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Heavy metal pollution characteristics and source apportionment in overlying deposits of Caohai Lake,
Guizhou Province

LIN Shao—xia'?, LIU Xiao—lan’, ZHANG Zhuan-ling’, XIAO Zhi—qiang', ZHANG Qing—hai*

(1.Guizhou Academy of Testing and Analysis, Guiyang 550016, China; 2.The Key Laboratory of Chemistry for Natural Products of Guizhou
Province and Chinese Academy of Science, Guiyang 550016, China; 3. School of Chemical & Chemical Engineering, Guizhou
University, Guiyang 550025, China; 4.College of Food Science, Guizhou Medical University, Guiyang 550025, China)

Abstract: Caohai Lake is a typical and complete plateau degraded wetland ecosystem in China, with a high background of heavy metals
caused by carbonate soil development. In order to explore the heavy metal pollution levels and sources in sediments of Caohai Lake, the
heavy metals in deposits were compared with soil background values, and the heavy metal depositional characteristics were expounded.
With reference to the biological effective concentrations, the hazards caused by heavy metals to aquatic organisms were evaluated; the
heavy metal pollution sources were explained using principal component analysis (PCA) and positive definite matrix factor analysis (PMF)
models. The results show that the average Cu and Cr contents in the deposits do not exceed the background values, and the ratios of Cd, Zn,
Hg, As, and Pb contents exceeding background values are 100%, 95.23%, 92.86%, 83.33%, and 66.67%, respectively. Most of the Cu and
Cr contents are lower than the effects range—low (ERL) value, while the levels of Cd, Hg, and Zn in some samples were greater than the
limits of effects range—median (ERM ). Both models have identified 4 pollution sources, where direct surface runoffs account for 13.31%,
human activities for 45.13%, geological background sources for 38.32%, and atmospheric sedimentation sources for 3.24%. The pollution
sources explained by both models can be well expressed, indicating that the heavy metal sources in the sediments are clear. High attention
should be paid to the impacts of human activities when pollution prevention and control measures are formulated.
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1 FH 8 32 AR R 32 AT - Ak 2 30 4 - 1 125 (Chemical
mass balance model, CMB) . [X 143 #r#: (Factor analy-
sis, FA) . HF5 28 48 [ 53 B % (Target transformation
factor analysis, TTFA) \UNMIX #& AU | 3 Bl 440 Br ik
(Principal component analysis , PCA ) | 1F & %1 [ K 172
(Positive matrix factorization , PMF )45, H:H1 PCA 72438
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Figure 1 Distribution of sampling sites for the sediments in Caohai
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Table 1 Uncertain value and detection limit of heavy metals

i H Items Cu Ph Zn Cr Cd As Hg
KPR/ (mg-kg™)  0.05 0.05 0.05 0.05 0.05 0.002 0.002
AN S 10 10 10 10 10 10 10

AEFE 5 Pearson AH & 43 B #1543 43 Bt (PCA) 5 TR
Y 4 JE AR VE AT USEPA PMF5.0 58 A% o

2 HREIR

2.1 EEMRYELESERSMISIT
2.1.1 VIR 4 JE & R

FE 84 LB FEA (1 B 4 8 O B e 2 SR L
2, LITHRIE1998 4 i 38 (1) 5t M e A= TR ) b
BRI S AN S BT TR E &8 b, bR
Cu.Crdh, HAx 5 Al i 48 -3 & s L 5t M %k
DU S8, Hoh Cd AR R 100%, 275 S EH
3.06~101.23 fi% ; Zn B F5 % h 95.23% , e KAH N 5t
{ELY 6.32 48 s Hg AR R 1 92.86% , e KA My 15 HHAELAY
25.6 1% ; As HIbR N 83.33% , fit KA T 5 BHE 119 3.15
i s Ph B FR R R 66.67% , fie KA J 15 S A1 3.65 fif 5
Cu's Cr N EMGUIRRY P is R R TS, B
BR324 10.71% F1 17.86% , Ho v f5 KAG 43 1] 2 75
SAM LS9 1.20 1%, 5 5t R A TR Y ek 1k
2T SE A H, SO TR Y o 4 R HLE R e
FFRAE , JLADE 4 )8 1 2 IS R R B B Ar L 4
4 E E £ MK IR A Cd>Zn>Hg>As>Pb>Cr>Cu.,
55N N LD TR ) I 4 S S A H
UL b Zn & A, AR VTR & 5
F A A e DI SO RN AR RN
FEAIA TR B R R X B A7 X B
SRR AT

