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Tab. 3 Comprehensive evaluation of the environmental
quality of the Minjiang River estuary and its
coastal waters

I

WU o PC, PG, PG, PC, zZ
F1 0.253 0.757 0.270 -0.027 1.253
F2 0.042 0.007 0421 -0.122 0.348
F3 -0.188 0.124 0319 0.058 0.313

4 H F4 -0.318 0.284 0.084 -0.107 -0.057
F5 0.120 -0.160 0.319 0.282  0.562
F6 -0.356 0.093 -0.001 -0.111 -0.375
F7 -0.269 -0.205 0.092 0.163 -0.219
F1 0.353 0.685 -0.285 0.066 0.819
F2 0.292  0.241 -0.340 0.104 0.298
F3 -0.314 -0.009 -0.067 0.089 -0.301

7H F4 -0.471 0.254 -0.101 -0.086 -0.404
F5 -0.322 -0.091 -0.236 0.104 -0.546
F6  -0.491 -0.064 -0.117 -0.030 -0.702
F7 -0.430 -0.306 -0.036 -0.007 -0.779
F1 0.945 -0.205 -0.029 -0.006 0.704
F2 0.356 -0.337 0.026 -0.073 -0.028
F3 0.275 -0.351 -0.014 -0.074 -0.162

10 H F4 -0.336 -0.181 -0.092 -0.031 -0.638
F5 0.440 -0.187 -0.060 -0.037 0.156
F6 0.468 -0.105 -0.040 -0.079 0.243
F7 -0.051 -0.246 -0.112 -0.075 -0.484

& FIIF N EEE 03 23 [8) 43 A WA 2 s

F1 ENSDTHERFER. FEMRUHHFETHE
Tab. 1 Eigenvalues, variance and cumulative variance
contribution rate in principal component analysis
(PCA)
ERSr R J5 22T (%) R 22 TR (%)
PC, 4.851 32.340 32.340
PC, 3.760 25.065 57.405
PC; 2.432 16.214 73.619
PC, 1.280 8.534 82.153
x2 ERSSTPRE TS
Tab.2 Various factor loadings in PCA
£k PC, PC, PC;s PC,
x1(S) —0.785 —0.129 —0.521 0.069
x,(SS) —0.074 0.786 —0.349 0.301
x3(DO) —0.252 -0.517 0.515 —0.281
x4(pH) —0.883 —0.194 0.159 —0.029
x5(PO} -P) 0.827 —0.295 —-0.193 —-0.261
x6(COD) 0.800 0.032 0.135 0.308
x7(NO,-N) 0.032 0.677 —0.365 0.432
x3(NO;-N) 0.968 —-0.028 —0.135 —0.101
Xo(NH;3-N) 0.066 0.891 0.286 —-0.200
x1o(£411H2E) 0.320  -0.705  -0.024 0.455
x11(Cu) 0.108 -0.178 0.497 0.569
x12(Pb) —0.098 0.339 0.828 0.285
x13(Cd) 0.241 0.248 0.712 —-0.150
xu(EETE)  0.001 0.879 0.058  —0.245
x1s(TLHLA) 0.968 0.039 —0.130 —0.098
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Fig. 2 Spatial distribution of the comprehensive scores of the principal components for each station at different sampling time
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%, F1, F2. F3 F F5 16 4 AR RLE505 s, ©
A — 25 U B [ VT30 11 B 7K B % BE3Z L IR K 1)
K. 10 A KB —i, nTRES 10 Aab T4
IKIAT I o MK ) YT AR AR I, KRB 2
BEZ N, KA Y s e 1085 . eah, AR
TR WA T K B A, AR R
RE IS o V5 U9 0 R Y e, A BRI 1 Y 11
R IR ST e S R B84, DA T 5 35005 e 25 5 HE RN
R R, 7 A AT R 2, AORARX B I B DG
FEE, SEAEYIAE RS I K BOK R TR R R
PR 4 A R K A T Ul A58 SR R R T SR A I, A
MR T /KA H NO,-N, NO;-N, NH;-N. JHLAE A
WML S R A A
3.2 HZv BRHEE A RBAKRITEIESEF
8 3 0845 TR T 5 3 B4 T A 30 B JR B O &R

