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Spatial Distribution and Potential Ecological Risk Assessment of Heavy Metals in

Sediments of Suya Lake
ZHANG Peng-yan'>, KANG Guo-hua', PANG Bo',GUO Yi', HE Jian-jian', QIN Ming-zhou'"

(1. College of Environment and Planning, Henan University, Kaifeng 475004, China; 2. Collaborative Innovation Center of Three-
aspect Coordination of Central Plain Economic Region, Zhengzhou 410001, China)

Abstract: In order to study the pollution status of heavy metals in sediments of Suya Lake, the concentrations of heavy metals Cu, Cd,
Cr, Zn, Pb and Ni in sediments were measured at three locations in the center, middle and periphery of Suya Lake, the content
characteristics and the pollution status of heavy metals in the study area were analyzed by the method of geoaccumulation index and
potential ecological risk index, and the distribution and interrelation of heavy metals were evaluated by Kriging method and correlation
analysis. The results showed that, on average, Zn was the highest, 112. 87 mg-kg ™", followed by Cr, the smallest average of Cd was
only 0. 41 mg-kg™'. In addition to Cd and Cr, the coefficients of variation of Cu, Zn, Pb and Ni were relatively small, ranging from
24% to 31% , with moderate degree of variation. The coefficients of variation of Cd and Cr were 50. 41% and 41. 92% , respectively,
and the spatial variation was obvious, which indicated that the variation of Cd and Cr was more significant than the others; @The heavy
metals Cu, Cd, Cr, Zn, Pb and Ni had a strong linear relationship, and there was a significant positive correlation, and six kinds of
heavy metals had some homologous characteristics, with a common external input; @)The main pollution elements in the study area
were Cd, Cr and Zn, the pollution degree was relatively serious, and the scope was extensive. Among them, the pollution degree of Cd
was the most serious, the overall pollution level was moderate, and the pollution degree in some sample areas reached up to severe
pollution, the pollution status of Cr, Zn and Pb was relatively mild, the pollution status of Cu, Pb and Ni was better, and there was no
ecological risk; @On the whole, the pollution level of the northeastern part of Suya Lake was relatively light, the degree of pollution in
the southwest was relatively serious, showing a significant spatial distribution characteristics of decreasing from southwest to northeast,
the contents of heavy metals in the samples were higher than those in the southwest of the reservoir, while the northeastern part of the
periphery was the area with accumulation of low concentrations of heavy metals. , and there was no pollution from Cu, Cr, Zn and Ni

Key words:Suya Lake; sediments; heavy metals; correlation analysis; spatial distribution; potential ecological risk
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Fig. 1 Distribution map of sediments sampling points in Suya Lake
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Table 1  Content of heavy metals in sediments of Suya Lake
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Table 2 Pearson correlation coefficient between heavy metal contents in sediments of Suya Lake

Cu Cd Cr Zn Pb Ni
Cu 1
Cd 0. 560 ** 1
Cr 0.465 ™ 0.119 1
Zn 0.789 ** 0.583 " 0.408 ** 1
Pb 0. 860 ** 0.575** 0. 487" 0.760 ** 1
Ni 0.902 ** 0.365 " 0.551 ™" 0.728 ™ 0.874™ 1

1) # % FIRTE 0. 01 K- XU | 8 A0

FSXTEECE , Z(x,) T Z (x, + ) 5350 R S TE «, I
x; +h ALAIREARII . 7 25 bR 2 1] FHABE R 0
I, 8 WA BRI BRI | H8 B R
iy | BRI R E ], HRIAn .

0 h =0
_ 3.k _1 E) <
y(h) = Q+42 Log ) 0ch<a
C, +C h>a

(6)
K, ¢, WBEHE, ¢, + ¢ NIEABMH, ¢ Wit
W, o AR W& REL W C/(C,+C), BB
B X S Al A e (9 25 R AH G RR B, 4 €/ (€, + C) <
0.25 B}, AR ISR &, A A AL
HAEME; 250.25 <Cy/(Cy +C) <0.75 I, 256
MR EE A A | A e M C/(Cy + C) >
0.75 B, AR DABAHLEAE o8 =, AR R Ay 23 (8] F AH
P CE R
AWF5EIE T SPSS 20 1 X & 5 4 s & B AT
P SRR GS +9. 0 HEAT 07 22 s B )

