Advances in Environmental Protection FFE{RJ7 R, 2017, 7(4), 297-308 Hans X
Published Online August 2017 in Hans. http://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2017.74042

The Seasonal Variations of the Water Quality
of Erhai during 2015-2016

Mengshu Zhu, Hucai Zhang’, Fengqin Chang, Huayong Li, Lizeng Duan, Hongwei Meng,
Rongxin Bi, Zhiming Lu

Key Laboratory of Plateau Lake Ecology & Global Change, Yunnan Provincial Key Laboratory of Geographical
Process and Environmental Change on the Plateau, College of Tourism and Geography Science, Yunnan Normal
University, Kunming Yunnan

Email: jane0091@outlook.com, *zhanghc@niglas.ac.cn

Received: Jul. 12", 2017; accepted: Jul. 29", 2017; published: Aug. 1%, 2017

Abstract

Along with the regional economic development and urban expansion in the Erhai drainage area,
the water quality of Lake Erhai has been impacted strongly. To understand the water quality sta-
tus and its change processes, we have monitored the lake water recently. The analyses results of
the monitoring data show that the mixedness of lake water, which is affected by the strong wind
and waves in the Lake Erhai, is the highest in the south of lake where with a shallow water depth,
and is the lowest in central part of lake, while it shows a moderate situation in the north of the
lake. As one of the typical plateau-type shallow lakes, there is no temperature stratification ob-
served in Lake Erhai, but a weak mixing phenomenon between thermocline and epilimnion exist
in the central and north part of the lake in July. The seasonal water temperature changes affect the
distribution and content of chlorophyll-a, which is also affected by human activity induced nu-
trient inputs, especially in the shallow area in south of the Lake Erhai, where is more sensitive to
natural factors, such as wind velocity, direction and lake current. The dissolved oxygen (DO) con-
tent is not only influenced by the algae in lake water, but also the discharge of rivers into the lake.
Our monitoring data reveal a seasonal variation of the DO contents, and show a highest value in
January high and a lowest value in July. At the same time, the pH value shows a distinguishable
seasonal variation with a lowest value in January. As pH is very sensitive to the photosynthesis and
respiration of aquatic animals and plants in the lake water, it varies from one area to another ab-
ruptly in July. It has been noticed that a strong correlation exist between the chlorophyll-a content,
DO and pH values in October. The seasonal change of turbidity is sensitive to water depth and
zooplankton and phytoplankton amounts. The total contents of both Nitrogen (TN) and Phos-
phorous (TP) reveal that Lake Erhai is approaching to the middle to middle-high eutrophication
situation, and strong measurements to prevent the lake from further eutrophication is necessary.
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1. 518

EAIACGE R A Bh T 7 RIE AL B AR SRIE S RE M N AR SR AR O RE 1] e Sl v 7K A 2
WS 2V 5 LA R AE AT FUXT IR AN B AR A AR A B R R e 3 R R R E AR S R SR
WAt BB, A A BT A SR 1 v S A DA AR T S T 7

KK AR B R 0 /2 SR G, ETTs2 0 2380 7K b ) e fh P R P ot % HL B e S 803t
[1] [2]. IR B E LW, AR BA IR GBI Z AL, R 2B RS R, IR S
PR REXH I EAT A AN 70 2o BITHZKIRANDORSE T IA K 0 RATEAAR G, IE R SE T AEWIRETR ) 25
HRUKAEAE S RGRIET J1[2] FERKBEEE R, AT RIS, JFHKEDRREZRK, Wk
R Z M RKIE DR, IF H AR iR AR . SR pH R 2k -a RSN 2 e 4 it
B AR KA B 0 A 3]0 X UL A1 PRI L BRI R 2 R A A b IR B iz sl , AT s e B A
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DA HHKMEMLG, & EERABE— BRI A S 2, BT RIEdEs = A R, B
LA Frdem

