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Fig. 1 (a) The location of Bayin River and terminal lakes
in Qaidam Basin; (b) The distribution of surface sediment
sampling sites in Lake Gahai, the contour line refers to
the depth of water body
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Fig. 2 Spatial distribution characteristics of heavy metal Pb, Zn, Cd, Cr and Cu contents from the surface sediments in Lake Gahai
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Table 1 The mean contents and enrichment factors of heavy metal Pb, Zn, Cu, Cd and Cr from surface sediments in Lake Gahai

FRWILR THHE/(mg-kg™)

e ow TR
G EN :":‘?f';’:{ﬁ/(mg-kg_l)

Pb 35.30 1.69 20.90
Zn 146.15 1.82 80.30
Cu 44.68 2.01 22.20
Cd 0.35 2.50 0.14
Cr 103.47 1.48 70.10

[ 4 18 A s+ 5 5 Y KU TR {8/ (mg - kg ™)
HEH/(mg-g™) GB 15618-2018(pH > 7.5)
26.00 170.00
74.20 300.00
22.60 100.00
0.10 0.60
61.00 250.00

MR A AL 2565 B N IREIEAS  HOF 1 & 14 )
4 18.19 mg/kg A1 15.17 mg/kg, 43 9 o5 o 5 & 1)
51.54% Fl1 42.96%; & 1 3835 kIR L 45 A B AT
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0.75 mg/kg.0.15 mg/kg . 5.44 mg/kg . 5.72 mg/kg LA K
0.10 mg/kg .0.05 mg/kg .3.99 mg/kg .4.12 mg/kg, 53
i H B Y 0.53%.0.26% . 12.53% . 5.70%, 1.68% .
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Fig.3 Proportion plots of the different occurrence form of
heavy metal Pb, Zn, Cu, Cd and Cr from the surface sediments

in Lake Gahai, F1, F2, F3, F4 and F5 represents the ion
exchange state, carbonate bound state, iron manganese oxide
bound state, organic bound state and residual state, respectively
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Table 2 RAC values and pollution level of Pb, Zn, Cu, Cd and Cr from surface sediments in Lake Gahai

L) RAC<1% 1%<RAC<10% 10%<RAC<30% 30%<RAC<50% RAC>50%
T HodA A% B S BddA A% Bdd S Badd A%
Pb 20 100 0 0 0 0 0 0 0 0
Zn 13 65 7 35 0 0 0 0 0 0
Cu 1 5 18 90 1 5 0 0 0 0
cd 1 5 19 95 0 0 0 0 0 0
Cr 20 100 0 0 0 0 0 0 0 0
(BT x L ST TS BN SEDS W H 5

R3  ZUEWIARZVIRY F Pb.Zn .Cu . Cd Hil Crot & () RSP H 575 YL Rt BE V-
Table 3 RSP values and pollution level of Pb, Zn, Cu, Cd and Cr from surface sediments in Lake Gahai

T4 )R RSP<1 1<RSP<2 2<RSP<3 RSP>3
JCH e 5 /% e 5 H/% B 5 H/% B 5 H/%
Pb 12 60 8 40 0 0 0 0
Zn 20 100 0 0 0 0 0 0
Cu 19 95 1 5 0 0 0 0
Cd 0 0 1 5 1 5 18 90
Cr 20 100 0 0 0 0 0 0
15 YRR i o R YT e TG

34 HEARBARENRYINESEETEZSE
pofsd

1 2% 4 AT, ZRACF SRR L Bl I DX AR T T 1)
DXL 23 5 i I DX 7 9 e D T8 DX LA B N 55y - )
XN BB R Z AR b Po Ju R 1Y & A
SI7E 19.09 ~ 28.98 mg/kg (ave. 24.83 mg/kg) .16.71 ~
43.70 mg/kg (ave. 32.38 mg/kg) . 25.00 ~ 89.40 mg/kg
(ave.55.20mg/kg) .16.32~45.73 mg/kg(ave.29.68 mg/kg)
13.23 ~ 39.57 mg/kg (ave. 22.55 mg/kg) 2 [A] 25 4k,

A5 X R Z TR P Ju R T34 & i AR E/I
WIKR = 2= B Sl DX > AR FRF S X > 5 7 e it
WD > ZRACFJE AL ) X > N5t B X
ZRAC P S A L 3 X AR X 2 B e S
TAIX T e S DX B PN 55 vty - i) DX PN LR
RKZTURY Zn TR B & 2= A5 0 TE 47.17 ~
126.25 mg/kg (ave. 80.75 mg/kg) . 44.04 ~ 183.00 mg/kg
(ave. 112.64 mg/kg) . 109.00 ~ 195.00 mg/kg (ave.
149.79 mg/kg) .33.35 ~ 146.15 mg/kg(ave. 75.24 mg/kg) .
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51.09 ~ 114.59 mg/kg(ave. 73.01 mg/kg) 2 [a] 754k, , A
I 4% 1 X R Z DU T Zn ST 3T 3 B i AR 3/
WK = 22 5 e B X > ZRARF Bl X > ZR I Dt
AL DX > 558w S DX > A 52ty - st X

