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Characteristics and Risk Assessment of Heavy Metals in Core Sediments from

Lakes of Tibet

GUO Bixi', LIU Yong-gin'> ", ZHANG Fan’”, HOU Ju-zhi**, ZHANG Hong-bo>”’

(1. Key Laboratory of Alpine Ecology and Biodiversity (LAEB) , Institute of Tibetan Plateau Research, Chinese Academy of Sciences,
Beijing 100101, China; 2. Center for Excellence in Tibetan Plateau Earth Sciences, Chinese Academy of Sciences, Beijing 100101,
China; 3. Key Laboratory of Tibetan Environment Changes and Land Surface Processes, Institute of Tibetan Plateau Research, Chinese
Academy of Sciences, Beijing 100101, China)

Abstract: To explore the source of heavy metals in lake sediments and their hazard to environment on Tibetan Plateau, China, heavy
metal (Cu, Zn, Cd, Pb, Cr, Co, Ni and As) levels in surface sediments of 18 lakes were investigated. Inductively Coupled Plasma
Mass Spectrometry (ICP-MS, X-7 series) was used to determine the contents of heavy metals and the concentrations of carbon and
nitrogen in sediment samples were analyzed by element analyzer ( Vario Max CN,Elementar, Germany ). The average concentrations for
Cu, Zn, Cd, Pb, Cr, Co, Ni and As were 24. 61 mg-kg ™", 70.14 mg-kg™', 0.26 mg-kg™', 25.43 mg-kg™', 74. 12 mg-kg™",
7.93 mg-kg™', 33.85 mg-kg™', 77.69 mg-kg~'. It was found that heavy-metal concentrations in Tibet sediments were higher than
those in Antarctic, but lower than those in the regions affected by anthropogenic activities. The contents of Cu, Zn, Pb, Cr and Co in
the samples were lower than the background values of Tibet. Correlation analysis and principal components analysis( PCA ) were used to
analyze the origins of heavy metals. The result showed that Cu, Zn, Cd, Pb, Co, Ni and As came from soil in drainage basin and
atmospheric deposition. Cr was mainly affected by human activities. Assessment on ecological risk of heavy metals was carried out
using Hakanson’s method and cluster analysis (CA). Assessment on ecological risk indicated that Pumoyum Co, Longmo Co and
Bangong Co were at low risks, Bieruoze Co was at high ecological risk level and the other lakes were at different risk levels.

Key words : Tibetan Plateau; lake; sediments; heavy metals; correlation analysis; ecological risk
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TR S A A 2R R R
B S 24T 4K4 500 m, TR 2 250 J7 km®, 4345
HHER FRAECR | R R SR R 2 T H LR
BRI 4 TP o R € B R IR, H i AL 2R
36 900 km®, =ik H R ISIIA 1 BLAY 51.4% . ARSC
FEM T A TEE R B 18 AR
(28°34'33. 347" ~ 34°36'40. 804" N, 78°57'30. 553"
~96°45'E, &l 1) , NPT ZR 43 i = AR Al . e AR
B PEAES . RS . RAPET . IAEEES | BOKAS | B
FIEE . ABRES | FLEAS R | DI | AR |
B OTRAS | SFRLZERS | S SCOERT . IANIAS | SR
SKREWATA V4K 5 B M3 850 ~ 5020 m, AR 12,1
~638 km” , REA IR AW tHAG Bk T, SR M 0.32 ~
747.1 g-L™" i pH {ELM 6. 88 ~10.37(£ 1).