ARk, WA AR AR BA R IE AT 5T 5 256 25 SO0 VE 2 1 R R B B R HESNE I [4] [5].
g SR X T 5 R B [5]5ER P EAN A B K IR 23 AT B AT AR AT S0, WEIUR A ORI
KA % S5 AR aH Ao, RERRZ. PiRRZE SRR E R 2 5 R, HE
(6155 £ X A KR S 1250 B ATIRANT T, RGN ARAE SRR 58 A TR A BT,
ANTRIA Z AR B KR o A7 H 3 F e P 385 R S AT 2 7 R 22 R R B R R . SRTTTE 2 5 v S
DX tF 4 0 00 7 B AR B AR AE (A O A 2 WA R G, BHMA[7] OB 326 8]0 5 i 1B 43 )2
F A S RSO (A 9, FL S SRR T IR R R, R R pH P aRER-a f
ST I 23 3 A R

DAAE S TV BT 9 2 B PR 8 TR VAR o KB S DURR AR 7 A S5 45U [9] [10] [14] [12] [13],
AL I HE K AR 2015 4F 1 H~2016 4F 4 5 0 M0 A 1 A, BRI I A VR K AR AL 2 50 1 LAy
ARHE S 23 M AR AN ZE MRS AR, Ve & B IR RS ey SRR AR AR B
2. MREFHZE
2.1. WRXEESR

VAL T 2 B R B AR 6 M 5 (100°05'E~100°17'E, 25°36'N~25°58'N), A4t W I T Bl ) s Ji
KA 1) RV, RIFETEEEMEEW, kA, EEREREN, Rk
WBVTK, VUGN 1L 18 $RIK, 74 H R, T80 7K A0 Hh 2R A2 7 RIM T [ /K M, SR NI/ & 13.78 x 10° m?,
W AN 256.5 km?, E/KE 30 {2525k, FH/KIEZ) 105 m, FIRATE 20.9 m, /K {5 B (A1 £) 2.75
. VE IR E R R, DURIER, CPIERERC, HEZERK, R, FRETS,
5 1951~1980 £ R KB}, G T 4R f/K B 404 1078.9 mm; 5~10 J FZE[F/K & 5 44 FE K & 1 85%~96%
[14] (H 2).

22. BIERESMRAGE

NEAT N RER) T REEAKRIVR SN, EEEMAICR IR E 3 A AT e s e,
53 AL TV B AR DX L H R X S R X . FERFEBLIA LA 1 m (ARG, SEH YSI(TRJerE, W&
gk RS Kt B M B L SR e KR4 K a(Chla). ¥R (Tem). & fR%(DO). pH. M
(Turbid+), F£7 2016 4F 5 7 19 FREAMRAKRE, REIHATH, T EBE(TP). SE(TN) L.
KB PPATY 2 LR FH AR U <7 5L PRIV S FR AR BE VP 20 B 25 KA RGBT VP 20 (PR B W 8L/ BR), SR 5 R ke
HuE (WA )X & W s 347 3 24 15] -

3. BRAT5Tie
3.1. KB ATE{LIFAE

3.1.1. KEPHFREE ST HIFE

43 a & RAEVFIFE DI BN E ESE, WA IK RN E SRR 2 —[16], 4% a IKEN =
AT DU BRAKAA (78 FRR0L . ARG I AL SRRy, B4R 3 a 2O R MFET2L, B4 A
BAREBIFMEIZEE LA, 7 ARIERSOR, JFAE 10 HEREME, ERE 1 T IRIE[16]. (E3RATH) b AR
B BUR AR A 1) 2015 4F 1 H B SR 1E W iR e KR 2 R UL B0 R, (HAEKER 0~7 m
2 AR, HHAE R a IKEM 36.3 pg/L K E] 3.7 ng/L, BEEKEFINFEELE 3 ug/L A4 . 2) B
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Figure 1. Location and selected monitoring stations in Erhai Lake
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Figure 2. Average monthly temperature and precipitation in 1951-1980 in Dali
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Table 1. Grading and classification standard
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BN, MR a FIREE 4 AMA KA E RT3 —, 5 35~5.6 pug/L, 10 14
KoH 8.8~17.7 pg/L, fE 2016 4F 1 A X N4 K 0.6~5.5 pg/L, £ 2016 4 4 H XK A 2.1~6.6 ng/L (& 3).

