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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
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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 medels 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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BXEDEBROFEET , R RPOK G IRE NG E RE 7, K TR G A IR ; {86 F IR K 38 R A4 B B VA
W N PR SRR R, BRFINGER, Bk, AP ETF 2019—2020 4] RE BB A BT RAESEE,
SrEKIAIR KA, 83 ST WOQI J7 B Xt T ZR 4 1 1o S HL V5 e BURAT R P A, Rk E B
RMIESIHLRIBEAT /0T, B RABRIL =AW B RTEIC A K A A & B R ARl S

1 HREHR

ASCHFFE XA T AR A BB R T (4 F 20°13'12"—25°30712"N,109°39/26"—117°10'53"E, tNE 1 fiR),
(R o | AR R A I A A O 7 A By =< By I - i R G A O o 1 B v e B =% 4 ol
FEGHFETM I ML R 21 KT, EAR 179700 km?,

Mo X iSRRI 2% LB R, MK AE 0 1 1888 m Z A48 4k, LA B E IR A& #b 2 3, B AL B8 75 1Ly
K#ERR K, HRXEFERTERNEE, K XEH AR ERFEES BB T, EKPL 5 LER
IKEH 70%—85% ; [RlET , FETR A4 b2 i K, KM OK B B B/IMEM 1.84 %, MK EEIKF 3
%, ZEFHENEMFEEYSESHH 1777 mm F 22°C 3T SEREKR R 314512 m®,

MREXANOFEAET AR, 51,2017 46,7 REE 1.80WE L TR EHRF T 8.90%8 A0
(1.174ZN) , 8155 T 93436.29 27T GDP (59 E GDP #91/8) ™, (HH FHRKAKFERESE , HKkAESE
GEREMEFMEURTY AT, ARG oK IR IE F 5 K SR AT RS R R RE DR R I B KBRS 4]
W, LA BRITTRIBRIL = AN BOE A TS FZ BT K 2 MERTLK R LB B, H 2% milkiE 2 HKiE
Peln)i, CA5 B E R LB E AR R TR ER,
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1 HREERRRERCE
Fig.1 The location map of the study area and sampling points

2 ARFAESHH

2.1 BUERIE AL EE
FEHPERHRFENT . (1) KEBIEFRIE T 2019—2020 4B T REMZ N, TEAFBEBHRE
(DO) M4 % a(Chla) EA(NH,N) BE(TN) B (TP) . BHE BIFY(SPM); (2) KA FIHEFKETF
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ES SR (hitp://data.cma.on/ ) FIJ R A 44 B R SRS 21 2014—2017 SFRIMFEHEE; (3) &
FEEAE M 30 mx30 m =5 [6] 4 PERAY DEM 38, T 3 5 b2 8] 338 = (http ://www.gscloud.cn/) 5 (4) T E
BB B TR R R SR R & 76 ) FROM-GLC10 7 & (http://data. ess. isinghua. edu.cn ) P , 25 ]
A FEF 10 mx10 m; (5) HEZFHERBE T RE SETHRIMELUKERZF Mt SRR AR,

AR RESZREEFENS KB MA KX RE EEMRETRE, AR SO
IPRE-L RSN b T, RS T B R AR FEABRBUR K SURE M EZK R, RIET KBUEREF
AR MBI REKRBURIB AL T R AMIE, £ TR R B R B LA 1 FiR 1, 3%
B AE RS R, VLRI BRI = A PR W XA K B B KB R SRR, KRR E S RO RAK IR EAR
%) (GB3838—2002) MYEHEAT, DO £ FiE #5 KA B U 4347 X ( YSI) X 7K I F25 em4b K A& #E4T B3
B, 50 BE{d F ZE [ A (Secchi depth disk, SDD) #4785l & , Chla ,NH,N TN.TP Hl SPM F/KREHTE
LR E NI B R TERDE [KIB RIS FAEME, Chla NH,N TN #1 TP B E J7 k43 BN OK BT 4R K a
BIE SFEGREE ) (HI897—2017) (/KB EAMIMIE KB4 eItE ) (HI536—2009) (/KR S &AM
E FEhE S - R 2 T RS EOREE ) (HY 668—2013) FI( /K R BERREL FIEBE I & EL R 3-HRE S
SEFEEEH) (HI670—2013) , EATHIBE Tt Ee:, FEXJETHARRRSF MAMBEBMENSE H
T B /K AR G B B e BE A RS 0N FTE, SPM R OK R &2 Y il 2 |2 3:) (GB11901-89) 3k
WzE,

x1 FREFHEINBEREFEHBDLSIT
Table 1 Statistics of sampling points and their collection time in the basins