TR, IFAREILA S5 R (R 3) 4l T &M E S JE T
R 2B (K 2). WIEER3 WA, BT Cr
Ah, HABITERY R® ¥7£0.9 L |, H RSS &), i
A RIDL 5 SR 4y 5 DR P 45 15 42 @ 1 2 [l AR
KM K HES A Cu > Ni > Cd > Zn >Pb > Cr, Cu,
Ni, Cd Fll Zn 84 RE/NT 025, LIS 55
o, EATREURZS IAH M, W AE &2 F AR
DI R R AR (B, 07, XA R 4% )
X5 Pearson AHKAE T 45 8 —2L, Cu, Cd, Zn
FNi B — & i R, 32 2 8 2 A 85 3R] 52
Wi Ph Al Cr He4 REUANF0.25 ~0.75, K
ERRE A RIAHOCHE , RIAE 48 1 & 232 31| X,
AR R 2 T A IR 28 110 TR ) 24 ( 3¢ as i il Ui
s, NATG YA . 456K 3 AIA, &8 et
TGN 6.58 ~41.45 km, Hd | Ph A4S FE B Kk
41.45 km, VS JE Pb R KM 25 [ RS HA
— i, 1M Cr AR RN, JE TR SRR s E) A
MHE, FEZ T GRS R A 2589520,
FERE /NI 25 (8] N AELEAR DG

®3 NAMESEFHFERYRBMSER
Table 3 Fitting results of semi-variance models of heavy metals in sediments
WH s aticc,) BaG o) JEFR L rpam guemme ETIH
lgCu  Spherical model 0.003 3 0.024 1 0.1369 41.43 0.953 1.57E - 05
lgCd  Gaussian model 0.014 4 0.058 6 0.2457 25.63 0. 988 3.89E - 05
leCr  Exponential model 0.01159 0.023 28 0.4979 6.58 0.770 2. 11E -05
lgZn  Gaussian model 0.0118 0.047 4 0.2489 22.28 0. 968 7.52E - 05
IgPb  Spherical model 0.003 83 0.014 46 0.2649 41.45 0.959 7.22E -05
IgNi  Exponential model 0. 005 48 0.024 46 0.2240 18. 65 0.916 2.98E -05

3.4 FEEJE R H A RHE

W38 e BLA& 7% (Ordinary Kriging ) BEWSAR U 55
I8 AR R o 2 (DRG JBE R S e DX Bl M 7 43
JER B2 TR AT R AE 20 3 5 3 o FEAR v X i
W PPN S5 RS AT AT AL R B, 6 R v e 1

BLOT AT AR S E L B, ULIA 3.
AR, faWS ) AR LTS R B AR, Y
ARG Qe R HE AR X LA™, SR B IR B P
T AR AL B D ) 2 (8] S A RPAE. S AR LA R (9 20 A
Fo 5 I ] LA DX O 5 AL 2R S B B UT Y
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Fig. 2 Semi-variograms of heavy metals in sediments of Suya Lake
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Fig. 3  Distribution map of heavy metals in the Suya Lake
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Table 4 The I, geo and pollution level proportion of heavy metals in all directions of Suya Lake

(DAL ' JLE R HR/ME EHE TR/ % FETSY/ % PEETSR/ % FEREEISEY/ %
Cu 0.573 -0.976 -0.090 29.23 30.77 0 0
cd 2.530 0.384 1.450 0 13.85 32.31 13.85
M 1 -39 Cr 0. 740 -1.244 -0.240 41.54 18. 46 0 0
Zn 1.019 ~1.860 0.110 24. 62 33.85 1.54 0
Pb 0. 846 -0.621 0. 309 7. 69 52.31 0 0
Ni 0. 556 -0.957 -0.056 33.85 26. 15 0 0
Cu 0. 085 -0.864 -0.355 23.08 3.08 0 0
Cd 1.974 0. 305 1.001 0 10.77 15.38 0
" 40 ~51 Cr 1.156 -1.269 -0.153 13.85 10.77 1.54 0
5357 Zn 0.728 -0.758 -0.078 15.38 10.77 0 0
Pb 0. 879 -0.168 0.211 9.23 16.92 0 0
Ni 0. 424 -0.739 -0.246 18. 46 7.69 0 0
Cu 0.254 -0.305 0.016 7.69 6. 15 0 0
cd 2.859 1.310 2.211 0 0 4.62 9.23
s 5258 ~65 Cr 1.081 -0.404 0. 068 7. 69 4.62 1.54 0
Zn 0. 894 -0.175 0. 425 1.54 12.31 0 0
Pb 0. 841 0. 081 0. 463 0 13. 85 0 0
Ni 0. 458 -0.447 0. 055 4.62 9.23 0 0

®5 ESRSREEREBEESRRERKSIRE
Table 5 Pollution degree and criteria for classification

of potential ecological risks of heavy metals
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160<E! <320 54 600<RI<1200  ™EEI54:
E =320 & REES RI > 1200 e F IS Y

6), 254 )m 1 XU 45 P HE PRI Cd > Pb > Ni
>Cu > Cr>Zn. Cd WAEAE SIS S5 e, X
FNZ IR Cd 75 YR B AR ™ 5, X 5
BRI R —3, AT M e X B 452
FNEAEE Cd 1, 15 YRR R A ) 8 K
Pb S KB SRR Z, AT ERERE, Zn
) A S KUBSE 4 B N, BT 32 32 13 1 A 25 AU Jal
. Pb, Ni, Cu, Cr. Zn BYFEFE A 25 XU 68 B0 4
AN, SheEE Cd MR ZER T EiR AR, A
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J'&, [l e sh 2 58 i iz finolk ok ok, Tk R A
B ARG R A 8 Cd |, Niy P 258 ISR TE

