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Abstract

Lakes in the arid and semi-arid regions play a critical role in valuable water resources, while deteriora-
tion in water quality would threaten the societies, economies, biological diversity and fragile environ-
ment conservation in these areas. In this study, 68 monitoring points around the Bosten Lake, the largest
inland freshwater lake in China, were established to investigate the spatial-temporal variation of water
quality during the year. The results showed that the main pollutants of the lake were total dissolved sol-
ids (TDS), chemical oxygen demand (COD), and total phosphorus (TP), moreover, TDS content in the
southwestern part of lake was generally lower than that in the eastern and northern part of lake; COD
content in the southwestern part of lake was generally lower than that in the eastern and northern part
of lake in April and June, but it in southwestern part of lake was generally higher than that in the eastern
and northern part of lake in August and October; TP content in the southwestern part of lake was gener-
ally lower than that in the eastern and northern part of lake in April, but it in southwestern part of lake
was generally higher than that in the eastern and northern part of lake in October. NH3-N content, which
was evenly distributed in the lake area, was not the main contaminant in the Lake. Water quality in the
Lake also showed a temporal distribution difference. The TDS content of the lake in June and August was
higher than that in April and October, while the COD and TP contents were opposite to the TDS content.
Allochthonous pollutants composed by the wastewater from agricultural irrigations and inflow from the
rivers affected the spatial-temporal water quality, but this effect was not significant. Endogenous pollutants
constituted the key reason for the spatial difference, and the solubility change of endogenous and exogen-
ous pollutants caused by temperature mainly determined the annual change of water quality. The water
quality of Bosten Lake could be improved by adjusting the water level of the lake in different tempera-
ture periods annually.
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Figure 1. Study area and monitoring point sites
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THT P 7K 5 MR — LR KR ST A H 2001 4R, EL M PRI AR I R /e A N 7 17 AN /K5 Bl A 1] [29],
{HIR L) A T BRI &, B KD, ok e BN KA X, 755 580 (A 45 FR 25
Ko NHER AR S 040, FATIEIR 17 AW R a5 T 51 AN I A, i S 32 4>
WS P, HAONIBA X R 1 M e 18 36 AN WA AT (1 1), A 68 AN/KUF MM s, JEARI S 26 1 N T K L
JA2, AT DA A B A X K TR . T 2019 4E 4. 6. 8. 10 B FRATAEREAN LI A5 SLHEAT T VU YR K 5 BURE
FoyHT(2 AR 12 A ST AT 25 0K, AREURE).

3.2. IKEHRIRIAE KM E

IR TR B EL 2 s B TR AL 2 S B KT Ge i 2 B R PR [12] [15] [20] [21] [22]. [RIth, AHFF5E 07K 5 $6
bRt 2 AW L (TDS). 12 75 A& (COD) & A& (NHa-N)FLEBE(TP); [FIRF, 7EIE AR, FATEME T 30~50
cm (R JZ MK I E (LSWT). TDS. NHa-N. TP F1 LSWT Fl & e 5 15 202 S HUK 5 43 A 7] 25 W &= (Y SI ProPlus,
YSI Environmental, Inc., Ohio, USA), COD ¥ H B £& B[R] iyl 52 o 7K 5 73 AR R FH (b 3 K PR 858 o A )
(GB3838-2002) (# 1), R/K5 BIK 4 FEARER FH & 73 FAriE( 2).

Table 1. Classification standard of surface water quality

F? 1 MR RS KA

_ ViS5 i Y
Ei=2in
2 IES 1B v AES EAVE S
COD (mg/L) <15 (0~15) <15 (0~15) <20 (15~20) <30 (20~30) <40 (30~40) >40

NH;-N (mg/L) <0.15(0~0.15)  <0.5 (0.15~0.5) <1.0(05-1.0)  <1.5(1.0~15)  <2.0(15~2)  >2.0
TP (mg/L) (131, 7KFE) <0.01 (0~0.01) <0.025 (0.01~0.025) <0.05 (0.025~0.05) <0.10 (0.05~0.10) <0.20 (0.10~0.20) >0.20

Table 2. Classification standard of water salinity

= 2. RIBKS SR
Ei=17n WK BFIK Bk Kk X7k
TDS (g/L) <1.0 (0~1.0) <3.0 (1.0~3.0) <10.0 (3.0~10.0)  <50.0 (10.0~50.0) >50.0
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T H ety A AR T e, DRI B A TR A ARG e S SN T

Wips =Cur XV +C1 xR =R 10w % Crosoutiow @
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YK BH 5 F-(Ca®*, Mg, Na®, K" iRk FE 2 B 50 ok [ T 2019 4 AU B4 ORI 12 2 1) 4 (2R FH s 8 8 o
BLE(IDW), 1EEISRF Arcgis 8.0 A1 Sigmaplot 12.0, 47> #7 % H SPSS13.0.