FRBRAE R FHK IR

Fosk Samples in high flow season ( HFS) Samples in low flow season (LFS)
Basin g RAEMTE] HE SRAERT (A]

Number Sampling time Number Sampling time
Jb{T %3 North River Basin 4 201947 H 24 H—25H 7 202061 A3H—4H
FIL#i3k East River Basin 7 201947 23 H—24 H 10 2020461 H8 H—I10 H
PEYLHI West River Basin 2 201948 27 B—28 H / /
B J51E M Rivers in western Guangdong 19 201946 A 13 H—20H 18 20194 10 A 13 H—20H
H /& Rivers in eastern Guangdong 9 201948 H19H—21 H 12 2020404 A 29 H—30 H
EYLFisR Han River Basin 8 201948 H 22 H—23 H 5 20204 A 30H—5H1H
BRIL=F M The Pearl River Delta 17 201948 428 H—30 H 2 202041838
&7t Total 66 / 54 /

22 PHETE
221 SIVHEHE

B TR B (ST) PR SR RS BOR X AR e (B B9 L AT VR4S, AT LA AR 2E : (1) KR BES B B4
i T E T, KRS8 EEAHE Chla NH,N TN TP #1 SPM, Hit B AR R (1) BiR; (2) KRHESEUE
BemmsEMNE T, TE @ DO M SpD, HHEARMRK (2) FiR,

h;

P, =S_.' (1)
hmax _hi

Pi =hmax —Si (2)

Kb, P RKRSE TS RIS, h BAKRBE SN, b, BT ETFRANKE, 5, RIFMRER
IR 2 T 3 K AR M (GB3838—2002) iy T JKARME, DO MR B —00 7 himfE, &

3.6 +T°
Bk,
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222 WOI AT

LA KRR EL(WOL) &—Fh AR EK 37 B B 340 2%, AN K RS 80 Rl 43 B AN 3 AR 8 S5 10 200 PR SR A
BB HE IR (3) B,
> H xP,

:=1Pi

RH,WQI MEEAKRIEE, H, A% i NKESEUREME, P, BE i NMKAESEWINE , n IS 5T K
FESEA ., WOQI BIBEE(0,100] Z[8], WQI &Kk, /K i R & #F; R AS 2B R KRR ik B .
o WEAMNMER(E2),

WQI = (3)

x2 BEKRBEAEEKRBYSRUSBREANE
Table 2 Classification and weights of water quality parameters in WQI method

it WE R4 Classification

Indicators Weight 100 90 80 70 60 50 40 30 20 10 0
YA Dissolved oxygen(D0)/ (mg/L) 4 275 >70 65 60 >50 40 35 >30 20 =10 <1.0
FE AP (Secchi disk depth,SDD)

o ) ) . . X ! ) 20 =150 =8 '
WEHEHE om 353000 2000 >150.0 >125.0 >100.0 >75.0 >50.0 220 =150 8.0 <8.0

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

4% a Chlorophyll a( Chla)/ (ug/L) 3 <10 <40 <70 <100 <150 <200 <300 <400 <500 <650  >65.0
A% Ammonia nitrogen{ NH;N)/ (mg/L) 3 <001 <0.05 <010 <020 <030 <040 <050 <0.75 <1.00 <125 >1.25
3
3

3 <10.0 <150 <20.0 <250 <300 <40.0 <500 <600 <70.0 <100.0 >100.0

B # Total nitrogen(TN)/ (mg/L) <0.10 <020 <035 <050 <075 <1.00 <1.25 <150 <175 =200 >2.00
S5.B% Total phosphorus(TP)/ (mg/L) <0.01 <002 <0.05 <010 <0.15 <020 <025 <030 <035 =040 >0.40

2.3 B

IR 3N F1 A R RAG K BB 25 A AR AR A0 TAE Z — , B IR B AR 4 OB et , ARE AT R AEHE |
BlEvE ] 2 RN, 8T REWRIERIR  £HEME KR HSEFM T BRI AZE R
J"HRA EERFAK RS AR TR, FEZRNERR FEBRWT .

