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Distribution and ecological risk assessment of heavy metals in surface sediments of Yelang Lake

XU Meng', LIU Hong—yan"*, LUO Kai', CUI Jun-1i', LIU Yan—ping', LI Jia—fei'

(1.College of Resource and Environmental Engineering, Guizhou University, Guiyang 550025, China; 2.College of Agriculture, Guizhou Uni—
versity, Guiyang 550025, China )

Abstract ; Carbonate rock, which is typical heavy metals geochemical anomaly karst terrain, accounts for 73% of the land area in Guizhou
Province. The geochemical background value of Cd is 0.31x107, which is 2.5~3.5 times higher than the abundance value. Therefore, the ac—
cumulation, release, and environmental risks of heavy metals should be studied in this region. To evaluate pollution levels comprehensively,
the concentration and speciation distributions of seven heavy metals (Zn, As, Cd, Cr, Ni, Cu, and Pb) were analyzed in surface sedi—

ments from Yelang Lake. The geoaccumulation index(I,,) and the potential ecological risk index(RI) were used to assess the potential con—
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tamination and the environmental risks associated with heavy metals. The results showed that the mean contents of Zn, Pb, Cr, Ni, Cu, As,
and Cd in the surface sediments were 141.75, 83.76, 54.97, 38.60, 36.61, 9.47, and 1.50 mg kg™, respectively. These contents, excluding
As and Cr, were higher than the geochemical background values of supergene sediments in Guizhou Province. Cr, Ni, Cu, and As in the
sediments were dominated mainly by the residual fraction, which accounted for 52.56%~80.21%, 30.09%~70.43%, 38.05%~80.77%, and
70.04%~94.89%, respectively. The reducible fractions of Pb and Zn were higher than they were for the other metals, and the percentages of
the exchangeable and reducible fractions of Cd were 10.93%~49.15% and 25.58%~62.49%, respectively. The 1, showed that there were

more serious degrees of Pb and Cd contamination in Yelang Lake. The RI showed that Cd is the main ecological risk factor, which was af—

fected by sediment from the fish culture in net pen, and the pollution degree of heavy metals in the surface sediments from Yelang Lake rep—

resented light to moderate ecological harm. Therefore, Cd geochemical background levels in karst areas are a high potential environmental

risk for aquatic areas.

Keywords: sediment; heavy metals; distribution; speciation; risk assessment; Yelang Lake
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Figure 1 Distribution of sediments sampling sites
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Table 2 Index of geoaccumulation and classification of

pollution degree

HR 0 1 2 3 4 5 6

L. <0 0-1 1~2 2~3  3~4 45 >5
GRRE TR BE WE P WMEE R WE

R B-ECREBEEESNRAY(E MEMEERES
R ARE (RD) 2 bR
Table 3 Criteria for potential ecological risk coefficients and

potential ecological indices

TR ke % EiilES e Ao

M HE RS
PNSEY 0!
ZHMEEBHAEES
KBS FERL(RD)

<40 40~80 80~160 160~320 =320

<150  150~300 300~600 =600 —

T4 EEEMHSHERE™

Table 4 Toxicity coefficients of different heavy metals

IiH As Zn Cu Cd Cr Pb Ni

R 10 1 5 30 2 5 5

A2 P Zn>Pb>Cr>Ni>Cu>As>Cd B, B As Fil Cr
Ai TR 4w T B R T RN A DR s BRIk
FHE R, Zn (IEMENT IS 141.75 mg-ke, B 5%

() 1.58 f% ;Pb Cu Ni V5 e AR ™ & , H{E 5 5 K
83.77.36.61.38.60 mg kg™, 43l HAE M) 2.85.
1.24 118 £ ; Cd 15 Y fi ol 5, S 15 5B 4.65 £,
55t Cd i Bk Ak 25 15 (B A 5% o ] 23 Ik )
WX 46 965 4 HIEFK RUTBWH S FE T80T
S3HT A2 BTN A bR R T Cd ek
AN 031 mg kg™, J&H E K R GTERY) A 135
HoER A2 T (R 2.5~3.5 35, 2 B0 H 55 M L 32 A o
HiCd 15 T 5 B i 0 A RRAE . M 4 48 Cd o
fH°4 0.659 mg-kg™, Hrh K (CF) L5 5tEH ik
1115 mg-kg™ [RIERFRAELAFFT 3B 5t M4 A B KT
USRI XA R X, Cd B s = il
TG Y2 A2 F N BN T 1L PSSR X A
FEER TR X EA R Cd A, o, 44

F 1 TR EBAEREBLMER

Table 1 Physical-chemical properties of overlying water

8 9 10 11 12 13 14 15

SRR 1 2 3 4 5 6
DO/mg L™ 8.62 8.56 8.52 8.48 8.91 8.40
pH 8.11 8.42 8.18 8.12 8.41 8.12