4, RS54
4.1, 1EERBEMAK R TILAFAE

TDS 2 fiiy & 0 /K 5 1 B4R A, AR AR AP 38 22 57 (1] 2). DY H ~F38 TDS & &8 1.25 g/L, H AR
Jemr. PR N H TDS &8 BEBF(P <0.01), “FHMEN 1.399/L, HPUFK. mMilAdbitm: /\H TDS &
BT EP < 0.01), “FIMER 1.59 g/L, HAIX 5 X EOKAR TDS & #&37E 1.5~1.6 g/L; H1+H,
A KR TDS & 853 NI (P <0.01), “FI4MEN 0.98 g/, K4 KA IE IR IK .
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Figure 2. Spatial changes of TDS content in Bosten Lake during the year
2. {EERBEHK AR TDS S 8L

COD & EAEE N HAFAER 25254k (] 3). HiBIV0H COD & &7E 3.46~73.04 mg/L JuE N, P& &N 46.42
mg/L (%v%), = ERICATIREE. ZRibFE; /S H COD H & &% TP <0.01), F&EN 16.14 mg/L, =
) - 2R, Padbs: /\H COD &&i s A, MEHEPIET MM, S{EERIEARFAILH; +H coD
SEREEHT/ANAMNAP<0.0L), FiHik 288 mg/L, EIHTERE R RILKHHSA.

DOI: 10.12677/jwrr.2022.112018 173 IK IR FT


https://doi.org/10.12677/jwrr.2022.112018

TR 3 70 5 7 PAY N AL S L R Bl R R 2

MA

COD(mg/L)

COD(mg/L)

LS o2 4 gem  ME<IS 530 - 40 £120-30
1520 - 40 5 - 20 £530- 40
US| A
v et anel N
> = +
p .
-
70
<*‘ 4=
rE :
N e ;
COD(mg/L) [ // COD(mg/L) £920-30
<5 Ea30-40 W "0 2 4 gkm SIS 130 - 40 ~
B 15-20 .40 1520 40

Figure 3. Spatial changes of COD content in Bosten Lake during the year
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AR A RIS H NHae-N &8 FH{E 508 0.34 mg/L #1035 mg/L; /\H NHe-N & &481E A 0.02
mg/L~0.45 mg/L, “FHMERDU AR H T, A 025 mg/ll, HZERIFAEE: T NHe-N S ERE: T, Fi
fE50.2mg/L, WFEMLTVYHMNHP <0.01). FHEIFEN NHe-N & 884K EAT 11 KJEHE, HAEZ A 15
FENHE], MESFAKRE 4), KR NHe-N &84 @ K5 1 EE R &

TP & &S TDS M (1 5). VU A TP & & FIME v 0.11 mg/L (IV 2K), =58 ERIA U R R
NHFNA TP HEEZMETIUAP < 0.01), “FHMEHR 0.04 mg/L (11 2K), 2= Loty s, B2 A,
TP & &8N AR\A KIEHAFHP < 0.01), “FEIMEIE 0.10 mg/L (IV 2K), = 5Ai LRI SIEHE. FHr .
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Figure 4. Spatial changes of NH3-N content in Bosten Lake during the year
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Figure 5. Spatial changes of TP content in Bosten Lake during the year
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4.2. {BHESKRENRSRATRR

MRS G g v S A 2, R X B IS ) S A 6 Fron. FEMI4E N TDS fifiiA8fk 5 TDS & A2
WL, RN > N > +A > WUH, WEZEZIEMK, HEHEREARZEEP > 0.05). [HFH
H, 75 A VA A+ CODNHa-N A1 TP 47 fir 5 FAR R (K & AR (e 35— B0 (HAR SR IR A B35 (P > 0.05)
XRWAE SN G ma K5, HE I A2 S BUKBCBAL IR 3R .
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Figure 6. Pollutants amount of allochthonous sources retained in Bosten Lake during the year
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4.3. EHIBHIKRSKAX R