(D) HIE . B AR B % 1w 465030 2o 582 i 30 358 40 7K R A 7 AR A A RO R 2 i o T A L 3R AR 0, AT s
— R R TR IR AR YRS R PR A AR ) ) TR BB R, A TR T MR 2 R K R, AR 3
BEBE AR 3 B N 1) R F AR M T X K B 4y A AR R,

()RB. T FEBRWN FERMBENERMMXZRK, KXEHHE, BERAERBENSEMKE
RS A RS BB E i — P HMKAES RS, REWF KR ERERF R EWAEREREE W
REKFEARNOEEZERE, BRETRKRRAKLBHEES, B, ASGEFRE SETFHE
W EMEZE LR B FRETIEIKE SR REZ,

() #HELT . TRIFKHBMER T L EM R AR RB/K BB EEERE B A OEE 7=l Eh
S S BFITREAKEBRA RS B E E R EARFHERILR, Bk, A CEBEAOEFE, AY
GDP, B KHEM R , AR BX&& KPR E, — 2 = b e, AR AR 25 8 & B 7R IR T
SR BERIK B RN,

(4) WP IR T b B B R B AR A, HOK PR32 B I A s B e R A S Y
W AT, IR RS B s SRS R TR K R EERE, JLETA RS RS R
#4509 AS G B AR S 05T | - ot 7 B O I A A5 T BB ARV e G HE
T B WY S B /K BRI Y, Bt R EUK RS E S A RIBEES 4% vh X N + b BB A 5 L AR S 20 0T, i
B5KBESHR AR 12 km B R AR B BRE S LW GETTBIT , SR O K B 4 A SR
AR
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3.1 SIHEEFHEESE RS

ERBAAA KIS K RSB R R ITT 4R (£ 3) B KPR KK ESENER L B
5 KRELIREBR K, SPM.Chla #1 TP MZE 2R B K, F/KH SPM K F U B (80.55 mg/L) BAH/KH
(26.01 mg/L) B 3.10 5 ,{fEF 7K Chla 1 TP B9 BEAMIKIAR 172 24, NH,N # TN BREZE L
BEEBRAABHNENER, TR NOKESEMIREEDER THRKE, FKERHESH SDD Z4LiR
BEERIKIIR, FRUEZ (31.78 cm vs. 27.39 cm) FIZEF R $0(0.48 vs. 0.32) R TFTHEKHE,

£3 KRSEHRMEST
Table 3 Descriptive statistics of water quality parameters

sk 7K HFS MK LFS
DO/(mg/L) 5.09 (1.72) 1.62—9.10 0.31 498 (1.77) 2.59—8.56 0.35 0.94
SDD/cm 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 5.74*
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—9.10 111 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***
SFEIKEI(V=66) FIREKHI (N =54) BIREARFA TSI BER ¢ RIS, # P < 0.1, #% P < 0.05, *** P < 0.01
SI R FiFMl 45 R 8 (B 2) : Bk DO #1 SDD 4,

BF5IX SPM . Chla .NH,N.TN 1 TP 4 5 /¥5 Je #5 5 EL o —

FHBR/KXFET 257, Chla WEHEILE K, SPM K 5| DRKE ]

Z,TP Bf5, ¥, Chla #1 TP S RIEHERFEKBA

FHKBINAA5H% SPM NH,N FIIN %3 e £

B, FERBMBRIEBR TR, XK, FEN ;E 3|

YL 4R TN, Chla, SPM #1 DO, S M AHH &

3.88.2.15.1.61 1 158, MM, HAMMEEERIE 2 |

#74 Chla TN.DO FI SDD, 5448804 51K 5.42.3.77, L1l ¢ il

1.58 F11.30, R, 264 KR KA TS YR £ §H | | §D

HFURE Chla TN F1 DO B=EAKESHBEFEMR ¢ = 5 = w € 8

B b K B A A B B 47 §F 8 E ° ¥ o2 0

32 WQI T L R Ao KT #8 k7 Water quality indicators

WQI J7 i PAE 4 R (1 3 A0 4) KW REFEK 2 BETFERIES(ERY V=66, Hiki N=54)
BRI KHA ) WQI $8804> 510 45 #1153, 8 MAIAI/K  Fig2 Single factor pollution index (High flow season: N = 66;
BRI ; BREE VL IR, AR K 75 ety Low flow season: N=54)
MK BAE R P20 B VLT 3 L B8 AR 1 VR A0 B P i TR = A
RBHNEVERBENAR, FKYP, 28 T1%FKESH WQIL 857 60 LLF ,JB FHELUT KR ; FA 21%
REEAH WQIHEETE 40 LIT , B TEEKA, WKH, 28 H 57% R R WOQI 85 60 LIT, B TH%ELU
TKE; [FIRA 24%RHE 58 WOI F85U7E 40 IR, JB FREKER,
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WQI(HFS)

