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Spatial distribution and ecological risk assessment of heavy metals in
sediments of Dongda River wetland in Dianchi Lake

CEN Yanba SU Bin CHEN Yuehao XU Rui SHI Zhengtao ™
(Ynunan Key Laboratory of Plateau Geographical Processes and Environmental Changes, Faculty of Geography, Yunnan Normal
University, Kunming, 650500, China)

Abstract The lakeside wetland is a place where heavy metals are enriched and converted. In order
to understand the pollution characteristics and environmental risks of heavy metals in the sediments
of the Dongda River Wetland in Dianchi Lake, 28 sediment samples were collected according to the
water characteristics of Dongda River wetland. For the samples, the content of Zn, Cu, Ni, Pb, and Cr
was determined by the flame method of atomic absorption spectrometer, and the spatial distribution
characteristics of heavy metals in the sediments were analyzed. In addition, the ecological risk of
heavy metals in wetland sediments was evaluated by geoaccumulation index method and potential
ecological risk index method. The results indicated that the contents of Zn, Cu, Ni, Pb, and Cr in
Dongda River wetland are respectively 70.07—348.56, 11.09—50.72, 12.91—51.81, 33.23—265.87
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and 90.36—241.87 mg-kg". The spatial distribution patterns of five heavy metals in Dongda River
Wetland sediments have obvious regularities and similarities. The average content of the five heavy
metals all present the characteristics of the central>the eastern>the western parts of the wetland.
Heavy metals accumulate near the entrance of wetland water, and high-value areas appear in the
areas of frequent human activities and drainage channels. Human activities are the main driving
factors affecting the difference of heavy metals in the sediments in Dongda River wetland. 5 kinds of
heavy metals in the sediments of Dongda River wetland detect moderately polluted and moderately to
strongly at individual sample points at the entrance of rivers and drains, and most of the remaining
samples points are unpolluted to moderately polluted or practically unpolluted. Pb of the single
potential ecological risk detected moderate near river entrances, and other sample heavy metals are
mild. The comprehensive potential ecological risk is a minor. Above all, comprehensive potential
ecological risk of three areas in the wetland from large to small: the central wetland > wetland east >
wetland west.

Keywords wetland heavy metals, ecological risk assessment, Dongda River, Dianchi Lake.
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1 MBLE )7 (Materials and methods)
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Fig.1 Study area and sampling point location
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AT B DO SR 24 HE I R, Wi A HCI-HNO5-HF-HCIO, /il $4 3 % , 5& 2% 25 mL J5 i 5 4 contr
AAT00 Ji~F W WS 1 ASCIN e B, S0 T A 389 SR DL G 28, S 350 o) e e b A ot ) b BT Ak B A A
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Table 1 Geoaccumulation index (Igeo) and corresponding pollution degree
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1.3.2  WAEA R FE
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Table 2 Classification of potential ecological risk of heavy metals

E; RI
El <40 BRUESEE RI<150 BiASEE
40< E. <80 T A e 150<RI<300 e A E
80< Ej. <160 SRS 300<RI<600 SRS E
160< E}, <320 RS RI>600 AR
E; > 320 WA

R3 HEEITH A MAEERE(T])

Table 3 Heavy metals background values (C!) and toxic response factors of heavy metals (7%)

JLHE .
Element Zn Cu Ni Pb Cr
Ci/(mg'kg™) 81 25 29 325 67
T} 1 5 5 5 2

2 5B 54718 (Results and discussion)

