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Pollution Characteristics and Risk Assessment of Heavy Metals in Water and

Sediment from Daye Lake

ZHANG Jia-quan'?, TIAN Qian', XU Da-mao'”’, ZHAN Chang-lin'?* | LIU Ting'?*, YAO Rui-zhen'?, LIU
Xian-li'?, XIAO Wen-sheng'"?

(1. School of Environmental Science and Engineering, Hubei Polytechnic University, Huangshi 435003, China; 2. Hubei Key
Laboratory of Mine Environmental Pollution Control and Remediation, Huangshi 435003, China; 3. Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China)

Abstract: The surface water and surface sediments were collected from Daye Lake in April 2014. The concentrations of heavy metals
were determined by atomic absorption spectroscopy. The pollution potential health risk and ecological risk of heavy metals in water and
sediment were assessed by the health risk assessment model and the potential ecological risk index method. The results showed that the
concentrations of the heavy metals (Ni, Cd, Cu and Pb) was 49.27 pwg-L™", 2.19 pg-L™", 12. 18 wg-L™", 12. 13 pg-L™"' (water)
and 78.46 mg-kg™', 77.13 mg-kg™', 650. 13 mg-kg™"' and 134.22 mg-kg™' (sediment). Enrichment coefficient indicated that the
enrichment of Cd, Cu and Pb was more serious, especially the accumulation of Cd was the most obvious. Compared to typical lakes in
China, the contents of heavy metals in water and sediment were relatively high. The spatial pollutant distribution of the heavy metals in
water and sediment all presented that the concentrations of the heavy metals were relatively higher in east and west of Daye Lake,
relatively more uniform in the middle, and their origins were mainly from human activities. The results of environmental risk indicated
that the carcinogens and chemical non-carcinogens health risk values of heavy metals by drinking water pathway were 9. 77E-08 ~
1. 63E-05a™". Therefore, the pollution of Ni and Cd should be the primary control target for environmental health risk management.
The descending order of pollution degree of four metals in sediment was Cd > Cu > Pb > Ni, and Cd was the main contributor of the
potential ecological risk elements.

Key words: Daye Lake; surface water; sediment; heavy metals; pollution characteristics; risk assessment
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Fig. 2 Contents of heavy metals in surface water and sediment in Daye Lake
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Table 1 ~ Comparison of heavy melals contents in the surface water and sediment of Daye Lake with those in other lakes of China
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Fig. 4 Spatial distribution of heavy metals contents in surface water of Daye Lake
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Fig. 5 Spatial distribution of heavy metal contents in sediments of Daye Lake
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RJZKMPURY) T E G JBITER (Ni, Cd, Cu F1 Pb)
AT Pearson AHC R, WL SOH o3 A B
G2 ICGET b BRI 2 R,

A B IO R i A 2 A DGR AHE I AT

ST B A TR A ok R B b BR Ak o o B G I AR
PE L AT AE R (R 2) KRR E 4
JEAA Cd-Ph(0.671) 2 W& (P <0. 05) 4h,
Ni-Cd(0.934) . Ni-Cu(0.933) . Ni-Pb(0. 817) . Cd-
Cu(0.968) F Cu-Pb (0. 740) 2 [] ¥y 5 4 i 35 4H 5%
(P <0. 01) ; UEHA KG9 27K v 8 42 )& 75 Y [m]
BRI REE K. DI, Cd-Cu (0. 732) 22 JA] & i
(P <0. 05), HAESEIRH A (Ni-Cd, Ni-Cu,
Ni-Pb, Cd-Cu Fl Cu-Pb) FAHICHER 2%  MTTAR

A B 0 E S RRE TS0, TR 4 R ) ok I 22
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SRR, FE A KRR T A AR s B
BTV P K R AE 36 15 K TR A HER A S 38l s i 5 G
e S A INSRCE i AR

22 KMO K56 (0. 673 ) A1 Bartlett BRIE AL (P <
0.001) FEH, MARFEA (Ni, Cd, Cu 1 Pb LR F
) E HHEH T B . FIERBEA R (KR,
e ORAREA . TURY A ) rb i 4w R IR Y d5c A 3L
T IE E AT AT (PCA) IE 2 RS 4 4
REW (R 2), KIEMPTRY b 4 FiE L8 ITE
(Ni, Cd, Cu Fl Pb) 73 UL AR K T 1 /9
2N ERAT, 43 51K 98. 054% F 81.495% , 5E 44t
TRV B A A5 B LI RE 5 1 2R 22 51
kR I IC I S AR Ak, il A A B RN e
B J5 T T #ofar i (3R 2) W LAFE Y, ERior 1
(PC1) 43l Je e T /K AR AN UL R v & & B e R
61.697% H1 51. 378% Wy ZH A5 1B, , X 5 42 JE ok IR
HerE kA VE L K AR T Ni (0.81)-Cd (0.94)-Cu
(0. 89) ALY Cd(0.89)-Cu(0.87)-Ph(0.76)
i) A BE B A, BRI RN TCAR Y rhix 3 Rl 4 )R