WQI(LFS)

80—100 80—100
* 60—80 * 60—80
 40—60 ® 40—60
© 20—40 © 20—40
*0—20 ° 0—20

B3 FAPURERRAZAKBEEYTHERNZTASH
Fig.3 Spatial distribution of sampling points and their WQI

)
Fig. 4

RHKBRERAREGEKERBEEERNZENH
Spatial distribution of sampling points and their WQI
evaluation degrade in high flow season

HFS: F/K# High flow season; LFS: 7K Low flow season

evaluation degrade in low flow season

4 BHRFSH

WQI AR ER R XFIKFREARELM, B 57% A FRRESBTHREUT KR, LHEE
FOIET B 2RI BRYL = A PHTT  [X DA R 6 VT R U B /K R iR T 1 BRAMR 3 . 1R = ZK 3 At 7K B9 7K J5 ] B
B i DO Chla #1 TN =% F/KBESEMWEE , L&k WQI ZEA/KBRIENHERSHE KL 1L

AN+ 78 Bl A R 2 PR IR B R R #EAT Pearson AHEMEMT S S5 RN 4 iR,

F4 KRBBEWFHERM Pearson XS HER

Table 4 Pearson correlation analysis of water quality parameters and driving factors
IRZh T DO Chla TN WQI
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" 047"
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*"* 0.29° -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 0.36"" -0.25" 0.16
Urb_Sew_Tre -0.34** 0.36** -0.31** 0.65*** 0.18 -0.12 -0.18 0.42**
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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gk
WHEF DO Chla TN WOl
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 031" 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 -0.27 048" -0.12 036*"  -0.07 -0.41""* -0.41*"
Shrub_Pro 0.15 0.04 0.03 0.15 -0.24" -0.36"* 031" -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 K} High flow season ; LFS: #i7K}{l Low flow season;Elevation ; Ej#8 ; Slope : 3¢ ¥ ; Aspect : 3 [7] ;
Pre_LFS: # /KM% & Precipitation in LFS;Pre_HFS; E/K}{IF%HI & Precipitation in HFS; Ave_Ann_Pre; FE ¥/ Fi & Average annual precipitation;
Tem_LFS F5i7K IR & Temperature in LFS; Tem_HFS: FE/K#1B B Temperature in HFS; Ave_Ann_Tem ; £ 3R ¥ Average annual temperature ; Eva_
LFS A5/K W ZE R & B Evapotranspiration in LFS;Eva_HFS: E/K$IZ B A B Evapotranspiration in HFS; Ave_Ann_Eva: FEH7K#Z B Average annual
evapotranspiration ; Pop_Den: A 1 % f£ The population density ; GDP ; I P44 7= S B Gross domestic product; GDP_per_Cap: A GDP;Tot_Sew_Dis: &
157K HEB( R Total sewage discharge;Ind_Sew_Dis: Tl 5K i & Industrial sewage discharge; Urb_Sew_Tre : YT 15 /K 2L B Urban sewage treatment
rate ; Pork_Pro; B PF= & Pork production; Pou_Pro: B 27 & Poultry production ; Aqua_Pro; 7K4: 7= 5 7= & Production of aquatic products; Pri_Ind_Pro;
#—7=\k & K Proportion of primary industry ; Sec_Ind_Pro. 25 7=} 7 l Proportion of secondary industry; Ter_Ind_Pro: 58 = 7=k /i . Proportion of
tertiary industry ; Fert_Use : fLAE{# I & Fertilizer usage ; Pest_Use: 7% 25 i Fl & Pesticide usage; Crop_Pro: #} #8165 B & Lt Proportion of cropland area;
Forest_Pro : bt i & k. Proportion of forest area; Grass_Pro: 5 i % (5 . Proportion of grassland area; Shrub_Pro: ¥ A #b T # 7 Lt Proportion of
shrubland area; Wet_Pro ; {83 i B /5 L, Proportion of wetland area; Water_Pro: 7K ET #1 (5 . Proportion of water area; Imp_Sur_Pro: 3% 7K i B B 5
Lt Proportion of impervious surface area; Bare_Pro: # i i # (5 Lt Proportion of bare land area

