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Abstract: As a critical part of wetland system in Guizhou plateau, Caohai Lake plays important roles in maintaining
ecological balance, healthy and harmonious species diversity and the regional climate regulation. In order to stabilize the
wetland and sustainable development resource, it is critically important to study the characteristics of heavy metals
pollution in atmospheric deposition flux and pollution characteristics. By the susceptibility and tolerance of bryophytes to
heavy metals, MossBag method was used to monitor the heavy metal pollution around the lake for seven heavy metals
(Cu, Pb, Zn, Cd, Cr, As and Hg) analyses, and the contents of seven heavy metals were detected by ICP-MS and
atomic fluorescence. The sediment flux was calculated. The principal component analysis and correlation analysis are
applied to study their characteristics and origins of such pollutants, while the ecological risks of these seven heavy metals
were evaluated using geoaccumulation index method. The results were as follows: The heavy metals in atmospheric
deposition fluxes of Caohai Lake were significantly different, among which Cu and Zn deposition fluxes much higher than
Pb,Cd,Cr,As and Hg, reaching 21.43 g - m” - d" and 102.82 pg - m™ - d", accounting for a large percentage of
total deposition flux. The correlation analysis showed that there was a positive correlation between As and Cr, Zn and
Cu, Cd and Pb indicating that they were from similar or same sources. However, there was no significant correlation
between other metals. Applying the geoaccumulation index method, the following conclusions were reached; All seven
heavy metals were seriously polluted, of which Cd was at the extremely high pollution level. According to the
characteristics and sources of heavy metal pollution around Caohai Lake, heavy metal pollutions were considered mainly

caused by many factors, including industrial structure and production and life style, and even the leftover of primitive

SRI B A o R P BEAR ) W DN o0 A 5 M T ) R R R DL AR AE 1541

zinc smelting industry in the vicinity.

Key words: Caohai Lake, wetland, heavy metals, deposition flux, pollution characteristics, MossBag
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Table 1  Background reference values for heavy metals
F8FR Index Hg Cd As Pb Cu Cr Zn
B, 0.11 0.66 20.00 35.20 32.00 95.90 99.50

% 2 Muller #1f RIH S %

Table 2 Classification of Muller geoaccumulation index

lEE s

Degree of pollution

HUR B (1) h 2k

Geoaccumulation index grade

5 R
Degree of pollution

W B (1) 4h4t

Geoaccumulation index grade

Igm( 0 ToSEBRTE B None
I<l,<2 Pt 7 B2 75 4 Medium
3<1,<4 i T 5 ¢ Strong
5<1I,<10 JEE 5 Y4 Most strong

0<1/,<1 B2 PTG YL Slight
2<1I,<3 PTG S Very medium
4<1,<5 TG Y Very strong

1.7 HiE5

K F Microsoft Office Excel 2007 11 SPSS 19.0
GEt A TR AR B S 23 i, FH Pearson AH G A3
v A 56 L 4 Ja oo 3R 2 M) B AR S A R o A R
KHE LB MR, H Origin 8.5 FA1E R, {4 FH 1
FRZTS YA BOE X RATEDIR O T VA
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Table 3 Total atmosphere deposition flux of heavy metals from Caohai Lake (pg+ m™> - d")
F8FR Ttem Cr Cu Zn As Cd Pb Hg
He KA max 38.12 191.18 274.39 35.45 14.90 40.04 0.29
e/IMH. min 0.15 0.01 5.98 0.09 0.19 1.35 0.02
SEXIE mean 7.77 21.43 102.82 2.99 1.80 9.04 0.11