Eh/mV 215 203 213 219 212 216

8.83 8.60 8.58 8.82 8.71 8.54 8.60 8.58
8.19 8.32 8.21 8.36 8.43 8.28 8.38 8.35
214 214 209 213 215 244 234 253
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Table 5 Heavy metal contents of surface sediments in Yelang Lake

E4JE & & /mg kg

R :
Zn As Cd Cr Ni Cu Pb

1 16534 1574 138 68.03 6840 52.65 79.83
2 198.66 10.69 2.08  50.04 47.89 43.78 146.83
3 191.54 13.53 1.65 7828 50.75 5091 9525
4 11820 8.93 0.51 5578 40.65 38.75  26.67
5 3229  3.56 027 2637 2438 952 8.86

6 188.04 1023 264 5959 4120 55.17 12532
7 203.03 17.06 246 8586 43.18 56.65 120.62
8 17444  8.69 2.64  59.03 41.13 39.78 12291
9 64.65 7.17 0.31 5354 3112  17.57 2046

10 11347 9.43 042  53.66 3390 2044 31.16
11 15396 4.36 1.64 3896 2674 3341 96.56
12 265.62 11.10  4.01 62.19 3839 50.58 239.68
13 11231 6.92 1.41 4835 3235 3269 62.18
14 5125  5.81 030 3327 27.80 16.77 28091
15 9342 8.5 079  51.82 31.08 3045 51.28

MxSD 141.75 9.47+ 150+ 5497+ 38.60+ 36.61+ 83.76+
+65.14 3.83 1.11 1555 1132 1531 6175

AR ZH 046 041 074 028 029 041 074
W Y 89.94 1489 031 7942 3284 2943 29.39

S

M/ S={E 158  0.64 4.84 0.69 1.18 1.24 2.85
M ORI SD RS TFR D SON A VOB L ER
A

Note:M means mean value; SD means standard deviation ; background
values mean geochemical background values of supergene sediments in

Guizhou Province.
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5 B2 A A [F] XSO C R 5 i i 22 S ™ [ i
B4 s () 3 25 S AT RESZ A B K 3 ) 26 AT
FOT AL PRI AR U S, B R A T A B Al I A
V575 G ) 2 Ja PR FIARRAIE , 1T HL 32 X7 e 95t L3

4 & A AT IR . Cd R Ph (19728 5 R4
KN 74% , J& T AL 5, 2B Cd A Ph %S
(B3 AR AN S] . A RFFERIT Ph &5t 153 A 22 Sk
5 RADORE RS R il A P, T AT 25 R AT g 5
by R A& P ¥l LS A ZEISA AR A
* o HAh 5 FEE 4 JE (Zn As Cu Ni 1 Cr) 9 sh 2
JEARXT AL /N o 4 B i AN I AR 7
] DX 35> I R0 i DX s> FH ORI VDS DX 3k, 2R 20
DN b= | W N R e s A N SR
Rt M R BB IR 7 A AR B S
[ A OC M , SR SPSS 18.0 B fA4x H B i #E4 T Pearson
AFPE T, 455 B8 As Cr Ni Cu.Zn Z 0] HLA )%
BEMMFEFZR(FE 6),Cd #1 Pb BN R EOT ik
0.970(P<0.01) , 5 W EA TR P A AT BEPEAR K™,

®o6 REMRYESEREBEXESN
Table 6 Pearson correlation coefficients of heavy metals

in surface sediments

R Zn As Cd Cr Ni Cu Pb
Zn 1 0.662%*% 0.914** 0.684** 0.571* 0.890* 0.925%*
As 1 0.452  0.922%*% 0.829** 0.804** 0.443
Cd 1 0.501 0.341  0.769** 0.970%*
Cr 1 0.691#* 0.803** 0.447
Ni 1 0.739%* 0.352
Cu 1 0.730%*
Pb 1

HE:**P<0.01;%P<0.05,

Note : **indicates P<0.01 ;* indicates P<0.05.