x5 KEIERSEERS BB REMBXFRL

BURE A AR BUK R TS Y 3R 3h 1220 & 280
5 F o Z 6] 0 7 B R 2R OC R B NER 5 R .
NO,-N. NH;-N. &H1 NO,-N 4345 PC, ., PC,. PC;
1 PC, A I 35 (P<0.01 8 P<0.05). PO, -P.
COD. NO;-N FIEHLA S PC, 2k 2 2 1EAH G
(P<0.01), M pH 5 PC, 2 & 3 fHH &
(P<0.01). SS, NO;-N, NH;-N flIFE T2 5 PC, &
e i 3 IEAH2E(P<0.01), f1iH2EY PC, S0k i 3 Al
K(P<0.01), FE4JR(Cu. Pb fil Cd)5 PC; & #FH 1k
i 25 IE AR (P<0.01 8% P<0.05), $hE 5 PCy M
F 1M (P<0.01), COD. NO,-N FifiihZk 5 PC, &
3 A OC(P<0.05). & S80S EMsrE 51550 Z ]
(30T R IR 2 A OC R EGHE— Ui pH. COD. ZUEFF
AR Cd S M VT I B HT e K 3K T Y i) 32 20K 5
P

Tab.5 Spearman’s correlation coefficient between water quality index and principal components

=L PC, PC, PC; PC, FIIT LR AR
x1(S) -0.731" 0.013 -0.606"" 0.166 -0.806""
x2(SS) —0.274 0.636" -0.316 0.372 0.004
x3(DO) -0.179 -0.432 0.538" -0.312 -0.241
x4(pH) —0.861"" 0.055 0.053 -0.112 ~0.692"
x5(PO; -P) 0.8217" -0.432 -0.163 -0.036 0.374
x6(COD) 0.764™ -0.116 0.146 0.436" 0.721"
x7(NO,-N) ~0.045 0.654" -0.314 0.476 0.255
xs(NO;-N) 0.938" -0.119 0.03 -0.044 0.703"
xo(NH;3-N) 0.139 0.830" 0.155 -0.25 0.563"
PN CERIIES) 0.311 07717 0.058 0.445" -0.065
x11(Cu) 0.238 -0.212 0.482° 0.221 0.246
x12(Pb) —0.361 0.474" 0.575" 0.162 0.212
x13(Cd) 0.514" 0.178 0.662"" -0.22 0.757"
xu(AEEF2) -0.006 0.817" 0.039 -0.312 0.373
x1s(TGHLA) 0.927" -0.07 0.035 -0.061 0.7217

-7 P<0.01; “P<0.05

b BRI K T — AN AR AR, XK R
(K I E S R B PO AR T, R
JE5 PC, Ml PCy 541 i 3 1A 56 (P<0.01), pH 5 PC,
SR A JE(P<0.01), PC, BB T fL2E T A
. NO;-N. PO; -P FITCHLAMIS Yk, XAl g2
W VT._F 4 o A TOHLE FR b XA LTS Y i TR
b K B A 1 TS K AT T, 3 R X L SR
A WS P R LT, KIS R T . 2
T PR K B2, T 1 X ER B A pH AR, S0

X TCHLE TR A HLTS Je Wy S vk B T B i 2 1Y
ARG HAS, B X F4. F6 Fl F7 SAiiEhE
Al pH SR A, 1 JCALE FREh KA LTS G i vk
JEE AT BEAR, h B L2205 e s 0N, K B R AR
BAf. MO, PCy BT EAJEET. M5 Yok
o —J5 I, AZ RV LS A AR A Tl R K A
S vpIR K B, AT T X A SR | B R
S EEMER AR 5 — I, m e H X
(AT 7K ER FEYG N, 7K s 5 B S K, TR OK B
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a5

