Advances in Environmental Protection ¥ IE{R$FI¥E, 2025, 15(2), 167-175 Hans X
Published Online February 2025 in Hans. https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2025.152021

RPSFEAHKRNFEAS R FERFmE R

G4, MEE, P
ZRTE R 2, S B

Woks H . 20244F12H26H; FHHEM: 20254F2H6H; KA H: 202542 H14H

R

AT AR R KR A A2 BRI A R R, SR K R RS (WQI). 4448 7784 (TLI). Mann-
Kendallfy 3 M & o B H 0 E A ERATHI AR . ERRH: 1) 2021 FEEFE20228FF N, FHALBIAK
BT HEBEMEERY, EsMERKRMNTES; 2) CBHMAEZWNTLRIBESER, FF
BACHSHE. SHALBIAKREFRE SRR, BTN TR, XLFEFENEBRSERRTEXKET; 3) 2B
BEEZE. BRG], HRANMEZESZETHRKN . EZWERSZAE RG], KENEFESEZE. B
HEERE, XEXZEZIBRA. TMBER. K. LR, BRG], FRENERH.

XK ia
EHEH, KERER, EFRKT, AT

Characteristics and Influencing Factors of
Intra-Annual Water Quality Variation of
the Central Yunnan Plateau Lakes

Yiqin Cao, Xianglei Yang, Pengfei Yin

Faculty of Geography, Yunnan Normal University, Kunming Yunnan

Received: Dec. 26, 2024; accepted: Feb. 6, 2025; published: Feb. 14", 2025

Abstract

In order to analyze the intra-annual variability of water quality of lakes in the Central Yunnan Plat-
eau and the factors affecting it, the water quality index (WQI), the comprehensive trophic index
(TLI), the Mann-Kendall test and the multiple regression analysis were used to carry out the study.
The results showed that: 1) the water quality of Fuxian Lake (FXL) was better than that of Qilu Lake
(QLL) and Xingyun Lake (XYL) during the summer of 2021 to the spring of 2022, and the water
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quality of XYL was better than that of summer in spring; 2) the TLIs of QLL and XYL both showed the
highest in the summer and the lowest in the spring. The nutrient content of FXL is low and the over-
all change is smooth, and the nitrogen and phosphorus content is slightly higher in winter and
spring than in summer and fall; 3) QLL is limited by nitrogen and phosphorus in summer, and the
rest of the period is mainly controlled by phosphorus limitation. XYL was limited by nitrogen in
summer, jointly limited by nitrogen and phosphorus in fall and spring, and mainly limited by phos-
phorus in winter. FXL is limited by nitrogen and phosphorus in summer, fall and winter, and turns
to nitrogen limitation in spring.
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AR WG ARG, RERS IR TR LERFEVIZ AR S RGO, 5 1980 ELCK, BT
LU R R AERAEARAC M ARG SN RISEm, WA AR A BERIK B At 4s 32 2 ™ B U [1]. kE T
b ST ANAO BTG SN A E R TR, AR TR 5K AR 2 B R K S BT R
ARG /N2 ez, WHEA B ATEIAR BT A REAR 1WA SRR i A S ThRe, I B 2N
AAFIR T T r P R LX) 25 R v R T AR SIS R A R R TR 5 AR A
23R a RIZIARAL[3], ARV AE P AR A S SN 1 T VRS G [4], SRS BT AR T A . M
TR E 2 T PRI A MY RIS B0 0 SV AR R R 5K, T AT 7 L ) 3 iy HLAd K B 8 AR [5] - B
SRUGAE 2008 SEIE 32 1™ HE AT By, I AR AR YIRR SRR O A A S R g A U [6] . AE
2008~2013 4F il i1 b5 K HERSCR N R LA SR I T A e SR (075 B 7 Ay 386 003 80 1 390 2K i ) 2 R
TFE[7]

B e SR 2 R TR, RIIAR A B, AWK R AN, S R N A A T 855
15 QSR A NA K AR TR AR IR (8] 3 20 4E3K, = B e JELHTA T AR 4/ 2 B 32 BIRR S 5 L BRI BAN
DRI IT R BRI [9]. AE N B SRIEL IR AT, ST S o B v 2t DX L /K o 75 e i
AT H 70 o BEXE L EBLR, AR B E WA TR NG B SRN, 38 7 EREA ORI K IR B
RS RE . TWIAKSOERE . EFRERIREE . GG Y& B B B B 31 22 7 [10], WhAK
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2. 5 HE
2.1. MREHR

