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Abstract: Water quality evaluation and driving forces analysis, two key factors to achieve ecological protection, resource
utilization, and pollution control of water, are pivotal to the sustainable development of aquatic ecosystem. We utilized the
in-situ experiment data of seven water quality parameters-dissolved oxygen (DO ), transparency ( Secchi disk depth,
SDD) , suspended particulate matters (SPM) , chlorophyll a ( Chla) , ammonia nitrogen ( NH,N), total nitrogen (TN),
and total phosphorus (TP)-which were collected from seven major basins in Guangdong Province during 2019—2020. This

E2TH . H4RHE I H (2018B8030320002,2019A050506001 ) ;1744 H #A R 3£4: 35 H (2018B030311059,2021A1515012579)
rfE B #9:2021-01-12; [ 4% tH AR B #8 . 2022-05-24

# WIRAE# Corresponding author. E-mail ; css@ gdas.ac.cn

http ://www.ecologica.cn



7922 A E = 2%

paper evaluates the water quality status of Guangdong Province in the high-flow season (HFS, N=66) and low-flow season
(LFS, N=54) using the single factor index method ( SI) and the comprehensive water quality index ( WQI). The
correlation between water quality parameters and driving factors, such as topography, meteorology, socio-economic and land
cover types, were analyzed using Pearson correlation coefficient. The SI-based evaluation results show that the seven basins
in Guangdong province are mainly faced with problems such as exceeding standard of Chla and TN concentration, and low
DO concentration, which were caused by industrial sewage and agricultural non-point sources. The WQI evaluation results
show that 57% of the sampling points in the study area are below the moderate level. The concentrations of Chla, SPM,
NH;N and TP have significant differences in water period and driving factors: the concentrations of Chla and TP in HFS are
lower than that in LFS, but the concentrations of SPM and NH,;N are opposite in the two periods. The number of significant
factors affecting the evaluation results of DO, TN, and WQI in LFS is about 1/3 of those in HFS. The seasonal difference is
caused by the changes of complicated surface runoff and non-point source pollution, such as precipitation, nutrient load and
land cover types in the basins. Water quality problems are prominent in the river network area of the Pearl River Delta, the
lower reaches of the Hanjiang River, the rivers in western Guangdong, and the Lianjiang Basin of the eastern Guangdong.
The water quality problems in the Pearl River Delta and the West River are mainly exceeded concentrations of TN and SPM.
The main water quality problem of North River and East River is high TN concentration. The rivers in western Guangdong
have insufficient DO, low SDD, and high concentrations of Chla and NH, N. The conditions of TN and DO for some
sampling points in the rivers of eastern Guangdong and the Hanjiang River are not optimistic. In the future, the integrated
methods combining remote sensing monitoring, numerical simulation, and regular water quality evaluation models should be
enhanced to explore the effects of non-point source pollution from climate change, riparian industrial structure, and
adjustment of watershed land cover patterns. These integrated methods can help to further clarify the water quality impact of
changes in rainfall intensity, production structure, and land cover patterns, which greatly promote the sustainable

development of aquatic ecosystems.

Key Words: aquatic ecosystem; water quality evaluation; driving mechanism; non-point source pollution; land cover
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Fig.1 The location map of the study area and sampling points
2 HRFESHR

2.1 Bk KAk B
TR B RN T - (1) K BB IR T 2019—2020 4F 8] B FL 37 R LRI ZE 40, T2 B A4 4 i 4R
(DO) 4% a(Chla) A (NH,N) JBA(TN) B (TP) (B BIFY (SPM) ; (2) G50k U5 T

http ; //www.ecologica.cn



7924 A E = 2%

E S G50 (http . //data.cma.en/ ) FJ 478 45 1 [E RS G005 15, 2014—2017 4R [R] i G H4dE ; (3) =
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Table 1 Statistics of sampling points and their collection time in the basins

FARBIRFE A i 7K IR 1

i Samples in high flow season ( HFS) Samples in low flow season (LFS)
Basin Bk SRAEIF (] B SRAE I (]