F1 BHEEELIS NETHRMANMBECE A REAREE

Table 1 ~ Geographical location and basic characteristics of 18 studied lakes on the surface of Tibetan Plateau
W g S0 o pomeer on REGLesy T me GEHOCE we ses ol
ID /() /(%) JeellssmL™" /pgeL”! /% B2 TEib] /m /m Jkm? k2 FH /mSem ™!
RWC ZRE4E 96.75 29.41 26 A& 7830 3850 22 1776 80.7 0.7  8.24 BRERELIUMKINAIM
LC s 87.4 29.2 4784049 1.38 0 & 3816 4213 12.1 849 7 L3 9.60 BREAEEI RIGUSIK I
GZC AERE: 82.15 30.63 2541013 0.8 4585 4710 66.2 849.8 12.4 3.6 9.65 BRERELIBUSIKIN
BGC A 78.96 33.73 752361 1.36 1 % 65957 4167 604 28110 46.5 0.4  8.16 SULYZSNAKMEKH
SMXC FAARAES 80.25 34.6 503503  4.01 8.8 & 68336 4975 24.6 1605 64.2 0.3  8.04 MK
IMC  JEAEE  80.44 34.61 430793 1.9 2 81764 4933 97 570 5.9 19.5  8.40 BREREEWALpKERM
AYC Hkss:  80.56 33.36 130978 0 55328 4292 2.4 509.622.8 19 9.73 £hilf
IBC st  83.8 3295 2707565 3.53 0 293514 4271 124 672 535 1.8 6.88
KZC 4 80.40 33.10 6030193 42591 4266 15 525 34 1.8 8.00
RBC #IEEE  80.59 33.04 6604224 61077 4250 31.6 1530.4 48.4 1.8 8.49 BRAREHIEAIERH]
AWC BT#5E 81,73 32.76 801911  0.95 J& 147851 4374 58.6 19.5 9.70 RARER AR )
ZCCK F AR 82.38 32.60 2817125 B 205939 4326 128.25 1749.429.8  15.4  9.49 FREREEIEELW
BRZC JI#0%E 82.93 32.43 336355  1.37 210354 4395 33.2 2123 63 13.2 9.27 BiRENTEALIRGEES)
DRBC KR4 83.21 32.47 1019707 1.8 0 7 223862 4436 21 1250 59.5 0.9 9.03
DC A 91.17 31.73 3315295 3.2 0 50188 4396 123.5 1089.5 8.8 11.4  9.33 BREGELFIRLHUHKH
DZC kNGE  87.54 31.90 1085419  2.01 0.55 & 285005 4393 244.7 10885.3 44.5 8.1 10.37 EhaEhAlRl ki)
PMYC %5785 90.40 28.58 7.3 7 39812 5010 290 12329 42 0.3 9.02 WERFERELTEARRRAKW
YZYC “ErigEsl 90.65 28.85 2.3 31323 4441 638 5422 8.5 2.2 9.27 WiMRERZEBUSIKIN
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11T HPANEEFIRA , R EE 7 4l B 8 7
JARFE S AREUT 20 em KBS BUERE S5 (R
FEAE AR P AR5 3 EIRES ST RIGE 2% ] 52 56 22 30
FE LI A BN SRR A B BE BN ) 1 em A E
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Location of 18 sampling lakes on the surface of Tibetan Plateau

AU IR TR P A R U R A R AR
ZHT 4L ( Vario Max CN, Elementar, Germany ) 3£ 5.
Tl T ER B BRI T =0 T R 0T [ A ot R A T A
J5i R FH HL BRI A5 45 B 1 1% A2 (ICP-MS, X- 7 series )
D5E A AS AR AR HE DR 22 (RSD ) /NT 3%, SR 43
Prik2e (S ATALBRER ) — /N T 5% . Sy Hrai il
2.