4.1 DO EIHHEHZHT

Fk#0 DO W ESAFEKEER S (r=-0.51,P<0.01) A OHEE (r=-0.43,P<0.01) MEKHELE
(r=-0.26,P<0.10) % 14 ME/R 2 BE RAEX; FE, SAMER G H(r=0.44,P<0.01) I —= L L E (r=
0.33,P<0.05) % 5 NMEr2 BEIEHZE, /KW DO ¥RE IR E FAHX B8, S E R & (r=-0.32,
P<0.05) B BEFMAX,; SHKPIFNE (r=0.36,P<0.05) AT 15/KALFEE (r=0.36,P<0.05) % 4 PMEIrE
BEEHX,

BRI A OFHE CDP I5KHEN R ETE A B SRR KAk DO WEMXEHEE,
HEXTA KA, K DO WREAMMVIEE hE Z  ZHEFARE , SHMXNIBREE 19 14 A K2
MEFE S, AREAKN 173, AN FEFENRE RWEREARENSNER, EE/KY, EREX
DO WL B EMRFHER AT, EAKE  EREX DO RERRANER N BE XA 65 HBAREREE
WRBIKIE BRE LU RE B RHFBNERISREEARE X, Kk, NEEKRERAELLE
ARG, B EK RIS E R MR VS L &S AN DEBRAREZIE AR NS ARERT
IR R EERRE R, R 5/K75 B AR S EBUK Y  RERFKE S, AR ARG SN K AERFS
BRI,

4.2 Chla KBHHE M

F 7K Chla ¥R E SEXERE (r=-0.40,P<0.01) IR I5KAEE (r=-0.31,P<0.05) F == LE

(r=-0.31,P<0.05) BT AR & b (r=-0.24,P<0.10) % 9 &R 2 B E UM% Fat, SILIEEHE (r=
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0.62,P<0.01) B E AR &5 X (r=0.63,P<0.01) \F/KIHREE (r=0.47,P<0.01) 1B K& (r=0.32,P<0.05)
Z 1 NMEREEEEMR, MK Chla BN FTERNIFRTFEFEKBLTHBES , BRWIFEE R, XFH
Chla B/K CET 2 5] fE R B PHUKRBEMN E8AK, MIRA R TR, BT RIS KRN EEERLES
BRI EY KBB4,

B PR R A RR AR 8 fi F B S8R R KK Chla WEHXBRE K, Chla KESBEFER
= IR R R X R TR A K R ERE M AC S R Z BRI R WA X, BRI EIEA
B AEMRIEN, FR,BEE SRS RESE RS, AR A B E IR R AR RIS S B R
T Chla EREAKAEERMNEBERE, X SRIANPRLER - ) XERAT RE R4
EAUBELURFORBEREINANE, IEERBEARY ABEEH, 7L 2R8I EEA MR &,
RFEKEBYINICATER KB E R KW BT F AR A, 23 A K R Ak 3R
A FE BARE MR R 0
4.3 TN RIEEI T

F/KHEA TN W SRR & t(r=-0.43,P<0. 1) FIEARE A & o (r=-0.24,P<0.10) 5 2 MEIRE B
EW AR ; FR, 5 A D% E (r=0.38,P<0.01) FHEF &t (r=0.36,P<0.01) F/KBRE (r=0.23,P<
0.10) % 6 MMEMRE B EFIEA, Hi/KE TN YR RHIRSIPLE BB 8, SEARE R & . (r=-0.36,P<0.05)
B RERME; SAEKEER L (r=0.64,P<0.01) F TV I5KHER & (r=0.36,P<0.05) % 2 MERE R
EIEMX,

BRAEMTIEREEAEFREHBRURAEKEEZ MR WEEREGRE TN KEXRNFERR,
JE BRA TEHER K B 5K A TR A = AR R 25 ATl S UK R B B Rk BT, )R 2017 4
PreufF e SR 258 A, REMAICHEABIREE , P AH 55%—715% KRB A BAEY
W, He P — B B AR A A KR, B TR AIIA N B B R0, FR, @I AR T T 8E ,
55 T HAHE R B MR /E T . Peterjohn 25027 B 53 2% WA j2 45 VT HE 67 89% FI AL 80 % HIBE; A
F HREHR N EENISRESIZREF AR R R WRNEE 508, M X R EWRIKEE B
F—HIE, Bk RIS TEA S B R AR LR 24— B, 75 bt b o VAT 2 e 4 o X B H BB B 4
TS, RBEEEG R NEKENES N, BIE R R BT a5 T AFERLMEE AR, U
FOSHEREAC & ol I IR TS Je ARSI, BEESIATIE 2 km BOTH] R KR B B R BRI, T
Hotbac AREAR 2R hnamet & 26 00 Ab TR | B bRt B 5 R T R 8 b SR 4 S W R TS e T, [
A, B WGE A 37 3R XA VI 2 km DAY Tk AR 78 R AT AR B VAR IR A i 5K AL Bl e
HAG R ol FREE SR HE ) AR A VLB RS R B AR P, A, 2 BRSUBER B DU Bk k7
REHRBKK G BB BT RER KRG RNEERE,

