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Fig.2 Contents of heavy metals in Fangcheng River in each month of 2020
F2 BHBAESKEELE 202056 A9 A 12 ARNER
Table 2 Monitoring results of heavy metals in West Bay of Fangchenggang Bay in June,September and December,2020

. T 4k
An o okm o omp PHIEER oE BRIV Fa wc mPh Bz WCd mor RHe  mAs WHAOH

Month  Category S value (mg/L) (mg/L) Chla  (pg/L)  (pg/L) (ug/L) (ug/L) (ug/ly (ug/L) Cug/L - Zp

mg/L) (pg/L)

June  Minimum  24.13 7.82 5.64 0.61 8.8 1.3 ND ND 5. 60 0.17 ND 0.031 0.69  0.27 0.52
Maximum  31.77 8.10 6.80 1.38 86 4.3 3.97 2.04 15.3 0.32 0. 60 0. 068 0.96  0.67 1.52
Average 28.84 7.95 6.23 1.00 16.1 3.0 1.45 0.59 7.58 0.21 0.33 0. 050 0.82  0.37 0.79
1o 2.44 0.11 0.29 0.22 16.3 0.9 0.96 0.37 2.47 0.04 0.18 0.011 0.09  0.09 0.22
P, - - - - - - omem oz G0 G emoon B%S GRS - -
w (%) - - - - - - 0 9.1 0 0 0 45.3 0 0 4.5

Sept-  Minimum  19.48 7.85 5.38 0.70 3.4 2.4 ND ND 2.75 0.14 ND 0.010 0.50  0.21 0.31

ember Maximum ~ 29.00 8.18 7.55 1.55 21.3 10.9 2.08 1.21 27.1 0. 84 0.85 0.062 0.71  0.64 1.05
Average 24,51 8.01 6.29 1.00 11.3 5.3 0. 81 0.48 8.87 0.32 0.50 0. 039 0.56  0.33 0.64
1o 3.00 0.11 0.69 0.24 4.1 2.2 0.58 0.29 5.92 0.17 0.13 0.013 0.06  0.12 0.20
P, S e R e v PR AL e b R PR
w (%) - - - - - - 0 9.1 4.5 0 0 27.3 0 0 4.5

Dece-  Minimum — 26.44 7.97 7.33  0.36 3.4 0.5 ND ND 3.71 ND 0. 44 0.031 0.50  0.17 0.52

mber Maximum ~ 32.08 8.19 811 1.62 18.3 3.0 3.51 1.57 35.3 0.65 0.65 0.046 0.69  0.57 1.29
Average 30.22 8.08 7.73 0.82 9.6 1.4 0.78 0.23 16.5 0.25 0.50 0.038 0.57  0.34 0.75
1o 1.53  0.06 0.24 0.30 4.6 0.7 1.10 0.37 7.63 0.16 0.06 0. 004 0.05  0.09 0.21
P, R A L e S X T R 1Y -
w (%) - - - - - - 0 9.1 27.3 0 0 0 0 0 13.6

Note: S indicates salinity; DO indicates dissolved oxygen; COD indicates chemical oxygen demand;SS indicates suspended solids;" =" indicates no data; ND indicates be-

low the detection limit
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PC5 iR T 12. 27% , 2 E AT M STk FAH 2ZE A K.
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3.1 ESESGRITHERR
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TR PE AR 25 IR A -5, Ik LB FRHE.
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Table 3 Results of principal component analysis of heavy met-
als contents and other physical and chemical factors in seawater

of West Bay and its adjacent area in 2020

oy PC1 PC2 PC3 PC4 PC5

Components

S 0. 867 -0.002 -0.312 0.093 0.261

pH value 0. 878 —0.094 0.16 —0.294 -0.174

CODy,  =0.71  -0.026 -0.143 -0.023 -0.25
DO 0.624 -0.293  0.09 -0.335  0.285
Chla  -0.183 0.037  0.128 —0.061 =—0,836
SS 0.058 —0.036  0.142 0.818 —0.195
Cu ~0.064 0.886 -0.112 0.019  0.138
Pb ~0.046 0.925 -0.012 0.075 —0.178
Zn 0.201 0.011  0.438 -0.13 0. 688
Cd -0.347 0.231  0.695 0.16 0.226
Cr 0.161 -0.283  0.743 -0.075 —0.039

Hg -0.211 0.114 -0.178 0,754 0.17
As -0.237 0.118 =-0.607 0.569  0.109
Eigenvalue  3.648 2.061 1.65  1.481  1.056

Variance

contribution 21,12 14. 61 14. 07 14. 05 12. 27
rate (%)

Cumulative 5 1, 35.73 49.80  63.85 76.13

variance (%)

Note: The bold values indicate strong loadings
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Table 4 Comparison of heavy metal contents in main coastal waters and Beibu Gulf waters in China

