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Sediment Risk Assessment and Heavy Metal Source Analysis in Typical Country

Water Level Fluctuated Zone ( WLFZ) of the Three Gorges

AO Liang, LEI Bo, WANG Ye-chun, ZHOU Xie, ZHANG Sheng

( Chongging Academy of Environmental Science ,Chongqing 401147 , China)

Abstract : Typical country WLFZ in Zhongxian located in the core region of the Three Gorges Reservoir was chosen as research subject
in this study. In July 2012, sediment samples of WLFZ were collected after dam water level dropped. Heavy metals were analyzed for
sediment potential risk assessment and then applied for sources analysis in this area, which supplied basic data for non-point pollutants
control. The results showed that As, Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn ranged in 155-160 m:5. 17-14. 81, 0. 06-0. 57, 8.55-
20. 56, 62.79-93.04, 15.38-60.97, 425.72-782.32, 21.34-48.5, 23.03-43.39 and 57.78-130. 10 mg-kg™", and 170-175 m;
7.05-12.57, 0.17-0. 33, 10. 71-18. 89, 65.22-92.89, 18.89-42.91, 74.06-774. 41, 22.47-42.49, 24.17-29. 23, 55.67-103. 18
mg-kg ™", respectively. Index of geo-accumulation (1,,) suggested the accumulation orders were Cd > Co > Mn > As > Cu >Pb >Zn in
155-160m WLFZ and Co >Mn > Cd > As in 170-175 m WLFZ. Sediment pollution index (SPI) showed that sediments in 155-160 m
WLFZ had higher potential risk than that of 170-175 m with the highest risk appeared in 155-166 m WLFZ site located downstream of
Zhongxian. In 155-160 m WLFZ, Cr, Cu, Pb and Zn were mainly originated from natural resources, while As, Ni, Cd, Co and Mn
were possibly sourced from upland water. In contrast, in 170-175 m WLFZ, Cr, Ni, Pb and Zn in the sediment came from natural
resources, while Cd, As, Co, Mn and Cu were probably rooted from both agricultural non-point source and upland water.

Key words : country WLFZ; sediment; heavy metals; risk assessment; source analysis
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Table 1 Heavy metals backgound contents of sediment in Three Gorges

HEE As Co Cd Cr

Cu Ni Pb Zn Mn

B 5HE/mg-kg ™! 5.84 5.85 0.13 78.03

25 29. 47 23.88 69. 88 242.8




14 RSB e DX RN A B3 v i DU AR ) XU AP -5 < i A DA A 181

.
SPI = > (C/B, xT))/ > T, (2)
K, €, FoRLFRMEREE B, FoR R 50 H
i, T, Fmn BN EEE. & HE Hakanson'™ $&
M 4R BRI AR 6 FhEE 4 @ B 1 A0
5 T, 735K Co(2), Cr(2), Cu(5), Mn(1) ., Ni
(2) . Pb(5) M1 Zn(1) , As(10) F1 Cd(40)""*). SPI
DU 4 Jm A= A XU 43 9 HARIRZS (SPL O ~
2) AU (SPT 2 ~5) , HEEJRUBS: (SPL S ~10) , 1y JAL
B (SPI 10 ~20) FIFERRAS (SPL>20) .
A5 v 0 B AR OC 43 B R R - 3 B 2 AR
SPSS 19 AT

2 HFREITiE

2.1 URYESE S

AL LR A R BT YR HF 155 ~ 160 m = AR DU
WHESE MK 2 fis. As, Cd, Co, Cr, Cu,
Mn . Ni, Pb #lZn 1 155 ~ 160 m I 754 U 7
P 43 91k 10.95, 0.31, 16.82, 83.39, 38.14,
667.09 . 39.35, 31.52 F190. 69 mg-kg ", A4k [H
}5.17 ~14.81 . 0.06 ~0.57 . 8.55 ~20.56, 62.79