2.1 EEEGITEHE
WFFERI T R KB U 5% (Zn) L 4 (Cu) . B2 (Ni) . #5(Pb) . B (Cr) %5 s R4 JE, Ha &
I3 B 70.07—348.56., 11.09—50.72, 12.91—51.81, 33.23—265.87. 90.36—241.87 mg-kg ', HF-14
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e JE 43 2 221.38., 30.40. 29.19. 79.73. 154.00 mg-kg ™', W% 4 Fizn, SEitErtE W&l 2 Fion. & KR
g T K R, oAb o E =B, AR R IR S R B o E A 2 H I E S B M
W E R K RUTRY T SE NS AR 2 KRBT Zn, Cu, Ni, Pb, Cr B934 5 43 5 &
SHE T (5 (80.5, 33.6. 33.4, 36.0. 57.6 mg-kg) Y 2.8, 0.9, 0.9, 2.2, 2.7 1%, /3 WSEH EEg )7
KB VTR 504 (81.0. 25.0. 29.0, 32.3. 67.0 mg-kg ) ¥ 2.7, 1.2, 1.0, 2.5, 2.3 1%, M3t vh E B 75 /K
Z TR TS 5 8 00 R RE A5 L 143 912 96.43%. 71.43%., 57.14%. 100.00%. 100.00%. Hi LA b4 H7 7l %1,
RS H T S R ER 4R AEAE R A REEE 19 & 4, Pb. Cr. Zn 19 & SEA X, Cu, Ni (1 & %
AR, W RE 5 AR RIS IR EEN T KA IR £ V5 KA 56 . FESCIFSE R B, T5 K HERSC ) i DU RR ) 4 I 5
B EE R TE, IR 2 AR B DX 3T I TR A B T 4 B R, T OB 4 R B N i R
T R A
Fz 4 KRRWBHUIRY E SR & ® 5L (mgkg ™)
Table 4 Statistical characteristics of heavy metals in sediments of Dongda River Wetland(mg-kg ")
185

Index Zn Cu Ni Pb Cr
EEIN:] 70.07 11.09 12.91 33.23 90.36
/M 348.56 50.72 51.81 265.87 241.87
FHME 221.38 30.4 29.19 79.73 154
Frifi2e 86.8 9.05 8.44 41.41 35.32
A5 R % 39.21% 29.78% 28.91% 51.93% 22.94%
PR ot AL S 80.5 33.6 33.4 36.0 57.6
rhE R K RUTRIT BefE 81.0 25.0 29.0 323 67.0
400 - [ 125%75%

T Range within 1.5IQR

—— Median Line
T = Mean
*  Outliers
n=28 Samples  *
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Fig.2 Distribution of heavy metals in sediments of Dongda River Wetland
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Pb ¢ J& 1] REE i fi i , 76 TFL S B P HE SRR WRSE IX Cu N EEAH LG T 00 7 Jo) i 9l 24K, 5 B8
S A 2, G I T 52 75 G i R A2 L L T, 59 (A 2, DA AR ORI Cu, Ni RS AT
x5 MANRHRZ TR E R A R (mgkg )
Table 5 Content of heavy metals in surface sediments of typical wetland
IR

Study area Zn Cu Ni Pb Cr
AR (ARBFFT) 70.07—348.56 11.09—50.72 12.91—51.81 33.23—265.87 90.36—241.87
L 128.00 86.60 — 78.20 113.00
RV bt 313.02 174.36 61.34 84.17 61.28
PRGN 165.09 148.24 5231 70.24 51.10
b= RIS SRS 225.75 91.00 47.00 69.75 101.00
PR 149.20 97.60 55.10 40.30 145.80
TR LT 269.61 176.78 183.09 30.12 160.24
e 142.04 27.67 35.53 56.00 168.24
BFE I SED 80.5 33.6 334 36.0 57.6
TLHVE T % L5 59.2 18.9 15.7 19.5 79.3
R TT UL A e Fe (g 532 249 25.0 25.9 69.4

< F RN ISR A B8, No data are available in the literature.

