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Abstract

To understand the characteristics of water quality, their seasonal variations and vertical thermal
dynamics, the water temperature (Temp), dissolve oxygen (DO), Chlorophyll-a (Chl-a), pH and
Turbidity+ (Turbid+) of Lake Qilu, one of the typical plateau shallow lakes in Yunnan Plateau,
were measured in October of 2015 and January, May, June, October of 2016. The data analysis
results show a complex seasonal change picture of the water quality parameters. The water
temperature did not change significantly in the vertical profile and following the air temperature.
Affected by the Lake Qilu Basin and the altitude of weather station, the measured water
temperature is slightly higher than the air temperature during the monitoring period. As the
precipitation in Lake Qilu Basin concentrated in the rainy season, which lasted from June to
October, short term local temperature was affected by the evaporation and raining processes.
Certainly, the existence of Lake Qilu possesses a strong effect on the climate-environments of the
drainage area, especially during the winter. The monitored data revealed large seasonal
variations and spatial differences of the contents of chlorophyll-a, dissolved oxygen in the lake
water, which are closely related with the human activities in the region. The pH values of Lake Qilu
fluctuated between 7.6 - 8.8 that related to the photosynthesis of algae and the aerobic
decomposition of organics at the bottom of the lake. The turbidity was higher in June, which might
be related to the outbreak of algae, the polluted river water discharges into the lake and pollutant
release from the lake sediment caused by lake water disturbance. The contents of both nitrogen
and phosphorus in Lake Qilu are at a high level. It was concluded that the external pollutant input
is one of the main sources of lake, and further the main factors inducing eutrophication of the lake
water. During the monitoring period, the lake water quality as a whole is deteriorating, the lake
nutrition is increasing, and the algae concentration is rising. It is the time to take serious
measurements to protect the Lake Qilu from the further deterioration, even it is already too late to
keep the lake function properly and effectively.

Keywords

Lake Qilu, Seasonal Variation, Water Temperature, Dissolved Oxygen, Chlorophyll-a, pH, Turbidity+

DEEH .

XESIH: AR, dkEA, BRE, BOLY, FEH, SOHTF, B, RN, KBk AAEMKE S HRETT AR,
HoIBRABLERTUS, 2017, 7(4): 487-499. DOI: 10.12677/ag.2017.74051


http://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2017.74051
https://doi.org/10.12677/ag.2017.74051
http://www.hanspub.org

JiH &

IEAKREHFTHETN

A s, REA, RRE, &1 ¥, F4F, IHF, BRE X X, xFH%

TR i 5 R R = e, S EBAA S SRR NN E, A thET R SRR E
SE, nM B
Email: 595152814@qq.com, zhanghc@niglas.ac.cn

Weks . 201747200 FHBER: 20174F8H6H: KA HM: 20174F8 H11H

R

ASCGE AT AR 20154610 . 2016415 . 58 . 6 3. 10 A Ki& (Temp). BEE (DO)- M4 Ea(Chl-a)
WE. pH. P (Turbid+)3HTREFI R IKIERE S, S TREB/KRIRESE, 7EHEmM BT
THRBEWKEKESHFH R, SRR, ENRERERERKARREY, HKESH
FHHTHAE, KA KBRZFHBUMENREZNIFER T, ZWANSER, BEERR, Mz
BB, KERIAERES A ETHARBEE, KEMSESHBRFERGRN. OB M
RN R SR R, MR B A KESEE TSE. RBREKEFESFE~10H, KIKHHE-
RN LB EN BEAE —EEm. REMRESENETIERAREE, X—RELERNEE.
WAKMZRaRE . BRERARESYWH, SHHERER, ZRERRK. KEWESTpHET7.6~8.8
Z s, SERAEGIERAREERYYBERARET. WEAHXRRAME, TREBERER. 15
KBS PN A KK SRR BRI A %, SHIEFEERFIE WM. BAKEBRES L TEEAT, SNE
BRMARERBHEERM N EERR, KENBBELS EHKEREREARTNX—ER. &N
RFERPY, WEIVEKREALTRAGRE, BIAEFRINE. BRRE BT, A5 M%8k. REBHNAES
FEREREMNENEHEHESNER. F2HNBRERANES NS,

