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Heavy Metal Concentrations in Agriculture Soils of the Three—-Gorge Reservoir Area and Their Pollution E-

valuation Taking Cu,Pb,and Zn as Examples

SONG Zhen-xia',GAO Ming?, WANG Li-ao', WANG Zi-fang', XIE De-ti%, QIN Jian—cheng?

(1.College of Resources and Environmental Science,Chongcing University,Shapingba 400030,China; 2.College of Resources and Environ—
ment,Southwest University,Beibei 400715,China; 3.Department of Business Administration, Chongqing Institute of Technology,Yangjiaping
400050,China)

Abstract: The heavy metal concentrations in agricultural soils are directly associated with food safety and human health. In this study,the
concentrations of Cu,Pb and Zn in agricultural soils in Fengdu, Fengjie, Jiangjin,Wanzhou,Wulong and Zhongxian counties of Chongqing in
the Three Gorges Reservoir (TGR) area were determined,and their polluted status were evaluated. The results showed that the total concen—
trations of Cu,Pb and Zn in the agricultural soil of Chongqging in the TGR area were (29.96+12.80)mg kg™, (25.45+8.80)mg kg™ and
(64.79+18.79 )mg -ke™; respectively,and the average available concentrations of Cu,Pb and Zn were (1.66+1.36)mg-kg™,(1.67+1.24 )mg-kg™
and (2.95£3.02)mg kg™, respectively. The available coefficients of Cu,Pb and Zn were (5.53+3.77)%,(7.52+7.18)% and (4.36+4.14)%,
respectively. The variability of three heavy metal elements in the soils was much more than their total concentrations. The available concen—
trations of Cu, Pb and Zn in the soils were highly associated with their total concentrations. There were significantly positive or positive rela—
tions between total Cu and total Pb, total Pb and total Zn, and total Cu and total Zn. The polluted status sequence of heavy metals in agricul—
tural soils of Chongging in the TGR area was followed by Cu>Zn>Ph according to the monomial pollution index. The soil’s comprehensive
pollution index of Cu, Pb and Zn was 0.38+0.20, suggesting that the soils investigated in TGR area were clean and safety according to the
standard of the second grade of GB 15618—1995.

Keywords: heavy metal ;soil ; concentration character;pollution evaluation; Three—Gorges Reservoir(TGR )area
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1.1 S mEMERRE

ATGEAE T T AR 2 T 7 s
B BLAE 6 N IX (L) iR VLR B 2R BT i e
BRI Al 58 AT o i TR IX s 32
B R 4 KR L b AL
F, H AR RPRA EERA F . SR FE AR
M, TERAE ST R R P ZR A H R T 5 X (H)ry
LA RN =2 - ORI = R R R R A
I F A5 Fh MR FH T 5 A o A X (B
PIA3 AIAR R 20 A SRAE AL, BT L 120 4 FE4SSRAE
DX, AR A EL A 00 A B AR T 22 05 (5~12 550), SRR
0~20 em )2+, HORHE 1 0.50~1.00 kg, IR A5
STEHDY A ARBUR HEFE e AR SR iR ok
AERESLISEE] Ay 2006 4E 10 H
1.2 HmaysbiE

F AR ARSI TP AR AR A SR KT, BB,

it 100 HIE i, I 3 L WA b LA o A (il
o RS 2RI 1L (HNOs-HCI-HCI0,) IR IH A
J&i R F WA EE RS 2 42 Cu 4x Pb 14
Zn B E HIERESLZE 0.1 mol - L "HCL 248, K 5
TR RS 2 A 2L Cu AL Pb MG AL Zn
()5 i o FEE 42 SR TR A3 M ok FH I R bm e 3
FE i (GBWO7046 ) 147 425 7 s 2 ol , B Ahoc 0
SE AR BRI R 2225/ N T 10%.
1.3 #HELE

T SR S E AT A AR ifE2E AH IS
FH Excel2003 i1 SPSS11.5 #4740 o X 53 4 (H
PSR EZ5IRE SR TR T ASE S eEr
KF 1 HoeE, WRIEIrEEE, RAIRRER 2 M
SUEE 322 A AR 118 4,

2 HBRESH

21 ZEERRLTIESERESEFHEST
2,11 =R RO -3 4w e AT

=R FEIX AL 438 Cu . Pb Al Zn 45 AR PE
BT RA T3 1. R 1 ATLUE Y, =X
Al 44 Cu . Pb Fl Zn Gt (1) F-{E 55 510 (29.96+
12.80)mg- kg™ (25.45+8.80 )mg kg™ F1(64.79+18.79)
mg kg X RETR [ IR BE T AR Y, kB =
W PR DX AR+ 3% 42 )& Cu Pb Fil Zn & S YA H B0
BRI . VAT AR AL I e 25 00 2T 158, (5
WA TR G SR B AR, A 1 O A
JoT et ™ S

