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Abstract: As an important plateau lake ecosystem, the heavy metal pollution of soil and lake water in Qinghai
Lake Basin has an important impact on regional ecological environment and biosafety, but the related pollution
characteristics and sources are not systematically studied. In this study, the concentrations of five heavy metals
(Cu, Zn, Cr, Pb, Cd) in the soil and lake water of Qinghai Lake Basin were measured, the pollution characteris-
tics and ecological risks were assessed by the local accumulation index method and the potential ecological risk
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index method, and the pollution sources and clustering characteristics were analyzed by PMF model and SOM

method. The results show that the ground accumulation indices of Cu, Zn and Cr are all negative, and they are in

a pollution-free state, while Pb and Cd are mildly to moderately polluted. According to the "Surface Water Envi-
ronmental Quality Standard" (GB3838-2002), the lake water quality is evaluated. Cu, Zn and Cd meet the Class
Il water standard, and Pb meets the Class V water standard. Soil pollution is mainly influenced by the natural

geological background, industrial and agricultural activities.

Keywords: Qinghai Lake; heavy metals; water-soil correlation; risk assessment; source apportionment
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Fig. 1 Sampling sites in study area

AWFFEME Cu, Zn, Pb, Cd, Cr % 5 Fi & 4 J& 7%
i, KB BOK T 65 Fhoc 2 e iRFE A S5 T
RSB ) (HY 700-2014) H B A5 ME 5 15 20473 i il
FE, TR AR (IR TR Y 4 )8 T R A 0T R L
P 1 ) (HI832-2017) 1 fiff I i#E 47 7 43 Js 2 &
FE o M 4 JE T YL PR AN AR o R I R B B A
FH M A 375 g% XU A5 P b v (G4 T ) ) (GB15618-2018),
IR TE 4 15 YL PP s o 18 T it R /K A5 T i v )
(GB3838-2002) .
1.3 ®WRAZE

5T RARFE B (L) TG DO M & )R ot R
TG YE O, b BT BRSO 4 DLER 1, HO R A
LIRS W@ D)7

I.g'eo:lOgZ(%) (D
*1 MRRREH.) FEWIRE
Tab. 1 I, grading standards
L., 15 YA
L., <0 Jo
0<1,,<I LEYi
1<1,,<2 i o 2
2<1,,<3 el
3< ], <4 s 7 JiE
4<1,,<5 &E
L,>5 e T BE

o €, RARAE S I E n 1S A R, S
oA mg/kg (T s BB RE S )5 B, RIZICRAE
Y b, ek TR A b ER L 2 S, S C, —
Gk B ER M A 2E A BE ST R T R I
B — AN H R, ST R S B e 5 2, k —
BUE M 1.5,

WA SRR BOE G A IR T AR E S8
e SO RNFEPE RS, HH B AR AR (2) iR,

RI=Zn:E£=Zn:(zjP,-)=an(T,{><%) (2)
i=1 i=1 n

i=1
Aorf: REN G AW EAT NS IEE, EhESE
i BT AR S XS AE B, TN G R @ B RE PR I 5 5
PHESE i TSR, COE SR § (R s
MME; CoMTE 48 | TR S IR, S E S BT R
V1R B 1 e 7 2R K LR 2, A A A XU, B R s o
W33,

K2 EERTESUMERY

Tab. 2 Toxicity response coefficients of heavy metal elements

EaEILE YR AEH ESEITER  HHEWNRK

Cd 30 Cr 1
Cu 5 Pb 5
Zn 1

x3 BEESKREERDIRE
Tab. 3 Classification standards for potential ecological

risk levels

EL XS RI XS
<40 I A= 75 KU <150 B A
40-80 o 45 A 25 R 150-300 Hh A A 25 KU
80-160 B A 7 MU 300-600 5 AR 5 XU
160-320 A IS KU =600 M ik A 2 A

=320 A A KR

1E € PR [ (PMF ) & — 0 T 20t 2 e 808l
R I 2 AR B Y B B AL, 36 I R B R 0
(USEPA) 2 180K FEAE S 38 F 9 ok 5 4 il 4 T 2
(Zhang et al., 2023) . BRI T FE 54041 (PCA), {H
BT T A 38T A A e R DR 3R A O A ) A 4
PMF [ 37 o7 FH T R AL B SEi i . SCAR 2 38 A3
B Ak 2 5 1T o A 780 = B P B0 0 o X 4L, %
VR 4y SR A 5 3R B C 2 BUINBR 2246 4 D 1 2
fnskAn, Hat A X an A2 (3) s .



