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Water Quality Evaluation and Pollution Source Analysis in Zheshui River Basin of the Upper Reaches of Dongjiang
Lake. FAN Xuan'?3, WANG Fa'?2, LIAN Jin-jiao'?, LI Xi', LUO Meng-yao'>3, CHEN Hong-song'?® (1. Key Laboratory
of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sciences,
Changsha 410125, China; 2. Huanjiang Observation and Research Station for Karst Ecosystems, Chinese Academy of
Sciences, Huanjiang 547100, China; 3. University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The Dongjiang Lake is an important source of drinking water in Hunan Province and a strategic water source for
the Changsha-Zhuzhou-Xiangtan urban cluster. As a first-order tributary of the upper reaches, the Zheshui River serves as
an important ecological safety barrier for Dongjiang Lake. Currently, the region is actively developing a cluster of
characteristic agricultures such as vegetable, fruit and tea farming, and ecological animal husbandry. However, the current
status of the water environment and the sources of pollutants are still unclear. Based on the actual measured water quality
data, water quality evaluation is conducted using the Water Pollution Index (WPI), the Expectation-Threshold-based Water
Quality Health Assessment(ETI), the Water Quality Index(WQI). Using Principal Component Analysis (PCA) to identify
the primary pollutants and critical source areas within the watershed. Finally, APCS-MLR and the Output Coefficient
Method is employed to quantitatively analyze the main pollutants sources and their contribution rates in the basin. The
results show that: (1) From 2016 to 2022, the overall water quality in the Zheshui River Basin exhibited an initial
deterioration followed by a gradual improvement. However, due to the persistent exceedance of total nitrogen (TN)
concentrations, which classifies the water quality as Class IV, TN remains a critical factor affecting the water environment
of the downstream Dongjiang Lake. (2) The spatial distribution of water quality within the watershed reveals that the water
quality is relatively better in the upstream and downstream areas, while the middle reaches, particularly near county towns,
exhibit the poorest quality. This spatial pattern indicates that the water pollution in the Zheshui River Basin is predominantly
influenced by external pollution sources. (3) The three principal components extracted explain 88.77% of the variability in
the original data. Organic matter pollution (F1) accounts for 38.29%, nitrogen nutrient pollution (F2) accounts for 34.86%,
and phosphorus nutrient pollution (F3) accounts for 15.62%. F1 primarily originates from domestic and agricultural non-
point sources, with livestock farming as a major contributor. F2 is mainly sourced from domestic and agricultural non-point
sources, with crop farming being predominant, with Luyang Town and Tuqiao Town identified as critical pollution source
areas. Phosphorus pollution (F3) mainly comes from agricultural non-point sources (primarily livestock farming) and
domestic sources, with Magiao Town and Quanshui Town identified as critical pollution source areas. Future efforts in this
watershed should focus on precise management of agricultural non-point source pollution in critical pollution source areas,
which is crucial for protecting the water environment of both the Zheshui River Basin and the downstream Dongjiang Lake.
Key words: water quality evaluation; pollution source analysis; principal component analysis; APCS-MLR; Zheshui River
Basin

ek F e 2024-06-21

FEEIH : MR B S AT R R Qs YE DX Ve L BB (2022sfq02)5 i1 B RHL BT &I B ) (2024RC3242)

O[5 /E# E-mail: hbchs@isa.ac.cn



AR, fE—RINAAKIBTGBERKI ST, EDKIASGGERG 1R 3 . SR, B SR KT (1
AN A FIRGHA JE R IH KPR B 2 52 BN R FE 75 4 it e AR A At
SRR EEARYR, K0T 22 AR A A 25 R S BE A S 2R, 802 X S 22 B R R e 1 B B R
Bl G fe] SO R IAT IV AR 7K PR T e ROt 2 SRV AR O O U] ) R e 5 i) R . 3 i 4 A M
AR VLWL T — S AR K L, &K 8144 m®, A2 T MREE /K. RILH SN E
K CH T ERARYTEEL 2013 FERANNIE K E SRURAUK B A S AME R AL R AU KK
VI A RIS T A R PR T, DRI, DR ARV o0 A KTt e WK/ D e b3l — i, 2 AR
M EZ AR LR, XY R IIRIEE A 2 e KA B g B B AT EEAE M o @K AR T
BB, ZXCERT R R G SRR SIS R AR, 2023 5 AWM A A S BRI
B AR I AR TR TS R ARTL IS OB BT E R o BEE T A M S TR AR R, K3E
B S R ER T I 1 2 Bk . SR, AR R AT DR AR LI 7 AT /K P 458 B G5 sy ThD PR AR, KRB
R L5 AR AT T -