5 G EAH [F] B AT BB, il 2ok I DT TE Bl K
SEAEDUR T, 5 T 4 8 U R AN S H 25 SR— B
KIGZZ KA Cd Al Cu 7[R — s b
YRR A, 22 I KB R EE (local scale) 257
NI YL S ) G5 E TR I i R 1 Y 2
] Tl A 5, Cd AT Cu SR KV 9 A RAIE ¥4 ey, oAk
R g o S R N B B (TN SO RYE D Y R 19 B 71 B
B ILHER A Tl K (46 R 4, 2R Pk %) |
MR AR AT < /N V5 Gl % 57
P E AR TS | AR 25 SRR KR DL R
BB R I, A PC1(FE R 1) 185
BN T AN A =1 BN TG Y. (HAE R,
FRSF 2(PC2) ¥ HEA & IE e i 27K AR Ph i
DRI Ni, 2 B s T /KRR b AR B Y
36.357% F130. 117% ,— B Ni I8 4 )@ 16 R K 1)
Hefg . A R I I B (HTRR
Ph 75 4L (AR 2R ML E R 3 n . R AR
P41 B % AL v Il AR IR, A Pe2 1R
e TR KAz 5 Y.
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Table 2 Correlation coefficients, principal component analysis and component matrix of heavy metals contents in the surface water and sediment

e e ‘?ﬂﬁﬁ%‘ﬁﬁf‘ T I R 3 (e K5 2%) 48 B i 1A R 3 Pearson)
FaLS 1 F a2 Fa 1 FERS 2 Ni Cd Cu Pb
Ni 0.98 -0.01 0.81 0.56 1 0.934**  0.933**  0.817*"
cd 0.96 -0.26 0.94 0.33 1 0.968**  0.671"
EEK Cu 0.97 -0.17 0.89 0.43 1 0.740* *
Pb 0.85 0.52 0.39 0.92 1
FEAF(E 3.54 0.38 2.47 1.45
FERTTHR R % 88.553 98.054 61.697 98.054
Ni -0.02 0.99 -0.02 0.99 1 0.09 -0.34 -0.05
cd 0.89 0.14 0.89 0.14 1 0.732* 0.45
SR Cu 0.87 -0.36 0.87 -0.36 1 0.53
Pbh 0.76 -0.02 0.76 -0.02 1
FRIEMH 2.18 1.82 2.13 1.13
BT/ % 54.442 81.495 51.378 81.495

1) # % FIRTE 0. 1 K- (UM) | 8 3F AR (B FEAHSE) 5+ FORAE 0. 05 ZKF (VU)W A (B FEAHSE ) ; 1751 SR AR 378 T X L 1 4

JEICE B TAR R 22051

2.5 fEBRERUE N

FET K BRI R XU A AR T e S8, AR

KB KA 2220 (Cd) FAEZUEY) (Ni | Cu
1 Ph) 38 22K FH 38 158 9T 35000 A A B XU, &5 51
3% 3.

MR 3 ATLUE ), 4 Jm 2 1k 2 W o ik TR K
TRAE 7 A A B XU Y [ A 3. 91E - 08 ~ 1. 63E -
05a~'(JL#) . 1.56E - 08 ~ 6. 50E —06a " (i N),
VLR B LEE T8 &) 38 57 4 Jm 2 R 1) A B XU
fE2E SO Y (Cd) 38 2 AR OK 38 458 T S0fd e XU i ]

