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Abstract: Offshore waters of the South China Sea are facing serious threats of eutrophication, which is short
of systematic research. In this study, total of 161 water samples were collected from sites in the offshore areas
of the South China Sea, and data on pH, dissolved oxygen (DO), chemical oxygen demand (COD), reactive
phosphorus, and inorganic nitrogen (nitrite nitrogen, nitrate nitrogen, and ammonia nitrogen) were obtained,
along with the estimation of eutrophication index (E) for each site. The results indicate that the water in the

Beibu Gulf and Pearl River Estuary generally have higher pH values, while those in Western Guangdong,
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Eastern Guangdong, and Hainan have relatively lower pH values. The DO levels in the Beibu Gulf and Pearl
River Estuary are comparatively high, while those in Western Guangdong, Eastern Guangdong, and Hainan
are lower. The COD concentration is highest in the Beibu Gulf, slightly lower in the Pearl River Estuary,
Western Guangdong, and Eastern Guangdong, and the lowest in Hainan. The concentration of inorganic
nitrogen is highest in the Beibu Gulf, followed by Eastern Guangdong and the Pearl River Estuary, and
relatively lower in Western Guangdong and Hainan. The highest concentration of labile phosphorus is found
in Eastern Guangdong, followed by the Pearl River Estuary and Beibu Gulf, with the lowest levels in Western
Guangdong and Hainan. Based on the aforementioned data, the estimated results show that the Beibu Gulf has
the highest E values (maximum of 63.34, average of 6.30), followed by Eastern Guangdong (maximum of
17.84, average of 3.74), Western Guangdong (maximum of 17.33, average of 0.44), and the Pearl River
Estuary (maximum of 2.93, average of 0.39), while Hainan has the lowest E values (maximum of 0.49,
average of 0.02), indicating that severe eutrophication mainly happened in the Beibu Gulf, Eastern
Guangdong, and Western Guangdong areas, with mild eutrophication primarily in the Pearl River Estuary
area, and other areas showing light eutrophication. The key factor causing severe eutrophication in the Beibu
Gulf is the excessive discharge of inorganic nitrogen from industrial and agricultural production activities and
aquaculture processes, while the exacerbation of eutrophication in Eastern Guangdong may be mainly related
to the excessive discharge of labile phosphorus-rich industrial and agricultural wastewater and domestic
sewage. Severe eutrophication in the Beibu Gulf and Eastern Guangdong has led to a significant decrease in
water pH and DO, which may further intensify the threat of eutrophication.
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Fig. 1 Sketch map of offshore area of the South China Sea and sampling sites
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Tk, B E = 1 BEAEERCRES, —8

SRR RS (1 <E < 3), hEEE SR
(3<E < 9)MEHE & EHRI(E>9),

2 4k

PRI A UK AE FRAH DGR AR I 25 R G
TRUL A 1 FE 2, BIFGTES R B AL RIS Ak O
KA pH A= (73518 7.29 ~ 8.74 F118.08 ~
8.48), T 7Y | B A FIE R VUK AR pH ARXT AR
(7.52 ~8.66.7.68 ~8.44 F18.02 ~8.22; [< 2a %] 3);
b BBV FNERVL 1 ¥ Sl /K AR 1) 75 i 460 (DO) ¥k B2 AR
IFAF A8 8 (43 3R 5.22 ~ 12.63 mg/L Fil 5.98 ~
8.72 mg/L), W94 | HARKFNE Bl /K 1A DO e
A X} #5AK (4.76 ~ 8.18 mg/L, 4.67 ~ 9.22 mg/L
1 5.36 ~ 8.04 mg/L; [<] 2b FII%] 4) 5 Jb 30 ¥4 Vi 4k
K AR () 4k 24 75 4R 8 (COD) ¥k JE iz 1 (0.56 ~
3.88 mg/L), BRVT T | 8.7 71 B 2 Vg Sl Tl i 1 (4
%4 0.42 ~ 1.60 mg/L, 0.29 ~ 2.52 mg/L £ 0.64 ~
2.84 mg/L) , 1 1§ 15 3R A K (0.12 ~ 2.51 mg/L;
Vel 2c L 5) 5 TOHLAHR BE S e TSR L RS T
5(5.48 ~ 1990 pg/L) , HR by ¥ 75 167 455 (48.00 ~
1370 pg/L) FIERIL AR (1.74 ~ 861 pg/L), B4
R i VSR X 5 A8 (4393104 11,00 ~ 650 pg/L Al
7.24 ~ 54.00 pg/L; <] 2d % 6); TG PEREER Sk vk BE

x®1 EELESEAEERZITR
Table 1 Statistics of water essential factors in the South China Sea coastal area

W MR pH E«Sﬁ’q’:’fu b e MIRER-A WARmE-A &R OVEGAE AR %‘%%1&
mg/L) (mg/L) (pg /L) (pg /L) (pg/L)  (pg/L) (pg /L) R