NO,-N. NO;-N Fll NH;-N = F G FR R i Tl
A MDIML 515 P, fil PC, 4% i 3 1E A1 56
(P<0.01), /KIKHH NO,-N, NO;-N Fll NH;-N 7E—
FE Y S T A B4, A HLR A o TTHL A e
FEPE NOS-No T Tl kK . AETE 157K L AR
MARZE, SBUKKEEFRELME . 5 10 a
LI (A He, RV KR R N A K B
R, KR EE R EMEP, coD 5 PC, K& FE 5y
LEEIR O B IEAHOE(P<0.01), COD KR /KIK
T2 AT B IS LR B A dE bR, i KAR T AT ML A
Rk it st F b T ZLTH AR SR, COD fEBR K, i K {A
A BIL TS e A R i B T R R AR, K
PR I5 Ye R B ™ H . F 4 JE(Cu. Pb Al Cd) 5 PC;
5 E L B EAE(P<0.01 B P<0.05), Cd 5 F
TSR A A AR R 35 IE A 56 (=0.757, P<0.01), /K
AT Y B 4 2 B A6 T LU oS W BB 4,
X AR AAR 1 Bl AR 1 IS T o MK AR Y pH AR,
TURR W v () 4 0 25 5 R R T tE A K A, 33K
KR R 1) G i T YRR B T o MRRE R TR YA
TG Y R B N B IR Y L A LTSGR 4
J& 5 Hoh, B FRISTS YW R AILTE S P I A R
BEH LT AR A AR AR R B
T RER R, (AHHE R AR AL TR B K o B4y
Mro s s Y ) 2RI &I fb T ARG & Tolk %
AKOEA WG Y FIE 4 8 i B 2OR R, RS E
TR FRIE T A TG e L AT S K LR
S 1 IR R K B HET . PRI, AR ST Ry i — 25 4 T 1)
VL IK PR 0T, AN R VT K R B 45 B R K
TSR TR, RS I VR SR R A K L T
b AR DA e A 05 5 K B HETR, 98 i 0T I Vi Bl AR AR B
BTy, htREE d IR SRR

4 Zipr

Vi3 32 FH 32 8003 0 B e o W 9 10 R HG T o 7K 3
2016 4F 4 A .7 A A 10 A A4 K 5 Wi s 21 755047,
PERT 4 DFSy, MRET 82.153% 455 o YL &
HGIT e A K S 2 ] 0 Ay 3] 11 7K o A 2 T o 725
To] FUK Bt i 23 () o A A, iRl R34 A5y
IKBAIRT 2%, 10 ARz, 7 H Ay K BTAHX LT
[ YT 1 K FLOR R /K K 0 i 2 ZE IR B K47 pH..

COD. AEFHEHAM Cd.

A 33 B X T Y 1T B T R K K T
PEAN LA K 5T 32 BEBR Sl 740 A, A R BURFFR 1] )
IR T Y37 388K R B AR 47 T & 45 BT B, 7™ S ol
i VT3 3k W7 TR A K . Tl K DA B A T 5 K )
HEJL

S Z ik

[1] Schwarzenbach R P, Egli T, Hofstetter T B, et al. Global
water pollution and human health[J]. Annual Review of
Environment and Resources, 2010, 35: 109-136.

[2] Azizullah A, Khattak M N K, Richter P, et al. Water
pollution in Pakistan and its impact on public health—a
review[J]. Environment International, 2011, 37(2): 479-
497.

[3] Tornqvist R, Jarsjo J, Karimov B. Health risks from
large-scale water pollution: trends in Central Asia[J].
Environment International, 2011, 37(2): 435-442.

[4] Huang F, Wang X, Lou L, et al. Spatial variation and
source apportionment of water pollution in Qiantang
River (China) using statistical techniques[J]. Water
Research, 2010, 44(5): 1562-1572.

[5] LuY, Song S, Wang R, et al. Impacts of soil and water
pollution on food safety and health risks in China[J].
Environment International, 2015, 77: 5-15.

[6] Bao L J, Maruya K A, Snyder S A, et al. China’s water
pollution by persistent organic pollutants[J]. Environ-
mental Pollution, 2012, 163: 100-108.

(71 HSH, By, FERE, 5. 4 FRK BTN Ik
(0 HE BT —— AR RA R A B [0]. 5K HEBE, 2015, 5:
46-51.

Cui Xuemei, Zhao Panpan, Zhang Aiqun, et al. Com-

parative analysis of four methods for water quality
assessment: A case study of Huaiyin River[J]. Water
Saving Irrigation, 2015, 5: 46-51.

[8] E/NWF, B, sKuNtH, 4. 70 V0
WK BN [T]. A5 FF4E, 2016, 35(6): 128-135.
Wang Xiaojiao, Hu Guocheng, Zhang Lijuan, et al.
Water quality assessment of the Diaojiang River Basin in
Guangxi[J]. Ecological Science, 2016, 35(6): 128-135.

[9] fEFSEN. EM oA b B ST B R 0], Gt
H, 2007, 23(9): 4-7.

Fu Deyin. Statistical test in principal component analy-
sis[J]. Statistical Education, 2007, 23(9): 4-7.