4.4 WOQI IKHE ST

FKH WOl B EAFKE R L (r=-0.43,P<0.01) \FKPEE (r=-0.36,P<0.01) AOHEE
(r=-0.35,P<0.01) % 14 B4R 2 BER KA ; R, SHkmER & (r=0.62,P<0.01) . H#(r=0.28,P<
0.05) BB—r=r L& (r=0.26,P<0.05) % 7 MERE B EFIEMRK, HiKH WOl SEMER G (r=-0.41,
P<0.05) B—=\ & (r=-0.36,P<0.05) . E#2(r=-0.32,P<0.10) % 5 MEFE B E 71X R, #ik
WOQI T 5K T & (r=0.62,P<0.01) JRTTTEKAHEEK (r=0.42,P<0.05) % 4 MEIr 2 BEFIEHX,

AO A S2F% R RSN AARIEE TRmEmEL | 3R FHRERm, X5 KRR E 2
WOI HEEARMEERRE, F/KkH, HRAEHFHEY KEEH ZRXETX, BEMBERRETHRE
BERBEMBLEY, R TR AR RKBISKHR WQIIRE T /K BB BB E R Mk EATNE
SRR B IR VS S B A 25 B B AR T WOI 5 A48 55 BA BURE X, RiKH WQI fE$kEE &t
E AR — =k B A S T TR, X TR R T EH M I LEI B A B 42, KX KB M FEAES

hitp : //www.ecologica.cn



7930 £ x E #® 42 %

WU, RN R B R RR 2 R BR, EEBR TR MK SO 2 i R LR SR T 4
W ARFEDERRZWELFER MR B BRI L 25 R R K 15 Je 1A B ALK 3R 88 A
WEERR . KR, B XTEECE £ A B L 454, 58 P S5 AT SR A O
W R TR I BAPLES &, IR T5 KA B8 ) BEFIARAE | A B R KI5 5 BRI K BT IR S 3Rk BT IR
RBANEZRRE, TS G R0 HE R E B 28 15 B BOR X K B TR BUAR HE AT b P I 9 P H M ) A
S 3 XK PR A TR S M I, 3o S e XA TSR B A,

5 #Zig

ASCERA R ST WOQI KB ik, N EWRE LRIF T T R A KSR A  E B 15 42 RH 5
KB LIRENEE ST, T R —R ARk BRIk AESHES%, TELBIT .

(D)BERE T HK-LRFEIRA/KE S EEDL Chla(6.05 ng/L) F1 TN(1.92 mg/L) ¥R EE s N ¥, FEHE
7 DO HE (5.04 mg/L) &M, Chla,SPM NH,N Fl TP ¥k E A B EHAKCEFH MR RE R FK
R Chla F1 TP WREEARFAG/KHA ,{H SPM F NH, N ¥ B2 55 b K 3 5 SR /K /K 5 1) 81 A9 3R 3 R B A K 1 8

(2) NTRIEORE , BRI = AP ] X B PG 353 38 VT T e DA B8 2R VAT B SR VT 8K R T #8014 3%
ZRMERBTPEL TR (WQI<60) , BRIT.= £ I W X FN 8 YT A 7K 5 el Bl 2 B R BN TN A1 SPM ¥k
B, RILAILIIARE EERIN TN WERE, 4510 1.56 mg/L M 1.66 mg/L, BPGEHE I TN %5
5 (1.78 mg/L) ,SDD( 78 cm) IR/NFEKBi )RR, B AR IE T FE VT ISR £ R S TG TN #BAR(1.94 mg/L vs.
1.99 mg/L) [A]fH ,

(3) A=A 1B REHE I RBEE Fr £ LR R 7K T 55 A R 5834 25 8] 4 THT YR 75 44 22 TN F Chla ¥R BE
AR KR TRMEZERE ;BN REFARERE SRR KK B G U RZ YN ERKE
MR REEENTER, EKERGEHRI SHEDE P, RFET B GERA=LEWR h
AR AR IBUE FRER TS e B HERR
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