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Abstract [ Objective] This paper is to reveal the characteristics and potential risks of heavy metal pollution in surface water and
sediments in the Erhai Lake Basin. [ Methods| This paper focused on the major rivers and their overlying surface sediments in the
basin. The content characteristics of heavy metals such as arsenic (As), mercury (Hg), cadmium (Cd), chromium (Cr), lead
(Pb), nickel (Ni), copper (Cu), and zinc (Zn) in the relevant rivers and sediments were investigated and analyzed. Using the
single-factor index method, geoaccumulation index method, and potential ecological risk index method, the pollution degrees and
potential ecological risks of heavy metals in rivers and sediments were evaluated. Additionally, multivariate statistical methods were

employed to analyze the sources of pollutants. [ Results] (D The concentrations of heavy metals in the water system of the Erhai Lake
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Basin were lower than the class II water standard specified in the Environmental Quality Standards for Surface Water (GB 3838—
2002). Single-factor index analysis suggested that the relevant water systems were in a pollution-free state, indicating relatively clean
rivers. Following the implementation of various protection measures, the water quality in the Erhai Lake Basin had improved. @ The
average concentrations of As, Hg, Pb, Cd, Cu, Zn, Ni, and Cr in the sediments were 10. 15, 0. 12, 43. 18, 0. 70, 50. 68, 144.31,
54.58 mg/kg, and 103.27 mg/kg, respectively. The degree of variation followed the order of Cd > Hg > As > Pb > Ni > Cu > Cr >
Zn. @The geoaccumulation index of the eight heavy metals in the sediments indicated that Hg and Cd were in a clean state, while As,
Pb, and Cr were in a state of mild pollution at a few sampling points. Cu, Zn, and Ni were the primary pollutants. Both the potential
ecological risk of individual heavy metals and the comprehensive potential ecological hazard in the sediments were categorized as minor
ecological hazards. @ The sources of As, Pb, Cd, and Zn in the surface sediments of rivers in the Erhai Lake Basin were primarily
anthropogenic, including combined sources from human life and transportation. Cu, Ni, and Cr were mainly influenced by natural
sources , while Hg was primarily derived from industrial activities. [ Conclusion] The pollution levels of surface water and sediment in
the Erhai Lake watershed are predominantly classified as non-polluted to lightly polluted, indicating a good overall contamination

status. Thus, Erhai Lake can be considered a relatively clean lake.

Keywords Erhai Lake sediment heavy metal pollution evaluation source apportionment
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Fig. 1  Location of Sampling Points
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Tab. 1 Detection Limits of Samples

P mu%#um Y ﬂﬁ%@k#ﬁfﬁm %
(mg-kg™") (pg-L7)

As 0.04 0.12
Hg 0. 002 0.04
Cd 0.10 0. 05
Cr 0.50 0.11
Pb 2.00 0.09
Ni 0.30 0. 06
Cu 0. 60 0. 08
Zn 1.20 0.67
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Single-Factor Index Grading"**!
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Tab.5 Statistics of Heavy Metals Content and Univariate Analysis of Surface Water in Erhai Lake Basin

LD As Cu Zn Ni Cr

BRI/ (pg- L) 4.88 1. 80 1.72 2.09 2.31
M/ (pg- L) 0.20 0.20 0.67 0.24 0.32
FAE/ (pg-L7) 1. 61 0.79 1.16 0. 63 0. 65

P 1 1 11 1 1
R AARHEA (pe- L) 50. 00 1 000. 00 1 000. 00 10. 00 50. 00

" FOR AL E SR & N TR < 1 AR
2.2 MRAMESCEIERFE WA LIRS AE, b Hg 193 8 bR v Y L

WX R K RUTBIT As Hg Pb.Cd, 3k 81 82%  JUR BV 3] F AR 19 5 () 20. 73
Cu.Zn Ni Cr 8 FifE 4 J& o0 R & it A7k, o7 P AR RN 63.64% , fx i W =TT BHH 0
PR Ay B0y A2 10. 15,0, 12 43.18.,0. 70 50. 68 . 2.42 1%, Cd B FR LI 100% , He B 275 S5 1Y
144.31.54.58 .103.27 mg/kg (% 6), HIGEHA = 1.92~31.63 fi%; Cu #B HARMER LB R 81. 82% , %
M, E A RE L DIERES R SEMKR SRERT AR 2.43 5 Zn B AR MER LGN
FE K RV S K R VB = 100% , #7550 E 1. 06 ~2. 97 £ Ni # AR %N
5 B X R A RO TR R E S 90.90% , i KAE & TY SHIEH Y 2. 66 £i%; Cr AR RN
JEHATR , KA T R R s 90. 90% , B K{E T SE Y 2. 60 5,
F6 THIETEOKRTIBW R SR S RS

Tab. 6 Statistics of Heavy Metals in Sediments in Erhai River Basin

eIty As Hg Pb Cd Cu Zn Ni Cr
R/ (mg-kg™") 30. 50 0.31 87.00 3.29 81. 60 239. 00 88. 90 150. 00
e/ME/ (mg-kg™") 1.69 0.01 21.00 0. 20 26.20 85.40 28.50 52.40
FAME/ (mg-kg™") 10. 15 0.12 43.18 0.70 50. 68 144. 31 54.58 103. 27
bR 9.02 0.11 16. 95 0. 86 16. 44 40.77 17.93 30. 37
5 5 R 89% 90% 39% 122% 32% 28% 33% 29%
ZEA A R/ (mg-kg ™) 10. 80 0.02 36. 00 0.11 33. 60 80. 50 33.40 57. 60
FRE KRR RE/ (mg-kg™)  13.10 75. 00 32.30  230.00 25.00 81. 00 29.00 67. 00