[10] SRR, BAEM, BRFBL. BT T2 iy sk oK
I ZE AR (0], AR B, 2010, 32(9): 62-65.
Han Xiaogang, Huang Yanlin, Chen Xiuzhen. Fuzzy
comprehensive evaluation of raw water quality based
on principal component analysis[J]. Yellow River, 2010,
32(9): 62-65.

84 HEVERL /2020 4E /55 44 35 /55 11 1



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

HEIRkE REPOATS

PR, SUTE, BUONM, . MVLRZUIRYE S
& 15 Je o AR AE S HAR IR AT ], BRI S B 5 PR,
2014, 36(5): 43-48.

Chen Xiuling, Zhuo Mingqing, Jia Limin, et al. Distri-
bution and sources of heavy metals pollution in surfi-
cial sediments of Minjiang River[J]. Environmental
Pollution and Control, 2014, 36(5): 43-48.

Ur i, KER, IR, & MYLREUK R A
it F B AL I (], R B IR S A A AR,
2014, 1: 61-67.

You Xuejing, Zhang Yuzhen, Su Yuping, et al. A study
on degradation coefficients of ammonia-nitrogen in
Minjiang Basin[J]. Journal of Subtropical Resources
and Environment, 2014, 1: 61-67.

BT, U, PR T 208t i iy oK
JoT I 25 AR AR AR AR (D], K BE IR S K T AR 240, 2016,
27(6): 89-94.

Cheng Xuening, Tang Yun, Lu Yimin. Spatial and tem-
poral characteristics of water quality using multivariate
statistical analysis in Min River[J]. Journal of Water
Resources and Water Engineering, 2016, 27(6): 89-94.
Sk, S, AN, L TR K B A )
Mr[I]. 7K SR, 2018, 34(1): 64-69.

Zhang Peng, Pang Yong, Shi Chengchun, et al. Analysis
of change trend of water quality in Minjiang River
downstream[J]. Water Resources Protection, 2018, 34(1):
64-69.

BergAE, B, sRILIL, A BRVLR B R K TS G

T AU, PR, 2011, 31(3): 554-559.

Rao Qinghua, Zeng Yu, Zhang Jiangshan, et al. Time-
space simulation for sudden water pollution accidents
in the lower reaches of the Minjiang River[J]. Acta
Scientiae Circumstantiae, 2011, 31(3): 554-559.

Ve, PRIVEE, BAK, SF. IVIAR N B UUARY) 4
A 14 43 A1 R R G RE R AN AR 2 KU PEA D] SRR
2FeEAR, 2016, 36(5): 1792-1799.

Li Yang, Chen Weifeng, Wei Ran, et al. Distribution
characteristics, toxicity and risk assessment of heavy
metals in sediments of Minjiang River in Fuzhou City[J].
Acta Scientiae Circumstantiae, 2016, 36(5): 1792-1799.
BSEAR, RIERE, WIENT, SF. VLKA AP ik b
IS N 7S G T o 15 G R AR AR P AE AT (D], ARSI
AR, 2016, 25(3): 482-488.

Huang Xingran, Wu Wangwang, Hu Baoye, et al. Oc-
currence and source apportionment of HCHs and DDTs
in water and organisms in Min River of Fujian, Chinal[J].
Ecology and Environment Sciences, 2016, 25(3): 482-
488.

T, BRFE¥e, SRE B, A5, [ VLAR MBS T i
RIZUIRY E &R 15 PR EDF ], BREER 240,
2016, 36(4): 1160-1168.

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Fang Hong, Chen Xiuling, Zhang Xueqiong, et al.
Heavy metal pollution in the surface sediments from
Minjiang River (Fuzhou Section) and urban rivers[J].
Acta Scientiae Circumstantiae, 2016, 36(4): 1160-1168.
XuY H, Sun Q Q, Yi L, et al. The source of natural and
anthropogenic heavy metals in the sediments of the
Minjiang River Estuary (SE China): implications for
historical pollution[J]. Science of the Total Environ-
ment, 2014, 493: 729-736.

Zeng F M, Yang D, Xing X L, et al. Evaluation of
Bayesian approaches to identify DDT source contribu-
tions to soils in Southeast China[J]. Chemosphere, 2017,
176: 32-38.

sKGA, BCEURE, XUMERE, S, BT R Bk R
BTN 5L (0], S 41, 2008, 20(1): 87-90.
Zhang Hong, Zhao Huixiang, Liu Yanping, et al. Evalua-
tion method on sci—tech journals based principle com-
ponent analysis[J]. Acta Editologica, 2008, 20(1): 87-90.
XUBH, WA, ZAERMG, . BET E A ATk A B
H R AR R UK BOPFAN [0]. P R B 52, 2015,
35(10): 3187-3192.

