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Influence of the River-lake Relation Change on the Distribution of Heavy Metal

and Ecological Risk Assessment in the Surface Sediment of Poyang Lake

LIU Wan-qing' >, NI Zhao-kui*”, WU Zhi-qiang™*** , WANG Sheng-rui’’ ,ZENG Qing-ru'

(1. College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2. State Key Laboratory of
Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 3. State
Environmental Protection Key Laboratory for Lake Pollution Control, Research Center of Lake Eco-Environment, Chinese Research
Academy of Environmental Sciences, Beijing 100012, China; 4. College of Environment and Chemical Engineering, Nanchang
University, Nanchang 330031, China)

Abstract; Effects of river ( Yangtze River)-lake ( Poyang Lake) relation on the distribution and potential ecological risk of Cu, Pb,

Zn, Cr and Cd were investigated in surface sediment of Poyang Lake under different waterregimens. The results indicated; (D the
sediments of Poyang Lake were polluted by various concentrations of heavy metals mainly originated from particulates of Yangtze River,
and Cu and Pb were the main pollution factors. The pollution level of determined heavy metals followed the order of Cu>Pb >Zn > Cr
> Cd. The concentration ranges of Cu, Pb, Zn, Cr and Cd in the sediment of Poyang Lake were 13.1-108. 1 mg-kg™", 37-119. 1
mg-kg™", 29.9-129.9 mg-kg™', 13.3-98.6 mg-kg™' and 0.19-2.77 mg-kg ™' during the wet period, and 3.05-69.7 mg-kg ™",
27.5-105 mg-kg ™', 18.8-95.4 mg-kg™", 7.34-70 mg-kg ' and 0.033-0.406 mg-kg™"' during the dry period respectively. The
region with the highest heavy metal concentrations was located in water input area of the " Five River" and water output area of "
Hukou" ; @ The regions with high risk of heavy metals in sediment were mainly located in the area of the trail of “Five Rivers” during
the wet period; while during the dry period, the area with high risk of heavy metals in sediment enlarged, which was not only limited
in the area of the trail of “Five Rivers”, but also enlarged northwards. The potential ecological risk of “Hukou” was relatively high,
however, the potential ecological risk of the sediment in the whole lake during the dry period was lower than that during the wet period.
(®With the change of river-lake relation, water level rose, the maintaining time was shortened during the wet period, the dry season
appeared ahead of schedule, the transformation course of Poyang Lake from “Take morphology” to “River morphology” increased, and

the typical river properties were enhanced, which resulted in the decreased potential ecological risk of heavy metals in sediment of the
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whole lake, however, the area of high risk-region was enlarged northwards.

Key words:river-lake relation change; Poyang Lake; sediment; heavy metal; ecological risk
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Fig. 1 Map of the sampling sites of Poyang Lake
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Table 1  Index of geoaccumulation and grading of pollution levels
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Table 2 Background level of heavy metals in Poyang Lake/mg-kg ~!
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Table 3 Changes of E! and RI and the corresponding pollution degree and potential ecological risk
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Fig. 2 Spatial distribution of heavy metal in surface sediment of Poyang Lake during the flood season

R In FEATE 29.9 ~129.9 mg-kg ' Z
[, 5 e (L HE PR 3 VL S AT T 1 1 V0 B
FO AR BRAE BN AT 115 Cd & AR fR Ve
0.19 ~2.77 mg-kg ', H KM M AEFLIE X 54K
| RV SRS AL S5 /IME A T8 X A B A
Ve, #ARKFHE,Cr, Pb, Zn M {H 2 1 AR IX
HRER, SV SRR B O SRR A, Cu AT Cd
(1872 8] 3 A A0, v (B DX 34 e = Vi, HoAth X
WAAK.
2.1.2  =FIKIIER BH I 2 2 VTR T 4 JE AR A KU
T

(1) H R R B0L

DR G o AL 1, F ED LR 4. F
K /0 BH 22 TR 4 R V5 Y B EE A Cu > P

Hifii: mgkg™!

{e)Cd
i mgkg™!

0

FAEMBAHERENRYESRTANHTE

>Cr>7Zn > Cd, 1E95 Y& f 8 1 109 BB (Bl 4k, 67 % LA
AR Cu B HLFR BRSO “ o7 5 Y S G (R TL
VG ST SR R TR B ™ V5 G KO B Cu
A1 Ph A1, oAl 4 8 ) 3t B 248 B AR X I
Cd AAE = VLIRS LS 1, fE IR 3 2, A7 A1
HNT 1.

