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Fig.1 Location of the sampling sites in Bohai Sea
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Fig.2 Water quality radar charts for the nearshore areas of the primary cities around Bohai Sea
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Tab.1 Water quality assessment of nearshore areas for the primary cities around Bohai Sea
3H 5H

i kR PP TR HL F A REL A ERE P FR F A REL

K 3.87+1.49% 0.40+0.28° -0.56+0.443b¢ 2.92+2.59% 0.30£0.42¢ -0.41+0.49¢

B 9.37+3.20¢ 1.06+0.43% 1.40£0.99¢ 6.44+1.654 0.70£0.15b 0.67+0.45¢

HI 6.90+4.44° 1.39+2.59b 0.58+2.14% 9.59+2.44F 1.56+0.65 0.50+0.574

B 12.97+2.90° 2.9241.65¢ 2.23+1.69" 9.08+3.07¢f 1.20+0.58° 0.94+0.56"
B By 2.45+1.36° 0.34+0.13° -0.63+0.48° 2.22+0.63" 0.49+0.09b -0.16+0.16%¢

R 3.35+1.38® 0.38+0.12¢ -0.57+0.38 3.75+1.25% 0.39£0.14% -0.22+0.21%
ZRE B 2.95+1.09¢ 0.38+0.16° -0.52:40.5]abe 2.5140.86% 0.29+0.06° -0.3140.26°

i 5.46+1.22b 0.660.09 -0.19-40.42¢bed 4.39+0.84b 0.58+0.07¢ -0.19+0.17b¢

RE 6.98+1.24< 0.78+0.20% 0.3120.40¢¢ 6.85+0.90¢ 0.7240.120<4 0.2040.19%¢

& 5.40+1.27" 0.550.20% -0.12:0.33¢bed 3.60£1.31% 0.4120.172 -0.23+0.32¢

HEYi 6.35+1.81¢ 0.88+0.49® 0.01£0.4520d 5.77+1.25 0.79£0.304 0.28+0.13¢%

TEI 6.57+0.18° 0.76+0.07 0.22:+0.18tbed 8.53+1.18¢f 0.97+0.08% 0.550.234

Kt 6.30+1.27¢ 0.73+0.19% 0.27+0.300<d 5.96+1.00% 0.68+0.13b<4 0.17£0.29b<d
RRME 21.3 9.55 7.09 15.8 2.73 2.00
B/ME 0.99 0.11 -1.20 1.21 0.13 -0.73
FHE 5.46 0.72 0.00 4.90 0.61 0.01

F 22.90% 8.28% 13.41% 21.23% 28.43% 18.54%

T ¥ RORAE 0.05 K B RAT 35 22 55 (R FAS [ 5 BEORAS R T & PRAN T RRAE 0.05 /KCF B R B2 2 5%

Note: *significant difference at 0.05 level; Different lowercase letters indicate significant differences among different cities.
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Fig.3 Spatial distribution pattern of water quality indices for the nearshore area of Bohai Sea
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Fig.4 Principal component analysis of nearshore water quality in Bohai Sea
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DI R EOK B B Bk B R R i &
e HERESE(2019) 010 R BT 5 i /K BB 9T
KIL,2016 FHF L REFHLETFAENEN
1.84 mg/L, A7 i 240 5 T 9 B 4 0.025 mg/L; T A
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Tab.2 Correlation between water quality indices and environmental factors

Y 35 51
GR G pH | HE Ewm GE 4 pH | HE W Wk
COD -0.27%* 0.20 0.09 -0.42%* 0.21%** -0.06 0.38%** 0.33%* -0.21%* 0.37%* 0.18%*
SRP 0.43%* 0.43%** -0.11 -0.20%* 0.32%* 0.04 0.11 -0.27%* -0.07 0.23%* 0.09
TIN 0.15* 0.12 -0.19%* -0.49%* 0.40%** 0.06 0.03 -0.09 -0.28%* 0.18%* 0.01
™ -0.08 -0.22%* -0.10 -0.39%* 0.46** -0.05 -0.05 -0.07 -0.32%* 0.23%* -0.03
Oil 0.09 0.09 -0.12 -0.22%* 0.30%** 0.11 0.03 0.03 -0.25%* 0.43%* 0.04
TP 0.09 0.11 -0.17* -0.22%* 0.26%* -0.26%* -0.30%* -0.01 -0.53%* -0.01 -0.23%*
RI 0.05 -0.01 -0.14 -0.41** 0.49%* -0.04 0.00 -0.08 -0.50%* 0.28%** 0.01
NI 0.17* 0.17* -0.20%* -0.50%* 0.40%* 0.12 0.18* 0.00 -0.30%* 0.22%* 0.01
PI 0.10 0.12 -0.15%* -0.44** 0.45%* 0.01 0.15* 0.04 -0.36%* 0.44** 0.08

TEFRIRAE 0.01 KPR AN #RIRAE 0.05 K P ERFHK.

Note: ** extremely significant correlation at 0.01 level; *significant correlation at 0.05 level.
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Fig.6 Regression analysis of radar chart, Nemerow index and principal component index

and the ratio of good water quality area
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Water Quality Assessment of Nearshore Waters of the Primary
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Abstract: Based on the water quality assessment of nearshore waters for 13 cities around Bohai Sea, we
conducted a comprehensive water environmental evaluation using radar charts, Nemerow index and princi-
pal component index. Based on the evaluation results, the status of nearshore coastal water quality was clari-
fied and the sensitivity of the three evaluation indices to assessment parameters was analyzed. The aim was
to apply comprehensive water quality indices to marine environmental assessment, and provide a reference
for effectively assessing the comprehensive treatment and ecological conservation of Bohai Sea. The radar
chart was created and the Nemerow and principal component indices were calculated based on six seawater
quality variables obtained at 195 sampling sites in the nearshore area of Bohai Sea in March and May of
2020. The variables included chemical oxygen demand (COD), inorganic nitrogen (TIN), total nitrogen
(TN), soluble reactive phosphate (SRP), total phosphorus (TP) and oil. Results show that the primary pollut-
ants in the nearshore water of Bohai Sea were inorganic nitrogen and total phosphorus, followed by oil. Wa-
ter quality in the nearshore areas of Huludao, Qinhuangdao, Dalian, and Yantai was significantly good,
while water quality in the nearshore areas of Panjin, Jinzhou and Yingkou, located in northern Liaodong
Bay, and Binzhou city in western Laizhou Bay were significantly poor. The three seawater quality indices
used in this study were all sensitive to the salinity and suspended matter concentration of the water and corre-
lated significantly with each other. Regression analysis also shows a close relationship between the three wa-
ter quality indices and good water quality ratios in nearshore areas, indicating that the radar chart and both in-
dices accurately reflect the water quality status of the nearshore water of Bohai Sea. Thus, these methods are
appropriate for rapid seawater quality assessment in the nearshore area of Bohai Sea, and for quickly com-
paring the water quality of different urban nearshore areas.

Key words: water quality assessment; radar chart; Nemerow index; principal component analysis; Bohai Sea