R XA I S A R,
NP SRR BB ) T LR R T Zn RSk
ETFIR T 7= BRI AR T %A A ek, v]
B H 0 55 b DX st B v MR B L R B 1 R R
1z SOREER B AE TG 21X (S4) I8 /& Pb JT
B YR B R M A B X (S3) 5 HAHZETEL,
BIRIX (S3) IEAL TR S ZE G /Nl AN
KA Pb ou R & i T H A4S 8, ot R 44
Wl 5 22 (B o B 2 S, fERUTRE L, E R
(S1), BIRIX (S4), ZR 1l (S7) 3 A~ Wi 4 DT R i
A2 T XA (S6) W I a5 A X HoAth 2 fe /N, i 5
BT EROBL RGIBAE—EXRR, 1F
JEHUEA , LA Zn Cu JTCEDIFEE R, HmIX (S3)
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Fig. 2 Deposition flux of atmosphere

deposition from sampling sites of Caohai Lake
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Table 4 Correlation analysis of heavy metal contents in atmosphere deposition from Caohai Lake

HAJE

Heavy metal Cr Cu Zn As Cd Pb Hg
Cr 1.000
Cu 0.187 = 1.000
Zn -0.112 0.837 sk 1.000
As 0.525 =3k 0.319 s -0.033 1.000
Cd 0.525 0.235 = 0.338 3k 0.112 1.000
Pb 0.109 0.135 0.162 0.040 0.456 s 1.000
Hg 0.056 -0.047 -0.059 -0.046 -0.135 0.264 =3 1.000

e FORLE 0.01 K OB b B2 IE ; * RIRTE 0.05 K (UM) B REAK, R n=169, T,
Note; ##* means significant correlation at the 0.01 level (2-tailed) ; * means significant correlation at the 0.05 level (2-tailed) . Sampling

numbers n=169. The same below.

SILREM L (S2) RBE M, LA X 1L, 721 6]
A AR T T R R O S0 A UL
EFenis ALEEIF 4T3 iPNETES SN EPC IS U o)
R IR (9 X8 A& B, A B AN DC F o 7 P R DR
DURE & T IR IR RO e R 0 s PR 6 TR

T 7 8 g J 1 2R 7 = XU v, B o 4 JR I
M, P4 T T R L, T R R (Y MR 2 B
B, b ok A AR 2 KU LA R BEAE A T
P 28 25 F9 P A1) I XL P4 72 0 PR P 000 L ok g BEL 425 T
ANRETIEEREK Bl R B, o) TR 4
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Table 5 Interpretation of total variance of principal component analysis of heavy metals in atmosphere deposition
BIUGA T P T e X ¥
Initial eigenvalues Extraction sums of squared loading Rotation sums of squared loading
B Wi
Main ¢ > 4 DIy R p DIy g 4 BTk % S
aincomponent e TRE s mEl OURF  mgmgms REE CORT mpweex
% of . % of . % of .
Total . Cumulative % Total . Cumulative % Total . Cumulative %
Variance Variance Variance
1 2.248 32.109 32.109 2.248 32.109 32.109 1.848 26.393 26.393
2 1.469 20.985 53.094 1.469 20.985 53.094 1.587 22.665 49.058
3 1.301 18.581 71.675 1.301 18.581 71.675 1.454 20.77 69.828
4 1.016 14.517 86.192 1.016 14.517 86.192 1.145 16.364 86.192
5 0.478 6.827 93.019
6 0.406 5.796 98.814
7 0.083 1.186 100

I RPONE I ER S, TR,

Note : Extraction method is principal component analysis. The same below.

R6 XRNBEESEEIMSSHHEFHETER

Table 6  Factor load analysis of principal component analysis of heavy metals in atmosphere deposition

JEIRZE T Component 4B R HEFL 5 2% AT Rotated component
Ha )R
Heavy metal
1 2 3 4 1 2 3 4
Cu 0.856 0.125 0.317 0.319 0.953 0.104 0.172 0.033
Zn 0.784 0.466 0.233 0.254 0.942 0.242 0.063 0.009
Cd 0.606 0.183 0.310 0.588 0.091 0.880 0.018 0.087
Cr 0.377 0.780 0.021 0.018 0.014 0.859 0.066 0.091
As 0.427 0.761 0.157 0.060 0.198 0.055 0.853 0.269
Pb 0.455 0.071 0.769 0.158 0.047 0.047 0.829 0.369
Hg 0.037 0.102 0.659 0.690 0.028 0.003 0.025 0.959
e TR SR B T REE AR 1 LIV BT RN LA KRR F Y @R T B B 28 R 22 AN SR R R, R B FI

