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Distribution and Potential Ecologlcal RlSk Assessment of Heavy Metals in Sedlments of

Lake Qinghai [ e ¥ A\
ZHANC Ya ran' 2 #CHE Fei-fei®* , FU Zheng: “hui? (4 XU / L]. Wel i -*
(1. College of Env1ronmem Sclences and Engineering #North#€hin Elecmc Power University, Beijing 102206 China; 2. Nauonal Engineering Laboralnw for Lake Pollutmn

Control hnd Ec ologlcal Restoratlon State Environment Protec tlon Key Ldbordto‘ry for Lake Pollution Control, Clﬁ’{nese Resedr(‘h Academy of Environmental Scfences, BEIJng
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Abstraet [a)(e Qinghai 1s'1he largest closed saltwaterllake in Chind. In recent years betause of the rapid developmenl of industrystagriculture, and tourism, the lake has

i &

been intreasingly dffediéd by human dLllVllles which has afiracted “thé atterifion _off‘mdnv scholars. In order to understand the distribution of heavy metals in the surface
sedimentsfof Lake nghau the contents of Zn, Cu, Ph, Co, Ni, As, Cdy and Cr were mvesllgaled the metal fractions were extracted, and the sources, as well as potential
ecological risks, were ana yzed The results showed that ; ® the (As) (13.21 mg-kg™") and w(Cd) (0.21 mg-kg™") in the surface sediments of Lake Qinghai were
1. 13 and'1. 53 times higher than the environmental background values, respectively, and the other heavy metal contents were all lower than the environmental background
values. There were similar spatial distribution characteristics of analyzed metals except for As, with higher values measured in the northwestern area of the lake and the 151
Terminal. Q) Except for Cd, the analyzed heavy metals mainly existed in the form of the residual state; by contrast, Cd mainly existed in the form of the bioavailable state,
which has high potential toxicity to aquatic organisms. () Combined with the resulis of the correlation and principal component analysis, the metals including Zn, Cu, Ph, Co,
Ni, Cd, and Cr were thought to mainly come from the natural environment, whereas the source of As was related to human activities, such as agricultural production.
@ According to potential risk analyses, the average of the metal potential ecological risk factors was 76. 57, which indicated a slight ecological hazard level. However, it
should be noted that the potential ecological hazard level and release risk of Cd at each site were higher than those of the other metals, especially in the regions nearing the
estuary of Heima River, Lake Gahai, and the sand island, which showed higher levels of enrichment and potential release risk. Therefore, further attention should be paid to
the potential impacts of Cd in sediments of these regions on the water environment and ecosystem.

Key words: fraction analysis; risk assessment code; source identification; distribution characteristic; Lake Qinghai
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Improved BCR distribution extraction process
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Table 3  Classification of ecological risk assessment
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Table 4 Heavy metal contents in surface sediments of Lake Qinghai/mg-kg~

| Cr Co Ni Cu Zn As Cd Pb

S A4 45. 44 8.28 21.06 18.02 57.41 13.21 0.21 18. 06

b 2 11.40 2.27 6. 10 6.63 16. 66 6. 69 0.11 6.45

e/ IME 19. 48 3.06 6.89 3.79 20. 09 7.15 0.06 5.23

YN 57.88 11. 45 28.33 27.05 79.29 37.91 0.53 28. 83

AR5 R % 25.10 27.43 28.98 36.78 29.01 50. 61 49. 80 35.73

I Y Al 54.17 11.98 24.96 19.72 64.28 11. 66 0.14 20. 47

HUM 3 R () 168. 24 — 35.54 27.67 142. 04 21.08 0.42 56. 00

K2y 3 82.3 15.8 43.9 32.8 109 — 0.55 35.1

ST 2 W 3 S22 S 2y 4 (30) 93.27 — 34.47 37.98 147.19 21.23 1.91 36. 05

2.1.2 TRAFTEEHE BABERH AW —E | X 6 Fh4rJE T
TE R ﬂ%?%ﬁtﬂi — XK EBITREMNL REFEHUIH %EMHXT%%:;E. Cd 1 Pb Dk Fe-Mn

SEWRAT R 25 3047 40 #r. ilﬂl 3 fion, Cr, Co, Ni, AT N FEBEWMAILE, X4 8T R

Cu. Zn %n As BRIFIE A5 0 T 2RI 5 e S i
HA -2 7 B R 93.58% . 68.01% , 69.21%
66.59% . 75.52% 1 69. 03% . Bt 4@ JLF A%
B BM L, A e A SO S Ak S T fi