x2 WBARNRYhSMESLEMUR KR, REEY
Table 2 Concentrations of 8 heavy metals, total carbon and total nitrogen in lake sediments
N N Cu 7n Cd Pb Cr Co Ni As
A D RS ™ e /mg-kg_] /mg-kg_I /mg-kg_1 /mg-kg_] /mg-kg_] /mg-kg_I /mg-kg_1 /mg-kg_]
RWC PN 0. 063 1.15 43.9 144 0.21 76.7 55.9 15.5 31.5 36.5
LC ik 0. 141 1.69 74.1 123 0.26 27.2 110 23.2 69. 1 28
GZC INEREE 0.933 13.2 41.4 53.9 0.04 13.2 262 0.88 44.5 216
BGC PR 0.512 8.12 32.9 109 0. 06 20. 4 164 9.46 38.5 14.5
SMXC AR 7 0.091 3.48 28.9 156 0.26 53.7 56.5 15.1 34.9 34.8
LMC T A, 0. 023 4.37 9.17 46.8 0.1 22.8 11.9 4.46 11.2 11.1
AYC Bk 0.134 4.73 12.7 53.2 0.02 12.2 35.7 6.97 35.6 65.8
LBC Vakiilii 0.5535 9.44 14.75 47.25  0.32 21.95 78.9 2.73 21.4 12.75
KZC s 0. 5065 7. 505 32.5 64.7 0.25 17.25 102.3 7.825  45.6 16.2
RBC PG 0. 154 3.68 21.6 64. 4 0.83 40.7 72.7 11.1 95.2 53.3
AWC B 55 4 0. 140 7.88 17.5 49 0.27 20.3 40.8 9.8 58.7 29.1
7ZCCK LAk 0.114 3.350 11.71 42.83  0.243 16.9 29.53 3.38 12.07 153.767
BRZC Sl ) 0.113 7.32 12.9 47.1 0. 65 16 38.7 4.67 20.9 463
DRBC BN EE 0.487 11.8 14.3 31.2 0.03 13.1 100 0.1 11 31.8
DC T4 0.036 3.90 9.79 42.6 0.26 26.2 26.5 5.62 22.8 53.1
DZC pey k=53 0. 189 4.45 18.95 65.8 0.6 18.5 63.8 8. 46 33.2 27.1
PMYC e g g 2.9 42.3 142.1 0.13 47.67 73.72 14. 81 32.08
YZYC Rl gER 2.886 31.475 62.53  0.076 21.72 67.39 13.05 35.28 48.26
T 21.9 73.7 0.08 28.9 77. 4 11.6 32.1 18.7
BVADTAR Y BE B SPSSstatistics 20 for mac i#F Z 8] AR

A3 TARSIE T . R T AR . G
P b 32 2 1 B Jm R i Al e Al
RZIARMSENE, ER s TR HERITR
Z AR AR I , R 223 Hr Rl AR T T 0 B 83

VAL TR TR Y G T A v A AR SR
[, AT R T Hakanson ¥ 7E A= 25 KUK 45 %%
B Z AT LA 25 5 B TS GLIR I T W TE Y A SR
R EAT e VPG, AN A4S B 5 R 5 e FE T [a] iy
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Fig. 2 Distribution of the concentrations of 8 heavy metals in 18 lakes
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Cd, Pb, Co, Ni &t aArp A IR
"1 Cu, Cd. Pb, Co, Ni " HE52CH AT XK.

WADTR Y T 4 E B i 5 A b I A E R
ERATILUURY) R Cu, Zn, Pb, Cr, Co., Ni &H#P
B TASCORSE 0 9 i, A Cd | As &5

BRI Cu, Zn, Co. Ni &5, P,
Cr. Cd, As AT, Xk ELSE S8R T

Cu, Cd W% 5 i T A SO R WA e AR rh iy
i, {H Zn, Pb 1 Cr B9 & = A&RIK T 58 X A %
B AR BIX Cd B R T R R BRI T
B {0 P, Cs & EEALE ALY . #iRb X URY
YWHE4SJE Cu, Zn, Cd, Pb, Cr, Ni FEHAEL TR
SR I P A A R H Co B R B S R
W1 Cu, Zn, Pb, Cr, Ni B35 & #0255 T 9 e i
(F23) 0 532 N ZE3% Shi2 w5 e A i XM EL, v
FECATA DR T 4 S T 2 A B K A B TRg L
WU, (H5 NS00 S 4 2 b X B4 W YA DT R ) =
G Ja A LA IR

K3 FAARREMARFARYELENESE" /mg-kg ™!

Table 3 Concentrations of heavy metals in sediments from this study and other literatures/mg-kg~

1

5 X3 Cu Zn cd Pb Cr Co Ni As
ENIEPS 24. 61 70. 14 0.26 25.43 74.12 7.93 33.85 77.69
T L e LA 23.13 100. 97 0.3 29.6 36.2 10. 31 31.93 21.4
EShi:) 22.84 100. 56 0. 282 28.75 — — — —
B A L 36.03 91.83 0.16 32.63 92.63 15. 17 55.88 33.58
HE 28. 65 71.5 0.21 21 58. 65 11.2 58.65 10.8
R 73 58 0.62 5.4 5.6 — — —
KW 39.6 113 1.32 40. 4 148 — 47.9 —
B 15.9 57.3 0.09 24. 1 48.9 9.3 22 —
JEIA/R (138) 26. 82 87.77 0.27 4.07 — — — —
b |74 — — 1.55 3.27 — — — 17. 84