(2) AR A KB VAN

FH 2% 4 1950, B BRI R Z DT R Cu, Pb Al
Cd A, Ao R A L fa I GO A Ry “ Ik A=
BRBEHA (EL <40). Cu A5 YL E e ™8, 4>
W EL BYS-(E R 49. 86, =121 1 AL AT 11 B 3T
Cu AYAEZS IS R “ 55  (80 < E! < 160) ,Pb A1 Cd
KB AT AR, AR Z AT Y A A RS 4
B R HHBRAETH T (18] 4) | BEBHBIDTARY) & 4w



1754 wom B % 35 4%
x4 FROEBRHMRERRYEESEMRRIBHMBEEESREITMNE
Table 4 Result of the potential ecological risk assessment and index of geoaccumulation ( /, an)()f heavy metals
in the surficial sediment of Poyang Lake during the wet period
DX Ik Fletid Cr Pb Cu Zn Cd RI
; 1 .55 ~1. .65 ~1. .9 ~3. .16 ~0. -1.31~ -0.
LI o 0.55~1.58 1.65 ~1.98 0.9~3.75 0.16 ~0.72 1.31 0.02 76.29 ~150. 52
E, 1.67 ~4.75 23.56 ~29.56 14.00 ~100. 63 1.68 ~2.48 18.12 ~45.68
1 ~ - ~ _ ~ _ ~—
WL X o 0.3~1.29 0.98 ~2.23 1.09 ~3.31 1.81~0.92 2.55 0.15 42.02 ~120.72
E, 0.9 ~4.69 14.76 ~35.16 16.00 ~79.37 0.43 ~2.84 7.68 ~96.24
; 1 3 ~1. .97 ~2. .62 ~3. -1.20 ~0. -2.66 ~1.
R X o 0.3~1.47 0.97 ~2.67 0.62~3.92 1.20 ~0.84 2.66~1.74 41.54 ~272.36
E, 0.9~4.42 14.72 ~47.64 11.5~113.79 0.65~2.68 7.12 ~150.8

(L R TN EPOS [T 7 & S TR G M TS 41155 g =X 174
FERIRE T WA A KU, A (] DX A AR 2
UL AATE 22 5, AR BL Ny « A M X > 100 X I >
JUERHIC. T, fRVL. RGBS R
200, J T AR T A A 25 KR g, 181X PP R T <
JR AR A 25 UG AR X AR
2.2 AbKIYIER BH ) R 2 DURR ) =46 s o3 A
Az 2R
2.2.1  RHOKIUIRER H W R E DU Y 4 o0 A AR
MK, & B4R & 5 AL FR Cu:3. 05 ~
69.7 mg-kg™' . Pb: 27.5 ~105 mg-kg™' | Zn; 18.8 ~
95.4 mg-kg™', Cr: 7.34 ~70 mg-kg~', Cd: 0.033 ~

FAE K

(a) Cr B mekg™!

FpL mekg !

0.406 mg-kg ™", Cu F1 Pb 43l &5 th PR EE T S8 1. 36
R 2. 11 %, 23185346 E, Pb 1 Zn 7E =VTHEL . U
WHANES B BT S B #0, Cr, Cu A1 Cd (S B0 A
SRARARL, R X FE Ay A AR BT A H Ak R =T —
A, H ST 4B K 7 ) & s s (B 3) .
2.2.2  FESFHIDURRY 4w AR S XU

(1) bR R FE 0k

LA HT AR, F K B G ER I X Cu 175 G 2
BIIKE] 3 DL b, R sim” V5 Y S5 g, H A SRAE 55 1 M
FRRIE BN “ rh-2R 7 V5 YLk ; Pb 7E2WI XY 1,
/T 3, IR < - V5 ey ;. Cr A1 Zn A bR
FHRBINT 2, B T I5 Y] T 15 Y