BB NRBIIARZ, RA MR WRER, EEAERS . HMEIL. AP Er
e S PSRN« ACREWAANE AT SN R (1 1), 3 NENAJE TRRTIK R, FEZ KRN A
TATANG . b, IS REWIALE WKW, P AI7KIRZ b m. PufilillFKERZ) 95.2m, K
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WG B R 2 RS A%, 2 PR XS, BAREAIRFEREN, WRFY, T8 H[12].
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Figure 1. Location of the study area
1. MIREXAE

2.2. WHEHKIR

SKH 2021 4F 6~12 A1 2022 48 1~5 H&EH 4 h Bk B SR IEE, $oE kI T E 5 PR 5 W) s b
(PR K K5 E 3 W SE B B R A R4t . B AEE(TP). SA(TN). M4 a(Chla). A (DO). =
ERFR L PR E(CODM) FIZK IR S 6 Tiifadr. o, S EURLE B H F e AT I, 12t REFR AR H R 2
SR AT A ZEURT AR T KRS B 43531 9 0.05 mg/L A1 0.01 mg/L, %5 AR 2 5%. 3118 ] Excel
HR T 6 EH S A R 5 AT AR B AN S i

23. Bk

2.3.1. KRFEFRZEM
KHERE(DO). it4x %K a(Chla). iz #15 £(CODwmn)« S E(TN). SV (TP) TH 5K B Fa £ (WQI),
AU F[13]:
Zi":lCiPi

WQI === 1)
i=1 1
H n KRS HEH(n=5), CiRAZE ME—AE, PiAZSH IBLE . KBHEEITHEEE N 0 2=
100, HfEbkE AR AS . AR WQI ¥4, KK Nk 75(91~100). K 47 (71~90). H1%45(51~70).
— % (26~50) 1 % (0~25) %% 5 M54 .
KA LEEE TR BUE(TL) X KA E FRRAS AT ZHar 45 6V, IR B R 2516 £(CODmn)« 4%
# a(Chla). BE(TN). EBE(TPY/KFIE R, HEARMWF:

DOI: 10.12677/aep.2025.152021 169 IR R AT IR


https://doi.org/10.12677/aep.2025.152021

TLI(Z) = DW, xTLI(j) @)

j=1
TLI(COD,,, ) =10x(0.109 + 2.66InCOD,,, ) 3)
TLI(Chl a) =10x(2.5+1.086In Chl a) @
TLI(TN)=10x(5.453+1.694In TN) ()
TLI(TP)=10x(9.436+1.624InTP) (6)
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R R E F%(50~60) 1 E B F7(60~70) L E E #7#(70~100) [14].
2.3.2. Mann-Kendall (M-K)#:4&
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SIS LU AT R 5 PR
U/k

F=r 13
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Figure 2. Variation characteristics of different water quality indicators in the three lakes
2. ZANHHATRREIK BIEFRAVE A LHFHE

M 2021 FEEFEFORFERS, PoAlibl. o REIRE 21 AR A AR IR 4500 1.80. 3.80 Al 3.74
mg/L, 3 ANEIATE AN R E Y IR, Poilibi AR = va i e/ ME H BUE AR S, AT R U H
AR ZE . PUilis] ACREWIA R = 1 S R #h P AU A2 A S L 23 9 O 0.77~1.88. 8.09~12.53 il 6.41~9.06
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El e
A LS 2 B
3 BTN G) “-u S HEAITP () T I HEABCOD,,© Tl RIE I e G —,
- 0.05 5 E KF - 0.05 5 K F —--=0.052FKF —=--=0.05 2 EKF
2 2 2 - 2 -
RSN 17 T 1 AR 14 /- o o
mmpd N o S ’ \ ’ \ l\‘l
0 w/ ’ \ 0 /\ . 0 b (Y 0 _ N, /, ‘\:
8§ el - al s v
-1 1 1 o
2 2 2 2
3 3 3 -3
6 7 8 9 1011121 2 3 4 5 6 7 8 9 1011121 2 3 4 5 6 7 8 9 1011121 2 3 4 5 6 7 8 9 1011121 2 3 4 5
3TN © — SEmwTe - 3gmwcop,, @ % N Emwcna®  Tou
= =0.058F KT == =0.055FH KT —--=0.052F KT =--=0.052E KT
2 2 2 2
14 - 1 11 a1
WOl LN\ NA [ - 2NN Yo
=0 Z ) v 0 04V .
=\ % S , NN .
-14 -1 - - 14\ 1 N
-2 247 27 ’ DAV 2fet
3 B3V 33—
6 7 8 9 1011121 2 3 4 5 6 7 8 9 101112 1 2 3 4 5 6 7 8 9 1011121 2 3 4 5 6 7 8 9 1011121 2 3 4 5
3R ZWTN G) - 31 ZWTP G) — Mezwcop,,® o5 31 B ZWChIa®) —
= =0.058F KT - 0.05 52 KT —---=0.052F KT =--=0.05F KT
2 2 2 e 2
1 A S 1 i .- -~ 1
1 A /\ N . // \ \\ cmeomm o L N \/\ /\/\ "’I‘/\
=0 L 0 — -0 s A Ly i
g |V v/, - , y
14 1 -~ -1 1 R N /
’ \\\/
2 2 -2 2 \
;
.......... e e A A e T S S T