1) =" F/R3CH B B

2.3 VHESNADUERY T E 4 ok IR

XA JE TR AT T RSB, BEBCT RRAE
B > 1 FE3 b7 E 22 90% LA LAY 2 Fh = hi s
(#4). 51 FEH Cu, Zn, Cd, Pb, Co, Ni, As
N, BT 22 78, 4% | I T xS 4 R or K B
A — AL R AN oy Bl B E s 2
Cr 2R FMIERAT, § 872 14.8% , il Cr 5
HAbTTRWRIBFRAAEZE T, W E (E 3)
A LAB A 2 R R R 4 A

MRPEAEPER AT (2 5) , B2 Cr 55 Cd, As
ZIAFTE B E WA R R Z A, Kb & B K2

x4 NRYMPESETENERLTATER
Table 4 Result of principle component analysis (PCA)

for the environment variables of the sediments

i %y

nE 1 2

Cu 0.963 0.229
Zn 0.990 -0.007
Cd 0.903 -0.284
Pb 0.971 -0.045
Cr 0.563 0.762
Co 0.990 0.038
Ni 0.965 0.040
As 0.614 -0.680
T2/ % 78.359 14.762
R/ % 78.359 93.121
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. E AR IR W RgE i TR KU A
BAESRG . C2AUTEERN, FXME AR
U BE 6 4 T I 1) 5 e W AT RN KR B
DX 5y TR AR T TE G ol R A S TR
TIENEENESRICR. K —Fha ST,
WA M AR B2, K 22 B vk 1 Ak 7 58 2 ) 3R 4 iR
A, DT S 20— L8 AT D DT 6 T AR O

B AN R AR 23 I rhA L 2 A
b i R ) B R U R BE AR DIE D) .
JUER R A B R I RO B A G, R 52
IR MEIIA DU P OC R S A R RN R
Zn JUR S SRCMA B3 AR SCHE , U T B8
WA Zn JUR SR, As TR 5 WA AN
FEAT. AR ZR RO L ek e 5 0 K i AR
PO, KA R BGBOR, As JUER & HB R W Al AU As
FEOR [N . Cr RIS UK IEE, i AEZ
T SR BRI Bl i R

®5 BAMEARYESBZARESEMERZ BHEXRY"

Table 5 Correlation coefficient between heavy metals and other factors in the sediments from 18 lakes

Cu Zn cd Pb Cr Co Ni As TN TC
Cu 1
Zn 0.951** 1
cd 0.775** 0.890** 1
Pb 0.905"* 0.969** 0.911** 1
Cr 0.702** 0.522%  0.276 0.508 % 1
Co 0.965"* 0.988** 0.887** 0.963** 0.551** 1
Ni 0.964"* 0.961** 0.828** 0.884** 0.541"* 0.960** 1
As 0.443*  0.581** 0.675** 0.600** -0.058 0.544** 0.558** 1
TN -0.125 -0.169 -0.138  -0.231 0.005 -0.232  -0.047 0.153 1
TC -0.236  -0.237 -0.237 -0.296 -0.027 -0.324 -0.172 0.096 0.865** 1
T fi B -0.419  -0.336 -0.202 -0.324 -0.337 -0.395 -0.408 -0.271 0.107 0.270
WA VKN EAE 43 L 0.500*  0.513*  0.498*  0.668** 0.274 0.527*  0.414 0.436* -0.282 -0.360
IR 0.327 0.432*  0.377 0.393 0.210 0.410 0.323 0.242  -0.121 0.044
L RENTTR A 0.279 0.218  -0.064 0.093 0.145 0.212 0.295 -0.044  -0.155 -0.160
LK R 0.265 0.229 -0.014 0.063 0.005 0.177 0.366 0.099 0.143 0.083
FINEY 0.052 0.166 0.290 0.240  -0.173 0.099 0.126 0.444*  0.160 0.164
2R -0.507* -0.437* -0.465% -0.423* -0.458" -0.443* -0.530* -0.408 -0.401 -0.341
pH -0.227 -0.294 -0.353 -0.304 0.009 -0.241 -0.290 -0.212 -0.194 -0.116
N FEE -0.231 -0.282 -0.052 -0.293 -0.130 -0.260 -0.188  -0.239 0.388 0.207
LS 0.155 0.286 0.418 0.256  -0.223 0.253 0.278 0.422 0.017 0.111

