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Abstract

To reveal the long-term evolution and spatiotemporal differentiation characteristics of water qual-
ity in Dianchi Lake, based on water quality monitoring data from 1994 to 2023, the single-factor
evaluation method was used to conduct descriptive analyses on annual mean, flood season vs. non-

XEG|F: P, 1994~2023 FEHIK T AL I Z ST ). PR AR RTIE, 2026, 16(5): 727-740.
DOI: 10.12677/aep.2026.165073


https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2026.165073
https://doi.org/10.12677/aep.2026.165073
https://www.hanspub.org/

WA

flood season, and multi-year monthly water quality across the entire lake. In addition, total nitrogen,
total phosphorus, ammonia nitrogen, and permanganate index were selected as core indicators to
analyze their annual and multi-year monthly variations. SPSS and GIS software were used to exam-
ine the differences in water quality classification among three decadal periods, between flood and
non-flood seasons, and across spatial locations. The results show that: 1) The permanganate index,
ammonia nitrogen, total phosphorus, and total nitrogen in both Caohai and Waihai have improved
significantly since 2013. 2) In terms of annual average water quality classification, both Caohai and
Waihai exhibit a higher proportion of inferior Class V water during the flood season than in the non-
flood season. However, the difference analysis indicates no significant difference between flood and
non-flood seasons. 3) The nitrogen-phosphorus ratio in Dianchi Lake showed an upward trend from
1994 to 2023, indicating a dominance of phosphorus limitation. 4) The permanganate index, am-
monia nitrogen, total phosphorus, and total nitrogen in the northern part of Waihai are significantly
different from those in other locations.
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TEAE R 7 5 v SR TR R B K PR R AR I K A KT i 2 25 2 s SR A B LA R 4, A L TR
KN RWE SRR KA Z ARG L ARSI, M EHTNATF S HRE R RS ESY
AR RA AR EARMERL [2]. R0, FEEERER LR g . N OERE TR IGE K E,
ANETEBF A A S R T TR AR SE, Sintha b, ASERFRK. HHkR. &k
O B R TS 0 B ARBR B3] [4], VI S G = S IR IR KSR [5] pH R T ]
6], BMONER “ = =" HEARENRZ 7]

[ P SRR PRI 72 R E0RT R 90 M = ANBr B 20 28 80~90 A N R UM B, A KIEEE
B RE . 70 AR, &EFRC HE SO R P4 BRI R B — K R, & BT R =S SR R
L) 428 6 15 B 9 [7]0 80 AFAR, VELI H I K A IR Bk, VAR, BV B DU BT[]
2000~2010 44 HHAWE AL B, KR KB T VE, B RE T REIRS5/NER R Z 5 b5
YL T 5 HB B0 A R AE e 9 TR G R TRON L [2]: 2016 4F 24 A VA F R AT SR B, WS — &R %I T
FESziti, VKRB VEIZS T EVIS, IV, WFFE S A E SR . A8 E 5IEEKE
g

KR AR A2 WATA AR AS RGN A SRS 5 N IS BN 255 B ) BRI, B[] 5 471 1D 7K 0 A8 A R AE
ST ZE RN, R AR TIATS G R PP VA EE R R ) R R v 4 SRS A% O BE R [6] . VELIL R K
FOGHLAKE, WEMES s “+ =07 o =07 SIRKEETs . ARSIk, ES
BE 5 RGN TR, HoKBUROLEAN [FIBY B S R 2 i 25 53 B [2] [8]. 1994~2023 4 & Yt it 15
PSRBT R KRBTV B BERR SR [ OGBS 1, 0 T i B B R K T AR AR AR B e 3l . A
5] F A 7K S S A8 A Je 72 S, AN R JEL IR VR /K B T8 A8 ) AR ARG, B R AR A [R) B 30 BT 25 R R
MU DA G EEa BT R AR AERF 2 3CHE 2] [9]-
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2. IREXEBERMSE
2.1. FRXEHER

WA T =rE BT RH, BEILmik[10], As iy oK I FE A [6]. 1996 4 i [ F% ik
FRE, WA RIN NS 54N, T BAEKNIERT], SNE S BT 96.4% [1]. JiiEE
R R AR, BFEREFLE 5~10 A[11], MK BB FENAERR DA AN FRE[7]. NBRRZ 5
MFACER. REMEREE[4], HRE—, KEAZHEES155, HiFEE /16 BR[8].