XK ia
R, WA, KE, BEE, HEFKa, pH, MmE

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

WA — MR RAL ) IRA A, SRR R AL 5 RS A R A B K Pl DDA G,
X E RS RE A A BRI N, R PR R AR A AR A AR A B AR R BUAL]. fENE
L B RIS PE TR, AR IR S e T R SRR T R EE A TR . H B ATRE O
A RPRBELS RGUEIRN, LSRG T e RBUEA R M RE T, XAUE Ml
AR RGIERER S, A U BIGUR R AR M A A, BE T BELAS L 5F IR AT R A -

EAK RS H AL, ZE RS NSRS RN E L, AEEME L EE, ASEEzh T
TAZK B FEMA B L T FARPAEERIAE T, AMEIE 1A E AR R R, S B AT 1A

DOI: 10.12677/ag.2017.74051 488 HERE 22 AT


https://doi.org/10.12677/ag.2017.74051
http://creativecommons.org/licenses/by/4.0/

Jil &

BRANTA, SFBUKMKTG R EEIRM. BT KA B S HO A A 7S KRG S A FH
ORI 7K 5T AR SE B A BT 1 ARSI B Eh ARk, IR AE S RR R FRRGL, TR A A I
R IERRIPEAY o XA B T35 4™ 5 A VA BE T AR R SLiE, RN T #RIATE B 2R 5 ARG 3t
[FAE T AR A AL T B A

KR BE 2K I E Y B g 2 —, B RBUEA ARG, SIZ &S e SRR 2], 2
KA PIRGE s FEE . GRS AR, K2 BRI R = MUK IR IR B R, JF H— K
RNy HBEARENRRKZ R, IF BIRRKZE AR ARG R, £REZFN 7, 8 AiE3RK
B, AR R 16 2 B R AR TR . anoRl R B2 n bk, A 0 2815 M AR A R0 R A A LR
WA ZET R [3]. RS ERM, KEEMRARE. SR, pH. HEEZIRAE . 5K R
SHWAFED AR LB SEAKBIEALL, K T BR8N, ARG ERIRE S ZIS, AR
IKAA A Z 50 53 A T DA AE BRS¢ o

B oF vy S DX R K U VR R AT 58 A SR AN W 52 B B AR, N5k SR AT [A]RH LT AA) 3 U K B R B K 22 4 IR
Fs ik 2 ST K 5 S50 Wt B = PeAs K AR A BT S . XA I T, DMER
SR WA E B IR 15 RHE DU o M DA BRI L R R AR A A5 5 THI[6]-[11],  7E /K5 7 T B TR 8%
A, HHEZ%F R RN S SR T RO R AT AL, W [12] 5 A w28 3 a 5Kk
DR 7 IS} 25 23 AR R AE B AH S AT 9, B IR TR RO R el AT 78 980 7K 5 1 W e 0 A DL I« A BV A2 UL
BN HRATICER RO, HRSHRIGYE ., 2 NG, AR 30 4N AE TR,
KK pH. S8 BRESETERNR, BV EKF[6]. Nt 2009~2012 4 [ AR RN, 323
AN ZINTH, WA — 0 S0/, A SIAEE R IR H o AR SCACE [B]FRUBE B X AT 7 v ) 7K o
ARGUHEAT WS AT, PRHAC B K R S H =R A R AE,  DADNAC BT IS Y v BRI R 2 5 5
2. MREXERRS 317 3%
2.1. WRXEER