22 H4JEAS E AR RE

FR A 5 48 B i A UAA, R GIS 238 [BIA B 7 75 S B0 43 s 25 ) o3 Al A AiE, 78 AreGIS10.7
H il P48 3 Kriging 25 B {3522 T 245 R 8 3 36 2 VIR 5 4 Ja 23 (8] 43 A T, N 3 s, Rk
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Ni, Pb. Cr % 225 [0] 50 A 4% JRy 3 A AR BN, 1o e DX sk 07 AR T A XK, 3 0 A 7 Y b 3
T TE FIHEZK S X5, 2 L 43 A 76 W0 M ZR 50 R PG 3, PR AE s A P BH G5, s Ak 2 0 b 2 el Y s O X
S, e AET A 22, T A VR A X 3R 2 DURR W B A 5 3 b 2R S o L DX A7 R T M A L, S ARk
PR, T Ml AR08 A1 L R S8 2 — % RE X A S A HEZK R, S5 IR AR I A K S A S e 1 5 2R,
T 3 1 P HE 7K SR A %) 4 i e S o T b A R R A R, A1 ak 1 P HE 7K 2R T Y 2R
BRI Z —. MW 55 R, Cr 3% 77 78 T A AE AR 24 Fh 2 55 4 4 i i il A 561 Ak X
Pb 15 4% EZk [ i AEC, b A A A RS FFHE BRI AR AR K T, Il X Pb 15 Yoo 2 B AR TR 5 K
Tl HE ORI A HE R, A0S R B . A 7 R BE BRI AR BE AR S N R IR IR R A, Tl
A P N T B SR R KO B b Ni, Pb. Cr (23 [A] A5 J5y o] LA Y, 45 R T0] 6 b 370 A7
Ni. Pb. Cr f0 U5 = L&k IG5, FEM . KB B A P Ah & A0S, G SR o O 55 1T RE A7 76 PR )y Tl
R, — R XSk B 2, AP AR A I PT RE, R XU 4% Z 2 E i sh, 4ad £
WAL B JG , 12 X 3 22 2 TUR P 0k B 4, WM RE ) B, 3 & B AE R )2 & 4, Iz S i
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Fig.3 Spatial distribution pattern of heavy metals in sediments of Dongda River Wetland
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HR A 2R JIAT i b TR ) T 4 Je8 119 2 8] 0 A R AE A 00, Gl PR = A A, — 2 2R Rl K R v 45
5 YWy AN b R O B FE 22 O UE AR DO s R b PN R K AR S, TR AR 2%, T
FUZ 5 IR, A S5 Y 2 G TR b, DO i T SR B ie A5 T 4R s AR 4 1,
2.3 HEJRIEE R 5T
23.1 HEEJEHR BREE

FR A8 AR RInIE H ORR ) 8 4 5 e e 5 AR, #e RS (D 15 5 Rl &) i st st RARFR 5L, 4o
6 Iran. NFR 6 AT LUFE Y, AR RAT i L O AR v 5 b E 4 i 1 b o 3R AR 4 A5 R B/ IMIR IR
Zn>Pb>Cr>Cu>Ni, F X (EH /5 0.87. 0.72, 0.62, -0.30. -0.58. HF 5% X 3, Ni ()18 4 R JCT5 4y, Bl
WA FAR Y 12 SHE S8 TR EETS Geah, HAARE S8 T0T5 %Y Cu BAR - diab T 075 JUIRA, 21%(6 4~
FE ) IR BTG, 79%(22 RE ) A TET5 YL Cr BEI & B R BETS UL, 86% (24 NRE S J& TR ¥
155, 7% 2 A FE 50 Ab T J005 Y, 7% 2 AN FE ) I8 B A BE TS Yy Po 1Y 1 B O R TS
T1%(20 M) JE FERBETSGL, 14%(4 ANFES) AT IET5 5%, 11%(3 AEE ) I8 2 1 EE 15 4L, 4%(1 A4~
FE ) IR B BTG Y Zn 38 R BTG G, 43% (12 R iR B HP TS 3L, 36%(10 AMREAS) R
BTG, 21%(6 MRS AT IET5 Y, WK S Bros. B M ol 0, A< Rl Moyl 3 . HEZK R A DAL B
A GIRE RGR BN RIS G | i b RS By, AR RIS AR R B TS el R oI5 L.

R 6 RAIIRH TR T 4 I H T BB ORGS0

Table 6 Geoaccumulation index and pollution grade of heavy metals in sediments of Dongda River Wetland

N . Igeo{E Igeoé“ﬁgg&

mﬁé& ' Iy, value Iy, level
Sampling site Zn Cu Ni Pb Cr Zn Cu Ni Pb Cr
R 0.87 -0.30 -0.58 0.72 0.62 1 0 0 1 1
Tl S 1.23 -0.03 -0.38 1.05 0.76 2 0 0 2 1
T H AR 0.60 -0.50 -0.65 0.28 0.50 1 0 0 1 1
T H PGS 0.04 -0.85 -0.96 0.17 0.38 1 0 0 1 1

C125%—75%
T Range within 1.5IQR
— Median line
°  Mean
2r *  Outliers
n=28 Samples