MZZ[E AT KT, 2015 4F 1 H VE-E rh 50 R R S X () i 20 IR B AR 3R )2 35 52 AL pH 3R 2 v DR s 346 ik
Ry Ak, AL DX AR e IRAE, X5 g SN 8 BE R WAL, Rl 2 e S
HH ) 7R ST 3 PRI ARRAE AF 2 (P] RE -5 WA A JES H T A 9K« 7 2015 4F(1) 10 H 4 BH S R I H 350 1 e o5
WIS 3 a WRBEREAR N &, ALERIBIX Iz, TR X i S R a R BRI R IR i o AR =
MIXBRRZH 2SR, WIKEIRAE M 283 a IR AN &

3.1.2. KB4

HLERATT H AT R A AR = AR I 1 F SPRKIRRAR(E 4), FRESE 11°C A4, {HTE 2015
fE1 A EREKIRIE 125°C. 4 AKIBETFE 16°C~17°C A, 7 FHEEFAKE e, BRI
W, ISV KR R 8 s PR R RS SE AE 23°C~24°C, IR 10 A, KARIEE TREE 20°C 4. Bikk
W, VKRR B b —8, ANFERRALZ 822 IR/, X AR S KRR S A A e . JF
FEZ BRI A . 7ok, M 2015 4 7 AR X K Z 7T LLE H,  FE Sl XA KR R
JE BT EBUERELE 23°C /AT, AL i XL R S KIR4ERAE 23°C /Ay, (HR Z/KIRNIE 26°C~27°C,
A A5 T 0 X X s A F BT 8171

5 JE7R TVHHETE 2015 4F 1 H #] 2016 4F 4 H I oK S-S B PSR, 4562 m SR 2
AFBIRE, FTLURILERZKIR . P RIRS B KR R, KRS ESR AR R G T
FE MR AL, - HL3R 2 /KRS R i T P 34 <

3.1.3. BREEENIHE

TRERTRI R AT RS, FRYER KA IR BT B0 24511l (1 3 B2 (R RN 4k RF K A AR A AT
(LB, RN VAR EE S 50 R AR [18]. A3 BT LRI, BEHE A R A A(E 7.5 mg/L
DAL, K RA S =K T 5 mo/l LURE, AN TEEAEE[19]. SeEdE B, T IR A
AR AN, 1 H BRI B B e B T 8~9 mg/L, 7 H R RARAH AR (IR EE ik, M 4~8.6 mg/L, 4
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Figure 3. From January 2015-April 2016 water temperature changes in Erhai Lake
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Figure 4. From January 2015-April 2016 vertical distribution of chlorophyll-a in Erhai Lake
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Figure 5. Erhai lake surface water temperature and weeks precipitation, weeks average temperature
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AN 10 H AL T-Fe 4t Pt 3 (K 6).
HIXANFEIFRALK (A DO fE 1 A4 AZFANR, HIET7 AA10 AR 7. 7 ARERA S eI
AR sl > AR X > FEEHIX 10 10 H NERBLUY R A X S R S & > AEEIX > Enix .

3.1.4. pH BEE S HHE

VISR B pH AR BN LLSS B AR5 7), HARE 4 AR 10 AKX K pH T 7 AR 1
H, 4 A pHAETE 8.7 £ 474k, HIRZEM/KE pH ML TR Z/DNHEE. 7 AR 10 AARBIXH pH
Zr AR, HEL7 BICEHIXEZ pH (B, B R RB IR A, M ke, KZE
BT RE: i X ) pH B RAS, JFH A EIX KR 2~9 m AL H I pH {5 FARBEAR ARG XTIt
2 10 H 3 ANBIX (/K AT pH B EARE R R (LR K, 20 20 23 1) S, B R i X pH
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Figure 6. From January 2015-April 2016 dissolved oxygen (DO) vertical distribution in Erhai Lake
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Figure 7. From January 2015-April 2016 pH vertical distribution in Erhai Lake
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3.1.5. MEEESMIFE

VER K M B (1 221 22 SR (11 8), 7 AN 10 A Rk E R L kT 1 A . Hodh 1 A e
INTU L4930, 7 AR EELE 0.3~3.6 NTU Z[A3, 10 H7E 1~3 NTU Z[al¥3). FE i) X b fE A
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Figure 8. From January 2015-April 2016 turbidity vertical distribution in Erhai Lake
8. SH¥E 2015 £ 1 A~2016 &£ 4 HiEEE N