FRT, il b 5 DR 7K 5T Aty i pe s SR (0 R TR VELS), V7 22 3 VR E IR /R BTVEAN D7 VR B I A 4 23 )32 B
FITL sl BREEUIT 2013 4R 5 K T3 e s, 1207 A K BRI . 2805 R bn Ui BA B & 5,
Hazorgat B R i, R BORMHET S A . CHENG 2585 F L T 301 5848 - B R R 7K 5 8 R 55 1P A
% (BTD #RW] gk s O; SUN SEPME AR BT RAEE (WQD W ARVLHUISK BTEAT £7 5 PP o
FEAR PP AR 0N B 5 Y, W] SR UK IR BEACR . A, W NSRS I A ooy
B (PCA). BB HTEEZ TCGTHERAT K FUTAN S 25 Gl o1, PCA BEXS Z HabrfedE. i Iah
AR, HGNEAE “I0) 7 B, R REFIBIAS IR FRIA] A R E, R TE AR B A HE TS e s A R
FEVRIRTER 3 235 G it b An A 58 BT 5 IR O RO /KIS Beia B — R . H R H 06 i R 0%
WA BRI GE i 2207 ko 40t -2 etk B9 CAPCS-MLR) #EARYZ Gt 753 o 1) — M i R 52 44
P, S ORI SETE AT, BB Hh e B Al SIS QR S AT ok, (L 5 2 ot i B g it
REMIFM, B — & EMMERATE N, Mt RBCER LR R, Prif 280, AR E iR g
G S AIRFERTAIT FE QB2 SIS, 12059 R o ARG R NI RS A & RS R HE R
B, ERAMAFEAS R TR, DLUARE M &5 JHRK H 8. (H207% 52 IR T R B HEm e, I8
FAAE—ERIATENE . Jhtt, Z3E R R IR 5 95 TT s Jeili o BT IE, I s G UR A T B AL 45
REEIARL L W

BT, ASCRHARIZK B E 77 AR KRS BTN 2R E, FFAF PCA YU = 2235 4L
REEJRIX, EUEHEA_E [FINHE A APCS-MLR #RUR oy 28 408 AT sk 3 25 el e L oamk EL, 4%
HH AR SL R 7S Bt BERT 5, DA O (3t 24 s Ry G A M SRR 7 b A R RTS8 7 7K B T T AR LK A B o B
R ESH,

1 #R5E7%

1.1 #AREXER

WKL 151 B 24 MBI 7T 2R R 38, D AR T K 2 2 B /KRR, SRR RS o W /KIAT R IR I
RS e A% L, AR 8 AN 2 EE TN B BN RILI . ZI K2 95 km, HEFF 6.6%0, HR
%7 620m, “FHRE 21 m¥/s, WAL 810 km?. Wi/K Gt & S oh 3y oy 2= R S 0, B
EE2W, XBMATFRIN, ZHEFHEAK 1547 mm, BKAREES, BN HAY; ZEFHSRE
13.7~18.7°C, ZAF-THHM 1 418 ho WIAEIUZFSH, b, K. RBFEFE, E@F KB %X H
Ul g, ORI/ BRI, AR 55K 73%, BHbIEFIZ) 20 Jim.



