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Comprehensive assessment of water quality in Hanfeng Lake using multivariate analysis

QIAO Zhe, HE Bing—hui’, LI Tian-yang, WANG De—bao

(Key Laboratory of the Three Gorges Reservoir Region’s Eco—Environment, Ministry of Education, College of Resource and Environment,
Southwest University, Chongqing 400715, China)

Abstract: In this study, we aimed to clarify the temporal and spatial variation and main influencing factors of water quality in Hanfeng
Lake, which is the largest lake in the Three Gorges Reservoir(TGR) region of China. A total of 14 sampling sites were studied across differ-
ent regions, including the inflow, main lake body, and outlet areas of the Hanfeng Lake basin. Water samples were collected at each sam-
pling site at the end of each month in 2015 and water quality parameters were analyzed. Multiple statistical techniques were used to identify
spatial and temporal variations in water quality. The water quality of Hanfeng Lake could be clustered into four spatial regions, including
the incoming water area of Nan River (Region 1), the incoming water area of East River (Region 2), the upper reaches of Hanfeng Lake
(Region 3), and the middle and lower reaches of Hanfeng Lake (Region 4). Variations in water quality could also be grouped into two dis-
tinct periods: Storage period (from January to February and September to December) and drainage period (from March to August). Trophic
state analysis indicated that water quality in the regulating dam (HF5) and below the regulating dam (XJ1), both of which belonged to Re-

gion 4, exhibited moderate eutrophication; Sites in other regions showed slight eutrophication. The eutrophication level was lowest in Janu-
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ary and December and highest in October, reaching moderate eutrophication levels; other months showed mild eutrophication levels. The

concentrations of total nitrogen (TN), ammonium nitrogen (NH;—-N), nitrate nitrogen (NO;—N), total phosphorus (TP), soluble phospho-

rus (DP), orthophosphate (PO%—P), and permanganate index (CODy,) showed downward trends from upstream to downstream in the Han-

feng Lake basin. Principal component analysis results implied that soil and water losses contributed most to the deterioration of water quali-

ty in the Hanfeng Lake and the regulation of water levels related to the TGR also significantly affected the water quality.

Keywords : water environment; temporal and spatial variation; water eutrophication; principal component analysis; cluster analysis
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Figure 1 Location map of the study area and sampling sites
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Table 1 Information of sampling sites in the Hanfeng Lake

X 35k KA B PR FEAE Location "
Regions Sampling sites Name £5J% Longitude (E) #5 )% Latitude(N) ik Remarls
KX 7ZX1 BRI 108°13"41" 31°06' 26" AT Ll

7X2 i 108°18"45”" 31°08'59”

TX1 BEiZ 108°18'38” 31°09'24"

ZT1 Prpksgic 108°19" 13" 31°09'24"

D1 L 108°2358" 31°11"13"

DH1 FEH 108°26'58" 31°15'30"

DH2 ERUPN 108°25'01" 31°12'05" TE AT M A
WA X HF1 AR 108°22"22" 31°10' 16" T AL M U

HF2 AT BRI 108°19"41" 31°11'37"

HF3 PRIEHY 108°24"40" 31°11'16"

HF 4 LI 108°24'47" 31°11'19" TR I R

HF5 DERVE 108°26" 11" 31°11722" T M A
HI7K X XJ1 PEITIR 108°27'59" 31°11'28"

XJ2 e BLNT AR 108°29"17" 31°08" 11" DM A/NT AL
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MISE , PO —P R AR B 43 ot BE vl o HAA 2
Ji S BESCHR[17].
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Table 2 Results of comprehensive evaluation and sampling sites clustering

KR (8 11X) TR (21K) DB FRGR 3 1K) DM R 410
) Incoming water area of Nan River  Incoming water area of ~ Upper reaches of Hanfeng Middle and lower reaches of Hanfeng Lake
TiH Ttems (Region 1) East River(Region 2) Lake(Region 3) (Region 4)
2 2 g g
TX1 ZT1 ZX1 7X2 DH1 DH2 HF1 HF2 TD1 HF3 HF4 HF5 XJ1 XJ2
ZATREOEN 534 580 543 568 50.3 53.2 583 565 549 542 554 495 493 526

BEAEE RE RE RE RE e e

Re RE RE RE kg b RE

R3 BABEETNERBEIREER

Table 3 Results of comprehensive evaluation and sampling month clustering

FKWI(E5 183 ) Storage period (Period 1)

MK W7 (55 2 11 1]) Drainage period (Period 2)

i H Ttems
1H 2H 9H 10H 11H 12H 3H 4H 5H 6H 7H 8 H
LA TREOT M 49.4 55.3 58.5 60.2 50.6 49.4 53.8 57.8 54.8 54.8 53.6 54.8
[GEEi3 s H BE BE R B i B B e e e BE
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Figure 3 Changes of water physical and chemical properties in the Hanfeng Lake
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Table 4 Factor loadings of water quality in the Hanfeng Lake

ek F 43 Principal component
Index al a2 a3 ad as
TN 0.845  -0.073 -0309  0.032  -0.248
NO;-N 0.805  -0.094 -0341 -0.104 -0.377
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CODy, 0.266 0.683 0310  -0.295  -0.103
SD 0490  -0.651 0280 -0.119 -0.015
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pH 0.187 0.464 0.566 0352 -0.555
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Figure 5 Distribution of phytoplankton Chl-a(A) and variation of CODy,(B) in the Hanfeng Lake
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Figure 6 Variations of water nitrogen(A ) and phosphorus(B) in the Hanfeng Lake
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