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Vertical Distribution Pattern and Ecological Risk Assessment of Heavy Metals in

a Sediment Core from Pumoyum Co, Tibet

XIE Ting, LUO Dong-xia, YANG Rui-qiang

(State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing 100085, China)

Abstract; The sediment core was collected in Pumoyum Co, a lake located in southern Tibetan Plateau, in July 2008. Samples were
digested using microwave equipment and analyzed by Inductively Coupled Plasma Mass Spectrometry ( ICP-MS) and Inductively
Coupled Plasma Optical Emission Spectrometry (ICP-OES) to determine the content of heavy metals in the sediments. The average
concentrations for Cr, Co, Ni, Cu, Zn, Cd, Pb, Mn and Fe were 26.4 pg-g™', 6.64 pg-g™"', 16.2 pg-g™", 26.2 pg-g™", 50.2

', respectively. The concentrations of analysed metals in

pgeg™', 0.363 pgeg™', 16.8 pgrg™', 0.302 mg-g™" and 9.84 mg-g”
Pumoyum Co were slightly higher than those in Antarctic, but lower than those from Dianchi in Yunnan, Daihai in Inner Mongolia, the
Great lakes in North America and Taihu in China, which were obviously affected by anthropogenic activities. Overall, these metals in
sediments from Pumoyum Co represented a low concentration level. Vertical profiles of heavy metals in the sediment core kept stable
without large fluctuation and the concentrations in surface slices were relatively higher. Results of principle component analysis and
cluster analysis indicated that organic matter and Mn were affected by surface runoff markedly while other metals were mainly correlated
to natural diagenetic weathering and atmospheric deposition. Sediment quality guideline and potential ecological risk index were
introduced to assess sediment quality and both of their results indicated that the Pumoyum Co as a whole can be ranked as low potential
ecological risk.
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Table 1  Concentrations of heavy metals in sediments from this study and other literatures/pg-g ="
WF5T X Jak Cr Co Ni Cu Zn Cd Pb Mn Fe SCHR
W B 26.4 6. 64 16.2 26.2 50.2 0.363 16. 8 302 9845 A5
Al 15 57.3 11.9 30.2 44.2 146 0. 600 49.1 972 — [9]
L 88.0 — 118 122 201 1.20 127 759 57 365 [16]
AU — 16.9 43.3 54.4 106 — 18.4 — 36248 [17]
RINFEHREAM 39.0 — — 21.4 65.2 0.250 19.7 — — [2]
1t Great lakes 275 43.0 48.0 107 1.40 67.0 — — [18]
[ Respomuso # 31.5 14.5 23.1 13. 1 36.5 1.93 82.0 1171 — [22]
R — — — 17.0 9. 00 0.170 20.0 — — [21]
KW 148 — 47.9 39.6 113 1.32 40. 4 798 — (6]
B 37.5 — — 17.3 115 0. 180 15.1 502 39 855 [7]
T — — — 147 1610 25.0 363 — — [19]
RN B 70.0 — 27.0 31.0 79.0 0. 400 32.0 ~450  ~26 000 (4]
T 74.2 — — 19. 4 73.3 0.174 18.2 — — [5]
T 48.9 9. 30 22.0 15.9 57.3 0.0900  24.1 353 25 600 [3]
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Fig. 3 Vertical profiles of OM and heavy metals in sediments from Pumoyum Co
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Table 2 Result of principle component analysis (PCA)

for the environment variables of the sediments
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5iH 1 %y .

oM 0. 190 0. 850
Cr 0.782 -0.366
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Ni 0.911 -0.084
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cd 0. 750 0.355
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Fig. 4 PCA result showing loading distribution
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Table 3 Correlation matrix between metals and OM of the sediments from Pumoyum Co
OM Cr Co Ni Cu Zn Cd Pb Mn Fe
oM 1
Cr -0.093 1
Co 0.038 0.790 ** 1
Ni 0.133 0.754 ™ 0.808 ** 1
Cu -0.173 0.507 ™ 0. 683 ™ 0.631 " 1
Zn 0.313" 0. 443 0.556 0. 655 0.559 ™ 1
Cd 0.326" 0.283 0.332" 0. 603 ** 0.383" 0.635™ 1
Pb 0. 168 0.570 ™ 0.576 ** 0.733 " 0.503 ** 0.706 ** 0. 850 ** 1
Mn 0.736 ™ -0.010 -0. 008 0.202 -0.172 0. 409 ** 0.369 * 0.330" 1
Fe 0. 031 0.813 0.607 ™ 0.704 ™ 0. 408 ™ 0.482 ™ 0. 650 ™ 0.782* 0. 095 1
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Table 4  Assessments of potential ecological risks of heavy metals in sediment from Pumoyum Co using two kinds of SQG

WiH Cr Ni Cu Zn cd Pb
VI pgeg ! 16.5~33.3 13.6 ~19. 4 21.6~34.1 43.3 ~60.2 0.315 ~0.735 13.3~26.1
TEL 52.3 15.9 18.7 124 0. 68 30.2
>TEL/ % 0 55(22) 100(40) 0 2.5(1) 0
PEL 160 42.8 108 271 4.21 112
>PEL/% 0 0 0 0 0 0
ERL 81 20.9 34 150 1.2 46.7
>ERL/% 0 0 2.5(1) 0 0 0
ERM 370 51.6 270 410 9.6 218

> ERM/ % 0 0 0 0 0

0
1) PRI R e B B v | 55 O T 4 L RE B

2.4.2 RS EE 5 PRI SRR R AT XICAR h  JE 1 AE S

Hakanson A 75 XU 5 48 %X ( potential ecological KU KA T 01V AR TR K EITE Fe
risk index,RD) 2H N FELES R MITEIELLLEY)  F Mn BYXBHEEL, Co th T B IRIERHE L AS S
USSR RPCE L DA B i3 1 T R T ITREER—R AR 6 Bk,

HEWT . 5 BEASRRISHITNRAE
Table 5  Evaluation criterion of potential ecological risk index
RI = E = T f = TC./B.
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Table 6  Potential ecological risk index of metals in sediments from Pumoyum Co

JCHE Cr Ni Cu Zn cd Pb

T, 2 5 5 1 30 5

B/pgrg”! 60 40 30 80 0.50 25

B 0.55~1.11"Y 1.71 ~2.43 3.60 ~5. 69 0.54 ~0.75 18.94 ~44.08 2.65~5.23
’ (0.88)% (2.02) (4.36) (0.63) (21.77) (3.35)

RI 29. 13 ~56.38(33.02)

L5 MK (s

1) FoR A BRI DU A 8 KBS AR [ 5 2) 455 B R AP

GEAF S MFE 6 UMM IMEEEASKER  EH BTSN 2S5 | L 55 5 .
BE, W R/NFH . Cd>Cu>Pb>Ni>Cr>Zn,
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BT TR KT ( <40) Za ks © 8
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