1 ARXHEBAIE (), Rl DEM(b), FiREikI 5 (o) L3RI A AB R RE LT (d)
Fig.1 Location of the study area (a), watershed DEM(b), sub-basin division (c) and the land use types and sampling points(d)
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Table 1 Corresponding table of water quality category and WPI value
KI5 JES IES IIES IV v HVHE
WPI i WPI=20 20<WPI<40 40<WPI<60 60<WPI<80 80<WPI<100 WPI>100
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Table 2 Standardized calculation of water quality parameters for ETI method
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Table 3 Assignment and weight of water quality parameters for WQI method

fob wE PRl 73 5L

100 90 80 70 60 50 40 30 20 10 0
2EfS e 1 <750 <1000 <1250 <1500 <2000 <2500 <3000 <5000 <8000 <12000  >12000
TR RE 4 >7.5 >7 >6.5 >6 >5.5 >5 >4 >3 >2 >1 <1
A 3 <0.1 <0.2 <0.35 <0.5 <0.75 <1 <1.25 <1.5 <1.75 <2 >2
SR 1 <0.01 <0.02 <0.05 <0.1 <0.15 <0.2 <0.25 <0.3 <0.35 <0.4 >0.4
TR TR PR 3 <1 <2 <3 <4 <6 <8 <10 <12 <14 <15 >15
A 3 <0.05  <0.1 <0.25 <0.5 <0.75 <1 <1.25 <l.5 <1.75 <2 >2
AR 2 <0.5 <1 <1.5 <2 <3 <4 <5 <6 <8 <10 >10
SEERiIRT S 2 <0.1 <02 <0.35 <0.5 <0.75 <1 <1.25 <15 <1.75 < >2
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Table 4 Values for various production and emission coefficient

FEHEG R XA COD A A PRy
WA TE IR KT Qe R A mg-L! 285 28.3 39.4 4.1
A TG KIS Y e R g N-d 26.4 2.11 3.82 0.3
B AAE R AR R R R AL kg/ha R 1.375 6.302 0.577
B[ b TR R HE TSR R FR 3L kg/ha E— 0.448 5.003 0.454
R DL b B 8 7R A A RS R AL kg/3k 11.647 6 0.807 8 0.142 8 0.205 1
WL b & S 7R A= HES R 5L kg/3k 149.060 7 4749 6 0.3516 13716
KDL b 8 8 IR P A HE S R 3L kg/3k 214.114 5776 4 14173 0.883 6
A DA b 7 8 7R 5 SO HE S R AL kg/*F) 1.8499 0.099 5 0.0553 0.023 8
A LA b 7 & R AR HETS R AL kg/H 0.3712 0.0172 0.000 2 0.003 3
HUBLLL N 8 A A 4 HES R 3L kg/k 5.7822 0.453 2 0.0789 0.094 1
KU DL 8 & R 9 4= HE S R 3L kg/3k 137.512 1 55714 0.2545 1.6179
HUE LA & & 725 W A4S R 3L kg/3k 126.052 8 5.217 0.2 0.588 3
HUBLLL T 8w A S HES R 3L kg/ 0.829 6 0.04 0.002 0.004 4
KA DL T 8 8 7R S HE S FR 3L kg/>F) 0.0819 0.006 8 0.000 2 0.001 6
IR IR R HEG R kg/t 13.056 0.624 2.125 0.183
WA VRIS KITIG RECI 0.89, RITAEIGIG/KIGHM COD. AA. BEA. BBLGE (HA) BEREFSHIE 64%. 53%. 46%- 48%.
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FEFEER, H ARPAEDRIL, T2 8T R AR T E KR . R R EEA ST KR & F AL
G, X LR Z 70 7 b B ()15 KR 2 EARHECE KA A, b — B0 1 & o Ak, KA AR B,
Rl EH, ME B ER, SEASRIRE G KSR FILFEIER, (85K R B
KHAEEAR, JCHOERASR, KK R 5 2 1 57 520
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TAERFE B, DASEELRE A A R K G