67891011121 2 3 4 5 67891011121 2 3 4 5 678910111212 3 45 67891011121 2 3 4 5
Hbr Ay Hor Hbr

Figure 3. Mann-Kendall test of variation of different water quality indicators in the three lakes
El 3. =/ NHIATREIKRIEFRER TR M-K 1818

3.2. JEPEEMAKRMEFRITEMN

BT WQI F1 TLI FEEUIVPAN T7 1255 =AM K0 B8 RO HEAT VAL, 25 SRR (1 4): TRl
2021 FEMFTIK IR B S, N 89.2, EmfEMIE 10 H, AZ/KTIREMEA T, 1 A HIRME
85.7, #EAN 2022 FHEFFHX EF, SR FOKBIREZE RSN, IREFAE 88 Lot K R 4T . AT RE
2021 FH BRI EEAL, BARMERIE 6 H, #AKTEE WQI 1T, FRFEHFFEEIR, N 584,
BV K FARECE IR AR IS, 10 AN T 10.5%, 12 AMIHELAE R, WQI KT 55%. 2=
KB FR B AT Oy 58.8~68.6, H Z=I A& Tt m, WAMEWMIAAET A, sk bKpihsE, BT
WQI BRKFEE K, AT AT, BN S EIE KRR E, FRKERG T
PHRFAE o

TLI $5EVFM S5 R B, TR 2% &8 R BRI Eh 32.23~41.31, VA E FR/KAE =it i
i, EZEMYIK TLI ARIE RN, 1A BT, HZE TLREURFELE 40 45 . AW TLI L yE
N 65.22~74.51, N EEEEFRHNA, EEWNE SRR R, e EHIIE 6 H, FF TLI K, HHl
165 F. B mia B bii Bl A 59.72~69.81, WIHE FRRM AT & E 3%, 2021 FEZWhHE
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Figure 4. Variation of WQI and TLI in the three lakes (a~b) and their rates of change (c~d)
E 4. =ZANHE WQIL TLI B FER T (a~b) R ELIEE (c~d)

3.3. JEPEEMA Chl a BER S F4FIE

60 60 60
r=0.706, P<0.001 (a) r=0.646, P<0.001 (b) r=0.239, P<0.001 (¢)
501 o2 50 g
[T st o4 I finsn 0%,
PRGN c o 40 O #atm o0
I A Rz U A mzM %
B ° E) o ®a
=3 230 S
3 =
10}
0r
0 05 10 15 20 25 3.0 35 0 003 006 0.09 0.2 0.5 0.8 12 21 24 27
TN/(mg/L) TP/(mg/L)
o SEfH
r=0.271, P<0.01 (d) | —
50+ N ST A
%% L1 #kdls o B
~40 o O e
= % A TR
en
230t
«
320
10+
0F
0 7 14 21 28 35 42 49 56 67 891011121 2 3 4 5

N/P

4 Month

Figure 5. Correlation analysis between Chl a and various water quality indicators in the three lakes (a~d) and
variation of nitrogen to phosphorus ratio ()
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MAEBELLI S Chla s & B3 A, WK 3 Chla M2 oA #rie— 38 o (& 1), TN Jf
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FLIFIBR o AL WA U L 2 22K ZE AR A [ 49 53l v 10.1~27.2 F1 6~20, F4{E 7 19.2 1110.9, FEZF|
B BEMRBIFRR R AT, BRI A M.

Table 1. Multivariate regression model of Chl a concentration variation in the three lakes
F 1. =/NHE Chl a iKE Tk % ot B3R EY

A (] Y A Y R? F
AL Chla=-9.50** TN + 0.13** TP + 0.18** WT 0.37 11.14
TR Chla=-2.19 TN + 0.48** TP + 0.89** WT 0.70 42.90
Bz Chla=8.14 TN + 0.24** TP — 0.84 WT 0.34 9.48

3 AN Chla=6.17** TN + 0.08** TP + 0.64** WT 0.52 64.03
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