(b) Pb PLfE: mgke! (¢)Cu FLfr: mgkg ™!
110 60
95
45
80
30
65
50 15
35 0

FpL mekg !
0.42

0.18
0.10

0.02

E3 #HAHEERRENLRYECERTIESHTE
Fig. 3 Spatial distribution of heavy metal in surface sediment of Poyang Lake during the dry period
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Table 5 Result of the potential ecological risk assessment and Index of geoaccumulation( 7, )

of heavy metals in the surface sediment of Poyang Lake during the dry period

[X daf; JE R Cr Pb Cu 7n Cd RI
WX Ige? -0.63~1.15 0.94~2.18 -0.02~3.29  -1.26~0.35 -3.18~-1.44 0 o .o -
E 1.93~6.68  14.40 ~34 7.37 ~73.37 0.63 ~0.38 4.08 ~16.48
W0 I I Ige? -0.45~0.21 1.44 ~2.17 0.43~2.28  -0.55~0.38 -5.09~-2.51 45 v gc 4
E! 2.18 ~3.84  20.40 ~42 10.11 ~40. 63 1.02~1.98 1.32~7.96
T I L, -2.59~0.35 0.55~2.48 -1.22~3.03  -1.86~0.48 -3.61~-1.47 5 o0 00 o
E! 0.5~3.25 11.00 ~36.8 3.21 ~61.47 0.41 ~2.09 4.64 ~16.24

(2) W AEA SR A1

Fili 7K SU) B 4 Ja B8 MURS: S Bk T Cu 1 PD A =
TSR] AL J T v 27 16 T KF A, Hofth XI5
AR < 19 AR A XU R S /N T 40 Ab T AR A2
FEFIEE. WK 4 FPE S Fros  BREHWIE | Ak

115

ST 2 T4 I8 1098 724 25 MU #5580 1 9 ”
B U X B2 B S5 A K B M LI A 1 -4 B
KT Y 11 AT, S BRI > W0 K B >
TR 1 43 R 58, £ TR A 00036 5 < T N
a7 BB K PR R R T ORI A9 4 3
0% B R 2 T 1) 2 e S, T AL A 45 1 3s
BOJEHRIX I8, AT , BOBE 03 R U0 T 4 i 1o
VR 5 XU 5 AT S 0k 0 T L K 15
SRR S R B, 8T 4 R 10 5 R I IR
HE— K.
B s HEE#BHKHEESE RIEZETH
Fig. 5 Variation of the spatial distribution of RI
during the dry periods
3 itig
280 3.1 ERFHWIK LA (A GE
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K VT3t 7K B 3T S, T30 56 2 8 7 ¢ A e
160 SIAEE | R K W) ] B B, 7K A7 A 1 25 W 4
U K A B, 4 5 B KL S 10 4F
100 S, B PR I JLIE B R 7 5 P WA, B BRSO 23,
2475 TFEB WK fr (9 45 2% 6 FR, LLE T
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Ay,
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P A0.1~0.8 m-s™" MK <15 m B, Fii ik
F1.48 ~2.85 mes "0 XK 7 AR Ak fl K 3h
AR B, SR T EE RN . ME
TLI G 2R 0 1 — 25 6 78 | 32 7K 309 1 K A2 A 7K 30

AERZK A HH B L3 52 08 i 3, 3 B R 3 1A UK
AR W AL — 25 39 T, 8 B 98 1) TR 3L 4 A S
W AR KRS T B0 4 s oo A 5 A 25 KU e B
Z R
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Table 6  Statistics of water level in Xingzi station

SiH A
1 2 3 4 5 6 7 8 9 10 11 12

KA/ m 14.57 13.94 17.6 17.77 19.88  21.8  22.51 22.52  21.58 19.39 17.52  13.94
WA (4F) 1998 1959 1992 1992 1975 1998 1998 1998 1998 1954 1954 1982
IR/ m 7.19 7.11 7.20 7.51 10. 43 11.47 12.79 10. 62 9.56 8. 62 8. 14 7.32
IAED (4F) 1957 2004 1963 1963 1963 2000 1966 1963 2006 2006 2006 1956
AF R/ m 7.38 6.83 10. 40 10.26 9.45 10. 39 9.72 11.90 12.02 10.77 9.38 6.62
A Y¥KA/m 9.03 9.67 11.13 12.96 14.79 16.13 17.80 16.78 16.03 14.5 12.09  9.81

3.2 VLW ER AL AN 8 BT AR ) B s 0 A 5
M R A= 25 XL ) 5

3.2.1 VLW FR AT P BT AR Y B 5 o3 A
Al

ANTRI KA T 8 B 7K SCRIK 31 07 0 A2 A S Bt
PWEERESES . MKHERREE(WET), H
FIKIAR TR A, FA30, TR 18] X 4 s &
HE HA R 2, P, Cu, Zn W9 5 KAE 53 51 55 3]
119.1,108. 1, 122.4 mg-kg ™", A fig 5 F] KK i
B, HLTAME K 08 HE s A Al s G 22 & A TE
FKMIA T W BB B K R
IR ey, TR K A IS K A O 2 R Ok, 455
WIS 5 T OO, S8 H &8 & & B A
b AN BRI 1 Bl Bl i A, AT RE S 2K