2 KR 2016~2022 FKBURTHED
Fig.2 The evolution trend of water quality in Zheshui River Basin from 2016 to 2022
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Table 5 WPI evaluation results of surface water pollution index method in Zheshui River Basin
Kl 4g4r WPTAE OKBIZEHD L4 WPL KR

g DO TN TP NH;-N CODyy LI 29 ERVTRAT
S1 42.0 (D 87.0 (V) 25.8 (ID 20.0 (DD 31.0 D 87.0 \Y N
S2 20.0 (D 56.3 (11D 20.8 (1D 253 (ID 45.0 (11D 56.3 I —
S3 40.0 (1D 71.5 (IV) 79.6 (IV) 351 (D 41.0 (1D 79.6 % TP. TN
S4 37.3 (D 86.7 (V) 38.0 (ID 20.0 (D 27.0 (1D 86.7 \Y TN
S5 38.7 (ID 102.3 (V) 25.5 (ID 28.5 (ID 67.5 (IV) 102.3 EAY% TN. CODyp,
S6 20.0 (D 103.1 (£V) 39.0 (ID 51.6 (Il 60.5 (IV) 103.1 £V TN. CODy,
S7 20.0 (D 68.0 (IV) 84.8 (V) 20.0 (DD 41.0 (1D 84.8 \Y TP. TN
S8 40.0 (1D 68.5 (IV) 49.4 (11D 20.0 (D 27.0 (ID 68.5 v TN
S9 33.3 (D 66.9 (IV) 28.8 (1D 20.0 (D 27.0 (ID 66.9 v TN
S10 20.0 (D 65.2 (IV) 28.3 (1D 27.7 D 53.0 (1D 65.2 % N
S11 26.7 (1D 82.1 (V) 38.0 (ID 20.1 (ID 37.0 (0D 82.1 \Y TN
S12 40.0 (1D 66.3 (IV) 23.8 (ID 20.0 (D 43.0 (1D 66.3 v TN
S13 40.0 (ID 89.2 (V) 20.0 (D 28.0 (ID 29.0 (ID 89.2 A TN
S14 26.7 (1D 73.0 (IV) 24.8 (ID 20.0 (D 33.0 (D 73.0 v TN

T ME 31.8 (D 77.6 (IV) 37.6 (1D 25.4 (ID 40.1 (IID 79.3 v TN
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WKk WQI P 7 38R 66.79, B —MEE, #0870 B RUFES . 14 NMKBEMFERH, R
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AUR WA BT, HRI KR 25 . BT AT WQI PR 530 S i 378 3 7K J5 5 20 B 7K Joi 2 TR0 A Jey LA B B — 3
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Fig.3 Spatial distribution map of surface water ETI and WQI water quality evaluation grades in Zheshui River Basin
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Table 6 Characteristic value and variance explained

EroN VISRHHAIE (B T e kA T I A
FHAEA Ji ZETTHRE % BT 2 TTHREY% FHIEE Ji ZETTRE % SBU5 ZETTHREY%
F1 3.52 50.29 50.29 2.68 38.29 38.29
F2 1.62 23.18 73.47 2.44 34.86 73.15
F3 1.07 15.30 88.77 1.09 15.62 88.77