SR SR AR B AR B SR 1F T, AT BEJE T
FERE 1T i (A 25 07 BEAK AR A SCE I 2,
A MR IRER A5 A4S Cd S LR EE’J?i’J
{EIAE 24. 08%, 15 8 FHEE & Jm AR X e . %45
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N

]
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#0353
{i§: 0.06
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o Ni)mgke™!
#2833
{i5: 6.89

A
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{H: 20.09
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Fig. 2 Spatial distribution of heavy metals in surface sediments of Lake Qinghai
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RIZIEA Cd e E IR Z —. AR B,
PATT 240725 B BR R 485 5 AT 4 )8 JC 20 R85
AR N BEURR, T FE K IR BE 2% (R A8 AL (4 pH T
R SR ek i 2 ) mUKARIE RS, IF A R
FH, DRSS KU 5 80, A, Co, Ni F Cu 194
ML B A W 45 6 35 b Bl 17.20% ., 18.79% Al
20.35%, T HAW LR &R TR, ALY Ry
CEAREE BT BRI Ak &

AR RE R AR SR, % &R TR AU
T IRAE I SR 22 5, X T fig 5 H 7R IR P A IR
17 T TR e Ak 32 30 ] R RS A5 56, 4 pHL
ORP ., SOC %k + 7 JEAEDT 3 HR 25 10 42 Jd AE DU
Vb A RER . A AR E S RIEAEWN
WRAE B AR AL 15 i — A TR AR

SEEE AL, T AS B S SRR Eh 45 A4 | Fe-
Mn ALY 25 & B FA WY KL 45 &5 2R
WA SR B R, 7R — 2 A5 PE R AT RE R FI K
PR L Ry R 3 FR AT S AT 4
BN A A RS . AT HT A SR mT i 75 96 1 2 JZ DA
Wb Cd A Ph BRI RS R s T 6 A
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Fig. 3 Percentage of heavy metal fractions in the surface

sediment of Lake Qinghai
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2.2.1 AERMEST

RSB Pz T U0 T 4 00 5 1 L
TEARKREE L pes T T4 A Ji 22 160 JEL 0 4 S
fE. Yy Ah AR K 75 1R o, 4% o BR AL 2 11 1
DL A PR 2 B s R U P B 4 I i
P 2 A 56 2 A SO BRI E 4007 | 0
FEIUUR D T4 8 BREAT T 1545 1 4
25 FioR, H W Cr, Co. Ni, Cu. Zn, Cd F1 Pb
37 4 I G 2 1) #AT AR 3R 1O AR SEHE (P < 0.01)
FWX 7 R4 IR ICE B MR Horl Zn-
Ni (9 H Sk B, MG R BGA 5 0. 974, BLAM 4]
JEEH IS, Fe 18 h R 8L bk d A7 76 10 42 Ji o0
%KY SR, P AT R 40 SRR I
fiF FH TSN UR T T TE 2 B 1 965 kR
AU, 1R T MIEE S Fe TR 5 1
S, R AE B 504 4 AR BT 250 1

=
Table 5 Correlation analysis of heavy metals in surface sedimentsof Fake Qinéhaid n'=22) }.l"j £ oM
Fe co [ | nif¥ _ Cu mf ey s |V Nt 4
Cr 0,953 0.898 0927 _,0.181 ¥ o 0.583™ 0. 7621
frel  Ag 0.949 0.913% /1 To295 & o530 0.799 "
& Co| [ F 1 J 0.894% | 0.178 0.541 " 0.865" &
Ni 0.974 & | 0 14t} 0.659 " 0.843
| N 0.916° | 1 0.036 0.691 " 0.930%
_— .f | e 14 04 0760 0.865 "
s r) 1 0. 149 0.131
fon JF° " J 1 0.818 "
N %éi;.i};w. 05, ™ R P<0.01
SRR, AHXT S, As 5 HAL &R TR AT HR I, B R SCBCE Cd F As IR 20 R IR, 455