22 MBYMEEERESH TIFIE

H L 2 AT, BRI R 2 DT Cr Ni Cu As
DIBR#E A, B di il 5 51 52.56%~80.21% |
30.09% ~70.43% .38.05% ~80.77% .70.04% ~94.89% |,
Bt A IEAAS R AL YR L, IO v 4 AT
FEANAT A TSN K, — A Ry X PR A ™,
I, W55 X 3% Cr Ni,Cu,As 15 Y5/ N e Zn LISy ik i
AFFRHE A R 3, BT 5 HeA 43 318 21.89%~49.09% il
19.98%~69.92% , FCrP 5 A 5 2 pH {H Lk B
Sy, AT R A YA, A B R A AE P A
MR, Pb LG R JE A 3, B 5 F il 46.37 %~
77.07% ,Pb 5y 58550 A S BT A e 45 & 1
FULSAE T AR, 5 P (15 W IS 5 He il
Al g SO & BT OGP, Cd DARR AT A # s
eI R E, Brd e fls50h 10.93%~49.15%,
25.58%~ 62.49% ,7F 7 P EE 4@ v Cd AR T A8 e 75
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Figure 2 Fraction distribution of heavy metals in sediments
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THMEE SR G T A BA IS TEARR,
AIEACSTE 7 Ao R b & AR L FE Zn,
Cr.Ni,Cu.Cd .Pb il As It (&5 Ho A5 (S 3594 ) 49 01 Sk
17.23% .22.74% .23.27% 17.83% 11.75% .17.73% Fi
6.01% , LR A BILJTE & i35 3l ¢ ey, A HL E L
HEYIERT SR AT o, s A SE
&R PR A BB K S BoK AR, [RIET
S K — T ARy S 1 AR A A TR A R R e ke A
Ak, dE RS E A m R A A A A
TR W T 38 250 5 38 SR A,
MG B2 A A R, — M 4R & s
D7 HE MR = R W] A3 A 5 i IR A B ] S AL AR
AR i, AN 2.7 .8 12 SRAF A5, XA AT WT RE S N AE

ar
I
3t T

I arerionnn T

3 RETRYM RRIEHE LS HE
Figure 3 Box—and-whisker plots for geo—accumulation index(/,,)

of heavy metals in surface sediments

TR B IR SR 6 T 4R & =2 I
M7 R V] SCH A | Ty i RS R AT SR A A AR X AR, B
AR BB HAZ 7K PR 8 2 KT R O =
SEMAA XK o
23 MAYESEESRE TR
2.3.1 PR E 4w () b R FREE SO

LSt DIk b2 e B 27, AR
RIZVTFRY) S H RN L, TEFE CEIME) 5358 Zn:
—2.06~0.98(-0.11);As:-2.65~-0.39(-1.36);Cd: -0.63~
2.50(1.22);Cr: -1.84~-0.47 (-1.17);Ni: -0.89 ~0.47
(-0.40);Cu: -0.20 ~0.36 (-0.43);Ph: -2.31 ~2.44
(0.48), As Fl Cr &b T IT594KF-, Zn NiCu 20T T
SRR RIS YK Ph Fil Cd 558, HISE
BRIk B A TG g . TRl 3 B, 15 Qe FR B
HEF N Cd>Pb>Zn>Cu>Ni>Cr>As, ST Y T E4 B
VAR E P
2.3.2 PURYIE G R BT A S G F R B

R 7 PR, B RIS TEAE S RE(E )
YIEHEF A Cd>Pb>As>Cu>Ni>Zn>Cr, HH Cd
T TEAE S XS R B4 431 J& P As .Cu Ni.Zn Fl
Cr (9 10.22.23.24 91,105 5, W] Cd %A1 4
A IRV 5 5 52 M AR B G v T LA EE 42 @ Zn (As |
Cr.Ni,Cu BV TEAE XS RE/NT 40, AR
15 4% s Ph BRRAE A 12 b T rh 8815 ek A1 oAtk
FE R R 82 RS Gy s Cd KA 43 by 8 B AR s 5

® 7 MRYEEBEEBEESKEITMN

Table 7 The potential ecological risk of heavy metals in surface sediments

TR A TRTEA S KR R B(E:) . W %ijs K g
Zn As cd Cr Ni Cu Pb 8% (RIT)

1 1.84 10.57 133.58 1.71 10.41 8.94 13.58 180.63 rhg
2 2.21 7.18 200.89 1.26 7.29 7.44 24.98 251.25 rhg
3 2.13 9.09 159.41 1.97 7.73 8.65 16.20 205.18 rhg
4 1.31 6.00 49.66 1.40 6.19 6.58 4.54 75.68 BRRE
5 0.36 2.39 25.81 0.66 371 1.62 1.51 36.06 R RE
6 2.09 6.87 255.39 1.50 6.27 9.37 21.32 302.81 R
7 2.26 11.46 238.16 2.16 6.57 9.62 20.52 290.75 rhg
8 1.94 5.83 255.78 1.49 6.26 6.76 20.91 298.97 rhg
9 0.72 4.81 29.53 1.35 4.74 2.98 3.48 47.61 BRRE
10 1.26 6.33 40.95 1.35 5.16 3.47 5.30 63.82 R RE
11 1.71 2.93 158.43 0.98 4.07 5.68 16.43 190.23 s
12 2.95 7.46 388.45 1.57 5.85 8.59 40.78 455.65 R
13 1.25 4.65 136.06 1.22 4.93 5.55 10.58 164.24 rhg
14 0.57 3.90 29.18 0.84 423 2.85 492 46.49 BRRE
15 1.04 5.88 76.81 1.30 4.73 5.17 8.72 103.65 BRRE

SEE 1.58 6.36 14521 1.38 5.88 6.22 14.25 180.87 rhg
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