RPN BN L S EEAMEEE, NEEMEE, Fresil.
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Fig.4 Load diagram of principal component factor after rotation
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Fig.5 The ranking of principal component factor score and comprehensive score of Zheshui River Basin
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FH APCS-MLR 5 2445 31 &35 YLl 57K B bn Z R R BOC R, G 0 BE (R T8 B AR 0 WL i
FLE R, HBUE BN | RV G M, W% 2 R>0.7 i, UIHUZEAVER] 5, W TE—2
(035 YR AEATT . ASHIE 78 P A /K B FR BRI RIS R2 397E 0.8 247, XK WM APCS-MLR B! B A5
SRAVATEEVE. /£ APCS-MLR BERLAR, S 4RHRNS B A)YS eR STk R Z AN Y 100%. IRIEREAR P Es R, 15
B &5 G K R PR I TTRREE (R 7)o H—F R F1 1 EZS PN A3, o4 CODwma A1 TOC ¥
HITTHRR K, 73k 62.86%AM 62.09% . #5 — 7 F2 193 235 Qe8RS IR+ AL i, Hox JEHL AN
TN KRB TTHRA R, 70 AlIE 48.29%A11 40.42%. 55 = RS F3 (3 25 PO A P+, ot
TP IR EI TR R e K, TA 52.85%. X205 T HEL G 7 iR I0AIE 1 b 30 3 25 Yol e MR i ik, B
IKEEHYITG G F1 EERE AR (>62%), RUE IR F2 20k B AFERMAOIE (>48%), BEE
Fr G F3 FEOR BAO IR AETRIR (>52%). ZARRISE R —E R B b2 BIRAIRAIFEN, X 55K
S AR S0 FEAERTIR B 50 45 R — B0 X R WY T B G v R BEAT YR AR AT AT — 08 10 M RN S 1k
Sof A — 25 45 615 e I HECR SIS , X APCS-MLR A BT 25 AT 30U, 45075 LR g AT IR M o
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Table 7 The pollutant source contribution rates and R? of water quality indexes

_ S HIRTERE/ %
KRR -
F1 F2 F3 HRRFIIR R?
EC 45.60 34.36 0.68 19.37 0.78
DO 6.38 20.78 1.28 71.56 0.88

TN 20.98 40.42 3.30 35.31 0.79




TP 5.48 5.92 52.85 35.75 0.96

TOC 62.09 4.89 2.38 30.64 0.77
CODypy 62.86 3.47 1.76 31.91 0.85
THUA 20.71 48.29 1.73 29.27 0.95
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MRYE CHERCGR G TR AL S 7 M R BT, X DS JeIi X (1) 5 By el db 47 T ok tb e dr. B 6
BoR, AR (6 5D {544 COD FI3RE A TSR DTk L i, TX 84.2%, H UG & &R ALR M A4
TGRS TTHRZE 051N 8.17%-7.35%; 15 Y& S I BRI AR A AR Y Y DUk L I 55 8, 20 ik 45.93%141.04%
HYGR MR AN & & IR, TR TN 7.22%- 4.93%; 15 G0 M BRI B AR VR UR Tk HL 5 v i 86.03%,
HURRMN G & &FRR MY, TTERERS AN 7.13%. 3.28%  3.28%. Ut B/ R A A 58 /2
P RHEE ) 32 25 L

ML (5 5FRIED 753 COD IR AETEIR TTRR LR &, 1k 58.4%, LU AN ARG IR & & 77
FEME, TTERZE 73N 26.2%. 15.22%; 154 BRI AR TR L i &, 18 61.54%, HUGRARF 4G
P PRV AR & IR, TIBRE AN 25.64%. 10.74%. 1.97%; 15 4e¥ 5 B A S VR STk LL B
15 46.86%, HUGEFMEN. R AEIE. BEFREN, TTERE RN 24.49%. 22.45%. 6.04%. 1IN
AR AR LI BB S YR, L UOR R A B & 7RE M

LN (3. 4 5T SRR & G FREN TRt iR &, 1 52.09%, HUCRFMENY . SRS
P R ATEIER, TTRREL 70 BN 16.83%- 16.5%- 14.48%. 1t B & & 75 5 MV AN AR v VR A& Sh MR AR I 32 B9 i,
FURMEN . SRR (7 5RO 58P0 & SR otk b S s, 1A 40.03%, FHUURFAEY . 3
BUEVEVR . RATETEIR, TTHREL > BN 30.77%. 21.34%. 7.47%. Uil & & IR 5 AR Y 2 R KA I 5
YRR, HUGRAERR . DU 2 8K IR TS R otk R IR, TR

g5 b, A KR LTS G (F1) 3 B5 JL R AR AR VIR, O & &35l 05 34 (F2)
F2 B YR NI AT AR, OO RENL AN B B IR BT (F3) FBS RN & & 75,
FLVCAFE M RS A% A A T R
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Fig.6 Quantitative analysis of main pollutant sources in critical pollution source areas
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