AP 2O R U P ES B S  EshEl, HE AWK RUURY As Hg Pb,
ZREGH T 20% 0}, R E 48 &b E R H AL Cd.Cu.Zn Ni Cr 0978 5 R B0 )& 89% . 90% .
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Tab.7 Heavy Metals Content in Sediments of Typical River Systems ( Unit; mg/kg)

WFFEIX. As Hg Pb cd Cu Zn Ni Cr
AHFFEIX 10. 15 0.12 43.18 0.70 50. 68 144.31 54.58 103.27
gy 4] 4.95 0.03 23.02 0.17 24.22 115.78 26. 98 64. 66
2 o i (42 27.93 / 64. 18 1.30 71. 65 185. 61 36.92 65.08
BRIT/K R AR 9.60 0.03 34. 60 0.13 25.00 62.10 17. 60 29. 00
B ik A 13.34 0.12 37.00 0.48 44.71 163. 62 45.50 102. 46
PR (4] 146. 20 / 40. 00 1.47 60. 70 136. 00 32.80 56.20
T B 4o 15.74 / 67.17 0.52 30. 92 80.28 24.74 69. 03
2.3 EHEBKRNBRYMELEMRERIEE i 12
KRBT SRR BRI R | <0
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BRPEVS Y Ni 76 8450 R B A s v BEVS Y2, 78 1#,
24 3# SR IR I T, AR A R R RS Y
Cr 7E 4# 7# 8# 9# 104 i i RN R TG Y AR
PRI, o# T#SAL 0 5 Fh 6 i 4
JEIGYAFAE 3K 2 IR S S RH NG, T2 T
MBI IIUNEE - N1 R a2 =1 |1 R
K, NZETE B ] BE T30 6#  7T#IURE 5 1 4 8 15 Y

GAERE, DSV ESIET, Cu,
Zn Ni HEBESYESE 11 S EAE 8 4 A A4
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eSS ER I T 150, 4 20. 70~ 65. 27, )& T
RS a%E R 8 MESJEICENEIEKRAES
IESAEYIN, XSmRS E TR b
BH,Cu Ni As Pb 4 /T 48 5T#k R 2 FliE KF Hg,

Cd Zn Cr, 51150k T 87% , Cu J2& STk R i i Y IC R
(5 26.00%) , H: ¥ J& Ni, As. Pb (435 i 24.00% .
20.00% . 17.00%) , %% J& & Cr.Zn (43 %) 5 8.00% .
5.00%) ,Hg .Cd TTBkZE N, 105 0. 16% 0. 24% .

R 8 AKRVMYESIRIEMEESEERB NG GBS CERE

Tab. 8 Potential Ecological Hazard Indices of Heavy Metals in River Sediments and Comprehensive Potential

Ecological Hazard Indices

i H Ry,
As Hg Pb Cd Cu Zn Ni Cr

1# 2.24 0.02 5.11 0.03 5.24 1.58 4.91 1. 56 20.70
2# 2.73 0.17 7.28 0.03 10. 98 1.31 6.33 2.14 30. 96
3# 1.46 0. 06 6.35 0. 10 6. 88 2.14 6.53 2.59 26. 10
44 2.14 0.01 3.25 0.03 9.98 1. 05 9.38 3.22 29. 06
S# 5.79 0. 05 6.50 0. 04 8. 04 1.31 10. 60 2.95 35.28
6# 17.02 0.16 8.36 0.07 9.28 2.19 7.50 2.41 47.00
T# 23.28 0.12 13.47 0.43 11. 60 2.95 9.78 3.64 65.27
8# 8.85 0.03 6. 81 0. 05 16.32 1.85 15.33 4.48 53.72
o# 12.37 0.04 4.33 0.15 12.78 1.96 13.57 4.39 49.59
10# 8.09 0.02 7.74 0. 05 14. 14 1.75 11.95 4.00 47.75
11# 1.29 0.01 4.33 0.03 6.26 1.51 7. 64 2.52 23.59
SEHMH 7.75 0. 06 6. 68 0.09 10. 14 1.78 9.41 3.08 39.00

Tk 20. 00% 0. 16% 17.00% 0. 24% 26. 00% 5. 00% 24. 00% 8. 00% /

2.5 RENBYESEEFRBEMT

A 3 Al TR K R VTR 4R 5 2 ]
FEEIEA SR R R IR B B /K (P<0.05) , £H It
R — B EARFECRSBE G159, M ER 5
MR ARMTIE G K 22 R 2 DU Y B 4 08 184y, e W 45
W] KMO fBH°H 0. 617,55 T 0. 50; Bartlett BKJE JiF
6 36 AH FEARE % 0. 000, & B AT 58 R A& 1 B 4 1
HVEFEBGT 53T

TR T A AR 9 i JL4R I 3 A F AT
o3, BN 92.883%, ¥ 1 hEZMATE
4 As Pb . Cd Fl Zn XM ES R BN 4 AN E 4
JEICR Z A1 5 WA, T SRR A BE 2 3 As
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Tab.9 Compositional Matrix of Heavy Metals Content in
Rivers Sediments of the Study Area
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