HREMIN Ty RR RN, A E N 24°4'36"N~24°14'21"N, 102°33'48"E~102°52'36"E
(K 1), JES5TNE =B, MBMITTR, PO RERB (T R, RABET IR, J&raT
IKF o AT RERIA 2 A A B P A R IR, W R 1795.7 m i, SETH IR A 36.95 km?, ZR P K: 10.4
km, FEALPHI9E2) 3.5 kmo KKK 6.84 m, WA E 1.47 x 10° km®. AT BEWAZE fdln JLH4E &k AR i 2 vk
FRGE/N. KL R BRI ZEE, it 1958 4E. 1983 4E. 2012 £E% . KR i A ittt /K i B S5 hc 2 i
P 2012 4 2 A Z FiTff) 33.53 km? Bidd 2013 4 4 A ) 21.8 km®, | 2015 FEtHAX4EF/E 23 km®, [RIEH
WEKIRM, AW AL C Bk 2 R LRI 30 km? fRIG PR [4] . 1IX B TG KR Ak, AFT SRR
7K 881.0 mm, FF¥R 15.6°C. AT HEWI Ny — HF A% = JEH/Kim, TERH K T, SERAR IR K,
AKBEIR I RIR I B PN AR AN o B BB AR OB T S 2 A Z T NI . AT A
Sl B E KRR, AR B RS AT R R R, iR R RN, A
TAM K HE. Bk s, iR, K-S TRe, g N RSB “ BRI .
2.2. HRMIEREH

PRI I TEAS B K ORI 23 A FEAC FE IR RN A AL « 9900+ B A DA S B0 W SR 3R KB N [ i ¥
X AT BERAE JF T 2015 4F 10 H~2016 4 10 J fEACHEWIFF /K e ) A% . SRAE sieh 2 3 16

“GPS2000XL A S ” o e (I 1). iz 3 E 4E5% YSI6600V % S HUK i Mo ASCAE M5 I A5 LA 1 m SAyla]
I KR K IR . AR ay BEMRSE. pH . MEZSKIESE, S I T #S 3T 28 AR IE,
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Figure 1. Location and Sampling sites of Lake Qilu
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SR TAky5 K 15 KHERCT . YT WA YRR YIUR T R AN IR R KK S 1 B AR 15 45 [13]

2) S REETHE
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3.1. KBS HEEAHE

3.1.1. ZKIRIALFFHIE

1) /KiETE E AR LRRE

M 2015 4 10 H~2016 4 10 H /KA B 2)Fhal AR H L Fd 1A M s /KR AR L 527
IS o BT RIS TR B 5, BRIR S HEE L H, KIRRRESE 12°C £ 4. #EN5 A&
MKIR 2R TS, (BAKIRIEKE I A B AR A1, B R RO m I AR RE S . 6
FAC R R K R, RO TE 22°C~25°C 2 [A]. 10 H/KIRA Frb#%, FEfE 20°C 4. EEH
T b, E KGR, AT 5 BE A R RS K IR A B AR A
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Figure 2. Seasonal variations of vertical water temperature in Lake Qilu
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Figure 3. Changes of precipitation, temperature, and water temperature in Lake Qilu from October 2015 to October 2016
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1 A% AW EER, RUWIAELFEERE . BN SRR SR BN 52, Rk
PE[12]55 X 2R a I 2 AR I T o A e RO 4510 A — 3. eI L, 1 . 5 . 6 M 10 A%
RIS a IRIERIRBUNBEETR LRGN, 4R a ik AN v

3.13. BREEETHRHME

IREE XTI E B R G B BRI BN R, KRS R AES T E B R, 5H
SHAR L, B AE R MUK A AT R R R UGB GL[5]. ME 5 FiE A EE BT LG H,
B 6 A4, IR MRAIRE MR NMEHADEN ZRAKR, HEERAG —EXH, =0, 1 A&
MSEmARAREES, MES H. 6 H. 10 HFEE—EER. SMET S, EHAREES H. 6 H.
10 A3 R0 AL S, IR HEE . X — s T B AR WA MR A S M 6. B RS HE S
WA R R I, A5 ROINTRX 7AW, EEEHim b, 1 7 & Ak B e R 2
BEAR, LA B A% r i A 52 B R 3 18 I A SR D IR R Ak 35 . 5 F 35 s AP TRV IR AEE 1 KRIR AR 1)
KAEMIEDL, SRFGBEVREER TR, 6 A 10 F 55 m i i S 3 B R 3 2 AR I A1 o A M el B
W, 6 AR KRB RARIERT I A . MARYE 2016 4 10 A MIMBIERE, %I 155 258 iRk
FE R E - ERIANR Z KA i JE R PR, R R KRR IR AN E] 4 mg/L, X5 W B P oAt
I K R T RS B R AR 2 52