(B %%
HE

-2

w
1

Geoaccumulation index

Zn Cu Ni P Cr
B 5 7RI AR 6 b i R AR B A
Fig.5 Geoaccumulation index distribution of heavy metals in sediments of Dongda River Wetland
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IR (2) M5 5 P B Jm AT A A XU 18 K, W3k 7 o, SR 7 Al LA Y, ZR RN B AR
Yy — 4 R AR AR S KU PR B (ED) th KRB/ MU : Pb>Cu>Ni>Cr>Zn, V- (A 5351 /& 12.34, 6.08,
5.03. 4.60, 2.73. Z KRB TIRY 5 FhEE SR b, BR 12 SAE R P 3A 2 b 55 A4 5 A Ah, HALAE &
HEBYNBHASEE. KRB ITRY SMESBHEZSBAEESEFRE(RDA T
14.11—68.41 Z [, F3{H % 30.79, Fr A s NER S I 7L B A BT 150, J& TR &G
F, 3] Zn, Cu. Ni, Pb, Cr Y 5 FhHE 4 & B A b X AR TR b A 25 PR 52 i AR 1R 3 3 A4 XU sl g~
P RIAE 1 KRB/ - 180 3 P> 00 AR >0 PG 35, R N rh A v 7E A B /e ok, 518
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iy PR T AR A e S TR R — B0 AR R U 5 FP 4R 5 AV e AR S fE E R B
B EE G AT 1, Pb 2 AR R O R ) B 4 VR A AR A S TR R i R i e (40.09% ), R OE
Cu. Ni(43 5 5 19.75%. 16.35%), S5 & Cr( 5 14.93%), TTdk F M/ NadE Zn, 25 8.88%. Ml DL
e, B R AR T R A A A EF R, BV AR IO B TR P N Cu iR E & A s, 2
WA ARG F A LB AR VR = 1Y Zn R

e M N BT RV IIG 2L 7 g R A BRSPS AW oD &2 e w { TA EROS T % = (00D

Table 7 Potential ecological risk ( E.) and comprehensive potential ecological risk (RI) of heavy metals in sediments of

Dongda River Wetland
RHEA E
Sampling site Zn Cu Ni Pb Cr RI
TR 2.73 6.08 5.03 12.34 4.60 30.79
TR R 3.52 7.37 5.74 15.50 5.08 37.21
M ZR S 2.28 5.29 4.77 9.10 425 25.68
b P S 1.54 4.16 3.87 8.46 3.91 21.94

3 %58 (Conclusions)

(1) & KRR YL Y Zn, Cu, Ni, Pb, Cr 1 % & 4 5 J& 70.07 —348.56, 11.09—50.72,
12.91—51.81, 33.23—265.87. 90.36—241.87 mg-kg ™", “F-II M 43 & = M4 T 95 =AY 2.8, 0.9,
0.9. 22, 2.74%, 5l & Er K RIURY T 5B 2.7, 1.2, 1.0, 2.5, 2.3 4%, @@t P E 77K &L
TR 5 5 (8 00 SR BE A5 FL 1 43 ) J2 96.43%., 71.43%. 57.14%. 100.00%. 100.00%, 7% F 22 ¥ 43 5 J&
39.21%. 29.78%. 28.91%. 51.93%. 22.94%, 7% SF- 7 & 5 Pb>Zn>Cu>Ni>Cr.

(2) ZR R M TTC AR 5 P e 4 i 2 (6] 40 A A SR 25 AN AR, 20 0L 30 e 402 A v vk B X3, LA B
U RN AR UM, 5 Fh R 4 JE 0 - 35 1 R 2 2 IR R v RS AR AR >V AR A RRAE . AR T I b T
Yy S 4 Jm B TE IR MK AR A TR B ER AR NI Sl A DX e R HE K 2 X R X, A
TG I 5 W 2R T M O AR ) 4 S 22 5 1) R B2 UK B R 7

(3) ZR R b TR v 5 b 8 4 I %) b o SRR 0 K B0 /IMK YK R - Zn>Pb>Cr>Cu>Ni, i 3 Fl
HEACIRE A F1 AR B9 AN S A 08 1) w30 e A B G, e IR o sSO R s e sl R TS s AR
IR M AR ) o — 4 R W e AR A KU P B (B i R BN/ MK IR A - Pb>Cu>Ni>Cr>Zn, B 12 54 55
() Pb ik 2| i AF ARG A, HMRE S E SR Y R AR SEE, S FE S S LA R S E TR
30.79, JREFEAE AL E, Wb 3 A XA Z5 GV FE AR S F R E iR R B/ MR YA « 1 b Hh 3> AR
5> b PG . A X AR SRRV b B 4 S V5 e (] R T A Zn, Pb. Cr 8575 YW o, X 2R ] i 1
4 B A= 25 KU (] RN 7 4 56 1 Pb, Cu, Ni S B, F5 302 Pb oK, EAMUE R AEEC R, A
Mo BB R, R A WTEA S E N EEEOTE.
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