*7

W 0 B AR A AR SR A 5 2 AT R R DIk ifi 5 350 R Ui
KN IR B S T 4 Rt — 2 ) R RE
07 AR, Tl AR , K AR AR AR R AR R D, A
B LORE , IO RESIH R E A &= i
H X8, LL Cu M), S KAE M 58. 4 mg-kg ™' ,Pb. Cu,
Zn IR RAE 94 85, 69.7 ., 87.6 mg-kg ™", Wil I
DI E 4 JE & A b E s SR R, v AR R IZ
W BEI /K V5 R S5 T 380 BH IS BT I R, S S R
JE T 1) B 4 T ) 28 KR v 85 28 R O 11 XU
AR K IR B 4 8 43 B3 5). 28 B INAR,
TR BH TR E 4 I 1 R0 A S W K A7 1) 3
S IR E O FR K i , 4R e, X
PR S A A I AR, KA RIG, EE 4 S A A
AN LIRS iiEweis T B

¥, RABTHHREIRENIRYESERE /mg-kg ™!
Table 7 Contents of the heavy metal in surface sediment of Poyang Lake during the wet period and dry period/mg-kg~

1

g X3, Cr Pb Cu Zn cd
JLHRIIX 24.6 ~70 58.8 ~73.9 13.3~95.6 76.8 ~113.4 0.453 ~1.142

F2 kI i NS 13.3~57.2 36.9 ~87.9 15.2~70.6 19.5~129.9 0.192 ~1.013
R T X 13.3~65.2 36.8 ~119.1 10.9 ~108.1 29.9 ~122.4 0.178 ~3.77
JLHRiIX 28.4 ~98.6 36 ~85 7~69.7 28.6 ~87.6 0.124 ~0.412

A7k 39 WO IX 5 32.2~51.2 51 ~84.5 96 ~34.7 46.5 ~89.5 0.033 ~0.197
TR X 7.34 ~56.6 27.5~105 3.05~58.4 18.8 ~95.4 0.092 ~0. 406

3.2.2  AN[E R BH AR ) B 4 B TS YRR IE

2 IR SCHR B RL IS 50 3 43 BT, A () st 3 280 I 9
DTIRYES )R R R E 8. Hrf 1987 ~ 2003
SERCE TR R SCIRARAS ), 2006 4F I 805
AHIFGE A B S 56 2 43 A I 4R A5, DA ] 8, 368 FH
I 4R B 1987 4F 245 A8k v LL4rh
2 BB, Hidh 1987 ~ 2006 4E[H], LR & 4 8 &
SRR I R B TR0 BH I K AR O PR R R T e 1) v R

V5 et I, DL 2003 A, bR Cr A (CEOR B ) 45 5

4@ i Fr e 4438 B DT AF e L, Cu, Pb, Zn 1 Cd
) o i a7 S 9 5. 5.6 5. 3.8 fi5 Al 2
7, I TR B i R S AR i i e A
I, sk GDP VA b AR KRR 30% , T
A PP AN BT K, SR I K R AR 16 T K HE B 1
o, SEER S AW E AR S 2 AR, 2006
A= R 5, DU 4R & U
A B B L R R, Fovh Cd AN Zn 55 5 E 2007 45
8% 0. 18 mg-kg ™' Fil 66. 04 mg-kg ™", 32 I 85 1
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Table 8  Pollution history of heavy metals in surface sediment

of Poyang Lake during different periods/mg-kg_l

A Cr Pb Cu Zn Cd  FEMECR
W 29.5 12.5 475 4575 0.75 —
1987 ~1988  — 32.5 43.9  140.5 0.36 13
1992 56 27 26 71 0.5 11
1993 72 30 31 75 0.7 11
2003 — 70 43.4 177 1.35 5
2006 41.95 67.68 28.4 66.04 0.18 23
2008 42.11 43.66 44.73 76 .09 35
2012 20.08 68.55 43.76 89.7 1.56 25
3.2.3 (LSRN ER BRIV i 4 JE AR A
RS 5 M)
FBBHAUCAR A [) 2 4 S A 5 KU ( b AR 224

BOMPEAE LSS R0 |, FARIR T, AT
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