VB % 4 s A DR AT — RS2
22 KSMBEEEENREDHT

FIH Pearson AH 5GP J7 ik %) FL Jl i TR 0L
WA it i 1 L b o i T A G e AT A G PE
B, A B RIS 4, R T 3208003 3 A 5 12 0] i 4
JEIR VAT T o b A5 R IR 5, k5 Al A,
O — FE U I U7 22 DTRR o B 7 22 BTk 926,393 %,
e T A PR o A A R SR R RO R
HKIE R A m e B -, R 6 af LI,

T FEFER Ca B Zn Y5340, 5 = F T2 Cd
HCr, TTHR N 22.665% , &5 = F 43 & Pb Al
As, TTHRR N 20.77% , 5500 F W50 & He, BTHER %
}16.364% ,
2.3 KREMEREERETEEN

R AR RIGHL 1, PR VAN R TR
LR A TR Y5 Yotk B ) B AR IR BT 2R
Bl N A Jm s g, BRI E 3 s, Kot R
I, M KF/NH Cd . Zn Hg, Cu.Pb As Cr, ¥it

geo
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Fig. 3 Geoaccumulation index of heavy metals in atmosphere

deposition from Caohai Lake
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A (2008 ) Xof b 501 Jit X8 R AT R 4
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S5 0.24 11.86,14.20.0.024 .22.00,54.49 .
2.90 mg - m” e a” AR (2012) X R KT E 4
J&ICE Cd.Cr.Cu Hg Pb Zn il EHF5E N 0.17,
17.85.17.52.0.03.15.71 .78.81 mg - m™> - a™', 5
HXT G, AR BFFE Cd He 19 DL 5 5 518 0.65
0.04 mg - m™> -« a”' , XWFICREILNIEES F
IS e, (E At o0 23908 T AT A BF 9. A
Jo o D S IR 2 PR 2R 2 8 VY e I 0T A b X LA
T A HO A A R B R R A R ER AR TP R B Y
R, A TT AN BR VL 38 ) A S B B X, 3R
B 7= SRR A, TR AR IR BT 8 Hs X,
PRFE , R Bk X Cd  Hg . Pb /Y5
WefE, X TR Cd Hg MIFh T &K & F HiAlh
IR 22— K EE (2016) X 22 JH T fh Fe 2k
hE G EIT RRR Y, B LRI EH S R
L i) TR IR T4 F R W ) 5 A BT sh Y, R Ot
ARz W) v B 4 T T G 0 BTk R R IR TR 1R )
1), 5T HE5E(2015) X & R FFREA 48 15

VR B SN [ A N 1 N N i 4 e 1
FEERR 2 5, 52 B0 0 15 G AR IR | K
et e S e AT

| H Pearson APk, H B & REGEIRN,
FORAEAT 1, T I OGS B B, U
& J@ Z A AETE [ IR i &2 8 A5 G 51 1Y ( Luo
et al., 2011 ; Bastami et al.,2014; 5KkF 345, 2018) .,
Hrp, Culy Zn Z AR B35 10 IEAH GG R,
As 5 Cr R B EMIEM LR, Cd 5 Pb R
HIEAOCE R, R UIX 3 s R Z B4 HH R R
HoA TT 2R Z 18] B AH OGP AN 8 3%, 0 W) o 46 Js o T
ok, —EREZ N T E, — Bk, Pb ok
AR OO Tl A= P AR R R A, IR R A
BAFEARIC R , A28 P& 2D YRR IE T B3R JC & (Wong
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