Number Sampling time Number Sampling time
JEIT3 38, North River Basin 4 20194F7 A 24 H—25 H 7 20204F 1 A3 H—4 H
ZRYT I East River Basin 7 201947 H23 H—24 H 10 202041 4 8 H—10 H
VUYL I8, West River Basin 2 201948 427 H—28 H / /
B P55 7 Rivers in western Guangdong 19 201946 H 13 H—20 H 18 2019410 H 13 H—20 H
A5 Rivers in eastern Guangdong 9 201948 A 19 H—21 H 12 2020 4F 04 J 29 H—30 H
RV Han River Basin 8 20194E8 H 22 H—23 H 5 202044 H30 H—5 A 1 H
PRIT. =1 The Pearl River Delta 17 2019 48 A 28 H—30 H 2 202041 A3 H
St Total 66 / 54 /
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P= (2)
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Table 2 Classification and weights of water quality parameters in WQI method

1BhR A E 9080177 Classification

Indicators Weight 100 90 80 70 60 50 40 30 20 10 0
T4 Dissolved oxygen(DO)/ (mg/L) 4 =75 >7.0 >6.5 >6.0 >5.0 >4.0 >3.5 >3.0 >2.0 =1.0 <1.0
FEICHETE (Secchi disk depth,SDD)

N 3 >300.0 >200.0 >150.0 >125.0 >100.0 >75.0 >50.0 >22.0 =15.0 =8.0 <8.0
MAAEISE/ cm

EV7Y Suspended particulate matters
(SPM)/ (mg/L)

442 a Chlorophyll a( Chla)/ (pg/L)
A Ammonia nitrogen( NH;N)/ (mg/L)

3 <10.0 <15.0 <200 <250 <30.0 <40.0 <50.0 <60.0 <70.0 <100.0  >100.0

<1.0 <40 <70 <100 <150 <20.0 <30.0 <40.0 <50.0 <650 >65.0

<0.01 <0.05 <0.10 <020 <030 <040 <050 <0.75 <1.00 <1125 >1.25
<0.10 <020 <035 <050 <0.75 <1.00 <125 <1.50 <175 <2.00 >2.00
<0.01 <0.02 <0.05 <010 <0.15 <020 <025 <030 <035 <040 >0.40

SR Total nitrogen(TN)/ (mg/L)
KB Total phosphorus(TP)/ (mg/L)

2.3 K140

9K B 1 5 BT SR RAC K BT B 25 0 A AR A A 0 TAE Z — 2 i BEAN OR3P i BRI i AR 25 mT # R |
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J7IRAR FE B B 2K BT o A AR A TR, A R i B R A
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VERR R RE B I ) DR 4580 MU X 7K 5T 43 A AR R 52 0

(2) 3R ARABRERN 78 K AN EE (AR BRI X 22 5K K SCZRAT I b 1 B2 1 24 25 it 3y <A A K 2B
RS AE HAR SR 3B A W A 77 Ty itk — 205 MK AR S ARG, 2 52 e AT it /K B ) B 28 PR 3R 5 AR R AR 2% 2 Tt A2 5% T
TR G R R 3 ) A e B R S R R AT K BRI A DG R 22500 R, AR SO R IR L 2 AE B
T B AR 28 A PR SRR GO0 K B A AR B 52

(3) AU T AT KHERE 7™ Ml 25 49 A5 B It Bl K B0 Ak 1 B 42 e DR 5 B N %8 B2k 5
At S 2B HRBRE KK T AR (0 B 3 R 2R B R 2 AR B g R0 R AR G RN R, Y
GDP, S5 /KGR A R 2 UK i, — 2 = B AR R A 24 el 2 R R AR )
FEZS 2T XS K B o A B Y 520

(4) - HbBE W ST . o i S - 7 Y 2 TR (9% i 2 B 4y, PR T A7 3 b A M A S G L R
M7 MR, RS AT B0 s AR RS Y R T R MR K SR A B R N LR BT Bl s R g
HB5 M Bl 5 B (AR Tl B A I S A 7l B R I e 0 A S T BE R AT TS e () HE i

ST B 7K TR 2 e RAFE K R 25005 AN [ B B % ol X ) - b 2 2 AR o EU A AR DGk AT, 2

PESK TS BOR B A SR 1 12 km 28 0P XA A - M BB 28 | FU O G i1 3R 00, R8T R /K B 43 A B
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3 THRAEKRAR