UURL) I e v — S A A SO i A
BAR, A JE P i 1k BN MR B AR(E ERL IS, 10% A2

i W 3 BIASF R ), 1K B R0 v B o (H ERM B
50% A A2 BUR R ), R TR )
& Ja X 1 e T R A (L 2) , 3 43 HE IR A 1Y)
HE4JE Cd Hg Zn F KT ERM K, HAx 4 Fh B 4
J& Y AR EMR K. Rl KES A FEA R Cr.
Cu 7% 5 A 1L ERL KA, 4390 5 82.14% #192.86%,
NS N A A 7= R R . AR E DU
48 KOF AR R S M R A TR A S H
A8 e BE A, DUAR ) b 4B SR A
AT A & A, SN NG % Cd  Hg Zn 1
I B B IR .
2.1.2 YURRYE 4 g 25 1) 43 A R AE

7 S 22 B T S e T R A R LR Y
X 8 23 i) A5 Sk, A 2 B, SRR AR H R Cu 4t
HoAx 6 B EE 4 ) 1078 53 RELHR>40% , = By i AR 5
PRk, UL SR DR B AR A 22 SRR, 24
TR AT A K o X B0 AR ) o B 4 0k A S R
BMBURAE, /AT H 25 4 AR AR (81 3) , 25 R R
As . Cu . Pb W53 A5 R BN T o B v F bt ARk A=
PR AEE AR T AR R TR AR R . Cr oA S B R )
L33 U B A A L Cd  Hig . Zn T ZE 39 P 0 7K 7 5 % 1K B
H B VR oA, SO IR AL T L Zn 4R , LI
BN w7 AR He . Cd™), 5% JLRN 8 42 J& 78 25 i
WA K REVE T R B — Stk oA . RO TR
Ty 4 SR R BE A A 5 K IR G - — Ty TR BN
AR LA KA A =6 (4 AT, IR R AR X N 7K 2R
A KR, D4 T iR KRk L HEK
B R RATEHEG & . 5 — I RIS e P i ]
IKABIZ M, Cd  Hg  Zn 78 51385 P 0 HYBRSHS 49 0 kB
O3 TR 15 Y e AT XS EESREVE T A
PRFSAVEF L 6175 Gt e 7K S5 UR 14 DX 3t 0 v e T
o UURRY P EE 4 20 A1 RRAE 8 T W 7K o ] 78 3 AR
R, IR Z 7K I vV FH R 52, AT 11 b AR
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Table 2 Descriptive statistics of heavy metals in sediments of Caohai

I H Items As Cd Cr Cu Hg Ph Zn
BN e/ M 11.25 0.95 11.21 6.75 0.01 12.90 47.79
SEONI:E 46.87 31.38 95.08 46.94 2.56 107.24 568.20
A/ (mg-kg™) 21.81 9.74 49.81 19.75 0.46 41.27 307.00
A5 ZRBCVI% 47.28 60.09 43.71 33.06 66.97 45.93 40.26
LAY (mg kg ™) 34.90 10.50 — 90.00 0.59 43.50 125.00
FE - HEY (mg - kg™) 19.39 2.71 91.67 39.87 0.13 62.71 234.75
BN RAE VTR 508/ (mg - kg™) 14.89 0.31 79.42 29.43 0.10 29.39 89.94
R % 83.33 100 17.86 10.71 92.86 66.67 95.23
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Figure 2 Distribution of heavy metal content in Caohai sediments
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Figure 3 Spatial distribution of the 7 kinds of heavy metal in sediments of Caohai
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Table 3 The weight coefficient and CSI of heavy metals

i H Ttems Cr Cu Zn As Cd Ph Hg
WA 0.738 0.791 0.953 0.856 0.878 0.842 0.352
LEROR(E 3.101
AT 0.136 0.146 0.176 0.158 0.162 0.156 0.065
sl f/IMA 0.05 0.07 0.10 0.19 0.15 0.08 0.02
SSONI:] 0.14 0.18 0.68 0.45 2.56 0.27 0.18
M 0.10 0.1 0.36 0.27 0.75 0.15 0.1