7 5 B RO G SRR R 2, —
FEEE L AT AR IRIZ T R 5 YR DL AR o — e PR IX Ak
AP A4 Cu Pb Fil Zn 2519728 5 R 5053 42.72% |
34.58%F0 29.00% , ) )@ HAE S . Cu 78 AR Z [H]
BRI AR S R T 45 X (L) Cu V5 Yo A7 30K 1 22
5,1 Ph Al Zn AR/ INE AR S R e T 45 X (L)
X 2 o 4 i ¥ AR B AR RAE: -

AKX (CE )l 3 Cu & DL E (41.44+
18.96)mg kg™ b & & sPb Ml Zn % B fix K AH
(29.56+7.93 )mg - kg™ F1(70.84+19.48 )mg - kg™ ] #i
FEVLHETT, SRR AT AR TV AL T3 BT 329
DX, 32 Tl AAE 15 V5 LR 24K o Cu (Pb Fl Zn (1)~
B m Ul s BN AR, HS s /ME 0k
(21.7749.69))mg-kg™ . (19.02+7.63 )mg kg™ F1(57.89+
15.82)mg-kg™.
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Table 1 The total content of heavy metals in agriculture soil of the Three—Gorges Reservoir area

JLHE TgE| F#B(20) #19(20) YLHE(20) JiM(20) HKpE(18) BE(20) T
Cu SO 20.33~40.60 17.77~73.84 9.86~56.51 11.80~40.08 20.83~87.86 5.56~47.14 5.51~87.90
SEHE 29.83+6.01 30.71x12.35 26.94+12.54 30.25+6.46 41.44+18.96 21.7729.69 29.96+12.80
A3 5 F 8 %% 20.15 40.23 46.57 21.37 45.75 44.52 42.72
Pb s S| 12.56~45.69 12.03~36.09 15.11~41.89 12.56~44.58 12.21~42.83 9.02~31.87 8.99~45.69
SEAAE 28.01+9.91 24.38+5.95 29.56+7.93 26.89+8.37 24.79+9.45 19.02+7.63 25.45+8.80
5 R E %o 35.36 24.43 26.83 31.15 38.13 40.11 34.58
Zn A 35.27~140.03 27.78~91.82 37.58~101.02 47.31~93.42 36.45~109.06 22.74~82.17 22.72~140.00
SEHME 63.62+21.57 56.07+15.94 70.84219.48 73.01x13.37 67.61221.06 57.89+15.82 64.79+18.79
5 5 2R % 3391 28.43 27.50 1831 31.15 27.32 29.00
1 45 X B FRAE5 PEUE R 45 B A RRAK, DT ) Herp s 53 R 800 (% ) =i O 227 ¥4 (1 100% .,
R2 ZEERRITESEEFUSSENE
Table 2 The available content of heavy metals in agriculture soil of the Three—Gorges Reservoir area
JLH BH F-#B(20) #19(20) VLHE(20) JiH(20) RPEC1R) BEL(20) ESIR]
Cu i 0.25~7.44 0.56~5.75 0.39~5.21 0.15~1.84 1.11~4.57 0.15~2.24 0.15~7.44
SERIE 2.35+2.14 2.03+1.36 1.58+1.14 1.00+0.45 2.27+0.94 0.79+0.60 1.66+1.36
A5 5% 91.18 67.04 72.50 44.55 41.30 76.82 81.89
R R B % 7.53+6.09 6.44+3.14 6.53+3.98 3.22+1.20 5.84+1.88 3.67£2.18 5.53+3.77
Pb A 0.62~3.32 0.34~3.70 1.30~4.84 0.17~0.86 0.21~6.95 0.38~1.88 0.17~6.95
SEHE 1.44£0.76 2.10£1.02 2.94+0.90 0.36+10.16 2.16+1.64 1.05+0.49 1.67£1.24
AL 52.47 48.77 30.72 42.73 76.24 46.27 74.41
FRE R B % 5.37£2.52 8.49+3.84 10.29+3.02 1.39+0.49 8.54+5.26 5.80£2.32 7.52+7.18
Zn iR 0.24~0.85 0.95~3.26 1.21~5.46 3.63~10.13 0.20~4.27 0.28~1.56 0.20~10.13
SIME 0.55+0.17 2.02+0.65 3.56x1.12 8.80+1.81 1.95+1.33 0.7120.31 2.95+3.02
A5 R EU% 30.84 32.13 31.60 20.54 68.37 43.07 102.53
AR FE P 0.89+0.27 3.67+1.01 5.12£1.27 12.27+2.61 2.81£2.01 1.26£0.53 4.3624.14