2.2. WHEFKIR

B RN = P K SOK R IR R 1994~2023 48 A /K I AR, S Wt e %6, 10 2001~2023
S AR R MR A ARG />, HA A BRI BRI R I . R RS 4 AN K
WAL, B AR PHERSE N . BEUEA A . AN IR 2 AL B .
MR BRI REGEM TR . EE. B, dEE. R WIR). MElOTHT. ST, B
KR 20 MIPaEp (b, A, |, Wl WH . e, 53%), it 22 AN
S JEVRAE SRR LA 1o

Figure 1. Schematic diagram of sampling sites in Dianchi Lake
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KA : SRR R TP AKR S0, PR AR (hR/KIAES R EhnifE) (GB 3838-2002) K% & & Al
22 T E AN SEAR T H AT K BRI . 2 I K I ] . 2SI AR HEAT VR . B THIAR /N, AN
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ZES YN AFEAKT A AR E A M. JBFH SPSS B, X A3k S A I 1] B P 1R K B 2
Sl JHEAT S 1) B TR P 22 e LU B 1) B3 P A A YR R [ 110 22 S B A, LAy 1994~2003 4 2004~2013
L 2014~2023 F & HEBA A WURAA IR BT 80 K 22 S LU . Wi iR R SR he . &AL B
REEETE (1 W EE 22 S LA, RIS R s A) b 2 S LR A AT

3. KRBV B BB LL BB 534
3.1. KBV

1) =i

2001~2023 fEEIFAER KA TFIV-HVIE, HVIRIHIIR R m, =& HISR 518 13.0%-
30.4%. 56.5%, FEFRIH NS IEEL. L HAMTEER. DS KR AV~BVE,
IR ARV~ VI, AV S HE T AR Bt R 4R 5K i 8 geit W& 1.

M FE LI 723 whk, HA I~ VR BLRE 7l 31 k. 137 k. 184 Ik, 371X, (HLt4y
AN 4.3%. 18.9%. 25.4%. 51.3%. % HMm&iit, HiFI~AVELEmAmTMHN2 . 3 H. 59 A
(BN H S EEAHE). 8 H, HEE 54 13.79%. 28.33%. 33.33%. 77.05%. A MH, V. HVEH
LR LRI Z . B85 H KRR GE it o5 e il LA 2.

Table 1. Statistical table of annual average water quality categories in Caohai of Dianchi Lake

F# 1 HMESERIKREINGITE

FEH v \% %AV FE R IH
BEsEE) 23 3(13.0%)  7(304%)  13(56.5%)  pprrms gy
Eatl] () 23 8(34.8%)  15(652%) TLHAELFH
(2001~2023 4F)  dRI(4) 23 5(L7%)  6(26.1%)  12(522%) b B
BAUEBI(E) 23 23 (100%)
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Figure 2. Monthly proportion of water quality categories in Caohai, Dianchi Lake
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Figure 3. Interannual variation of characteristic value indicators in Caohai, Dianchi Lake
[ 3. At EEFHEERRFEREZLE

b B AR PRARL T TH, BR S SRS EIICE 2012 FHHE B B EE YT, IREEY RIS N, I
YERFE AR HAPRR KT B 20 SR U S R (B tHIEAE 2009 4F, $ RAE 737904 11.84 mg/L. 1.35
mg/L F115.34 mo/L, =mEe h i i K HBLAE 2003 4E(10.10 mg/L). £4F A AL 5T, M. & &M
AR R R HUE AR B, BRI IR AR S . SR EREIE 2 A, N 4.806 mg/L; i
HELES A, ~0.191mg/L; EEMBIET A, ~0.913mg/L; =R ihfa¥uH e 8 B, N 7.276 mg/L.

2) Skt

1994~2023 JEMAMNE S IAEL KRR AL FIV~HVE, HVE L RE, N 60.0%; L VR L
BE, N T73.3%, dEMBAVE A, N 40.0%. FEERIH NEERR TR, HAKTEE. B

5E . M IXORE , ARPURALIUAN X2 IV 36 VI DU
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Figure 4. Monthly variation of characteristic value indicators in Caohai, Dianchi Lake
[E 4. EMEEHHEERRB ETLE

Table 2. Statistical table of annual average water quality categories in Waihai, Dianchi Lake