3.1.4. pH EEHTLHHE

pH 2 HI VTR P RN FIWIE & & SR B E R 2=, KR HIF B CO, A HCO; BS 1% pH ik EEAR
A RKFEM . WIS R R, FEREBIKA pH B4 IEHETE 7.6~8.8 ZIF], & MTEAFIZET pH BHEF .
Ho 1 A& KPS R ER, MAES . 6 A, 10 A& S ERENNE . Bi3is JB8on™ 1
D55, FEANHIX pH A8 4k 2 ph 2R 350500 X 1] PG 555 0t R il Co TrD 9SS 1S B A AR AR AR A, IX AT A S5 393 PG 3
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Figure 4. Seasonal variations of vertical Chl-a in Lake Qilu
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Figure 5. Seasonal variations of vertical DO in Lake Qilu
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AU, 6 F 5% A A B T PG o B 6 3 4h, i AR /KSR ) e B B 2 R

3.2. ¥ig

WK AR E, KTV 3, §ERREEN PR~ EE IR [14]. R TR
B, ST VN5 RV BRI, Ak 2 S FHm sl R 1A A2 25 R G 59 VE[15] - AC TE AT 2010
SRR T R LD TR D e N S e e R s A =8 S -3 o L RS D W = 2+ O e L 1
FAEREEETG K. RN A2, T2 A fEACTEM 1R 1075 LR ) AL R gt
BI[16]- N Z=, B B 2 K A S A3 15 /K R e 485 e N 248 K08 2315 e B A P
T BTH A R GRS KA

MM B AC T 1K IR AR AR R, KIRARAC A IR S A4 1, BEE T At 2L A
BRI 6 IRATRTLAE H, SIRAKBIAREG, KA AR AAC 7 1 7E 2 B T b o H I /KR
FEIER . HEN S AT AR T, T BRI LA R AE 1~2 m AR IKIR I PR . RE KA S A IE
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Figure 6. Seasonal variations of vertical pH in Lake Qilu
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FEREW 5 H MRS, AKTP2NE L, & iR ERIERRGGX O, e 6 HMiEKT 2 AR
FE 7 R EAN B .

FCRE I A BB S A, 2 NSRS ETI0, WA AR Wi N KO R F R, BKE
e HTWUKAEER D ZIG, REEHK PSRy, B K RS2 IR R UK, &
FERUAAFAER GG, X — 5 2 52 i IR K AR A R AEARAE — 8 72 7o AT RE WA A 37 34y 2
TR 2R A, YRR K S B AR T I T PRI R i, ARKVR TR 28 R A AR I ARG, BRI
N B B P A L T S RIS T KR IR, X —HRFAEAE 2015 4F 10 A B8R (K 7). iEiES
Gk AL BN RE , HEE T 150 m, IR R e R 2 R KR B W v TR R iR
FER FERR . BENAZE, AR 0 FRARAEI T R ARG AN, AR B2 R T s A
XoF ¢4t 2% D F DX R P R 3 T A S E AR . IR AE /DN, BRI, R AT A TR
DHREZ W, N 2k N R A TS PR B = Ak S ZERE

A TR T 2 R S 2 HE /K 32 Y5 e iRk B 22 S AN K [L7], DL i B e e K AR AR AR K A e VR
M 15 TPy TN WA 7T LAE H, X — BRI KA TP TN A T-8m /KL HZ TP). N,
P RIFIHEMERKII VLT ICE, RN 3 BV NI (L0 . Ryl KOEm . #5825,
TN 5 TP HBUIR N & D4 AT V 2K KRB & B8 F1[18]. AT EIM G e 58 X A I A 3=
B BR SE P AN T VR, IR AT K 2 A HE BT X AR, Al R K B AR i 5 /K B 4
TR NV [17]. AT EEWT S, EEMEMER N, KE R AEZ R 7K il BE A B A7 8 N B4 7R WA
K N P IREEABIE I . 84K IIE 5K &N 20°C~30°C, &A@ KRR K, NE
IR R ANIE TARIKLE[19]. 7E1E] 8 W5 Sk d fu % B aT DUE H, HE2R7E 6 H REEHE. X 5E
RS E T BRI RO HE B A R
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Figure 7. Seasonal variations of vertical turbidity in Lake Qilu
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Table 1. Vertical monitoring datas of TP, TN in Lake Qilu May 29, 2016
< 1.2016 £ 5 F 29 AZEM TP, TN EEINHKE

