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Characteristics of water quality and pollution source apportionment in wet season and dry season based on
absolute principal component score—multiple linear regression in Guangdong section of Jiuzhou River

ZHANG Wenbo"?, YU Xiangying"*', XUE Hongtao"?, LIU Jintao"?, JIANG Jingyuan"?, XIONG Jinjing"*

(1. Guangdong Provincial Academy of Environmental Science, Guangzhou 510000, China; 2. Guangdong—Hongkong—Macau Joint
Laboratory of Collaborative Innovation for Environmental Quality, Guangzhou 510000, China)

Abstract: To explore the characteristics of water quality and identify the pollution sources in Guangdong section of Jiuzhou River during
wet season and dry seasons, the daily monitoring data of Yingzai national examination section of Jiuzhou River were chosen. The
characteristics of water quality and pollution sources in wet and dry seasons were analyzed by using correlation analysis and absolute
principal components—multiple linear regression model (APCS-MLR). The results showed that the values of permanganate index, total

phosphorus, and turbidity in wet season were higher than those in dry season. However, the values of dissolved oxygen and pH in wet
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season were lower than those in dry season. Compared to the dry season, the correlations between pH, dissolved oxygen, turbidity, and other

water quality indexes increased in wet season while the correlations between permanganate index, ammonia nitrogen, total phosphorus, and
total nitrogen in wet season decreased significantly than those in dry season. During the dry season, the livestock and poultry breeding
sources and urban living sources contributed 58.47%, 48.71%, and 44.14%, of total phosphorus, ammonia nitrogen, and total nitrogen,
respectively. In the dry season, the absolute contribution rate of unidentified pollution sources to permanganate index, water temperature,
pH, and conductivity were 63.08%, 59.48%, 54.90%, and 52.65%, respectively. During the wet season, the absolute contribution rate of
agricultural non—point sources to total nitrogen, total phosphorus, and permanganate index were 51.96%, 41.38%, and 34.78%,
respectively. The absolute contribution rates of meteorological factors to dissolved oxygen, pH, and ammonia nitrogen in wet season were
55.66%, 40.75%, and 31.87%, respectively. In conclusion, the water quality indexes of Jiuzhou River were greatly affected by livestock and
poultry breeding sources and unidentified pollution sources in dry season. In the wet season the main pollution sources of Jiuzhou River
were agricultural non—point sources, urban non—point sources, and meteorological factors. To improve the water quality of Guangdong

section of Jiuzhou River, the following tasks must be completed : control of livestock and poultry breeding pollution, improvement of the

urban sewage network, scientific protection of ecological flow, and reduction of non—point source pollution during flood season.

Keywords : APCS-MLR; source apportionment; wet and dry season; Jiuzhou River
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Figure 1 Schematic diagram of study area and stations
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Table 1 Characteristics of water quality indexes of Jiuzhou River in wet season and dry season

KA Hi7K A Dry season FIKH Wet season
Water qualiy indes T BUME ROKM EREH VM RN k(N ERRM
Mean Minimum Maximum  Variation coefficient Mean Minimum Maximum  Variation coefficient

JKIE/C 22.42 13.87 31.04 0.16 30.04 22.17 34.52 0.08

pH 7.36 6.17 8.95 0.07 7.17 5.92 8.67 0.07

HRA (mg- 1) 7.60 2.93 11.02 0.20 6.24 2.70 11.71 0.23

A%/ (uS-em™) 2442.21 115.09 17 683.38 1.29 1453.64 110.89 20 230.87 2.39

JHLEE/NTU 17.82 9.04 265.92 1.10 18.51 6.89 164.09 0.81

LIRS R (mg- L) 4.87 3.80 6.77 0.11 591 3.93 8.60 0.14

A (mg- 1) 0.16 0.01 2.06 0.95 0.19 0.01 0.84 1.09

BB (mg- L) 0.08 0.05 0.33 0.53 0.09 0.05 0.30 0.48

A/ (mg- L) 2.00 1.15 5.40 0.33 1.67 0.92 6.30 0.32

mg- L7 F16.24 mg- L7, B IVZOK X E 2 5 F2 k0 (R U0 HIORE K Bl U575 U ) G e T okl AT, 2 Sk A4

