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Distribution and Pollution Assessment of Heavy Metals in Soil of Relocation

Areas from the Danjiangkou Reservoir

ZHANG Lei"”, QIN Yan-wen'?, ZHENG Bing-hui'*, SHI Yao'?, HAN Chao-nan'"’

(1. National Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. State Environmental Protection Key Laboratory of Estuarine and Coastal Environment, Water Research
Institute, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: The aim of this article is to explore the pollution level and potential ecological risk of heavy metals in soil of the relocation
areas from the Danjiangkou Reservoir. The contents and spatial distribution of Cd, Pb, Cu, Zn, Cr and As in soil of the relocation
areas from the Danjiangkou Reservoir were analyzed. The integrated pollution index and potential ecological risk index were used to
evaluate the contamination degree and potential ecological risk of these elements. The results indicated that the average contents of Cd,
Pb, Cu, Zn, Cr and As in the samples were 0. 61, 23. 11, 58.25, 22.65, 58.99 and 16. 95 mg-kg ™", respectively. Compared with
the background value of soils from Henan province, all these 6 elements except Zn were enriched to some extent, especially Cd.
Similar patterns were observed for the spatial distribution of Cu, Zn, and Pb. Compared with the contents of heavy metals in surface
sediments of the typical domestic reservoirs, Cd and As in soil of the relocation areas from the Danjiangkou Reservoir were heavily
accumulated. The correlation analysis showed that there were significant positive correlations among Pb, Cu, and Zn. And there was
also significant positive correlation between Cr and Pb. In contrast, negative correlation was found between Cr and As. To sum up, the
comprehensive assessment results showed that Cd was the primary element with high ecological risk.

Key words : Danjiangkou Reservoir; relocation areas; soil; heavy metal; spatial distribution; pollution assessment
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Table 1  Fundamental information of the sampling sites in the relocation areas

Y7 G EZi b ZE/(°) g4ifg/(°) SRRE X RS
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Fig. 2 Particle size distribution of surface soil
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LK RUUBRY 0 A7 He g, Aol
FHIFOKFETHERX REZLIED 6o FELSEITER
HSEY & B HEF A Cr > Zn > Pb > Cu > As > Cd.
[y, NZE 2 i8] DL Y, JER Cd, Cu, As & i
B T 4 - R B8 7 o M 2 E K R DT
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b Cd W E R BN E, 4 T A
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SRR e A S P T SRR S 4 I K &R TR
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P FA IR
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Table 2 Contents of heavy metal in surface soil in the relocation areas from the Danjiangkou Reservoir/mg-kg ™~

1

B dn 2 cd Pb Zn Cu Cr As

PN ] 11.34 44.62 113.30 29.14 85. 70 27. 64
e/ME 0.08 17. 00 40.21 16. 56 48.97 11.35
A 0. 61 23.11 58.25 22.65 58.99 16.95
RG4S + IR A g 1o 0. 065 22.30 62. 50 20. 00 63.20 9.80
4 [ 7K 2 TR H i 120 0.13 25.00 68. 00 21.00 58.00 9.10

B3 MFHL KR X R e E 4R
WG, LA, JCE Cu, Zn, Pb BATHRL
()2 (R As Ak ka3, BRI IX SRE X W&, H i o
ATFRIE L T 2208 (8 AR 1k, 26 I HAE T RE 32 31| £ Fil
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BUSRAE RS NY-1-B, NY-5-A. H Cu, Pb ¥7E NY-
1-B s IR, X AT RESE T NY-1-B ST AL 3R
BN T FIFRAE X, © A 5% 2 AT 5T X I & & 2%
FEGCIFAR AT B 2 e DX %) 32 BT Y s e 1A
FZPU SR TR TTZ BN T Cu, Zn, Fe,
As, Mn LR, FHEBEFEHRR TS EMNES

JB NS N A R A R, Zn MR
I ILAE NY-5-A s % s T A PR35 0 Ja A3 b, B
SR, Zn EEWRAE SR A B RA LS,
XL AT X B A AL I R URR, 5 R T5 e 1)
SO IR 5627 ELYC K DX P S PR R i el 5%
ftizz, oA iis e R m B e iz — . Wik, A
WFSEINA Zn (1) (A BRAR rh Rl 7 AT G (5%
Wi, T7ERFE S NY-6-C. NY-8-B, NY-10-B, Cu,
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Fig. 3 Variation of heavy metal concentrations in surface

soil in the relocation areas from the Danjiangkou Reservoir
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Table 3 Concentrations of heavy metals in different reservoir sediments in China/mg-kg ="'