3.1 SIHHETF RS R b

FKIAFRG K25 K RSB RERE G255 (36 3) BoR - F/K IR K A K RS 504 S P B 22
S KA AR IE BE 3K, SPM, Chla Fl1 TP B 2515 22 580K, 7K SPM A9 P24k B (80.55 mg/L) f2 A7k 11
(26.01 mg/L) 1Y 3.10 £, fHF/KHH Chla 1 TP (P393 B MAG KA 1/2 2247, NH,N A1 TN A9k AR fb i
BEABAW A ZET 28 5, KIS K BT S 8000 o B 2 B 2 8 T A KB . R /K25 SR A AU SDD 84 i
JEREAH KR ARAEZE (31,78 em vs. 27.39 em) FIAE ST R0 (0.48 vs. 0.32) B R TA K,

£3 KESH#RERIT

Table 3 Descriptive statistics of water quality parameters

et 7K HFS ik LFS
L T !
DO/(mg/L) 5.09 (1.72) 1.62—9.10 0.31 4.98 (1.77) 2.59—8.56 0.35 0.94
SDD/em 55.00 (31.78)  36.00—180.00 0.48 85.17 (27.39)  50.00—164.00 0.32 —4.48%"
SPM/ (mg/L) 80.55 (66.57) 1.30—321.80 0.83 26.01 (39.46) 1.20—243.00 1.52 5747
Chla/ (pg/L) 3.44 (4.77) 0.35—20.11 1.39 8.66 (13.94) 0.52—50.34 1.61 -8.88 %"
NH;N/(mg/L) 0.59 (0.65) 0.01—9.10 L11 0.45 (1.00) 0.03—6.83 2.24 -20.65***
TN/ (mg/L) 1.94 (0.94) 0.66—4.86 0.48 1.89 (1.45) 0.58—10.53 0.77 9.12%**
TP/ (mg/L) 0.05 (0.04) 0.01—0.20 0.79 0.10 (0.11) 0.01—0.55 1.07 ~11.55 "

X EIKH (N=66) ARG KT (N=54) BREASEATISTAEAR ¢ K, # P < 0.1, %% P < 0.05, ##x P < 0.01

ST B[ 1EA 45 5% o (& 2) . Bk DO 1 SDD 4t
fF7E X SPM Chla ,NH,N TN FI TP % 5 /4>y5 4L 4& b B S
AU A KSCZET 225, Chla 191528 bk, SPM K 5| DA
2, TP Bfije . HHr, Chla A1 TP 5 4t %5 B =E /K 01/
T o0A e # ; SPM NH, N A1 TN 45 3 S F5hR A
B, KT G RO TSR . 7K, E2
1548 A5 A TN, Chla, SPM 1 DO, 75 L 48 %5 51 4
3.88.2.15.1.61 Fl 1.58, AHLHb Ak K 9 Y 32 2275 Y45 :
£59 Chla TN DO F1 SDD, 15 #5403 %1 W 5.42 3.77 | | |
1.58 F11.30, PRI, B8 F= K W FIAR K 0175 Ye R g 35 55 : §I
Ja IR Chla TN F1 DO 25 =4k i 2 80UR FF 2 R "I
JE K B 25 G DAl s e B2 40 AT & ;
32 WQI Ty VAL & AT JKJE 38 k7 Water quality indicators

WOI Jr ik AL LR (18 3 FE 4) R W] )R FoK B2 BETFERAEEEAN V=66, KK N=54)
WAL KB WOQI $85050 5110 45 153, &M IA7K  Fig.2  Single factor pollution index ( High flow season: N = 66;
FRGEAZE R ; B s LI A0, K K T Yedge Tow flow season: N=354)
Fili K9S by AR S VT 9 | 2 o V) R G g e =
W ZE T 22 RO, oK, 2 T19%RAE R0 WOQL 8 EE 60 LT J& T Hh 45 LR /K ; [ A 21%
KA WO HEEULE 40 LR J&8 TA 22K BT, A7k, 28 H 57% KA 5 WOL H5 547 60 LT, J& T4 LA
TR R 249% R BE S WQI F8EUTE 40 LT J8 TH 24K %,

75 Y4353 Pollution index
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Spatial distribution of sampling points and their WQI Fig.4 Spatial distribution of sampling points and their WQI
evaluation degrade in high flow season