#®
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2022 4R F2 K IR T A o5 AF PR T R 1 82.63% , 0% IR P R R IR R IR B BB LW R T . Ok iR

i A Dissolved oxygen/(mg-L™")

P Turbidity/NTU

7Kl Water temperature/°C
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Figure 2 Temporal characteristics of water quality in Jiuzhou River
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Table 2 Correlation coefficients of water quality indexes of Jiuzhou River in wet season and dry season

K JBTHE bR K ey ey . ol il B 5 2 AR ¥ JEv=
Water quality Water pH Dissolved Conductivit T b'yi'l Permanganate Ammonia Total Total
index temperature oxygen onductivity bty index nitrogen phosphorus nitrogen
Kk 1 -0.405%*  -0.515%* -0.055 0.058 0.036 =0.171%* -0.103 -0.293%*
pH -0.204%* 1 0.779%* -0.208%* -0.074 0.060 -0.287%* -0.242%* 0.023
A -0.156%%  0.770%* 1 -0.350%* -0.108%* 0.009 -0.292+* -0.117* 0.106*
iR —0.149%* 0.093 -0.062 1 -0.104* 0.157%* 0.310%* -0.039 -0.258%*
U -0.216%* -0.165%*  -0.166%* 0.011 1 0.150%* 0.024 0.144%* 0.032
miRRR AR -0.123% -0.015 0.085 0.226%* 0.154%* 1 0.384%* 0.637** 0.439%*
A -0.156%* -0.449%%  -0.570%* 0.549%%: 0.298%:* 0.308%:* 1 0.787%* 0.575%*
S -0.136* —-0.437%%  -0.419%* 0.135%* 0.703%: 0.396%* 0.521%#:* 1 0.7627%*
ISR —0.344%* -0.423%%  —(.235%* -0.024 0.288%:* 0.386%* 0.392%%: 0.532%%: 1

T 28 AR SRR SRR AR AN S A7 3R 20 A KUK B PR AT S 5 0/ £ 0.01 7K COUIN ) b B35 HISE , #4875 0.05 /K- CBU)

FR A,

Note : The lower part is the correlation of water quality index in wet season, and the upper part is the correlation of water quality index in dry season;

#* indicates the correlation is extremely significant at the level of 0.01;* indicates the correlation is significant at the level of 0.05.

3 AREIKEAAMIT KIS AR ERe B F 2T 4 b
Table 3 Rotation factor loading matrix of Jiuzhou River

in wet season and dry season

KSR Hlizk 3 FK
Water quality Dry season Wet season
index DS1 DS2 DS3  WS1I  WS2  Ws3
pERi 0.948 -0.136  0.098 0.796 -0.381 0.160
A 0.857 0.177 0.178  0.757 -0.203 0.022
AA 0.829 -0.215 -0.323 0355 -0.493 0.704
FARREAERC 0692 0.070  0.079 0516  0.165  0.369
ey == -0.041 0927 0.134 -0.101 0.909 -0.139
pH -0.128 0.880  0.065 -0.226 0.891  0.048
Kk -0.284 -0.663 0380 -0.512 -0.455 -0.182
Hi 0.027 -0293 -0.822 -0.048 0.054  0.942
M 0.139 -0.179 0.546 0731 -0.108 -0.050
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WS3 1] 7 S AR 77 +IT 3 N A
2.4 AREIKESRIBERHKED

FE F 85 53 B B ik E, A APCS-MLR A5 7Y
AT A5 T SR R BRI R B R AR T Y
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PRI 2R IO K BT BRve B o A [R] K K BT 4 A
TIN5 S R T A A5 2B ol 0, LI T3 3R
SR SRR R R R B AR AN [RK A Y T
ME 5 sem(E L el & R KT 0.8, PEE/NT
0.05, 7 B K 7 1Y APCS-MLR #5713 A A] 5 | 4345
REHNAIE.