Hh A, cd Pb Zn Cu Cr As ik
BITKE 0. 68 4.68 53.90 12.58 32.09 6. 83 [29]
K 0.93 7.78 66.01 16. 64 62.96 10. 10 [30]
KAk B3 K B 2.38 36. 69 137.49 65.20 81. 87 — (5]
1 G K — 29.90 51.75 24.15 60. 25 13.23 [31]
MK 2 0.20 56. 88 306. 98 16. 42 96. 63 7.96 (4]
FHI K& 0.61 23.11 58.25 22.65 58.99 16.95 EN

1) “—" 7R SCHR B AT HA SR H

2.5 MbITRES5ESE TR WA T
12 4 BT PR FOK R IX 3R )2 3 Ak
5 H 4 JE Z [ (AR DGR, BERH 3R B X T IF 5%
X A3 4 i A RS A AS K. AL Ph
Zn Z AP B AR G E R, UL A ML
5 Pb, Zn KA AT N AEAE % V) X R, Stone
SE R I A LRSS A S HRE Zn, Ph ST
GBI FEAIEES. Fe 5 Cu, Cr Z[AJARE B &M
IEMCKER, 5 As ZH R BEEAMCLR. Al
Cr ZMR B EEIAHLKER 5 As Z R 2 8 EHIE

FHOCOCER. Mn W 54 70K Z B A AH DS A AN 3
VLA Fe . Al M AT BB X 4ok 5 43 J o0 2% Y 32 B2 0
A1, JCZE Pb 5 Cu, Zn Wi Z [R5 B HEIEA &
P, BRI 6 4 JE i B o R LA AR B, M BR
AR X 4 =2 0] ELAT AR B AY Bk fh 21 7
XA T BT AT BE B — o Y R B AR
LR E/R TICE Cu, Zn, Pb HA LY
R ER SO HTIZE SRATT. Cr 5 Pb. As
Z B IE | SO ICOCR B Cr 5 P
As A REAREA — & (1 A PE.
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Table 4  Correlation matrix of geochemical characters in surface soil and heavy metal contents in the relocation areas from the Danjiangkou Reservoir
s Fit Cd Ph Zn Cu Cr As AL Fe Al Mn
B 1
Mt -0.994"* 1
Cd 0.010  -0.006 1
Pb -0. 007 0.020  -0.195 1
Zn 0.026 -0.034 -0.102 0.409 " 1
Cu -0.183 0.183 -0.120 0.660" " 0.556" " 1
Cr 0. 257 -0.254  -0.119 0.476 " 0.114 0. 321 1
As -0.340 0.340  -0.051 -0.159 0.290  -0.015 -0.425" 1
AP -0.130 0.123 0. 091 0.562** 0.472*  0.358 0.213 0. 146 1
Fe 0. 143 -0.135 -0.003 0.316  -0.191 0.397" 0.598"* -0.479* -0.153 1
Al -0.377 0. 340 0.044  -0.287 0.004  -0.130 -0.522"" 0.714*" 0 -0.606" " 1
Mn -0.049 0.016  -0.229 0.373 0. 347 0.237 -0.167 0. 188 0.040  -0.266 0.359 1

1) % F/RP<0.05, = = F/n~ P<0.01
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Table 5  Criterion for sediment assessment
YRR 2% g b R
o <l 1~3 3~6 =6
C, <5 5~10 10 ~20 =20

B PR OOKET X & E 4R n R 5L
M BEARA (1), ¢, M E FE LR+
HE B 7T 5 (Cu 20.0, Cd 0.065, Ph 22.3, Cr
63.2,7n 62.5,As 9.8, ¥ifii.mg-kg )" G
FHLH KR X R)E 4 R 25 G 15 Y8 5k
(#£6).

x6 FIOKETERRELTETESEREGATREH
Table 6 The C,’ of heavy metals in surface soil in the relocation areas from the Danjiangkou Reservoir
T5YAEEL C
PINEY 9L C,
JHILIKTE cd Ph Zn Cu Cr As !
=S Sl 9.362 1.036 0.932 1132 0.933 1.729 15. 126

2 6 HIPHT KT @ X £ 2 R 5 Yt
B KM ES B ICR N Cd, Hys e B MR, Cd
(5 Y8 B K AE D 174. 42 40 F NY-6-A 57,
V5 YRR AR, HORAE NY-10-B s 5 e g6k
5,06, Hos et B ik, Cd M AR URIE A PR T O
TEXERE R FEMTE R ESLJE. As, Cu, Pb
(TG P8 B /INT 3, HG Y 2 i i h 4%, Cr F Zn
TG Y g B /I 1 H G YR Y 2. 6 Pl

S JET5 YR Bl KB NHEF 4 Cd > As > Cu > Pb >
Cr>7Zn. MZMEEEIEEE T YR C, P4
RATHL10 < €, <20, ATAHIPHL KT #EX RZE L
e G B T Y AR B AR B R P FUK T
X HZR AT PR R, JUHJE Cd | As BTG4
RIS | SR BRURA DG A it o A AT 2803t A8 BRI
.