B2 SR BN, 50 DK AIE X B b2
RIS TR KA K, (#iX 26 T 4 )& T R 7E ]
HhBPVIVE. T Cu., Cr. Zn 1504y T2k J5 NS4
PUIRFES Fge 2y, e X s Bk b R 5, HOK ™ F75E
PR LEE SRR SR TR I A KR, Zad s
bR A K LR . A, TR
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S T8 ) K PR I o I, T A A RS

N 4 I8 1) 25 B T A A 35 XU 36 800 #r (3%
6), LA A5 UK F5 B i v (B RN 5 UK 22 B
Wk, MHZEIE 5 A, P AR 164.385, B T ETS
e O E AR EO B T AN FLA R X, TS
VRS i EO I nl R R R & O] N | P R
YRR Z, 3R TG Y, Hp R X I ¥ e AR
AR, X S R R O I 2 R R i —
], EAAE—EES, FE N PTE R RS
R B 15 e BB HL AT, 458 ArcGIS AR LR
HEB RN AE, M E S8 TG YR &
) DI o X ) PR R 7 1), I ) AR b T ] S22 3 0
2 [a) AT L. MOCIF I R, 54 B AR A RS
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Table 6 Single and comprehensive potential ecological risk index of heavy metals in sediments of Suya Lake
Er RI

B - ;

Cu Cd Cr Zn Pb Ni X i TH b
RRE 11. 156 326.538 6. 684 3.040 13.793 11.023 356. 089 286. 709 212.592 356. 089
HR/ME 3.812 55.595 1.245 0.413 4.876 3. 804 73.756 75.532 73.756 139.389
M 6.998 136.015 2.816 1.722 9.498 7.336 164. 385 162.976 119. 470 255.331

FELRE T IX R ZR A, PEIX P A — A5 Fg L ST Y
PRI, 0 R VU 3 T AT B e, TR
DX P R I S S (R A 52 s i 2k, HHESh
&M T A A JE R 0 4 A AR
T4, XEFERRICR LA, R MR
WAF AR, JFgid— RV G, s
P S MAE TR MRz b, B0 T 0 VS e 1) ) B
<5 A1 0 A 2 IR i R A X ) LA T o
U

4 i

(DNEL RN E LGP, Cd E 5
L, BERERWHE, 2 AWHEN TR D
EF, XH5MEXFEEM ., AT BT AR
PIFE; Cr, Zn, Cu W32 3B AENE B A —E il 4,
AT 85592 DX B AR AR 77 1 SRR = 3258 G 5 P
FINi FEEGYOREE TAlkEK | RS, X T1E 15
FURI T 3 4 @ B F 5T, AN X AR 1) s A 7
K, FAGREE | AR IEATIR AT, B
FOXPK BE 2 0% . A3 #h & 4 FL Al T BB A9 52
TR

(2) M4 AR G 2 OR3P AS 5 45 A5
Cu. Cd. Cr, Zn, Pb Il Ni 2 [a] HAG 1R 38 A £& 1k ¢
A, FERERIEAEN:, XU 6 fE4RAa I
A i A SN, BR TV K . PR RS AL K
KRy, ARBFFENT 6 PP 42 @ 22 8] A AH Gk k1 T
TP, BFHE—2 TH# Cu., Cd. Cr, Zn, Pb Fl Ni
Z RN AH SRR R A AR, DABRIE T 5 38 1) K Gz
K.

(3) N4 & 1Y 25 [0 40 A R R T, A N i i
VYR X A A S 1) B i i, B T 32 BRI 3
FUK P2 FRGE P 2 3855 H PG pe ER A5 A 19 52 3
12 B S A AEE T T X ) M B 3 oA & U B R
AW Iz FH 5 HURS S DA {0 0T 0 4 1Y) 2 (] 3 S
HEAT TR, R AR B A AN [] 114 2 TR HU R0 2
o H R A MR TS A b A R TS Y i s
[E] 73 S5 ) UL R 3

(4) MR B AR 1) TR 25 RS, WA R
PIESBICRR T —E8E N B ARAREZ A, &
FERRIE N N SEIE SR SNEBIE R 1, AT i [
REAARAS, s SRR #E A&, MR
BOKIRE KA. SMERVER] D pysz A i | Tk
JIEE | AR e s A i 4 AR AT IX AR A B v
JE, BRI K 2R 25 b A 2 FIAE TG T AR, AR
I ] 5% 198 I PR B A v X 1 S A P 7K B kA T
IRV, AR B2 BRI IR Y 25 AR .
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