~93.04, 15.38 ~60.97, 425.72 ~782.32 21.34
~48.55 . 23.03 ~43.39, 57.78 ~130. 10 mg-kg '
As TEB BRI WA S e IR U, B
S6 miAh, By M4 S {E 5.84 mg-kg™'; Cd,
Mn., Cu & SAE DX FFeE T i, ZE3k X L iiERd 7K
TR B0, T UiF B K N, Cd 7SS a5 3k 5 1
B, B 8NH R(E &5 4.4 £5; Pb Al Zn 720 EIRIXTH
T S5 23N, 43 313k 5 43. 39 mg-kg ™' Al
130. 10 mg-kg ", ME F Sl S 29 W A% UK I
[\, f/ﬁ%ﬁ%i/\}%ﬁ/l\ T AE b 3 b X B 7K 0 0 1) G
B A8 fk; Co. Ni, Cr JH & X 3% A B
1.

170 ~ 175 m {H 7% UL Y 8 42 @ 43 A an &1 3
Fi7n. 4 )@ As. Cd, Co, Cr, Cu, Mn. Ni, Pb #l
Zn WYSFX{E 43 %) 4 10.29, 0.26, 16.02, 80. 17,
32.23 . 628.92 36.23 ., 26.58 F179.16 mg-kg ', A%

fRIE R 7.05 ~ 12.57. 0.17 ~0.33, 10.71 ~
18.89. 65.22 ~92.89 . 18.89 ~ 42.91 . 74.06 ~

T74.41, 22.47 ~42.49  24.17 ~29.23, 55.67 ~
103. 18 mg-kg ' SIHI&H 155 ~ 160 m #H b, T
YE4JE Cd, Cu, Pb FlZn A DEFAL. As Wt

20 [ 10 [ 25 [
16 | 0.8 20 |-
w, 12}k P % 0.6 |- % 15
& £ £
£ s | i S 04 s 10
Z
0 0 0
SI S2 S3 S4 S5 S6 S7 sl s3 s SI S2 S3 S4 S5 S6 S7
100 | 100 - 1000 |
%0 1z % 4 i % 80 - B
21 T 750 |- SN
- 20
‘s 6o | Z I & N
g - £ 500
8 40 H % L&) = \
a0 L é 2 250
0 0 0
SI S2 S3 S4 S5 S6 ST 6 S3 84 S5 s SI S2 S3 S4 S5 86 ST
50 | (& 160
50
M Y
40 | <E o
B N N - 120 |- \
@ 3 [ N 2 3 .
W § o 30 £ g0 Q
£ .o N| £ § N
= B -y 20 N §
40
10 1 10 % N
0 0 0 N
SI S2 S3 S4 S5 S6 S7 SI S2 S3 S4 S5 S6 S7

2 155 ~160 m HEHARYESRE I
Fig. 2 Distribution of heavy metals in the 155-160 m WLFZ sediment
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Table 2 The I“l_eo of heavy metals in Sediment of 155-160 m WLFZ

j==% As Cd Co Cr Cu Mn Ni Ph Zn
S1 0. 67 0. 08 1. 08 -0.38 0. 06 0.85 -0.07 -0.10 -0.24
S2 0.43 -0.08 1. 14 -0.41 0.01 1. 10 -0.08 -0.30 -0.16
S3 0.54 0.75 1.18 -0.34 0.04 0.71 0.01 -0.32 -0.31
S4 -0.13 1.03 0. 65 -0.72 -0.09 1.02 -0.40 -0.21 -0.27
S5 0.22 1. 56 1.23 -0.33 0.70 1. 08 0. 14 0.28 0.31
S6 -0.76 -1.76 -0.04 -0.90 -1.29 0.23 -1.05 -0.64 -0.86
S7 0.76 1.03 0.96 -0.44 0.08 0.94 -0.01 -0.16 -0.16
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®3 170~175 m HEHFRRMES B RRIEL
Table 3 The I&“ of heavy metals in Sediment of 170-175 m WLFZ