AR AR W R ) 52 ) R AR TR O R i VA KA B B SRR — o Jaok, HARHIAIR 7 5L 58 A
feth TR IERE FRIRSTEE(TSIM), BIRAM-283 a ik MR ME R E FRR SR EL[20] - Herh S (TN)IE 1 ik
PR BRERHIH A - SN RENE, BB (TP)E I MR B G BEVE AT, FERLROHURE . ORAF S i i
MITEBIMIE ORMBK R 7735 ) #EAT[21], FF4 G KA A IR ERI SR as R, 2t

TR EIEE 2,

M 2 T B A 3 NI E FR B E IR, BRI, BRI o s DRI L A 98 DR Ll
TR PP AR . R BRSBTS 6 SR GO B TR R S e, EAHZEANK,  HESE 2 X
ML A -

3.2. #Wig

ESLHT[22]55 NAE 1999~2003 4% 25 H 8 T ZHI K I 4K a (ng/L)iRIEEREAT VA, Siit4iRE
AN 2R a R VEHEDY 0.5~6.0 pg/L, SR UNASTHIRFIN 4 2 a A L2 AT A SE Tt 25 AT IR K
HEhn. M 2015 4 4 F~2016 F 4 A MIEE AT DU, RTREH M E T RE BRI, KT
KEFIHPIET, 10 A ML TR 2R a IRIE, X5 EI BRI Z 220232 — 8.
HE 2015 4 1 7, i XRZ /KTt 4x 3 a WREZ S (i, EBE IR BEREINIRGE T F, EKIR 7 K AL
JRAS EARAR, 72 g F 380 Xt SR B A AR i, R B AR XA R I SR e S5 [24] B R EH 7K HEoR 22 35
- PR B AR LU AT ORI, R IUKIR R SR P B I5 . A AN B () BRI 1. KRR
LLFARIRA TE 3 A OKiR 14°C LA THRR Y, 5 S0 PR K. AWM 2015 4 1 H 49K
ISR T CAHEWT, AR T RE e TR 1R DA R N SR S 7 R B AT R A XN KR A E SR, A
R M KR K, HRZAFERHEN RN, KRN EERERER, R INRE T,
XAE 2015 F KRR AT HKER 0~2 m BEREOKiR m 1°C~2°C, IR ESIE R Yt 32 B R (5 B A
K7 ABAEBGL AL W X RS2 B o XA DL4s BAT— A EoR, BRI B AT IRAF g IR KT,
E R AR AR AR L Ay, SRORATIRTT & FIAE & T BRI BT Bk, TR RS fabL, 2017 SE41HY
TEOLER XA DL R 50— U7, MATERTE, X 2R aR a vk Mk iy T AL i 5 v A X
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Table 2. Water quality evaluation in Erhai Lake
= 2. HBKBRITNE