HFS: F/K# High flow season; LFS: HiZKI Low flow season

evaluation degrade in low flow season

4 EHEZESH

WOI FIFAL 25 R o  WFFE X K TR AN 25 SR 0, 45 57% DA 1 8 SR AE S5 P 458 LLUR K L, JE 2
PUIEIAT R BRI = AR IHIRT I X L B s YT 0 %) 7K o i 7 A BRI A, 643 2 7 30 IR A0 300 7K ok 1)
Brege ) DO Chla Fl TN 48 =Fi HIZK Bt 28009 B, LA WOQI LGk BUiF M de S S P (A% e s
TR - b B S R 2 DU BK 5l [ R HEAT Pearson AHSGYE/MT ) S5-I 4 R,

x4 KESHERENEZED Pearson XS HTER

Table 4 Pearson correlation analysis of water quality parameters and driving factors

IR A F DO Chla TN WOl

Driving factors HFS LFS HFS LFS HFS LFS HFS LFS
Elevation 0.08 -0.09 -0.18 -0.18 -0.04 0.10 0.28** -0.32"
Aspect -0.03 0.05 -0.03 -0.19 0.02 -0.06 0.12 0.18
Slope 0.03 0.28 -0.14 -0.11 -0.18 -0.21 0.26"* 0.17
Pre_LFS -0.11 0.36* -0.50*** -0.56*** -0.05 -0.08 0.16 0.41**
Pre_HFS -0.31*" 0.04 -0.16 -0.15 0.07 -0.23 -0.22" 0.47 "
Ave_Ann_Pre -0.33*** 0.19 -0.40*** -0.50*** 0.04 -0.21 -0.12 0.62**
Tem_LFS 0.13 -0.13 0.52*** 0.62"** 0.16 -0.12 -0.29** -0.10
Tem_HFS 0.07 0.05 0.47*** 0.65*** 0.23" -0.17 -0.36*"" 0.03
Ave_Ann_Tem 0.11 -0.06 0.51*** 0.64"** 0.19 -0.14 -0.32*" -0.05
Eva_LFS -0.13 -0.19 0.16 0.07 0.22" / -0.31* 0.07
Eva_HFS -0.26" -0.02 -0.35""* -0.41** 0.11 0.22 -0.13 -0.05
Ave_Ann_Eva -0.07 0.06 -0.17 -0.38** -0.01 0.19 -0.04 -0.01
Pop_Den -0.43 " -0.26 -0.10 0.11 0.38***  -0.05 -0.35""" 0.04
GDP -0.39*** 0.27 -0.12 -0.19 0.23" -0.08 -0.32*" -0.33"
GDP_per_Cap -0.24" 0.08 -0.25" 0.06 0.15 -0.07 -0.25" -0.34"*
Tot_Sew_Dis -0.38**" 029" -0.09 0.24 0.18 -0.06 -0.28** 0.27
Ind_Sew_Dis -0.32"" 0.24 -0.08 -0.20 0.14 036"  -0.25" 0.16
Urb_Sew_Tre -0.34"" 0.36** -0.31"" 0.65*** 0.18 -0.12 -0.18 0.427*
Pork_Pro 0.38** 0.38*" 0.60*** 0.20 -0.15 0.01 -0.01 0.09
Pou_Pro 0.20 -0.02 0.32** 0.54*** -0.10 0.13 -0.01 0.20
Aqua_Pro 0.19 -0.03 0.27"" 0.30" / 0.13 -0.08 -0.13
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IR DO Chla TN wQI

Driving factors HFS LFS HFS LFS HFS LFS HFS LFS
Pri_Ind_Pro 0.33%* 0.15 0.25" 0.18 -0.18 -0.07 0.26"* -0.36**
Sec_Ind_Pro 0.01 -0.14 0.16 -0.50*** -0.10 -0.01 -0.08 0.12
Ter_Ind_Pro -0.23" 0.26 -0.31*" 0.75"** 0.21 -0.03 -0.08 0.15
Fert_Use 0.31** 0.19 0.62""* 0.68** -0.14 0.13 -0.06 -0.06
Pest_Use 0.35%** 0.23 0.67*** 0.65*** -0.15 -0.08 -0.04 -0.14
Crop_Pro 0.07 0.06 0.63*** -0.39** 0.20 -0.12 -0.34"*" 0.11
Forest_Pro 0.44*** -0.32*" -0.22" 0.31" -0.43 """ 0.08 0.62"** -0.01
Grass_Pro -0.12 -0.27 0.48*** -0.12 036" -0.07 -0.41"*" -0.41"*
Shrub_Pro 0.15 0.04 0.03 0.15 -0.24" -0.36"" 0.31"" -0.22
Wet_Pro -0.34"" -0.13 -0.24" 0.01 0.19 0.24 0.31"* -0.13
Water_Pro -0.33%" -0.18 -0.09 -0.06 0.19 0.09 0.31** -0.04
Imp_Sur_Pro -0.51*** -0.11 -0.23" -0.13 0.35*** 0.64""*  -0.43** 0.03
Bare_Pro -0.34%" -0.34 -0.11 -0.11 0.15 0.15 -0.29** -0.16