X 3% 4y Cu Pb Zn cd Cr Hg As WV%{E Fil 2%
Area Year (pg/L)  (pg/L)  (pg/L)  (ug/L)  (pg/L)  (pg/L)  (pg/L) value F value Reference
Liaodong Bay 2020 1.81  1.44  18.7  0.43 - 0.02 152 0.53  1.08 [22]
Yellow River Estuary 2011 1.6 561  14.9  0.66 - 0.24 2,59 2,04  4.22 (3]
Changjiang Estuary 2009 6.97  0.49 154  0.13 - 0.06  3.66  0.59  1.07 [20]
Pearl River Estuary 2019 1.64  1.61  13.5  0.12 - - 2.55  0.48  1.19 [23]
Beibu Gulf 2017 3.03  0.71  10.0  0.17  0.69 0.1 0.74  0.52  1.46 [4]
Weizhou Island 2018 1.12  0.55  4.57  0.05  0.43  0.012 - 0.17  0.41 r21]
Tieshan Bay 2016 2.14  0.34  13.6 0.6 - 0. 027 - 0.37  0.55 [10]
Lianzhou Bay 2018 269 0.78  9.62  0.17 1.4 0.052 0.8 042  0.79 (9]
Maowei Sea 2018 3.69 0.8 153  0.11  0.98  0.099  0.81  0.58  1.46 r9]
Pearl Bay 2018 1.63 0.8 477  0.14  0.27  0.09  1.56  0.44  1.37 [9]
Fangchenggang Bay 2013 273 1.25  21.8  0.08 - 0.042  1.43  0.55  0.97 [11]
Fangchenggang Bay 2016 3.23 214 241  0.28 - 0.041  0.91  0.73  1.60 [12]
West Bay and adjacent 590 101 044 1100  0.26  0.45  0.04  0.65  0.35  0.73 This study
Grade 1 - 5 1 20 1 50 0. 05 20 - - [16]
Note:" =" denotes no data;Grade I denotes the limited values of the quality standards for Grade I sea water
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3T e VB K AR B A TR ) R VR R T IR O v S R S KA Cu F Pb 3% 2 4> A2 4 b 3R Ak 2% 33 72 1 5%
4 JE 1SN AR A TS V5 K Tk K R W o AR L B VS R 2S5 Cu A Py MATTT P 75 K AR
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A B E M IEA G (R 5, P<<0.0D), T Cu M Pb  BZ,BIRKIES TP mKEBK He. Hg 5 5
ELA AR R U8 B A My Bk Ao R L VIS AR ARG A B 0 O 2 A K R T
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Chl a fF7ERR B 3 Y AR OGO R (R 5, P<<0. 0D, &
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A TG R xR B A K e R KR
MR, Sl — & B0 Zn WY B LY kg, [
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Table 5 Correlation analysis results of heavy metals and other physical and chemical factors in the waters of West Bay and its adja-

cent sea areas in 2020

S pH CODyy, DO Chl a SS Cu Pb Zn Cd Cr Hg As
S 1
pH 0.645" " 1
CODy, -0.557" " —0.558" " 1
DO 0.566" " 0.642" " -0.275" 1
Chl a -0.428" " 0.037 0.259" —0.286" 1
SS 0.014 —0.168 0.14 -0.171 0.023 1
Cu 0.023 —0.198 0.121 -0.217 -0.121 0.009 1
Pb —0.081 —0.148 0. 064 -0.359" " 0.159 0. 064 0.709" " 1
Zn 0.176 0.157 -0.372" " 0.397° " -0.366" " —0.128 0.007 -0.117 1
Cd -0.398" " —0.228" 0.065 —0.148 0.004 0.094 0.11 0.164 0.275" 1
Cr —0.069 0.249" —0.171 0. 207 0.019 0 —0.252 —0.262 0.274" 0.207 1
Hg —0.025 —-0.41" " 0.094 -0.364" " —0.099 0.345"° " 0.167 0.13 -0.133 0.139 —0.237 1
As 0.089 -0.518" " 0.15 -0.393" " —0.024 0.268 0.18 0.159 -0.226" —0.151 -0.511° " 0.539" " 1
Note: * " and * donate correlations with significance at the 0. 01 and the 0. 05 level, respectively
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Seasonal and Interannual Variation of Heavy Metals in West Bay
and Its Adjacent Area of Fangchenggang Bay

LEI Xuetie'?,SU Qizhong'*,LIU Guogiang'*,SUN Yan'?,ZHANG Chunhua', LAO Qibin',
SHEN Youli'?

(1. Marine Environmental Monitoring Centre of Beihai, State Oceanic Administration, Beihai, Guangxi,536000,China;2. Key Labo-
ratory of Marine Environmental Survey Technology and Application, Ministry of Natural Resources. Guangzhou. Guangdong,

510000, China)

Abstract: In order to evaluate the pollution status of heavy metals in West Bay (WB) of Fangchenggang City
and its adjacent waters,the monitoring data of heavy metals in West Bay in June, September and December
2020 and from 2011 to 2018, and the monitoring data of Fangchengjiang River in 2010 — 2020 were obtained in
this study. Single factor index (P;), Water Quality Index (WQID) ,Nemerow pollution index (F) and Princi-
pal Component Analysis (PCA) methods were used for analysis and evaluation. There was no seasonal
difference in contents of heavy metals in Fangchengjiang River in 2020, which basically met the first class of
seawater quality standards. Contents of heavy metals in WB exhibited the following order:Zn>>Cu> As>
Pb~Cr>Cd>Hg in 2020. Contents of Pb,Zn and Hg exceeded the first class of seawater quality standards,
and the exceeding rates were (9.1+0)%,(10.6+14.6) % and (24.2 % 22.9) %, respectively. F showed that
partial area was in a light pollution state and the exceeding rate was (7.5%5.3) %. WQI and F indicated that
the heavy metal pollution level of Fangchengjiang River showed a good trend over time from 2010 to 2020,
and it was in a relatively clean state from 2019 to 2020. WQI and F showed that although the water pollution
level in West Bay fluctuated over time from 2011 to 2020, the overall trend was positive. Sources and pollu-
tion levels of heavy metals in WB were jointly affected by human activities and biogeochemical processes.
With the sustainable development of the steel industry in Fangchenggang City, there is still a risk of increas-
ing the level of heavy metal pollution in Fangchenggang Bay. It is necessary to strengthen the management
and evaluation of surrounding pollution sources.

Key words: West Bay;seawater; heavy metals;pollution;evaluation
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