2. EMINEESIKRERNGITER

EH I I i v A% EAY% FEEARTH

BEBI(FE) 30 6 (20.0%) 6 (20.0%) 18 (60.0%) o g

b MI(E) 30 4(13.3%)  4(133%)  22(73.3%) % FLHAM

(1994~ TEE. B
2023 4F)  AEAUNCE) 30 7(233%)  12(40.0%) 11 (36.6%)
BEE(E) 26 3 (11.5%) 4(154%) 19 (73.1%)
Jb#B 30 2(0.3%) 42 (7.1%) 117 (20.0%) 99 (16.9%) 325 (55.5%)

s 7R 29 1(0.1%) 6(0.6%) 59(6.7%) 255(29.0%) 177 (20.1%) 381 (43.3%) i ihRELTH

(1994~ N . THAEM

2023 4F) [ 15 1(0.1%) 52(8.6%) 211(35.2%) 140 (23.4%) 194 (32.4%) =iait. ik
iR 30 2(0.1%) 100 (8.6%) 360 (30.9%) 275 (23.6%) 425 (36.5%)
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Figure 5. Monthly proportion of water quality categories in Waihai, Dianchi Lake
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Figure 6. Interannual variation of characteristic value indicators in Waihai, Dianchi Lake
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Figure 7. Monthly variation of characteristic value indicators in Waihai, Dianchi Lake
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Figure 8. Spatial distribution characteristics of four monitoring index concentrations in typical years
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3.3. EmBLLT o

R LL(N/P) WAL S B2 MO fabR, BHERE 18 FRER IR R SRR 451 . R T
SR BB O Bt R R S AN R L AT TH ST, 65 SRR R B AN SN IR ] 0 [
FUE bR I ] R AR A s, TR 3.

MIFTRIZEACRT, S SN R LB AR 2 ETHEY, RIM B R LE 2 4b T 13~15.5 2 (8], BEiR 2L
TREHERE S KRGS, R ELIZ D T 2 26~45 18], S Wt it K A SR as Rt 18] 5 A B S 2488 o 4% 1]
JITHT, AN X IR LG AR TE— B X 1, Bt 2014~2023 R BfI =, A6H0-S PG a0 LA e, R
LA A, BB — % f 23 18] 70 R, MR AR iR R . AR , I LRI [RZ D T,
BEPRGIRFIE AW 28, JF HEEHER_ETHIREER TN . X2 5 iRt s Gen B A rh S A B2 T B BE D W)
S R HNEAT A AR &, A E R R R A KA S S R A .

Table 3. Statistical table of nitrogen-phosphorus ratios in different periods and zones (Caohai and Waihai)

3. B INERBLL SRR XSGR

A VA 1994~2003 2001~2003 2004~2013 2014~2023
g 18 15.291 27.537 44.606
Bl 13.898 20.996 35.522
. AR 15.691 18.300 29.909
G N
B 23.403 26.759
[l 14.207 20.705 31.630

4. ERMSTER

1) Hifg

Xof B DU U MBI A7 22 S e o i S5 SRR SRR AR &AL BB RELER R B4 Y
FERERER . NRIESRAEE, 2014~2023 4F W NME A7 535 L 2004~2013 4 A7 BORIE R,
2014~2023 F=PUANRFAET H M{E LT 2004~2013 4,

STAFI AR o dm R Eh e 4. &AL BB, MEURIE T 2 S, WARBE Gt ER,
Wi BV AN SRR & 300 H MR TG 535 2 e, RO R R A AE SV B R SR /K s e AN 235 o DY 0 s A
MBI BL . K2 e LR AR 4. % 5.

Table 4. Comparison of temporal differences in characteristic items in Caohai, Dianchi Lake

4. HBEISHHEN BN R ES TR ®

FFET H i B 43¢ rh 57 $7(25%, 75%) P1E
‘ 2004~2013 4F 7.90 (6.71, 8.95)
LR Eh TR <0.001
2014~2023 4F 5.16 (4.16, 6.61)
2004~2013 4F 6.72 (2.61, 10.64)
A <0.001
2014~2023 4F 0.330 (0.162, 0.788)
2004~2013 £ 0.873 (0.191, 1.260)
ST <0.001
2014~2023 4F 0.104 (0.076, 0.154)
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2004~2013 4 11.45 (7.35, 14.41)
<0.001

Bx
sl

2014~2023 4 3.68(2.94,4.94)

Table 5. Comparison of differences in characteristic items in different water periods of Caohai, Dianchi Lake

3 5. HMEDBHHEN B R KAER MR

FEE{A R AR vl Fh 2 $7(25%, 75%) P14
N b 7.15 (5.54, 7.84)
AR R Eh AR 0.351
LA 6.73 (4.19, 8.37)
HUH 1.96 (0.502, 7.68)
AR 0.705
e[S 1.73 (0.272, 8.89)
I 0.200 (0.136, 1.08)
Sy 0.137
ISR 0.112 (0.090, 1.099)
I 5.23 (3.48, 10.66)
B 0.245
eI 6.06 (4.08, 13.93)
2) Hhifg

XFANEE DY URFAE T H W . 45 R BoREb AN R R e . /A B, REWAERE
Z5, BRI 2014~2023 AL T ZATHT I B BARRAL RN mdRiR B R UM A4y 2004~2013 >
1994~2003 > 2014~2023, MMl AA BB /N 3 .