#* P < 0.10,** P < 0.05, " P < 0.01;HFS: F/KI High flow season; LFS: 7Kl Low flow season;Elevation ; 2 ; Slope : 3 B ; Aspect : JE [1] 5
Pre_LFS ; Al 7K 1 R FR 1 Precipitation in LFS;Pre_HFS. FIKIWIRETN & Precipitation in HFS; Ave_Ann_Pre ; 5 2[5 TR & Average annual precipitation ;
Tem_LFS: #i7K I E Temperature in LES; Tem_HFS: F/K AR E Temperature in HFS; Ave_Ann_Tem : 4E 14 & Average annual temperature ; Eva_
LFS: M7k 1780 % i Evapotranspiration in LFS; Eva_HFS: /K #iZ5#% fit Evapotranspiration in HFS; Ave_Ann_Eva: 43 Z5H{ & i Average annual
evapotranspiration ; Pop_Den : A\ 1% &£ The population density ; GDP ; [ A4 7 B {H Gross domestic product; GDP_per_Cap: A3 GDP;Tot_Sew_Dis: &
157K HERCE Total sewage discharge;Ind_Sew_Dis;IiH’?ﬂ(ﬁFfﬁ(i Industrial sewage dischargc;Urb_Scw_Tre:yﬂzﬁif*??KﬁIE% Urban sewage treatment
rate ; Pork_Pro: 5 [ 7248 Pork production ; Pou_Pro: & 25/ it Poultry production ; Aqua_Pro: K4 7= i 7248 Production of aquatic products; Pri_Ind_Pro .
5 — 77k 5 H Proportion of primary industry ; Sec_Ind_Pro: 25 7=V {5 k. Proportion of secondary industry; Ter_Ind_Pro: 2% = 7=V {5 [t Proportion of
tertiary industry;Fert_USE:ﬂSHB{éﬁﬁﬁ Fertilizer usage;Pest_Use:k%{im% Pesticide usage; Crop_Pro: Bk A L Proportion of cropland area;
Forest_Pro; KHB T AL &5 L Proportion of forest area; Grass_Pro; % H T 2 (5 Lt Proportion of grassland area; Shrub_Pro . # A Hi i #7 & Lt Proportion of
shrubland area; Wet_Pro; {230 i 2 /5 L Proportion of wetland area;Water_Pro:7ki£'ﬁm$ﬂﬁ Lt Proportion of water area;Imp_Sur_Pro; A 375 7K THI 1T FR
Lt Proportion of impervious surface area;Bare_Pro: #EHiTH A (5 L Proportion of bare land area

4.1 DO WRshHE 57

F2K I DO W 5AE K AL S e (r=-0.51,P<0.01) A 3B (r=-0.43,P<0.01) F1F K P28 K &
(r=-0.26,P<0.10) 5 14 a5 2 0 UG [FEF, SARHE AL S e (r=0.44,P<0.01) FIEE— =L L8 (r=
0.33,P<0.05) % 5 bR IEAHSE . A7k DO R BE (%) 3K s PR 7 AH 6 i 20, S5 AR i AR bE (r=-0.32,
P<0.05) 5 5 UM SR K IR RT & (r=0.36, P<0.05) JRTT{5/KALBEAR (r=0.36,P<0.05) 55 4 8155
W IEAE,

TR DB GDP V5K HERE R P i SR R R R R K AR DO Wk B G
AHXF K, oK DO MR EE AR AL HLERTE N &2 2% 52 mi 7 A2, 5 A DGR bR ik 19 45 A K 3 i 52
M FA 5 A, A RFKRBIN 173, 5550, T2 B, B i A W 0 21 22 5 78 K, B & X
DO ¥ B JC 0 35 (I THVEFH 3 SR T, e Al K0, B RN B X DO VR FE I B THAI R .35, 3 ] A5 37 ok Ay oA o7 o 8
R AR H g RE AR DL K B s b AR T T B T U5 YRR EEANIRI A 06, ROk | I 58 36 /K i RE e 4R W
RGE, Bt = 7K TR IR gl P 14 At 3 A R 25 A T AL, TR 1 R B A2 AN R B 3 R R =
PI7K ISR E 2 M R 2R 2 1 7K T Gl RN 1 258 A IR E IR P K 22 42, ANt e A 283 dlxt K AR AR 3R 45
FIRE
4.2 Chla X3RN R AT