T A8 5 AR (%) =hRfE i 22 T {E X 100% ; A RUE R KT (%0 )= ARG 0 1P P(E A B 1 V- 2 {E < 100% .
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o R LRI 3Z Cu Pb Fl Zn 15 LAy AT gk
PR, B 3805 Y A7 A 2 A 15 Yt X 5 At
HH X TFREA RS e —80 ",
2.3 ZIRERRI LIEE L RS LT

K - HEFRES B FRifE (GB 15618—1995)P % +
IR TG Y S PAREN IR ST . EAJRTS
YURRBE VAN 7 v R B R 15 G dg Bl i 22 R 25
BT YRR, HARTEAN J5 7 DL SCRR[16], TRA 45 5 I
+ 6, W36 n[AE  FEFTRINE 3 FhocR Z miAT
FLA, DA Fhon 2R 0 B0 R 715 e B Y (E e E H
ZAG YRR EE KN, AT AHEA X 6 AN X (ED){5 Ykl
FRILH : Cu>Zn >Pb, £ IX (H)Cu . Zn 1 Pb [ HLH+
15 YR B B LAV i FN 7 M A e e, HL A P 7
15 L8 E Y 5 RAE 43 51 R :0.60£0.46 ,0.11+0.03 FlI
0.33+0.08; Cu . Zn FI Ph A2 [K 175 Jedie B4y LU B
R AR, PG YR B e/ IME 7 3 R :0.23+

0.10.0.0620.02 F1 0.17+0.05,

PTG YR R R i R IR R B AR TR
TS RO, ) R — T E AR R RS
LR AT AR iR B AR M PP A R R I L 4 R
V5 Y Ol . ARIELE AT IR B TR T LIE
=g R DX A - TR 4 R 25 A T YR O Y R
0.38+0.20, SMATG Yok T A i . Hrhis JefR B

R4 ZRERTEEERETREESERMNEX X RER
Table 4 The matrix of correlative coefficient among 3 types of
heavy metals total content in agriculture soil of

the Three—Gorges Reservoir area

Hi X Cu Pb Zn || HbIX Cu Pb 7n
F# Cu 1 JiM - Cu 1
(200 p, 5004+ 1 Q0 by o768 72 1

Zn 0.581 6%% 0.716 0%% 1 Zn 0538 8% 0.468 4% 1
Z=95 Cu 1 HE  Cu 1
(200 p, g5 gee 1 U8) b, 0623w 1

Zn 0731 6%% 0.697 8%* 1 Zn 0775 1% 0.465 9% 1
VI Cu 1 BH Cu 1
(200 p, 78830 1 Q0 by o710 1% 1

Zn 0718 8% 0.664 1%% 1 Zn 0761 8% 0462 2% 1

TE % WEHIKT 0.05 (3 ) s BEEMEKF-H 0.01 (M k3 ).

RS TEESRERI R

Table 5 National classification standard of soil heavy metal pollution

FYRNy FETEPIEE(P ) TSR 1YL
I P ;<07 ey I
Jii 0.7< P,<1 Bk i I T
il 1< Py<2 BisYe HHURTE VR TR 2 25 Y
\Y 2< P, <3 LG TS 2 TS g
\ P >3 FV5Y IR 2T Y AR

RI ZBRERRITIEEEELESHUSAEZEMEXXE

Table 3 The relationship between total content and available content of heavy metals in agriculture soil of the Three—Gorges Reservoir area

HbIX G R EVEYEE HiIX iy R EVEYEE

FH1(20) Cu 0.454 2% Y =0.161 7 Q- 2.477 4 JiM(20) Cu 0.618 2%+ Y =00426Q -02889
Pb 0.498 7% Y =0038 1 Q +0375 Pb 0.496 1% Y =0.0092Q +0.116 0
Zn 0.584 5% Y =-0.00610Q + 1.053 7 Zn 0.466 1% Y =0.063 Q +4.201 3

Z45(20) Cu 0.638 6%+ Y =0.0316Q+05453 iE(18) Cu 0.615 0%+ Y =00302Q +08758
Pb 0.590 4#* Y =0.082 Q + 0.064 8 Pb 0.626 7#* Y =0.109 Q - 0.545 7
Zn 0.569 0%* Y =002320Q+07218 Zn 0.537 4% Y =0.034 Q - 0.349 8

TTHEE(20) Cu 0.573 9%+ Y =0.0523 Q +0.167 9 HH(20) Cu 0.505 7% Y =0.0315Q +0.100 0
Pb 0.457 9% Y =005210Q+13973 Pb 0.668 §#* Y =00427 Q +0.240 6
Zn 0.680 2%+ Y =0.0392Q +0.776 8 Zn 0.480 8% Y =0.0093 Q+0.171 8

TE R FIRAREGY DR SR A RS Q B E SR AL * BENIKEN 005235 BN 0.01 (2% ).
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