(== As Cd Co Cr Cu Mn Ni Ph Zn
S1 0.52 0.24 1.04 -0.48 0.19 0.90 -0.13 -0.33 -0.26
S2 0.46 0.74 1. 00 -0.38 -0.03 1.02 -0.16 -0.44 -0.40
S3 0.45 0.12 1. 11 -0.33 0.16 0.79 -0.06 -0.35 -0.39
S4 -0.31 -0.16 0.39 -0.84 -0.91 0. 69 -0.62 -0.57 -0.62
S5 -0.10 0.72 1. 09 -0.54 -0.23 0.76 -0.13 -0.29 -0.02
S6 -0.20 0.19 0.29 -0.84 -0.99 0. 04 -0.98 -0.57 -0.91
S7 0.52 0. 67 0.94 -0.50 -0.17 1.09 -0.16 -0.49 -0.39
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Fig. 4 Sediment pollution index assessment results

in country WLFZ of Zhongxian

THRELERFEFTREME. 7E 170 ~ 175 m {HEW
T, As 5 Cr, Cu SEFHEAH G, R B AE XA X8 rp it
3 FhoTE A A REA AR ; Cd A 7 5 HAt
A EEA B M, %0 FR 1SR A X A X 5
AN B—; Co. Pb, Ni, Cu. Cr B A6, %
BHIX 5 Fhoo 2 T B ELAT R

It FE RS (3R 6) AT LLUE H 155 ~ 160 m
YA RO E 4R Ok A I, SR —
D5 T b ST R Y 73. 4% |, 55 A 7 G STER R N
11. 8% , BRI TTHRZR L F] 85. 2% |, AERE 52 =1 FR 155
~160 m PLARY I 4 @ 43 A, WA B I 4 s Rk

&4 155 ~160 m i EH TR ESL E Pearson XM HT

Table 4 Pearson correlation analysis of heavy metals in 155-160 m WLFZ sediment

As Cd Co Cr Cu Mn Ni Pb Zn

As 1. 000 0.274 0.770 " 0.827" 0.487 0. 449 0.804 " 0.331 0.385
Cd 1. 000 0.538 0. 477 0.850 " 0. 64 0. 670 0.836 " 0.833"
Co 1. 000 0.980 " * 0.836" 0. 686 0.972** 0. 654 0.760 *
Cr 1. 000 0.791" 0. 562 0.963 " 0. 623 0. 705
Cu 1. 000 0.768 * 0.891" " 0.950" * 0.982" "
Mn 1. 000 0.714 0.679 0.795"
Ni 1..000 0.741 0.823"
Pb 1. 000 0.957" "
Zn 1. 000

1) = FIRTE 0. 05 ACF (R b BEMZE, =+ FIRTE0. 01 K () b BEMSE, T IH
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Table 5 Pearson correlation analysis of heavy metals in 170-175 m WLFZ sediment
As Cd Co Cr Cu Mn Ni Pb Zn
As 1. 000 0.371 0.714 0.841° 0. 868 * 0. 745 0.748 0. 407 0.315
Cd 1. 000 0. 556 0. 485 0. 325 0.533 0. 507 0.35 0. 556
Co 1. 000 0.925"* 0.917"* 0.703 0.978 " * 0.879 " * 0.845"
Cr 1. 000 0.935*" 0.707 0.919"* 0. 694 0.592
Cu 1. 000 0.674 0.909 * * 0.782" 0.632
Mn 1. 000 0.816" 0.367 0.571
Ni 1. 000 0.802 " 0.819"
Pb 1. 000 0.889 " "
Zn 1. 000
U HoP T A S BITR M S — R E A EZ oy AR A, R, 55— 0 A A

B S DTk, e B R E AR Co, Cu, Ni Ml Zn, 1M
W FERUT B TR B TESJE R As, Co,
Cr FINi. As. Co. Ni 4345 % B4~ 32 WA 4R AE (i T ik
BAHMHBEN, FR = okIE BA 2 EMH; 170
~ 175 m V& UUBY) H 4w EEORIEF AT
1A, 55— J7 A DTRR 3R 76. 1% , W 8 4 R 7
B E TRk, Co, Cr, Cu FlI Ni & FE TR, 5
AT TR N 14. 9% |, fERS T B B fE 428 oC
% Pb I Zn HUKIE.
#6 BEEREERSHHER
Table 6 Results of principal component analysis