Liu Xiao, Xue Ying, Ji Yupeng, et al. An assessment of
water quality in the Yellow River estuary and its adjacent
waters based on principal component analysis[J]. China
Environmental Science, 2015, 35(10): 3187-3192.

K TR R VLR UK SRV 2 AT (D] 7K 3T, 2000,
20(6): 55-58.

Zhang Zhangxin. Analysis on the hydrological charac-
teristics of Minjiang River basin[J]. Hydrology, 2000,
20(6): 55-58.

FEop T, PR FET SOM Ml PCA B M YT S8 b ¢
IR BRLE A PEM D], KEEIEEEDT, 2017, 33(3): 59-67.
Cheng Xuening, Lu Yimin. Comprehensive evaluation
of surface water quality in Minjiang River Basin based
on SOM and PCA[J]. Water Resources Protection, 2017,
33(3): 59-67.

JER, A, EHEW, S AR R e
B AR AR O/ Z2 50 W B 5T (D). 1 o 4, 2010,
32(2): 128-138.

Zhou Bin, Wang You, Wang Jinhe, et al. A multivariate
assessment of eutrophication in the coastal waters of the
southern Shandong Peninsula[J]. Acta Ocenanologica
Sinica, 2010, 32(2): 128-138.

Wk, D5, VRENAT, S5 BN IS K BTG G s AR
PCRFAE B 3K Sl R [J]. WA IR IR, 2017, 36(6):
877-883.

Yang Bin, Fang Huaiyi, Xu Lili, et al. Spatio—temporal
variation characteristics and driving factors of water
pollution in Qinzhou bay[J]. Chinese Journal of Marine
Environmental Science, 2017, 36(6): 877-883.

e, wse, BEER, L WFE S S M L R

Marine Sciences / Vol. 44, No. 11 /2020 85



HEIRkE REPOATS

WK B X R ] P EASER 2, 2014, 34(1): Wu Yaojian, Zhang Yongxun, Huang Jiafang, et al.
213-218. Seasonal variations of N content in Fuzhou downstream
Gao Song, Fan Shiliang, Han Xiurong, et al. Relations section of Minjiang River and its influence on N con-
of Enteromorpha prolifera blooms with temperature, tent in wetland soil[J]. Bulletin of Soil and Water Con-
salinity, dissolved oxygen and pH in the Southern Yel- servation, 2014, 34(4): 76-80.
low Sea[J]. China Environmental Science, 2014, 34(1): [29] AREE. VLIS Gy A B B AL R (1], S
213-218. PR, 2018, 44(5): 101-105, 117.

[28] =Mz, skachh, EAETF, . BRI T UFBOKAK Lin Xiang. Study of the change trend of the total pol-
N EE A EHE 5 N Sapgm]. K lutants of Minjiang River into the sea[J]. Environ-
+ R ERE R, 2014, 34(4): 76-80. mental Protection Science, 2018, 44(5): 101-105, 117.

Assessment of the Minjiang River estuary and its castal wa-
ters quality using principal component analysis
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Abstract: Three surveys were conducted in the Minjiang River estuary and its coastal waters in April, July and
October 2016 for collecting the water environmental quality information on 15 environmental indicators including
salinity (S), suspended solids (SS), pH, dissolved oxygen (DO), chemical oxygen demand (COD), nitrogen nutrient,
and heavy metals. The environmental quality of the Minjiang River estuary and its coastal waters were analyzed by
principal component analysis (PCA) to identify the potential driving factors influencing the water environmental
quality. Four principal components were extracted from the 15 environmental indicators, which explained 82.153%
of the total variance in the original dataset. Temporal variations indicated that the water environmental quality gen-
erally the best in July, followed by October, and then April. Spatial variations suggested that pollution was more
serious in the Minjiang River estuary than in the coastal waters. Moreover, pH, COD, nitrogen nutrient and cad-
mium played a key role in the water environmental quality. The research results are of great significance to further
understand the environmental quality of the Minjiang River estuary and its coastal waters, and it can serve as a

strong basis for the scientific decision—making of marine management in the Fujian Province.
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