514

2R AR B W) DX S WK R T YRR | A 2R B R TR A AT 277

Xj= 0 AyCy+Dyli=1,nj=1,m) (3

e X, A RER S i ROCER j R SEINE, 4,8
BEbn i AR kA5 YL IR TTERE; C, D5 IR & X o0
R j B & Jm AL AR AR D, IR ER I, p FR
P B st o T PMF B BY0 3 B X R AT PR 20, 19
B /N HFR PR Q.

w < (E; Y
Q= Zilel(U_I:j) 4
K U, e i h ot R S REAE R, B
s R AR T B ARG T IR A, X 7 A R E TR
A A=(5) . A(6) s,
4 G 1 T U R
MDL SMDL
ij = T,O’ = T (5)
2 B v TR R B
o= \/ (ErrorFraction x concentration)® + (0.05 x MDL)?
(6)
b, X, kA, MDL S #IW BR, ErrorFrac-

tion N FH X AR TEAR 22, concentration “h i S2 I e i

MDL b AN 28 i

A 2H 21 e 5 ( Self-Organizing Map, SOM ) J&— i 3
TN TR0 28 0 2% 1) T W B 2 ST ASE AL, )32 F 58000 b
Yt B2 BRI AR AT . SOM JE T H kAR
S A5 B, o8 MO i A B (R AE R TIN5, S T
PR VEEAE 2B, JL 35 R A TE T Re 08 B ko & 2
o A R Bk ) B B AR A AR A s 1), nT T B Y
AT RN o BT o A B 5% 4 s VR A% A R I EPA
PMF 5.0 #4448 (US EPA, 2014) , {fi Fif Matlab R2023b
H il T SOM 23 M 2k i 3x5 [ LH LM & L4544

2 ZER 555

21 E£REREZRITHEIR

30T PR T I DSk A R g R R R
(& 2~ 4), -4 H 5 b [ )0 v & 4 s &
1 BLHEAT R A BT (R 4, R 5) o S5 0ERW], KA
4:J8 Cd. Cr. Cu. Pb il Zn HYHBEF-H{E 53514 0.001 8
mg/L, 0.001 7mg/L, 0.15mg/L. 1.31 mg/L 10.15 mg/L,

018} . 0.18 | S 15F o
0.17
0.17 F Lar
_ 016 _
S S =13}
) | £0.15 £
I ) e = |
Coast ol «
1.1
o1l 0.13
012} —1 1.0 _
0.13 1 1 1
Cu Zn Pb
00026 0.002 6
0.002 4 f 000241
00022} 00022
0.0020 0.0020
) )
20.001 8| 2 0.0018
I 0.001 6 t8 0.001 6 |
o &
0.0014 | 0.001 4}
0.0012} 0.0012}
0.001 0} —l 0.001 0} 1
0.000 8 s 0.000 8 s
cd Cr

B2 HEBHAkEESCREIEHAKE

Fig.2 Box plot of heavy metal contents in water samples around Qinghai Lake
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Fig. 4 Spatial distribution of heavy metal content in water samples around Qinghai Lake
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Fig. 5 I, of soil heavy metal pollution
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ST 5, 75 1850 K (A RN S 08 X 5k 4 198 4 ) o
R A SRR AR AR 22 5%, KA E h & JB T R Z [l
FHCPERL TS, A Zn 55 Pb R B A58 19 1E AH G, O

RO AN A B, 4 T 4 T 3R [R] A AH O 1 ik A
i, JUHE Cu 5 Zn, Zn 5 Pb S50, RIH BB
A IE A 3G, S et JH SR TR s o A LA A A U . 1k
Ah, #AroCZE (W Pb 5 Cr. Cu§ Cr) 7 3P AEAE
FHIEME, F B E AT AT BE 52 AN [R] 19 PR 5% PR 2 5843 A AL
T (A5 0 o 33X ol 25 S 2 e S i 1 30 K A A B X
Sl 8 o 4 B OU R 1Y 43 A R IEAS [, 400 0 HE T K A R
& B R VR A 0 2 2% FLAYH, T 4 48 6 4 g e ZOk IR Bk
TR ML H— 3k
24 EERESHIREMBN

T PR 0 X Sk N A 6 JE TS K AR B, BRI 4 B
WA, HE RE R 8] — 9 A 3% B frif, 3t
BT IS KSR C AR R . RIRE | RIgEE
SRR AR 5 V5 K 2Rt 5 K Ak B A B HE A T I
o FERNEL L RIREL | NIgR BRI 2 EL R A R
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FARN, AFAETS DR A 17 K, 15 9k B HE
TRObRUE o SR B, 75 1 TS Gl ok IR T R AR R TR
LY A K 53 B 55 TS e (g 4855, 20215 AR 78
45, 2023) o AE RUIRTE QLSRR K B SCHE N R, Tt

IR FE

oA T7 SRS HE RIS YL i 7= A | TR e e e ke
& e MEAE (B SR 1845, 2021) o 20 4F 2k, 75 1 1
SR TR BRI T (5 6), AR A0 A T AR/, 5 WA
WA R VR IR /1N, AT R 2 il o5 5 e il