I/MAE 8.08 598 0.42 0.30 0.64 0.54 1.74 121 0.00

BRILH  KfE 848 8.72 1.60 820 45.60 28.10 861 14.20 2.93
FE 827 743 0.92 155 18.95 9.35 183 6.21 0.39
B/MAE 752 476 0.29 0.80 0.18 0.54 11.00 0.36 0.00

B RKME 866  8.18 2.52 444 118 112 650 47.60 17.33
FIE 813 630 1.25 56.26 13.81 30.37 100.43 3.02 0.44
B/ME 7.68 467 0.64 20.20 1.20 17.70 48.00 1.00 0.01

BAR O RKME 844 922 2.84 1204 67.40 261 1370 66.30 17.84
THIE  8.06 6.66 127 294 22.81 69.94 387 15.78 3.74
B/ME 802 536 0.12 0.76 0.69 226 7.24 0.64 0.00

M RKME 822  8.04 2.51 4430 15.60 23.40 54.00 32.90 0.49
FHE 812 6.19 0.46 8.13 3.61 8.42 20.16 431 0.02
MAE 729 522 0.56 0.30 0.18 4.80 5.48 0.36 0.00
L B 874 12.63 3.88 1390 244 523 1990 46.20 63.34
FHME 825 8.03 1.72 320 58.56 168 546 7.74 6.30
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Fig. 2 Statistics of eutrophication-related factors in the offshore waters of the South China Sea
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T 55 A VAR R AR V3 (1.00 ~ 66.30 pg/L), Hivk
S ERT I AAEER TS (43504 1.21 ~ 14.20 pg/L Al
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0.02) (5] 2f Fnl% 8),
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AR TR (Lei X T etal, 2019), ITLE4E,
TKFRBE I Bl 2RI R Al 2 3 R KA B R
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F s S SRR R R Y
(1] 8), FRWITAT YL B Bl b AR i #E l Y SR L
ST B T R K R R RN R
(Wang B D et al., 2018; Xu H L et al., 2019; Wang
Y Jetal, 2021) fEdE A, W EcH i is
TR B S A ROROCR, #EM G R E
EBIALIRER2Z R (XuH Letal., 2019; Ke S et al.,
20225 He Y X et al., 2023) . MiZEH T & A4
{7 T 22 75 37k o0 o T el i A O
A, BRI SRR N,
T, A SV VA Sl ol b VT 3 U e 1Y) 80% S 7 F 22T
NI FARAS 20 B 22 LA S =T A R
AT (Lao Q B et al., 2021) o 74k, AW L
IS VS VA Sl K AR LA A i ) T LR i (5.48 ~
1990 g /L; BIEH 546 ug /L) (14] 2d); 177 B 4= 1,
IR A A A R R TE PEREIRER (1.0 ~ 66.3 pg /L;
YA R 158 pg /L) (14 2¢) . FiREdm 20, 1k
LR N3 WIS N S A S ES SV SR N

225, ACERVE MUK A & B IR F LR R AT
BLAL, T B8 AR K AR S SR R R
TEVEREIRER . Forb, 38 At H VS Ve AR ™
B EZ R TR R T A A G shHER
THLA (Lao Q B et al., 2021), 1 5 7 1 df 7K A4 )™
B AL R85 AR R K FA: 6 15 K i it
BEHERCA S (BEHE 725, 2023) o B TRRAT e V302
TR v /K FR AL 1) X3k, 80 A, G A A M
RN S LA K B9 f ey 0 3k A, DRI, 3T
VTSR AR & B IR AL IR AT g 592 X 3R R 7K
FEFRFEA R (W, 20155 BUITESE, 2021) 4
32 MR EBIEE B 7 U X KA IR B # i K
BIEEW

R X KR pH Al DO PR
(A5 ], TG 7K AR PR 8 A8 AR IR 25 IR K A4 98 5%
4k (Havens, 2008; Kosten et al., 2012; Zhang Y F et
al, 2019) ¢ Lean, pH AT REXT KPR A TR 1Y
MR 2 A TR e A B, R R AR B 55 T
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W2 o SN T4 S UURE, BEMFERR AR AR IR SE 2 A HUIR (FLIR . &

T (1R TS e R B Y i - [ B R AR
B T & %% 1k (House, 1990; Camargo and Alonso,
2006) s AWHHIEH, FEIT UK e B SR
AR 3¢ kg 7 A b 5 VS R R Vg e IBORE 3 A Y
pH A 5 TC & B 75 10 1Y X 38 B 8 4 11K, 43 51 K
7.29 ~ 8.50( ¥ {EH Ky 7.77) F1 7.68 ~ 7.87(¥J{H Ky
7.78) (151 3), HRAE MG SRR OUHE & B FRAK
&) B pHAE S E 2 B & 1 61 A 26 56 & (5] 9a,
9b) o R T R BK AR B B SR AR T Y
S T R L A VAR SRR il K DO BTG B Rk
) X IR B R AIG, 43904 5.22 ~ 8.16 mg/L(¥{H
4 6.63 mg/L)F1 5.20 ~ 6.62 mg/L(XIEH 6.20 mg/L
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