F1f#NT A H R AR W

F2 6045 Zn Cd, ST Ny 24.62%. M Zn.Cd TE
UURR W) v 23 ) A3 A RR AR, W3 o A a3/ 2o — 3K
P o S T s A AT B A b R T FE AR
FER EA R HRCL R SR B I REIR | R S
KRS & Zn Cd 1 L 2 52 5%, B KRN il A1 3 4845
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Figure 4 Distribution of heavy metal combined pollution severity
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3.0

1% WHART]

5 TR F2 A7 9 Ml Rl 35 3% X U5

F3 5 Cu LA BT BURTA I , SRR M 14,129,
Cu 75 B0 LBV h i A 5, R A7 AE M
Wi HFIE . Cu Bk A KA AL 8, 5 K

M JFE A O IR F3 0 Ja T 5t M B 5
PR H AR

F4 v Hg HAA B8 BT FLRE , TRk 8.46%,
He & —F R EBIC R , st MO T4 F i & H b vl
BB, TR E R Y He i i X, It Ah I 8 g R
P TR AR BT R R, Hg /8 Zn
WA W —FEAETTER AR R AR 1M 58 5% KA
B AERASUCRENE T UTFR T 300, DX HORE R4 f by
KT
2.3.2 JLF PMF (15 fi b

kM EPA PMF5.0 #F47 5 4 J U5 i by, 7 Fh 42
J& ¥ 0 F “strong” 2 (S/N>9) , B AF 7 H sh ik N
“weak” o PRIVTFRA) v o 4 Ja ok R T AR R0 IR A 401k
B AT 1, TR B30 S R s i ™ R 2
AT B E o 2RI, R S Q R/ ME, LIS B i
TEfRRT A A 1 2 e 2 - B0 AR BTk . AT
FEH L BEE R R 2~7 4>, 2K FH Robust #8538, 8 21K
AT, e 441 381 T 20 IR AT AR,

By
x4 MRYMESENERSHTER

Table 4 Result of sediment heavy metal load matrix on

PCA model
F2 3B F PCA Factor Fl F2 F3 F4
As 0.872  -0.261  0.185 —
Pb 0.819 0225 0343 -0.115
Cr 0.745  -0.497 0.101  0.137
Zn -0.122 0963  0.152 —
cd -0.103 0902 -0.289 0.183
Cu 0.368 — 0.908 —
Hg — 0.112 — 0.983
FEAEAE 3.101  1.723  0.988  0.595
k% 4431 2462 1412 8.49
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Table 6 Source apportionment and contribution rates of
PCA and PMF models

M FRAR IR TGS MU SR RRTORR IR

, o \ - BTG e Human Geologic  Atmospheric =R
TESKRT, Cu ey O REBLAR 22 1 BUAE AR R X I, X — Models  off  activity  background  deposition *-CCUM™U1ate
X FZ R A R TR KCE Ve KE IR, Je 4[] PCA/% 4431 24.62 14.12 8.49 91.54
Wr JC AR 2, DU P S 22 R S5 E b AR PMF/% 1331 45.13 3832 3.24 100
x5 BETPMFEERBFEBITER
Table 5 Results of heavy metal source appointment base on PMF model
LR PR S31% Source component spectrum/(mg-kg™) PR BTHK K Source contribution/%
Elements  [HF 1 Factorl T2 Factor2  [HF3 Factor3  [HF 4 Factord F 1 Factorl T2 Factor2 T3 Factor3 F 4 Factor4

As 13.968 4.162 6.220 1322 54.4 16.2 24.2 5.2

Ph 17.120 13.112 8.948 1.061 425 326 222 2.6

Cr 28911 — 20.236 2.974 55.5 — 38.8 5.7

Zn — 192.290 139.170 7.897 — 56.7 41.0 23

Cd 0.425 10.872 1.692 — 33 83.6 — 13.0

Cu 5.037 1.266 11.825 2.222 24.8 6.2 58.1 10.9

Hg 0.026 0.020 0.048 0.438 5.0 3.8 9.1 82.1
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