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Fig.1 Sampling station location in the study area
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Tab.1 Classification of comprehensive pollution

levels of heavy metal water quality
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Tab.2 Statistics of the various factors for the surface seawater quality in study area

M GRS FI{E bRz Cv — KT e~/ 97 SHORBT IOKBE
Cu 0.3 ~2.00 0.80 0.37 0.47 <5 <10 <50 —

Pb 0.06 ~0.77 0.17 0.13 0.77 <1 <5 <10 <50
In ND ~35.00 6.72 5.31 0.79 <20 <50 <100 <500
Cd 0.01 ~1.34 0.20 0.31 1.56 <1 <5 <10 —

As ND ~1.30 1.00 0.23 0.23 <20 <30 <50 —

Dy 5.12~7.48 6.20 0.50 0.08 >6 >5 >4 >3
Cop 0.23 ~1.43 0.70 0.27 0.39 <2 <3 <4 <5
Dy 0.12~1.13 0.40 0.20 0.49 <0.2 <0.3 <0.4 <0.5
Dyp 0.40 ~149.00  40.00 0.06 1.30 <I5 <30 <45
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Fig.2 Distribution plan of the surface seawater environmental factors in the study area
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Fig.3 Surface seawater quality index in the study area
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Fig.5 Risk entropy distribution of five heavy metals in

the surface seawater of the study area
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Fig. 6 Statistics and distribution of seawater eutrophication index and organic pollution index in the study area
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T K A SRR T 2 A [) R B 4 5 T g K B
SJB AR ARG BRI KA PR R B (pH
{EL) (R (Sal) MUK (SST) 45 ifE 7K Hh 8 4 Jm &5
HEAFAHOCHE T (2 3) . 455 %M, Cu 5 Pb 2
FIEMENE R (p <0.05) ,Cu 55 Sal .Cd 5 pH &
FREFML(p <0.01) , %M Sal X Cu &8 HA
—E WP AR, pH BN S20E Cd 434 i) 32 A
B, R UL 2R BT K HE U 5 M ¥ K Sal
M pH (A FZHEEK ' X FL Cu F1 Cd ATRESZ A
FIE S L, Cu Pb Zn Cd As 5 SST Z[a] A
HAMIEM:, — ROk U & KR A AT 5 48 1%
f S DR M AR B s X B — S L Y
SR E A, WFFE XK BAL T IR 5 4 R AR R
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Tab.3 Correlation coefficients of heavy metal elements and pH, Sal, SST in the study area

TCH JHEIKAE bR Cu Ph Zn cd As pH Sal SST
Cu 1
Pb 0.301°* 1
Zn 0.30 0.096 1
cd 0.001 -0.085 -0.036 1
As 0.172 -0.092 -0.026 0.066 1
pH {H -0.076 -0.025 0.158 -0.449**  -0.180 1
Sal —0.409"*  -0.034 0.180 -0.03 -0.195 -0.076 1
SST 0.083 0.05 -0.058 -0.197 0.028 0.221 -0.423 1

T TFE0.05 U (R MRER R " AE0.01 GU (U)X R
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SRyt — 20 e B 80 g R R K Th 4w
SRR, A SPSS #E4T B o B &8 B 40 A e 4
W3 ANFEW (R4, I7zERiFmm RN
75.291% , ] LA R B E G YLl B . Hod =
L(PC1) B 7 22 5Tk R R 29. 835% , F 43 J& Cu ANl
Pb #far sy , 2 3 T e 5 AT AL B R U, AH G
PR BT 35 B A A O . W B AR SR
AT K Ph 1) EEORE, KA R Z 54
Cu'®' WFFEIX Cu F1 Ph 5 (H X 35 240 A7 78 AT fi
I, eSSk B AL A A Cu S EIX, PR AT DA
IR PC1 EEACRIG B R A5 Y8, F i 2
(PC2) By )5 22 5Tk R A 24.203% , 43 )@ Cd T As
PRI 2 Aaf A 1, As i (L IXKEUR NW ] 437
TERFSE XALFRE I, Cd B {EIXAERF R ARTLER , & As
TSR EE T As B FZORIE, MAF 5T X AR I EB 4
VP R 1 TR ACEWFSE X Cd V5 9L ) 322k
PRUBT IS I AR AR M VS VA B B LT R R A
b B Tolb 5 Sz 1500 RN 125 VA 3ek A e vk B A € AT
As FEICHS S 00 A AT PR A9 R 1) DU 2%, 7E
5T X AR & 4, R AT LI PC2 2ok A T
IRFEFM A TR . TS 3(PC3) 977 22 BTk
A 21.253% A R NG ER M Zn 155 0. 961,
HoAth T4 A8 1% o b B Y A, T A
AT W 7 s 0 2 1 S ] s i S 4 Ja v
Zn T A e H R TR B v R SR R R A
Fili YA AR 5T XK T Zn (1 E BRI, ILAMIT
ARG 4 R 4 ™ i RS AR FL T B A T R
IR AN K B A 5K PRl PC3 AR T A
SR S B A KA Bl 3l T /K HE TS TR A R
A

R4 HREEEBKESEIRSBESH

Tab.4 Main component load distribution of heavy

metals in the surface seawater of the study area

- - 2 A

- PC1 PC2 PC3
Cu 0.822 0.246 -0.047
Pb 0.745 -0.303 0.156
Zn 0.074 0.010 0.961
Cd -0.204 0.650 0.169
As 0.212 0.748 -0.171
FRIEMH 1.742 1.560 1.363
TTHRAR/ % 29.835 24.203 21.253
Rk R/ % 29.835 54.038 75.291