TP (mg/L)
PRI
Om im 2m 3m 4m
1 0.615 0.519 0.688 0.572 0.645
3 0.552 0.630 0.654 0.611 0.526
4 0.547 0.517 0.610 0.549
TN (mg/L)
PRI
Om im 2m 3m 4m
1 2.81 2.89 3.16 2.85 2.80
3 2.65 2.85 2.78 2.77 2.76
4 2.90 2.89 2.59 2.86

M40 2 a R IFIFED AR EEA SRS 2 —, ERAKMIAT, 80 Chl-a SEREREL, WSER
Ak KBNS S FRERE[15]. MDY H IR S5 kA, 2015 4F 10 A 2016 4 10 H % Z R A
K. EEAAMEAIEARME; 1 B TWHESRE, IREEAR G 5 A58 1A 4 g RIRERE
KB, A1, 08 4 SRR RS R EZILEX, N P RIA NS S &ma e g KA
P AR, (R IEE IR YO Y B KR B, PRI A 6 S A SR 2 O AR KA AR R a K
FEFF . TR b, 7 DU (A B N R R B I R 0~1 m AR AR ER a IR A s, XAy
e e T OB IR ZMHIR Z AR F I AE K. 6 A& AZERMREN, AN XIS R iR EH AR
B8, BRa 44k, SABEESTRER a WETHE RE MK (e < 0.01), £ 4 MR N a = 0.1)
WEAMICRR, 1T 1R B BOK FRAR S 2 R G R PSS, AT X P Y AR A7 1) A K B = A 0
TEH, XREEZERZ KIS a ik Il R FE 38 I 3 m i) 5 — AR A

IR R AR KR BB AR AR 2 —, WRKEE LM EE RN R 2 — . EA A R T KR 525 g
T I i AT A K AR B R A LA AL, IR Z IR B K A 5 e B AR 8 o KRR IV R R 2 Bk B K
EREMPPDECEER, HRTSER. LEKERFEYCEER LK - S A # S5 EEK
WEASE RS, AR ES SEERNBRE RIS, BEXKERESHEREEME, 4
IKAE B FE AR, JELeg R EL s P A S A, MK AR AR AR KRB, AR K A S R
GNP [20]. (R RE ST, /KRR IZRK ARG EAE R BT A S e, ms
JE K BRI A T U T B S SRS 2 8 TR AT I M B DR [21] AL 5 AT DA 84k B RS A %
MU IRABEIR FE A PR A A . 1 AT 42, KBS &S, [URIK, WKk B TERMRE,
BiRA SRS R . 5 AMANSE, EiREESERKETRIFMET, BERREEHESESLIEKAER
[, FEAK TR AE 3 Be 7y, AR BEAG 16L& A M LR, smK NEYDCEER . BEE IR B3 0
FHAEFIRTS, FRIREEEETRK[22]. BhAh, JRIE AR U EO R WL B g AN AL R I 2t 25
FHEURE KB R ER R R (R IIRAE — € R b (et P R, i — DR R M AR K [23] .
6 HEEAN KR IRAIRBE KR, 7RI KR IR A, XA R NI, EH N
B HLTG G 53 FERN VR BT B K AR IR R B 3 RZ IR 0 E R IR, 8 TE B 5K A A A1
MRzt 2 T80 6 H IR R KA I LR A0 51— R . AW fREFK AR R A% G AR F i85
PASOKAR A S A, R IE R 2015 4F 10 H KRS A AR IR F 225, M 2016 4 10 H I fif4
RHIERTE , %I B AR R B 2R Iy i 28 (1) 3R 2 /K R Jo P R 17 2 K MR Ak 1 PRAEUHRAS o k] LK)
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Figure 8. Seasonal variations of vertical BGA-PC in Lake Qilu
B8 IR EEEREREETEN
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