ARACP R L 380 X AR P I8 X L 2 5% v St i)
D 78 e JL) X L2 e A 5 ity - S ) DX P L TR T T
RIZVURY T Cogu R A& 5-F B {E 357 11.80 ~
32.45 mg/kg (ave. 24.32 mg/kg) .24.11 ~ 45.00 mg/kg
(ave. 33.00 mg/kg) .58.50 ~ 109.00 mg/kg(ave. 80.09 mg/
kg) .5.78 ~ 44.68 mg/kg (ave. 25.31 mg/kg) | 10.60 ~
39.89 mg/kg (ave. 25.39 mg/kg) Z A1 A5 4k , [H 1 4% 161
XRJZIURY P Cu Jo 3 & B R B MERUCH -
Bt X > AR R DX > A 5 - )
DX > 5 8 B I DX > AR T A L I X

ZRACF DT L i 38 DX AR 8 XL 2 B e D
T DX 7 T T80 DX L B P 5ot - B ) X Ay B 2 7
IHRZTURYH Cd ST 19 5P EE 7 0.13 ~
0.26 mg/kg (ave. 0.19 mg/kg) .0.14 ~ 2.96 mg/kg (ave.
1.03 mg/kg) . 0.41 ~ 8.00 mg/kg (ave. 2.58 mg/kg) .
0.00 ~ 0.35 mg/kg(ave. 0.14 mg/kg) .0.08 ~ 0.41 mg/kg
(ave. 0.18 mg/kg) Z [AIAZ Ak , PR G 4% i X 6 J2 AR
H Cd JEFR 3 & R BN/ ME U = = 5t i Il
X > AR FRF ST DX > ARG SR Ll X > N5
=B R DX > R e S X

ZRACT s R0 L A DX AR S X = B e
T8 DX e D T80 X DA B R 5 ol - s i) X P ML AR
TARZUURPI T Cr e ER ) & P IME S HIAE 57.60 ~
92.07 mg/kg(ave. 75.19 mg/kg) .27.39 ~ 115.52 mg/kg
(ave.73.95mg/kg) 81.70~176.00 mg/kgave.111.48mg/kg) .
43.13 ~ 103.47 mg/kg (ave. 61.30 mg/kg) . 27.30 ~
51.49 mg/kg (ave. 39.66 mg/kg) 2 [8] A5 1k , K] it 4% 1
XRBEIRY H Cr e R P& KRB MRIR A -
2 5t SR X > ARG SR AL A DX > 2R D i
DX > R e I DX > PN S - i X

FH AT L, 3% [ S A0 2R 2 DT H Pb  Zn
Cu.Cd I Cr U & & i P E 2 B — 7 i X 22
Stk AR FoRFE = 5t I DXORN AR T S X
WA R)JZ VTR Y T E 4 )8 5CE Pb.Zn . Cu.Cd
Cr Bty , 15 Yo BE Bk 7™ 5 5 T PN 52 ol -0 i
DX 7 9 o S i X PN R 2 TR T 4 JR JT R Ph,
Zn .Cu.Cd Fl Cr & & IAL, 15 PR FE B . SR,
4xJBICE Pb.Zn Cu.Cd I Cr &5 F- Y {E A 5
A3 BRAE AL 2 i TR D R R 2 T I R
JZUCR b, T 6 BRI X 22 o RS R 2
DRI hE 4 @ 0K Pb.Zn,Cu.Cd Ml Cr & &1
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JEFN Tl Ak | 380 A a2 A 1 e s 4 2 LA R il 7

F4  REMABNORZTIEY HEERITR NS & FHE
Table 4 The average content of heavy metal Pb, Zn, Cu, Cd and Cr from the surface sediments of typical lakes in China

