield, Heavy metal, Farmland, Environment pollution