FIKIY Chla W 5AERENT i (r=-0.40,P<0.01) IRAT{57KALHA (r=-0.31,P<0.05) 55 =7 [
(r=-0.31,P<0.05) FBH AR 5 1 (r=-0.24, P<0.10) Z5 9 AR 52 W2 A ¢ [F s, SR & (r=
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0.62,P<0.01) MFHLTE A 5 b (r=0.63,P<0.01) \F/KIHRE (r=0.47,P<0.01) FIE K& (r=0.32,P<0.05)
AR PR A W IR A SG . A7k Chla e BE ARG FE IR SR T 5 F KW JCHA 25 5%, (H 2 M g B, X ol
Chla 7K SCZE1T 22 5 0T BESE 1 T AR K S R T s IR, VT s B RE 0 I 9% (B TRl Vs K HE B = & 8 R 4k
EXQENZ L PN Y et

TR R i D R AR 24 AR A B (i FH SR AR A R /K AR Chla WRBE YB3, Chla W5 IR BEAF7EIL
o A TR M | 3302 PRI A A R N TS P AT R 32 BRI A A G, FEERIUEA1EH
Wk AT RIS B RS YR AR B, A AR T B R R A A R AR T IR TS G E A
T Chla ¥R BES R RMUKAR BB R EE N E X 51 AR R —287 " R RE AR A ™
TR LA R St R R T SRAN I T e BER AR 245 ARAEGE . 0T DA 253l A Bl ) S0 24 R g -
WAL AR AR B K R AR K AR R A0 G2 7= T AR, A2 b DA 38 7K 5 AR Ak /K 2R
B2k 2 H AR IR T
4.3 TN SK3hHZE 5 Hr

FEAKIY TN ¥R S AR AL & b (r=-0.43, P<0. 01) FIFEAR AL &7 be (r=-0.24, P<0.10) 55 2 N5 FR 2 i
FI A ; R, 5 A D2 (r=0.38,P<0.01)  FHUTEFL & H (r=0.36,P<0.01)  F/K IR (r=0.23, P<
0.10) %5 6 MR B E IEAHSE, AT TN ¥R BE A IR MLl 55 ok g o . 5 AT AL e (r=-0.36, P<0.05)
BB ERAE 5AEKE S (r=0.64,P<0.01) F1 Tl 15 K HEKE (r=0.36, P<0.05) %5 2 NSRS
FHIEAE,

o A 3 A T R B R0 7 R R S LA B AN 35 7K T 388 22 o e %) T U 5 G TN R R O v 9 R B
S B AR T HE R R 5 KR TR A 7= AR IE (AR 25 Al 553 oK IR & S 521k e i1t ) AR 2017 4F
Yol AT i LSS 258 JT g, R i AR At FH 20 4 T BL L 294 559%—T75% (A RN B A BV E )
WAL, e —3 3 B R 23 ik A KR IR T TS R 0 B 8 R0 RIS B AR AL T H I U
55 7 HXHG e B8 RS/ ™ L Peterjohn %5 (R 1F 53 3 WHYRT f52 7417 1] 4 B8 89% B AU 80 % B s AN
] F SRAE B 1] 1) SR R AR5 BE T 22 53 038, AR RIE AU R0 38 11 WG A BE 1 e, T 5 e X R0 38 I WM BB 0 1+
PR BIE , H R S B S VE A > st B AR AR 34 TR, B X b X T R % ol DX e e 2
PR T IR | R el TR G | AR BT Y B ), R S X UM A e 5 0 A F AR AP F R | DA
TN i FIES 25 s s A T RS A A It 0 L BEBSYATEE 2 ke AOYAT IR AT KA B SRR I G R s R TS L, T
P B AL A B sk 208 (o Ach T S TR0 P ot o e T St % w6 ot A i1 i v VR e B A T
i, EE TG o 7 ARV VI 2 ke AP T R AR 16 FH A7 7 A A B R | I AR TR VS K AL B Bl
BIAG Jo Tolb FRIE SRR e A A HUIE R AR EE IRBR B R 2510, Bk, BRI AR IR LA oK R 7%
KA R KR [ B BE AR ] RE R K R RIS P B R
4.4 WOQI sl H &R 58T