He=

F o6 BFiEMTE LA AER
Tab. 6 Land use in Qinghai Lake basin

A s B it L LN i 7K 3, KA L R 5 1 Hh
mA(km") 717562 420028  11369.88  76071.14  6264.94 113.98 594.88 2021429 423171
2000 e (%) 6.00 3.00 9.00 58.00 5.00 0.00 0.00 16.00 3.00
mA (km®) 713508 4202.91 11362.08 7607529  6276.70 114.27 629.55 20208.75 423234
2008 4 (%) 5.00 3.00 9.00 58.00 5.00 0.00 0.00 16.00 3.00
mA(km") 747714 416607 1135038  81607.39  6467.50 68.32 676.01 14257.84 416547
2010 L 1 /1% 6.00 3.00 9.00 63.00 5.00 0.00 1.00 11.00 3.00
MR (km®) 741884  4163.63 11334.02 8155678  6560.06 64.62 799.77 1417923  4160.27
201 4 (%) 6.00 3.00 9.00 63.00 5.00 0.00 1.00 11.00 3.00
mA(km®) 741490  4159.59 1133946  81386.89  6660.02 59.33 912.03 1415939  4145.13
2020 A5 (%) 6.00 3.00 9.00 62.00 5.00 0.00 1.00 11.00 3.00
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Fig. 7 Analysis of wat
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er pollution source

o

Tk, HEA SR IR (T84, 2024) . RAEHTT

ik
MR AL /)N, (AR I A A 2 A T AT AT RE RS K T i <5

A RE R

5 2 %f Cu, Cd. Cr 45 3 Fi i 4 J& Y 57 #ik A 4L
R, R IX 3 R B R EOR IR, B IR BRI X N L
NTAL T 14k, P, Zn T Cu 19 FR B8R 1 RE
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552838 18 Y B UV A O, iR R ACHEL . e IR A
TR 1) 4 U A U B K A rp, XK AR R 4 R A
177 A4 5Tk (Huber et al., 2016; 74 2 %45, 2024; Lahiri
etal, 2024) . Ptk e+ 2 V92 R A2 HE A

HF 3 J& Zn By =R R, X Pb A 5 2 5Tk,
XA G A M T A R — B 5 A M SEBR G L,
T3 EE S AR TE S UIAROC, ezl . AT Y 15 1
DL K 3 & S0 R S W HE RS, X sl i 2l FT fig 9 3
BRI Zn 55 5 4 )& 3 A KK (Wu et al, 2023) . B It
B 3 AR B

25 PR X0 4 4 1 SRR (141 8) R,
K7 1 X%} Zn, Pb, Cd #l Cr BT Bk R4 — & i, Cr
LR FEHFEHEMTEEY LIESRME, HER R
BOBAR, ULHH 5 rh Cr 2 B AR TS Ye b, S m il
AT RE S AR T, ORI T UURUE A B SR KA
1R A H RN R (455, 2020) . R, B 91 1 fif
R HARTE

K F 2 1) FZRIESHOZ Pb, Cu Ml Zn, HFREE
B, sC il fi R4 R T FITHAE . SRR . A
TR N B R A ) 2+ T 48 Pb. Cu Al Zn 1Y)
5 Yok PR (R K 32, 2013; 32 2245, 2019), Hivh Pb
A Cu A VR 74 42 B 451, Po J2 7 L S8 i 200
F, HIL Po ok IE FRERA, RERS A Pb ]
SRR VDA T . Zn U T4 46 B 45 Rk Ih 46
S R A (BE A 25, 2016) . BIFSE IX A0l 38 . 4
B AF R ACE A I, O B S ORGE N B AR
ok It 5 it I 1) R R, SR AR A AR RS G, X T £
HeE & TG Y, HARGEIX N R R L e 4k T w4k,
i Pb. Zn Fi Cu By FR B 8% 7 fig 5 2838 iz i 4% YDA OC .

L, X — 2 4 JR U R F ok A ASE s i .

K 30 EERIESEUE Cd. Cd FEZ B
KAV Yok AL Tl A R, R A
IR RITER, WRERE . AYUEAR FE R (HEE
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T HREE e SRS RN ESE, K
AW b 4 JE AL R (SR ER L, 2017) . ST
DXCRAE SR 20 & O, KW A PUIE —E B B
FHTEESE Cd EERER,

25 EFSOMMEERETRS

HRAE SOM 40T, KK IR 4 Jm Bt 30 3 25 (&1 9),
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Fig. 10 SOM analysis of soil heavy metals

55 T 280507 BB AR AR VD MR o, X L o
4 JE S BRI, DR R) AR X SO A LR M
MR X} 5 42 J@ A BN (Guan et al., 2016) . BF5T %
B, DR B A, HL T 4 i W R e s, TR Ok A A A T

R B A TR Y e T AR 35 17 R 4T 1 B 1 2 g
J1, R T AL S 5 W B A9 B2 (Guan et al,
2016) o [AIL, HORLAE 2% b 3 X H 5 T 4 I B e A5/,
PRI 4 e A B
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