HE 45 APCS—MLR 452 AU 15304 75 Y Y50 AN [] 7K 44
KT G bR B TTRRSE R AN 4 FroR o A KN B B FRAE
TE -+ 8RR AR 3 TR U (58.47% ) V54 AL (48.71% ) Fl i
R (44.14% ) B 26 %5 TR 3R o 327K 0 AR Ml T8 I+ %
BT R XF PR (60.35%) | AL A (51.96%) | L
(41.38%) il fmy B 1R b 45 %4 (34.78% ) 1Y) 2 X 57 ik ¢
Ko ARIZKHIR G T X A L sTkR 3 ek
Vi 77+ 1] T PR 56T A 7K S ok B A = K L e g
SR M A TTHRR IR

AR 5 B PR 1R L pH RIS K U v 4
ERARECY A BR A4 X] DTk ALY 25 Rt h BAE
HAB . 5 A PRI ST S AR TR TR T
LRV DT R R K, X AEC A 5 R AR TR IR X
KEKEEX COD VEA BB stk nl ik = F 1
Ao X AT RE S L T RG0S YR R AT AT AE
— 7 1 A R R BRPEAT G, AT k2P 25 A AN ) s e
TEREPETE AR R (1 & SR, [ 25 638 B[R] 75 G
U5 A BT RS TR A EEIE B3R 5 gL I AR BT A UE B
AI~$[19*20]O

PIRVIRAR 8 oy ] TR G = N e R LU BB
ARTFE W], ST Gt AT RRE , MR T LA X 55
N B AR A H8 A 2 TR R e, 7K 548 s U Bl 4%
K, ARG AT B 3 R K ARG AR 22 18] 1 AH B2 0

T BEAL 2 AR Y AL, Rl K S K PR R sh R 422
R U A= 0 00T AR A QO R A K BB 2 52 RS ), E T
ST PR

Xof T UL A 8 1T 32 AR D 1 e i R k4
BORDE , Al K ) 32 2895 Jeok U ARUBI IR, F2 K39 32
SR P by (N TR/ G b N TR S @ vy A W R
KRR T SR E & IR AR G YA PR S AR KA
SFEZ A, i EARA RISV B 7 3, 7ERf ORA T HEFIHE
Bia A, VAR 2 B KT SRR T, & PR
YU KA AT o B, Bl R B ARS ZK A 2
KU INGE AR RTR AR G & TR I BT (At
A A, DR BCHE R R 95 0 TR0 , HERE 365 BT
PRI, 5e 00 R BA KT HEK T8 S R A AT IR
Ta KIS S5 B , 35 1 s i 5 5

3 #ig

(L) JUYHLE A W = 7K K BORH X 22, W i
PR L5 5 S Ak E A AR A S 25 Ty, R 4
pH (EAHALAL KV 25 B I

(2) SN AT IR T8 AS [F] K 0 /K B B AR DA
TE—EZE 5. SHKIIALE , K30 pH 5 iR 4 ik
JE 5 At AR B8 B B AE DG EAT BT g, T e B PR £ 4
B A BWEFLE AR BRI AR A BT

(3) JUBHTT AR BB bl A T 252 & & R I+
SRR T DR AR U TS RIS, 2K ) 2252 A
b T P+ 3B TR DR R TR o OILUIT )T R
B K 5 BN SR 0 7 B JR R S YL it B IR
T5 KA 52 386 | 18 10 B O o A A L el THU T
TG R TAE .

R4 RREKIBAMIKBHEIREI BT TTRR (%)

Table 4 Main contribution rates of water quality indexes of Jiuzhou River in wet season and dry season (% )

KRG bR i K W8 AR Y 265 %) 5TEk 2R Contribution rate in dry season FAKIIFEFR 1485 5Tk Contribution rate in wet season

Wat?rrlg:: " DSt Ds2 Ds3 Unidentifiifii?finn source WSt Ws2 Ws3 Unidentifiifii?fion source
K itk 6.12 25.51 8.89 59.48 8.45 12.17 2.16 78.27
pH 3.29 39.96 1.85 54.90 6.59 40.75 1.84 50.86
iR 1.83 72.18 6.39 19.60 4.85 55.66 4.88 34.40
AR 0.77 17.19 29.39 52.65 2.62 5.51 59.22 33.64
hE 11.72 26.12 48.27 13.89 60.35 11.34 9.24 23.09
AR TREL 28.46 5.16 3.30 63.08 34.78 17.95 19.77 31.88
BA 48.71 22.38 20.77 8.13 18.54 31.87 27.32 24.54
JEx0:d 58.47 15.93 6.45 19.15 41.38 32.01 4.86 21.34
A 44.14 16.15 9.65 30.07 51.96 21.08 2.90 24.62
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