FKW WOIL F5 55 AN B KA S e (r=-0.43,P<0.01)  F KR E (r=-0.36,P<0.01) A 0% JF
(r=-0.35,P<0.01) 55 14 Mahpie B 1 A ; R, SRR A7 L (r=0.62,P<0.01) (=2 (r=0.28, P<
0.05) H—r=k e E (r=0.26,P<0.05) % 7 MEHRE B EIEM G, MK WQI 5F AL b (r=-0.41,
P<0.05) 45— L (r=-0.36,P<0.05) & FE(r=-0.32,P<0.10) % 5 e hR 5 5 A 56 5 R0, R K
WOI $5 BS54 i (r=0.62,P<0.01) 3T {5 /KA (r=0.42,P<0.05) 55 4 Mahe 2 B F1EAC,

N S A E 2 2 0% e 300 A SR SC0LE M T B kb | MR i R B, LA R v AKCHE R Y 22
WOI F8HCA R 1 =22 AR =FoK I, i A R 1 i ) R i A 7% R H0 78 K, i o4 T L 2 28 D 85 4 1) K i
BIRIRAG Y, LR T A A 7= i K T K HE O WQI F8 0T R K B AR ) B4 R 25 TR L A e
iy S5 T B AT TS5 Y BN A 25 1 SR ST T WOQI 8 800 2 = HoAT B S, /KB WQI 48 £k bl 25 5 1l
TR FRURIES — 7=l b 7 A 388 0 T 1 R, 3 mT B8 2 ph 1 5 b 7 40 3 L o 4 R AR 4, HL G K B 199 5% i AT A7 7 4
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B AR IR R PR 2 5K, IR T T B AR K SRR I MR
Hy TS B 5 A L PR ) T 1M B Rl G M M K 75 et TR BB
ROTIE TR ), RO AT XA MRS R 5 520 7 M S R ) A
BHE MK VRISV BAT DL & A AR AT SRR RS2 bk 15 0 (R K W sk U 0
A TR T LS A8 40 9 EATHL B 5 B A XK VU BRI AT 1 P A 0 10
0014 XA D BUK FRHEE (T AFEEUEI X T b BT 45 A S

5 it

ARSCEEA T STAN WQI K B PFAl 5 i, N ZE LR LR FE T T AR 48 K BRI PPAy | 32 %295 Y 8 A 31 1
FK 5 YRS R R A4, AT N ) A — R Q0 Ik s & R R UK AR B S % EEALINR .

(1) BAKRTFE | TR RFBIK IS Y FEE L)L Chla(6.05 pg/L) Fl TN (1.92 mg/L) ¥ EE# AR A 3, [l i £
A DO HeE (5.04 mg/L) fffin) 8, Chla SPM NH,N Fl TP ¥k HA7 W& Ak CETT MR RN R 2 5% . FK
1 Chla A1 TP ¥R EEAKFAT K, {H SPM AT NH, N V& 3 55 Tl K 3 5 7K 37K 5 1) A8 ) 3K 3l PR 28 35 A /K 0 o
HEZR,

(2) NI, BRYT = A DT ) 1X | B8 3 ) sy 907 LA B S8 2R YT 1) Ry T Bk o 34 ™ I, A 4%
ZRFE SR T ALK (WQI<60) o BRI = A P T] (5 DX RN VG V1A% K J5 [ @ 2 222 3k TN Fl SPM K B
B . ARTLAACTIAK BT EEERIN TN W EER R, 40500 1.56 mg/L Fl 1.66 mg/L, - PUiginf i iln TN ¥ 5 i
1 (1.78 mg/L) .SDD(78 cm) fi/NE /K BT [R)8L,  H8 2R 3] R VLR S AR 22 R A ST I TN AR (1.94 mg/L vs.
1.99 mg/L) [A]f%

(3) A7 AR R HE O U 8 3 R A BOAS 325 7K T2 N Ry 5o W83 22 fin il 49 T V575 202 TN A1 Chla 3k B2
MBS KB A R A B SRS AR D R e R AR T KR FFRE AR A K
B — LS K T S LT 25 5, AE/K A RGOS IR B R | iR 8 A A MR R S5 A Y
) I AR A T D R TS Y W i HE I
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