TE B E AN R n] 5E32 B — 2 i AT S 52 .
2.2.2 EWRHHH

FEAH ST 0 Jehh b | F—25 SR 1 32 i34 #r
X T I 1 4 e e VR R AT T . 3 o i 3 A O 43
BT, B BLRHR 73 H1 4 Jd T 28 22 (] HLAT b 3 AR DG
H 3104343 B b Bartlett BRIE BEAG 56 40 £ LR h
0.00, /) F & 3 P K F 0. 05, KMO ( Kaiser-Meyer-
Olkin) K8 I HE A 0. 99 , 2 BIAA 5 1Y B i
G IATFERG AT, A R R (K 6)  IRHRRHIE
HART 1Ay, gk 2 A7, R T
88.47% My AZ HE {5 B. Hoh, 8 — E MR T
76.23% [ )7 227485+  Fe, Cr, Co, Ni, Cu, Zn F1 Pb
By AT 4 7E 0. 900 LA F, H Fe 5ix 24 Jg@ 8 T [H—
AER . Cd A As 19 1E 25 Aar A XA, 43 B
0.739 F10.195. H AT UL, 5% — F2 o R 2Bl
JUBWIH Fe | Cr, Co, Ni, Cu, Zn HIPb iX 7 FocE

AHDCAE 53 BT AT LU 2 55— 32 A3 R F AR R IR
HE A MFEs RARRL . 5 IS 22 BTk
M 12.25% , Horh As BATH R B2 Aar &, T
TR EELEE TR As BRI, 45525
SYARTTAL, As [0 1A 32 2 I B S 0 H AR
BT VG 3R A5 DX 3, B8 DU A TR v As (AR TR
E—E R 32 B 8 A A 258 B A A5 R
BRI R RS G AR AR I A A
o1, B As (R A 3228 BAE A HE R IX. | 22 B T A,
EHBMRZNPYESREREZ — CAVRE
AR gl A PR R As BRI R UFRD
AV T AT i, {45 H, AsO, | Ca, (AsO,), il
Na( CH,) HAsO, 5 7% As ) 0034 7 52 BU7E Hh 3R 3R B
RIS Y 1 K70 O 1 T SO s R AL /G
Cr, Co, Ni, Cu, Zn, Pb Fl Cd By FEZ RN A KK
5T As (1) SR Z 2K SRR 5.
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Table 6  Results of principal component analysis

TREI P b X 3 1 A 25 G B K AR B s (B B Ak
T 60 ~ 120 Z[0]) 005 . DL S 5 i3 X 48 1 A=

o PR RCERR Sesk TR (B A 30 ~ 60 ZI) B,
Cr 0.938 0.33 N DAL, A, As 7RISR T A DALY £ (R
C 0,95 o8 32. 51, AT R KT, 0] K B R LR
Cu 0,958 0,168 HA 2 AR SAEE  HAb S0 As KEZEHE
Zn 0.976 ~0.048 FRMESEEKE.
o o oo G M A A fEH AR (R TGS Bk
Ph 0.922 ~0.086 8 Fh4xJE LR Y RI{HTE 27. 70 ~ 148. 34 Z[a], 14
i o Lo H76. 57, Wit F ) UL BUY) T 4 A Ak T
Ei R % 76.23 88, 47 B SAEEAE. Hp, 151 153k DU E W0 ER