EH-1  Depth(m) Chlorophyll (ug/L) TN(mg/L)  TP(ug/lL) #4142 W43 P BER%

0.266 35 0.25 39.11 36.55 46 55.97 46.17 HE
2.067 52 0.42 32.85 41.86 53.24 53.65 49.58 HE
4.045 5.7 0.49 31.67 42.71 55.29 53.21 50.41 g
6.047 53 0.66 34.61 42.03 61.82 54.30 52.72 ak=4
8.03 51 0.65 32.85 40.70 60 53.65 51.45 g
10.088 54 0.52 32.07 42.20 56.18 53.36 50.58 k=4
12.062 5 0.69 29.33 41.53 60.73 52.34 51.53 ak=4
14.043 3.8 0.98 33.04 37.59 66 53.72 52.43 g
EH-2
0.192 1.9 0.62 40.67 31.03 59.12 56.54 48.90 g
2.017 3.8 0.79 32.26 37.59 62.55 53.43 51.19 k=4
4.031 4.6 0.73 36.17 40.85 61.45 54.88 52.39 g
6.059 4.6 0.53 33.83 40.85 56.47 53.77 50.36 RS 5%
8.05 4.9 0.46 30.70 41.36 54.41 52.85 49.54 HE
10.039 4.8 0.49 29.52 41.19 55.29 52.41 49.63 g
12.006 45 0.54 31.87 40.68 56.76 53.29 50.24 Mg R
14.081 43 0.47 31.28 40.34 54.71 53.07 49.37 HE R
16.078 4.5 0.63 36.96 40.68 59.41 55.17 51.75 SR
18.083 55 0.60 44.59 42.37 58.53 58.00 52.97 SR
19.006 6.3 0.57 44.98 43.73 57.65 58.14 53.17 IR
EH-3
0.145 54 0.60 42.04 44.48 58.53 57.05 53.35 HE
2.051 6.3 0.67 36.96 47.59 60.36 55.17 54.37 k=4
4.07 6.6 0.59 37.93 48.62 58.24 55.53 54.13 g
6.065 6.5 0.57 40.09 48.28 57.65 56.33 54.08 g
8.021 5.8 0.67 35.00 45.86 60.36 54.44 53.56 g
10.099 4.7 0.69 34.80 42.07 60.73 54.37 52.39 g TR

e MR a WP AT 1, TN P LIPS 2, TP WP WITSr 3, EH-1 R HRAE A, EH-2 ARG R A, EH-3 SR
P E R
KT g ORI E LAY, Jelise e, Hrg i X B R [16], K324 S 7K 4]
WENEWKFE 80, UK. B EFRYBE R G5, BN [ 73 A RV e 07 A AL
FA T BT RA K

KR AN SRR a WAL E B RE M AR, R P i ) A K SC i R 1 [25] [26] [27]. 55T I
ARARL, I KR AR A AE BT B AR AR AL, MR A R A 2 JEAR R . R AT DL LR £
KRB, AHVEEEAE KRB KNG, AR EE AR ROR, BRI I 1 2R 2 /K T i v T J -~ 3 <l
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MRS AN BRI 18] 7 B SR AN K IR R [ I T, R JE 2K Z #8322 SRR 5 205 e, IX
5300 R KR AR 8 FIR K R [TTHA AN F] o w2 IR o0 A i 5, VERIRE 0 2 XU A T R XL, A7 B[ 16] 55
G IR, VEE R KURFE S 0] P AFAE R R, mE X > AR > AGEREIX, e
Xk, WAahsEE R, wLANE 2 R RIRI/KIEA IR E 1, 5w XK Z 2K E /K 56 42
SZ RN AR AR ARSI, K A T B IR R R — B, X R I e S X R R R (i KR A A
Ji, ANAFTEZKHRTE AR Ak o T AL 5 X 5 mpsil X el T U BHR HKER R TR X, RbrE 7 H B
TEMER S ERS, HiTHEERIMREE, RAERERAEN 0 EIK A% EZE RN, SR RE
J1R B, IR E I R FE 4 A AR AR Ak BF S0 22 W[ 28], /K € 28 LIS RV it R332 2 7K SR B A B RE B 22
RZKFAE BRI ZESGN, U RREEGE: I R EA AR E SRKZREME, 7£7 AR
BRZRES 5 50 FIERE, 1K SOE AL X 5 i X TR 7 A B9 B

R RSN TR T, R 1 AR, 7 ARIEARSE, XL RN 1 A
T2 B AR . RIS R PR, (KA AR 2 2R 2 2 ) 78 70 Bl K=, B A, &
AR, W7 BIRE S, BOKERCK, BT MIERERRERS, M ERAZEU T KRME
Y or /K e A HLVE RN, = AN DX P 3 v i SR FE AT W5 B K. 10 g S50 DX I i il 4 1
JEH RN B T A2 B IR FE AR I B REm, 543 a B X R (10 H N4 a [RIFE A a3y,
IS SPSS MG AT, HIE 10 H B =AM X MR L 5 I SRR IR R E AHOC(r = 0.6, p < 0.01). 43l
KIS a FIIREE M I, SRR B AT e R, PR R A ER K EMAE CO, FFRBIL O,
SRR SE S, 2OHEE > 6 > REmAs. hbdEn, E£EE8M 7 A raeth T K ETF
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