for heavy metal sources

SF—EWY BTG TS TR

T H

155 ~160 m 155 ~160 m 170 ~175 m 170 ~175 m
FEAF(A 6.6 1.06 6.8 1.3
TTHRH/ % 73.4 11.8 76. 1 14.9
BRBMR/ % 73.4 85.2 76. 1 91.1
As 0. 669 0. 669 0.791 -0.571
cd 0.785  —0.473 0.581 0.15
Co 0.921 0.328 0.987 0.118
Cr 0. 885 0.422 0.936 -0.201
Cu 0.972  -0.212 0.934 -0.167
Mn 0.803  -0.163 0.794 -0.319
Ni 0. 968 0. 239 0. 986 0.011
Pb 0.873  -0.398 0.816 0. 482
Zn 0.933  -0.321 0. 809 0. 545

F 55 26 W, LR B 4 J R R AT LAy A E 4R
M RAETTIRA IR S AR AREHT
(TS (B STHRAE A2 T R Bl AR h AR B i o
WAL AR C R D) 155 ~ 160 m T4 I&4F
o Cr AT YRS AR T Sl &, HEEk
JE AT RE A A 2R KAk, 3X 5 i B8 4E i 9% 45 2R —
. 155 ~ 160 m IV As, Co, Ni 5 Cr HAF
A T 3 AR 4R T YA T A ARIRES,
55 A U DU TR R — AT AT

T HOO 4 8 e R A DAk, AT DA R A T 7
WHE S RIG Y EERE T FEEX, AN A
LG Tl =28 B . R miEE A | BT
K. B KR Z N TR ST X ek 1
T E S A Tl AR P2 AR e A A b X3, o
BT LR ok 5 e O 32, N FE AR I 57K . T
b5 G R A RIS RR A =K B B K AT I 7%
AR A, Cr. Pb, Cu 1 Zn FERHT
HART 5, AR B SRR, KA TR e, R
VAR R, AR T RS YR b i ok K i
HTRERL R 155 ~ 160 m JH V&7 LAY 4 )8 2 2L

FRAE 170 ~ 175 m V&IPS R T LR B, %
X3k Cr, Ni, Pb fl Zn AR FIREE T S00E, AH 550 Br
BN 4 FhEE 4 m W AE G, AT DAHEWTIX 4 FhE 4 s
FERIET ALRRAL, X 50 ERAEAE 2009 4F 6 A 25
F—5" 170 ~175 m HIEH T Cd, As, Co, Mn
F Cu TEFR 53 a7 1 B AR B2 e RWIAETE R 43 N
MBS AR T XA T Ak
%5, Tolkis Yt AN A, PR, A T 1Y) i AR
AATRER A - EB AT A B A TE IR A iR K. 2R
TR FIES — T 3 BT A BB 58 4B SR R X 43 I
AT REE T2 X305 Y R B AR, A SRR AN T
I AZERIR B R, 175 m b =Wk R E BT
IR AHAEGE R IB AT I A48 155 m 4,170 ~ 175 m
TH Y& T BE A T 155 ~ 160 m''!. 170 ~175 m
ST VR 5 R b 2 R A S AT A X A AR S
W ET  BEAE R A P e R ™ A T RS e
AATRE AT 4w RN, MM &5 SR Bk, %
DX IR 4 S V5 Y AN, N R TR T DX PN 1 4
JER AN | e T T Uy A B AIG, PRt 3 5 i
XA - IE 155 ~ 160 m X 8 i (1) 8 4 8 & 50 ik
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3 HZig

(1) ZIRFEXEKLIG, 155 ~160 m 47 H UL
BE 4 )8 2T Cd > Co > Mn > As > Cu;
170 ~ 175 m JE¥&H DU & 4 Jm RBUUT R Co >
Mn > Cd > As.

(2) WHIEH IR E 4 r I8 e A S KU A T
BRRERIEE 155 ~ 160 m T 7547 TR A 725 KUK 5
T 170 ~175 m.

(3) THEW DR E SIS Cr, Ph Al Zn EFK
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