2.3 WLERUES AT
2.3.1 WEEASAEFEREGE

AR 5 1 A 4 o0 R 43 A (1 3 L, DL i
BEEELEICRE REERNSHE ITH T 8 FiE
GIRTGEMNESEEREE. 45 LKW, FilE T
PR T 4 J 04 AE 25 A 35 48 B0 M8 = B AR Tk
4 :Cd >As >Cu>Pb >Ni>Co >Cr_>Zn(2%_5) ,H
1 Cd 1 £ P46, 01, 6 R 4 A 25 6 KT,

HOA T 4 0 b T 8 e A5 F KT 5 R

P A L B T R PO Tt
— S NS T, Cd 2 15T T LA Tt

—

%7 BOMTERRRS AE SRR EESEEAT

(T W14 5 B = £ 4065 ) TG 0 76 42 T AL
B AR, KT 110, I8 T o 48 25 . MY
KT, 5 A A A B R R - s 3 L

R 4 B T e AL, TR T A
ELANGETS e, DRt L 5 4 8 ¥ A A 3 2K
BIRRME. LSBT T Cd LT R AT
BRI BRGNS B S 4 s R
A 90 0 RN e W o R R A ol e
R PR A PG B Cd A 3 T
VLR fhd S b, TN BRI SE | Al 3
IR LR M ol LS e 45 T R Cd 74
RGP IR i

-

7 _I“". “ Table7 Potential ecological hatzards “of heavy metals in surface sediments of Lake Qinghai Basin
i H - ‘ I LR T TR () LRSS
‘ Cr Co Ni Cr Zn As Cd Pb faF 4R (RI)
B 2. 14 4.78 5.67 6. 86 1.23 32.51 113.59 7.04 148.34
/M 0.72 1.28 1.38 0. 96 0.31 6.13 13.82 1.28 27.70
FH{E 1.68 3.46 4.22 4.57 0. 89 11.33 46.01 4.41 76.57
brifE 22 0.41 0.93 1.19 1.64 0.25 5.60 22.39 1.54 28.20
2.3.2 AP g Aisik Co>Pb>Cu>Ni>Cr(E4). b, Cr. Cu. Zn Fl

HETEERE SEIETEASGFEREOTM A
L, KU A bt ik 32 225 18 T 8 4 Jm i Ak s Pk
KA R Y. Singh 25 BBFSSIA N (£ 2 4
JETRAATE A, i A% 3l 5 | R ) AT 28 40 25 Rk iR
R AE T RT S ST E L8 YA 3L
PESE IR, HAE & B A BT & te il s, e
DU IR AL e ) B, A= R R | R I
T A AU 7K S 2 5

RAC $R B M 45 3 o |, 75 1) 2= 2 DT h
Cr. Co, Ni, Cu, Zn, As, Cd FI Pb ) RAC 5507t
B398 0. 05% ~1.22% , 1. 11% ~7.79% ., 1.00%
~5.06%. 0.04% ~5.40% . 0. 14% ~7.98% . 0. 51%
~9.87%. 3.38% ~66.84% H10.02% ~7.57% ; %%
AJEITE M RAC YEHH KE/NA.Cd > As > Zn >

Pb AT Je RS AR 7K F-, Co, Ni A1 As 4 TIK
SRS 5 Cd RAAR &b F A JRURS: 7K 7, A 1SR R
(1 Q1. Q9. Q21 1 Q22) K& Fe HutE 1t 50% , ik
SR = KU 7K i 45 RS Cd ZE DT 3= 1
A A A8 B A A B AT
SAEERTENS MmN, 8 FIiE LR
SEEAIETT A | Ay . MR 151 53k
A BRI Lo & J ] DX Bl 43K 3 fe =, {2 RAC {H R
i, Bk Cd DAAR, Hofth 7 Fp 4 Jg@ o0 2 40 T To XU 11K
JAUBSE AT 5 3k 3 B R AR 30 28 X el 4 T 7 e v, 1HL
SRR FPE AR, I K PR VR E AR ST
EARRAEBETAE, Cd 7ER B D AW O
ZRE RIS 5 B DX RAC XU 7K P 44 v T HiAth
DI (L S5) , iz 45 5 nl RE 32 B [] X S ol B A
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Fig. 5 Spatial distribution of Cd RAC index in surface
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