N b Y
o %ﬁggﬂ W OWOEE SOKER AR mSE  pH AR iR

/N 3 1
WA VNERE 4 -0.337 1
5273 -0.116  -0.118 1
T3 T AR -0.151 -0.044 0.075 1
EVINTTEA 0.000 -0.049 -0.187 0.728** 1
FIEEY 0.294 0.411  -0.401  -0.276 0.152 1
A 0.299 -0.275 -0.057 -0.109 -0.175 -0.183 1
pH -0.218  -0.228 0.030 0.061  -0.048 -0.348 0.150 1
A FEE 0.048 -0.340 -0.283 -0.370 -0.221 -0.056 -0.166 -0.024 1
e 0.229  -0.034 0.160  -0.088 0.118 0.297 -0.322 -0.253 -0.101 1

1) * * IR 16 0. 01 K- (UM 1B, « FIRLE 0. 05 K- (UM) I 8 2405
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KFEEZAWA . OFHAE A, MRRERMEZ
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53 6 B Hr st AR —2 TH RO A 25 A A S XU
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Table 6  Potential ecological risk index of heavy metals in lake sediments

E,

W 1D i Cu Zn Cd Pb Cr Co Ni As Rl
RWC R 5.78 1.67 126 19.18 1.77 2.42 2.76 192. 11 351. 69
LC ik 9.75 1.43 156 6.8 3.492 3.63 6.06 147.37 334.53
GZC IS ERES 5.45 0.63 24 3.3 8.32 0.14 3.9 11 36. 84 1182.57
BGC PN 4.33 1.27 36 5.1 5.21 1.48 3.38 76.32 133. 07
SMXC PAR A5 3.80 1.81 156 13.43 1.79 2.36 3.06 183.16 365. 41
LMC Y& N 1.21 0.54 60 5.7 0.38 0.70 0.98 58. 42 127.93
AYC Bk sl 1.67 0.62 12 3.05 1.13 1.09 3.12 346. 32 369
LBC Vakiiki:) 1.94 0.55 192 5.49 2.5 0.43 1.88 67. 11 271. 89
KZC B Al 4.28 0.75 150 4.31 3.25 1.22 4 85.26 253.07
RBC AT 2.84 0.75 498 10. 18 2.31 1.73 8.35 280. 53 804. 69
AWC o] 5yl 2.30 0.57 162 5.08 1.30 1.53 5.15 153.16 331.08
ZCCK EIREPI S 1.54 0.50 146 4.23 0.94 0.53 1.06 809. 30 964. 09
BRZC pESIUE S 1.70 0.55 390 4 1.23 0.73 1.83 2436. 84 2836. 88
DRBC RPOREE 1.88 0.36 18 3.28 3.17 0. 02 0.96 167.37 195. 04
DC T 1.29 0.50 156 6.55 0.84 0. 88 2 279. 47 447.53
DZC B 2.49 0.77 360 4.63 2.04 1.32 2.91 142. 63 516.77
PMYC W VLA 5.57 1.65 78 11.92 2.34 2.31 2.81 — 104. 60
YZYC ES R 4.14 0.73 48 5.43 2.14 2.04 3.09 254 319.57

Fo6 BT 18 MWINUIRY b 8 FhE 4 JE T
KA A S S R B B4 TA R 28 G A S K
W 85, AR T e A S KU F8 O AN bR i (R 7) W]
LIAEH Cu, Zn, Pb, Cr, Co., Ni IIIBTEAEBREE R
BCE)TE 40 LIRS Y. WAV h
4 J () A S RS ) = 2 DTk 7o Cd AT As JB R,
HAEATREE | PR | YOk | IO Cd 4E
BB, AT EE b Cd i A 25 XU AR B AR iR,

R7T BEESKEEBITNIRE

Table 7 Evaluation criteria of potential ecological risk index

ELJaRE R AESKEAKTE RIERE ZEEES KRR
<40 1% <150 1%
40 ~ 80 LRE 150 ~ 300 &g
80 ~ 160 B 300 ~ 600 EEdariy
160 ~320 =1 =600 JTE
=320 ST

iK498. As XA AR PREE Y G FAE T AR %S b BN
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Fig. 4 Dendrogram showing clusters of RI of 18 lakes
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