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Fig. 1 The geographic location of Lake Keluke and Tuosu in Qaidam Basin as well as the sampling sites
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Fig.2 Spatial distribution map of heavy metals from the surface sediments in Lake Keluke and Tuosu
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Table 3 RAC values and pollution levels of heavy metals from the surface sediments in Lake Keluke and Tuosu
TolE i _ RAC < 1% ”1%<RAC< 10% ‘)10%<RAC< 30% U30%<RACSSO% i RAC > 50%
- Bk~ N BodA A% BoE Al BoE A BadA N H%
Cd 2 6 22 67 1 3 6 18 2 6
Cr 25 76 8 24 0 0 0 0 0 0
Cu 4 12 28 85 1 3 0 0 0 0
Pb 25 76 2 6 6 18 0 0 0 0
Zn 20 61 13 39 0 0 0 0 0 0
Hg 0 0 24 73 9 27 0 0 0 0
As 2 6 29 88 2 6 0 0 0 0
Mn 20 61 5 15 4 12 4 12 0 0
V5 A I G Y B e BV W™ T Y
F4 MEHM-HCRNRIZVIRY P M ESL BT RN RSPH S5 YR ITEM
Table 4 RSP values and pollution levels of heavy metals from the surface sediments in Lake Keluke and Tuosu
FaRTE _ RSP<1 _ 1 <RSP<2 _ 2<RSP<3 _ RSP >3
e Hri/ A i H/% Hoi/A~ i H /% Hoi /A i H/% B/ i He/%
Cd 4 12 1 3 4 12 24 73
Cr 33 100 0 0 0 0 0 0
Cu 30 91 3 9 0 0 0 0
Pb 10 30 19 58 4 12 0 0
Zn 33 100 0 0 0 0 0 0
Hg 28 85 3 9 2 6 0 0
As 26 79 7 21 0 0 0 0
Mn 8 24 24 73 1 3 0 0
V5 YRR Jc B Y R gL EREE
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Table 5 Principal component analysis matrix of heavy
metals from the surface sediments in Lake Keluke and Tuosu

HEEBTE Fl F2
Cd 0.537 -0.704
Cr 0.636 0.220
Cu 0.926 0.129
Pb 0.918 0.143
Zn 0.921 0.008
Hg -0.784 0.315
As 0.842 -0.221
Mn 0.664 0.623
WL FHEE 5.007 1.117
J7 7% GTER /% 62.6 14.0
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Study on the Occurrence Characteristics, Bioavailability, Ecological Risk
and Sources Apportionment of Heavy Metals from Surface Sediments
in Keluke-Tuosu Lakes

WEN Jinxin'*?*, GAO Chunliang"*", CHENG Aiying'*, LI Hongyu"**, WANG Chenyu'*",
WEI Haicheng'*, MIN Xiuyun', CHAO Na'**, DONG Bo"*’, AN Haixi*

(1. Key Laboratory of Green and High-end Utilization of Salt Lake Resources, Qinghai Institute of Salt Lakes ,
Chinese Academy of Sciences, Xining, 810008, China; 2. Qinghai Provincial Key Laboratory of Geology and
Environment of Salt Lake, Xining, 810008, China; 3. University of Chinese Academy of Sciences,
Beyjing, 100049, China; 4. Forestry and Grassland Bureau of Haixi Mongolian and Tibetan
Autonomous Prefecture, Delingha, 817099, China)

Abstract: This study focused on the 33 surface sediment samples from terminal lakes of Keluke and Tuosu
in the northeastern Qaidam Basin, based on the Tessier continuous extraction combined with ICP-MS analysis,
RAC, RSP, PLI, I, and PCA methods, a systematic analysis was conducted on the concentrations, chemi-
cal speciation, bioavailability, potential ecological risks and sources of heavy metals including Cd, Cr, Cu,
Pb, Zn, Hg, As and Mn. The results showed that the average concentrations of heavy metals followed the
decreasing order: Mn (779.53 mg/kg) > Zn (133.63 mg/kg) > Cr (89.69 mg/kg) > Cu (38.51 mg/kg) > As
(29.80 mg/kg) > Pb (30.49 mg/kg) > Cd (0.34 mg/kg) > Hg (0.10 mg/kg) , showing the significant spa-
tial heterogeneity. Elements Cr, Cu, Zn, Hg and As were dominated by the residual fraction, Cd was pri-
marily presented in the Fe-Mn oxide-bound fraction and the residual fraction, Pb and Mn exhibited a com-
bined speciation pattern with residual and Fe-Mn oxide-bound fractions, and all the heavy metals were in
the disadvantageous forms of carbonate bound and ion exchanged fractions. RAC and RSP results confirmed
Cd had the highest bioavailability, while other heavy metals showed relatively low bioavailability. The PLI
and /,,, values indicated a moderate pollution level in the study area, with Hg identified as the important
contaminant. The PCA results revealed that the first principal component (F1) represented anthropogenic in-
puts from lead-zinc ore or copper ore in the catchment as well as the associated Hg reduction-migration pro-
cesses, while the secondary component (F2) reflected the natural geochemical processes driven by redox
conditions at the sediment-water interface, coupled with atmospheric Hg deposition. The sources of heavy
metals were jointly controlled by mining activities and natural geochemical processes in Lake Keluke and
Tuosu, necessitating urgent attention to the potential risk of Cd mobilization and the cross-border transpor-
tation effects of Hg.

Key words: Surface sediments; Heavy metals; Occurrence forms; Lake Keluke; Lake Tuosu; Source ap-
portionment