2.6.2 RJZTIEHESRBTEASEF LM
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fi = ¢/B,; (1)
E, =T xf (2)

Rl = DE = DT, xf = >T xc/B, (3)
X f, WE i FESB T Y REG o N FhE
SRS B, A EER | WIS IE; E,
NS R TR AE S T R EG T, s g
Yy st e 28, B e 4 U 1 B KT S AR )
X H 4 T Y A BEURRE E  RIh 2 Fh 4 Jm T TE
AR e EIR A, 55 T A B TEA S E
FE . A E TS YRR TR G H )
RN RUE LR 7.

KT EERSEEEREBEASRESLSRE
Table 7 Dividing standards of heavy metal pollution

and ecological risk levels
ATE YL

RTEAE

£ 0 e L EETE
E; <40 B RI <150 B
40<E,; <80 s 150 <RI <300 LIk
80<E, <160 b 300 <RI <600 b
160<E, <320 1R % RI=600 AR5
E;=320 Hesi

W IEE X 14845 T 4R o R Sk BEEAR AR
X (1) ~(3),B, EHFEA HHEAEE S SE " B
Cu 20.0,Cd 0.065,Pb 22.3,Cr 63.2,7Zn 62.5, As
9.8, Hf.mg-kg'; HAJBITE Cu, Pb, Zn, Cd,
Cr, As EEMEM N, S50 T, 430 5.5, 1,30, 2,
107 RN OKETEX L E P ES R
WEEASEERNE, LELEBEASGERR
RIfH (3K 8).
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Table 8 The E; and RI of heavy metals in surface soil in the relocation areas from the Danjiangkou Reservoir

FYLE 7
H K Cd Pb Zn

RI
Cu Cr As

B 280. 87 5.18 0.93

5. 66 1. 87 17.29 311. 81

N ES BB EAESEERLE, 7T,
FHT K R i X R )2 T i e A S fa E ok iy
HAEIR N Cd, Howlg 7 B A e 3 B R o, o 7E
NY-6-A KbV AR B FH BB R. JTTER Cu, Pb,
Zn. Cr. As TEFG UL E. Y/ T 40 WS TEA- 25 16%
R 6 PP 4 Jm W AE AR S E o K E/NET
M. Cd>As>Cu>Pb>Cr>7n. HEZMESLEIBIE
AEBSEFETEE R PEH 45 SR 7T A0, 300 <RI <600, 1
TLEK IR X A B RS e A B fE % 5. Cd
B A TG i A A A KU TR, R
JE PR 0] BB PR I K B 8 X R 2 3 Cd 19
T E THAY S, B Cd FrKFaem. RIE Rl
IZ X3k H A I KU R Cd, WP K 3
A Je B AR A FRBE A BRI 052 I AN EE 2 A0

3 it

(1) HCBPHT HK T X A b i G o5
SR W S E M EK RTURY - E &
B,Cd, Cu, As Ty T R LR 5
KA KR PO - 28, Pb & &5 T M A 1
ST R MR T2 K RUURY M8, Cr &
i T EUK R TURY P E TR T 4 3R

B Sl , Zn (5 R8T 4 TR S E
KA FEKZUORY B8, Hrp Cd WE £ &N
S

(2) FHLAUK R X FR)Z 3 Cu, Zn, Pb
(23 (] 3 AT KA AR AL, LV AR o A 1 B T 2 W (B
fIE. Cr, As WVRFE At B 3 T Z 0 (H 1Y A8 4k, (H
HmEX e FEAZ 2] T UL 5 2R 052 .
Cd [ EARS LE B 5] (HAE NY-6-A st 30 T 1)
A, X FEAZ R T AR RN,

(3) AT &5 R ,Pb 5 Cu. Zn PIWZ[H]
Y5 B E R IEAH 1, Cr 5 Pb, As Z ] 43 1) S 30
WEMIE , A Fe, ALXT Cu, Cr, As &R
TARE EEMER. LR X T 6 fE 48T
R Asg A K. AL Ph, Zn Z A3 2
PR A SCOCR WAL S /5 Pb | Zn 7EK
I AT AR VI OC R,

(4)2 FUTF Y o 4 JE 5 e A ik g5 R A
A—mEm—3. 450 EW, PHLHKET#X R
EAEY Cd MR EEME R ITR, H A ERLY
ANfEE. HIR As 5 ABRER . 6 FiESRH
EAESEEHF R :.Cd > As > Cu>Pb > Cr > Zn.
VLK JE 1 i X A 38 AR T Y R .
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