AR IR S R S e B, & B, BRI EB G HER.

P T e M M (R, B B e XD — R DL b, O S B = X R AN R IX ] L
e E A BB E ST AIA BEE R, Bk RIS T I E X Y0 I A B 1) B
AKHAS 23 A 22 S L L 6~8

Table 6. Comparison of temporal differences in characteristic items in Waihai, Dianchi Lake
5z 6. JEMINGIHED BT E SRR

R B
FHEETR bR Vanik 7 (25%, 75%) P1H
Sample 1~Sample 2 Adj. 2 &M a
1994~2003 4:(1) 0~©) 1.000 8.30 (6.87, 10.46)
ERERIR IS 2004~2013 4E(2) L~@) <0.001 8.713 (7.219, 9.833) <0.001
2014~2023 4 (3) @~©) <0.001 6.033 (5.231, 7.399)
1994~2003 4(1) 1~©) 0.001 0.470 (0.350, 0.691)
A 2004~2013 4 (2) ONE) <0.001 0.702 (0511, 0.916) <0.001
2014~2023 4(3) @~©) <0.001 0.093 (0.037, 0.305)
1994~2003 4(1) 10~©) 0.001 0.255 (0.189, 0.337)
A 2004~2013 4 (2) ONE) <0.001 0.193 (0.118, 0.274) <0.001
2014~2023 4 (3) @~ <0.001 0.073 (0.053, 0.115)
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2004~2013 £ 2.589 (1.943, 3.255)
M <0.001
2014~2023 £ 1.827 (1.395, 2.289)
Table 7. Comparison of differences in characteristic items in different water periods of Waihai, Dianchi Lake
= 7. CEMINSHHED B SKEAE R ERE
REE(A R AR Gail FF 3 #7(25%, 75%) P14
N ] I 8.281 (6.754, 9.943)
R Eh TR AL 0.076
E[BER:E! 7.093 (6.177, 8.739)
A 0.500 (0.102, 0.717)
AR 0.487
JEHIH 0.513 (0.305, 0.696)
] T 0.179 (0.091, 0.280)
B 0.092
R 0.155 (0.085, 0.230)
A 2.130 (1.638, 2.680)
B 0.194
e[S 2.375 (2.026, 2.983)
Table 8. Comparison of spatial differences in characteristic items in Waihai, Dianchi Lake
5z 8. HMINEHHET B = EER M LERR
T HEASE Sk
e Y o i 44 (25%, 75%) i@?ﬁ?
Sample 1~Sample 2 Adj. 2 a % P
b1 - R 0.422 8.85 (6.53, 10.8)
Lk e/ G N 7 - db 0.183 6.86 (5.62, 8.50) 0.004
gzl K -db 0.003 7.69 (6.24, 8.86)
Bl i - 7R 1.000 0.663 (0.218, 1.39)
A AREB i -4k 0.012 0.292 (0.131, 0.583) 0.001
i A -db 0.002 0.348 (0.223, 0.445)
Bla 7h - R 1.000 0.259 (0.111, 0.460)
R K 7i -4t 0.005 0.115 (0.074, 0.180) 0.001
VG #-1b 0.002 0.117 (0.082, 0.171)
blefid i - 7R 1.000 3.52 (2.68, 5.08)
SEAS R i - b <0.001 1.82 (1.40, 2.36) <0.001
i -1 <0.001 1.875 (1.446, 2.13)

5. R 5118
5.1. ¥ig

TR K B AL R e B AL 2 R R B A e A2 A B AR I SR SR PR 5 2R, P ASRiE sl
SR ER o ST IS S 3k T A S K HETEC L S T AL TS S R K TS R 1 E R
FUlAUR G s O A2, RFAET I, JUHGE 20 e 70 AWM “ Bl 7 25, HER
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i T0% AR [11] - 1M1 JE B oG 22 Ak e k0 R Ji , AU ol AR F IR, a1 EE AN W T i
T G B I8 KA R R, K TR . 1994~2009 4, VKB AL T AV, BT ik
JEHAE THOME, JUHERE, 2009 FEA . BB LS IEANE, SEHER, MNiEsm HIE AR
%, 2009 4 10 H 2 2010 £F 2 H =B BRI A Lol i B R WY, e T SRR MR B 1 E 0 B
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