mg- kg™
i B X J A 24 K Pb Zn Cu Cd Cr AR
BEITIH 28.98 126.25 32.45 0.26 90.78 (39,40]
F AL A 24 19.09 47.17 11.80 0.13 60.31 [41]
Ly b X o] 26.56 66.83 20.73 0.20 57.60 [42]
K 24.70 82.73 32.28 0.16 92.07 [39,43]
HLib 16.71 44.04 28.62 0.14 27.39 [44]
Ki 32.27 102.99 33.18 0.45 80.13 [45]
BB T X HEPE) 27.87 79.07 24.11 0.22 82.00 [46]
TS FH 90 43.70 183.00 45.00 1.36 64.70 [47,48]
Tz 90 41.33 154.12 34.09 2.96 115.52 [49,50]
T 54.30 132.70 71.60 0.89 104.40 [51,52]
i) 89.40 161.20 81.60 8.00 99.90 [51,53]
R T 65.70 195.00 84.90 1.07 81.70 [54]
ZHtE A TH- i 47.40 109.00 63.10 1.10 103.80 [55]
LIS YA 25.00 120.00 109.00 0.41 176.00 [56,57]
AR LR 35.90 141.00 91.90 0.77 88.00 [58]
LAl 68.69 189.66 58.50 5.83 126.53 [59]
TR 21.37 68.94 21.65 0.18 43.13 [39,60]
= e Tty 35.30 146.15 44.68 0.35 103.47 ENTIE
T X EN-R 45.73 52.53 29.12 0.04 49.09 [61]
{o b4 16.32 33.35 5.78 0.00 49.52 [61]
WAL ] 2234 68.80 23.44 0.41 36.37 [62]
. ARk 20.88 70.77 31.36 0.12 36.74 [63]
%ﬁf{z TN 90 16.71 51.09 21.64 0.14 46.40 [39, 64]
. LER (] 13.23 59.81 10.60 0.08 27.30 [65]
i 39.57 114.59 39.89 0.17 51.49 [66]
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i 2, 9 1] G T R P g S e L X 2 N2 Bl
AR R 22 M H 40T A

4 45 B

(1) BFFE X NI 2R h E 4 JE T P,
Zn.Cu.Cd F1 Cr 9 F-3 & & {H 73 54 35.30 mg/kg .
146.15 mg/kg 44.68 mg/kg.0.35 mg/kg F1103.47 mg/kg,
EHERKH N 1.69.1.82.2.01.2.50 F1 1.48, B &4
o HEE R Z LT A E T Sl R
AR 5 R 4 )R u R AE A AT — o 1 R
BEAb, 250t ) DX A 3 A 2R e 3 DX ok EE 4 R n R 1Y
TR B A2 M T I DX 0 Ay A % 22 = iy, 4
JEICEAEZS (8] R I 5 AR FAE .

(2) 4 JEICE Pb.Zn Cu fl Cr EE LIGRA A
HRBILA, Cd B LIBREE E W45 A& S I HIE
B M BRI NI R 45 & BB T2k, W
HRZVIRY T EE R TR B S A5 BA R
FAE. BAR LR S R E &R TR A IE AL o o R
N AR LT AR I AR S KBS 55 v, A 2T 3l B4 )
WA ARSI AR I H 350 5, R Cd e &R 5|
R E A
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Study on the Occurrence Characteristics and Bioavailability of Heavy
Metals from the Surface Sediments in Lake Gahai

GAO Chunliang"*, WEN Jinxin"**, CHENG Aiying", LI Hongyu'*",
WEI Haicheng'*, MIN Xiuyun', 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, Beijing, 100049, China; 4. Forestry and Grassland Bureau of Haixi Mongolian and
Tibetan Autonomous Prefecture, Delingha, 817099, China)

Abstract: In order to identify the occurrence form characteristics and bioavailability of Pb, Zn, Cu, Cd
and Cr from surface sediments in inland enclosed lakes, we collected and selected 20 surface sediment
samples from Lake Gahai in Qaidam Basin as the study object. Based on the Tessier continuous extraction
as well as ICP-MS methods, the occurrence forms of Pb, Zn, Cu, Cd and Cr were determined, and the
bioavailability of heavy metals mentioned-above was evaluated by RAC and RSP methods. The results
showed that the average content of Pb, Zn, Cu, Cd and Cr were 35.30 mg/kg, 146.15 mg/kg, 44.68 mg/kg,
0.35 mg/kg and 103.47 mg/kg, respectively. The enrichment coefficients were 1.69, 1.82, 2.01, 2.50 and
1.48, respectively, showing an uneven spatial distribution characteristics. Elements Pb, Zn, Cu and Cr
were predominantly presented in the residual fraction, accounting for 51.54%, 80.98%, 73.00% and
92.02% of the total amounts, respectively. Cd was predominantly presented in the Fe-Mn oxide fraction,
accounting for 58.99% of its total amount. The disadvantaged forms of Pb, Zn, Cu, Cd and Cr were car-
bonate and ion exchanged fractions, accounting for 0.05% and 0.09%, 0.26% and 0.53%, 0.34% and
1.68%, 0.50% and 3.55%, 0.05% and 0.09% of the total amounts, respectively. The RAC risk assessment
results suggested Cu > Cd > Zn > Pb = Cr, while the RSP risk assessment results indicated Cd > Pb > Cu >
Zn = Cr. The bioavailability of Pb, Zn, Cu and Cr was relatively low, while the bioavailability of Cd was
relatively high. Although the proportion of active components was relatively small, the potential ecological
risks were high, especially Cd.

Key words: Surface sediments; Heavy metal elements; Occurrence form; Bioavailability; Lake Gahai;
Qaidam Basin