F U - 2704k [FIH RS ( Principal Compo-
nent Analysis — Multiple Linear Regression, PCA -
MLR ) A R LE 4 75 15, ¥ 5 2 A il ad 2k
PEAE e A B A B B AR B (20801 , R RT B
ARRAEAT LSy LB, ST BT S R A 75 Y ok
AL i E o 22 T B0 7 22 R R RS o U
SUERR Y T2 0e 3 Al 4R R I
AR BTHRAR , LAARHEAL IS 1Y 5 FhEE 5 Jm 5 B 22
PSR, LA 3 Bh 3R AR O F AR i, 75 3
PRAEAL S B I U 75 R
C =0.211 x P, +0.093 x P, +0.865 x P, o

(7)
K C RIS 5 P GRS R ZH; Py .
Py (P s T U 3 Bl 0o i ml
75 R* O 0. 941 RUMUSHORE R . a5
TR AR Y SRR 189% |, WE /K IR A K Tl %
IR TTRRAR N 8% IR-A T AIRTTRRAR N 74%

4 i

(1) B 3k 7 v ol 32 2 VA IR 000 38 AR 35 - 5
H 4281 DO ,COD 548 hn 4 T — 2K K B bg
I, 62T Bl 5 i 45 K KL F- S DIN il DIP, 3% )23
167K 3% DIN F1 DIP $2 00 1) =28 & DLF 7K 5t 43 1) o
T X 38 1) 68 9% 1 40%

(2) B - PP 3R I 977 300 s 1 1l 2 2 Vg /K v
¥R =2k DIP Fl DIN, #8524 51 H 70% i
98% . IKIBELREG 15 YL 48 BOE VT 3 B 43 X 45
R, AL 6 WAL TR o5 G 9], 4 JE K
SRS VTN 235 SR 7 997 308 vl Jaf = 8 XU o 4 g o
2N Cu.Cd 1 Zn,

)P RIZ K E BRI E ENR
0.004 2 ~15.098 , ¥J1& 2. 777 , A 55% Wi i &b T &
BEFALIRE; AP 4821 0, (EIEHh 1. 960 ~
9.546 ¥R 4. 138, b Ti5 JLRAE . B EFRL
FE BILTS G ™ o DX Sl 38 4R TP 7R A VD B R 0 vl
AR RS RIER

(4) 7 s ¥ 39 3 )2 065 /K e DIN A1 DIP 32 %2
2K RGN U B 5 K HEB A S e, 38 o 3 AR
S RT R 5 FhER 4 32 EOR A I TS K
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Analysis and evaluation of heavy metal and eutrophication characteristics in
the surface seawater of Fangchenggang Sea in Guangxi

PANG Guotao'*?, LI Wei'**, YANG Yuanzhen'?, ZHANG Xiaolei'>*, LUO Junsheng'”>, MA Rugiang'~
(1. Yantai Center of Coastal Zone Geological Survey, China Geological Survey, Shandong Yantai 264000, China; 2. Ministry of
Natural Resources Observation and Research Station of Land — Sea Interaction Field in the Yellow River Estuary, Shandong
Yantai 264000, China; 3. Key Laboratory of Natural Resource Coupling Process and Effects, Beijing 100055, China;

4. College of Marine Earth Sciences, Ocean University of China, Shandong Qingdao 266100, China)

Abstract: The research on heavy metals and nutrients in seawater is of great significance to the understanding of
the balance of marine ecosystems, the assessing of the quality of marine environment, and the formulating of the
protection strategies. In order to study the water quality of the surface seawater in Fangchenggang sea, the authors
carried out an investigation in Fangchenggang sea in September 2021 to analyze the Dissolved Oxygen (DO),
Chemical Oxygen Demand ( COD), Dissolved Inorganic Nitrogen ( DIN), Dissolved Inorganic Phosphorus
(DIP), and 5 heavy metal contents ( Cu,Pb,Cd,Zn,As) of the seawater. The seawater quality was evaluated u-
sing single factor index, water quality index, organic pollution index, and eutrophication index. The results show
that except for DIN and DIP, all the other factors in the surface seawater of Fangchenggang sea are superior to
Class Il seawater quality standard. The single factor evaluation show that the main exceeding factors were DIP and
DIN, with the exceeding rates of 70% and 98% , respectively. The comprehensive pollution index method for wa-
ter quality evaluation indicates that the entire sea is in mild or above pollution. The evaluation results of heavy
metal risk entropy show that the main risk elements in Fangchenggang sea are Cu, Cd, and Zn. The whole sea ar-
ea is in organic pollution state based on eutrophication index and organic pollution index, and 55% of the area is
in eutrophic state, mostly concentrated in the southern waters of Qisha Peninsula and Fangchenggang waterway.
Further analysis indicates that DIN and DIP are mainly affected by the marine aquaculture industry and coastal
sewage discharge. The main sources of the five heavy metals are marine transportation, marine aquaculture and
industrial wastewater discharge, mixed input source, with the relative contribution rates of 18% , 8% , and 74% ,
respectively. This could provide some scientific basis for the sustainable development, marine environmental pro-
tection, and governance of Fangchenggang sea.

Keywords: Fangchenggang sea; surface water; heavy metal ; comprehensive pollution index; eutrophication; or-

ganic pollution
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