4 2.84E -06 ~ 1. 63E - 05a~' (JL#) . 1. 13E - 06
~6.50E —06a " (LA ). Hifr, ST, S2 F1'S3 s iy
Cd 3l 3 PRoK g 72 % L T S0 KR Y 5 1 bR
B2 12 (ICRP) HEFE 1Y 55 K AT 45252 XU 7K F-
(5.0E-05a™") " Ab F IRl —Frm . AEBUEYE A
RAGEAR X 2 8 NHE (BN FILEE ) Jir 35000 £ B XL
W76 2 ) ok 2.22E - 07 ~ 181E — 06a™' (Ni) .
1.56E - 08 ~2.12E - 07a~' (Cu) 1 9. 77E - 08 ~
8.34E —07a"' (Pb) , HiA 5z KU YK T [ B 4 5 B
1723 12 (ICRP) #EE 1Y e R ] #5232 KU K F-. 4
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AL EMZE MGG S ST AIRE  FERES P 52 (ICRP) 72 ok 7T 552 K
LM (Ni L Cd Al Cu) IRFEREBE RIS BER B K, Bk F(5. 0F —05a~") fHLH B T 8 MR IR . fif
M S7 SRR B T 4R BB R BIE. Tl S AR ML B ] 52 5 D A M 1 J K
SEEOR L YOT 8 X R ARULE RSO TEE 32 AR K (1. 0E - 06a~"). M 3 HiE T 1
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T 4 LT A R4 R T A R AR B BB KU, Cd R PR A 37 e DL A R
AL D PO i 7 T B BRI R IR T B MR se % B x 4.
x3 KEFUFHEEDNELZEREYETRAEEMBEN N AERERE 2!

Table 3 Health risk caused by carcinogens and chemical non-carcinogens by drinking water pathway in water/a ~'
et BBy
SEUEY Cd ¥l
5[ fesliti Ni Cu Pl f
A JL# A L A JL2E A JLE A JL2E
B/ME 1.13E-06 2.84E-06 2.22E-07 5.56E-07 1.56E-08 3.91E-08 9.77E-08 2.44E-07 1.48E-06 3.70E -06
KM 6.50E-06 1.63E-05 7.23E-07 1.81E-06 8.49E-08 2.12E-07 3.34E-07 8.34E-07 7.48E-06 1.87E-05

FHEH  3.08E-06 7.70E-06 4.34E-07 1.08E-06 4.29E-08 1.07E-07 1.52E-07 3.81E-07 3.71E-06 9.27E-06

2.6 EEKEITEH TR R Tl R AR B A 1 T K HERCAE AN Cd 28

TR WUUR ) 4 S 0 T e A 25 XU TR 45 M RAR T AR 0 ; [FEE, Cd 5 Bk R &7
W 4. M If 454 Hakanson 18164 &6 FE Yy TR BT W 6 | 4% S ol 3R R , D AE TR
G, NITEAE S A E RBUE) KRB A LR WG R NS R R, LA R A T
) EL AR /NTFE A Cd (9235.27) > Cu(92.88) Y. Cu BRZERIGMAIHER(S3 ., S6., S7. S8) SRAf M Ab
>Ph(24.86) >Ni(11.89). M54 M, Ni AR THSEREIZKFAN, HARFE s A B R0 A AR
REARY E AL 9. 05 ~ 15,32, HiA S KK Pb 9 E, BcKIEH 39. 69, 4 TR K. Kif
AT OKF s TR Cd TCEM 5, Cd ELFRES BIUTITRRWINEES A S KR (R A T1 897. 14 ~
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HEVPM A R, TREZ ROR MR N B W) Cd A AR RS XU e FE AL
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Table 4  Assessment of the potential ecological risk of heavy metals in sediments

Ei

A Ni cd Cu Pb i

/M 9.05 1 826. 40 40. 14 14. 69 1897. 14
INE] 15.32 20 662. 80 137. 80 39. 69 20 838. 67
X 11. 89 9255.27 92.88 24. 86 9384. 89
X} RI BTHKR/ % 0.13 98. 62 0.99 0.26 100. 00

(2) AHOEME B = o 4 A s SR 2 0, sk g T

PV PR B Cd A Cu SR IEAY £ S5 K & | Ni

(1) KGR Z KPR E LR S EE 5 TR KHECE VI G , 38l s s Y e Ph 1) E
HEFF 43 90 Ni > Cu >Pb > Cd 1 Cu>Pb>Ni>Cd,  ZRI5.

BERBER, TUBY 4 AR EE RN KE (3) I8 AR PP 25 SR 2 B, S R IR 85 XU o

/N Cd > Cu>Pb>Nis o Cd BAERERIEH Bk AT Cd, WAERN KRS B E S 4. Hik,

B AE SRS B B LIS YRR Ni SRKIREE ok 2 58 A REA A A Il S0 £ BE KUK

FE A 8 A IX 3 22 52 FeoR, HE i e XU 5 Bl A 2. 22E - 07 ~ 181E -
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