I T 1 B K L 35 T AR e 7Kk 25 55 PR 3R A IR R TP A AR 2 [23], AWK HY R BN A Bk
F B R K T A (1 = R R BRI B A K B (NWDK R — HYHK R B 8 R K AL, P
2 IEA 9 (r = 0.983, P < 0.01), i B 7K F iy Al IH A AM RS G iy 55 380 F /K AL 22 IE AR DR (K 7)o 8 b HE T,
TR KA B g i B A T XA SRS e AT e, TR S 4 T XOK BRR AR 105 B, S EUKBRERAL . 2R1,
FORAF BT R, LB AL 57K 44 TDS Fl NH,-N 7 7 2 00 H A B35 M ARG (P < 0.01, 5 7), RIBEE MK
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Figure 7. Relationships between water level and accumulated water quantity, accumulated pollutants amount retained in the lake,
and mean content of water quality of the lake water
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TR Z KR (LSWT) FRMEEFE NIRRT A: +H < WA < ANH < \H. Bl Za5R 9
(%18), LSWT 5 TDS & & £ W3 IEAHX(P <0.01). 5 TP & £ R 7 AHX(P <0.01), 5 COD Al NHz-N
B B AR ARIL B B2 K (P > 0.05).
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Figure 8. Scatter plots and curve simulations of the relationships between lake surface water temperature and mean contents of water
quality indices of Bosten Lake
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[13] [14] [19]. HI-F1EA K AR A, SWATH WA b, KRR 25 1B) o0 A — B T /K B E e R s R, JRATIHE R 17
AN AL b, AT T 68 ANAKJTE NI L Y SIE R T AN X R L 1, DA A At I R 2 A TR
B R I 25 23 SRR . RATTHI I 041 B 7%, TDS. COD Al TP A& 520 il 42 N K R AL ) R HK &=, &A%
fi b, PEREEK AN, ALK R ZE . — RIS, W07 S SRS G A PR TS R oS . 1R
(A RS B B ONIKA5 A 2EN[12] [21], 17 YIRS G 5 K R B I Hh 13 G AR TR eV HH 75 )
[19] [22]. MW FTE DAERR A BE S, 1A KB T 1 = 22 i R A2 N P AR ) R [4] [10] [12] [15] [16]
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TR PR N 2 1 A

HHFREY, KESKFEREY[25] [26] [27] [28]. AT R B, /KRS TDS 2R FIEME, 5 TP
TRERENMIC. XATREEF /KR K S YRR . TDS WREEFRIE K i Ve R &, Kk
F (i 46K 22 BmT P [ R R T R R SR R IR . YR TS R, YIRS, R AR
EREIE, TDS S&EXFm, iR FRRT, ArEERE AR AR TR, TDS &, Xlges 8N A
A\ H KA TDS & =800 H M-+ A RigFa T R R R . KEEESF TR B, RSN K AR T #8IATAT 7K)
VUK BH B F(Ca™, Mg™, Na*, K", Ca® ik, o VU BHES T Ak FE 1Y) 54.93%, BB X 7K 44 b DU K BH B
Trh Ca®* i th i, S 48.33%. TEMIREIRIZH Ca®* 5 POS BT A 5 i R W RR S , TR AT HL AT Rk
(1 Sl BN, B LIS AR FE SR 2 RO, IR, BERRES VAR, RN, IXTTREMRRE T AT
L AFIY A TP S &, A HMNH TP & &1,

BeAh, 1K AL 5Kk TDS. COD. NHa-N &8 2 2% . MRIEKEFHT, NBIE. H sk 5
i B2 S BT TARA AR . DRI, BEAR T KALE L ZUE WK &, R EVR K NI AT AR R Y
RIS AR EE, BER/KAH TDS. COD Ml NHa-N &8, K. H@&/KA 5K F TP & & R IEMAHX, Xnf
BRI NIK A Ca® i i, PR Sl R 5 BV (e /K R B TR E S 38 n 7 Bl fr) P R e

HHUE R, B4 5~9 H il K75 R P AR FEROR, KA #h 2 S5 B By, R RO 3G i
IKEANH WK E . RERNBIKE A DR SN, 54530 B A2 1 VRS e inidiz sl #i5 Jed s K e
57K G, A K& I 7K 2R DK I 6 w5y h 43 B 5 G B B 17K ARy HRBI DX, 930/ i B 38 v 7 DT
GUUR, [ A5 & AR AR = AR S AR R 75 K R 5 3K s b il N AR FFIR /K AL IZ AT 38 W] DA ARG T 28 R A E
£ 10 A~ 4 IR ERARES, /0 BBk e, NII/KEFEZH TR KA, i A8 87 7K T ARG REAT)
ST B TR R ) RS IR B, AT AR RIS W 7K

6. &

1) TDS. COD M TP j2& 3 B 1 A TR A ) 32 B35 4e W) o 1 F 9K B i 25 22 80K, 7N H A\ H 7K A& TDS
F1 COD & &# mmm TP & &A%, WA M+ H TDS fl COD & &K TP & &EE M-

2) BRBENWAZK A NSNS Jeat, TR B X 00 P YR o eI A P 7K A2 A4 P 5 i BB S5, L
JEE & IR 7K 504 A 22 e ) 2 AL )

3) N T BGEIERME N KT, TEARSKAK B B, NTEE MK R R FHROK OB AT, IEREMA
ZEAICIR IS ORFF K ALIBAT -

E&InE
AT H i B ARR) 2 L 4 o 5 I H (2021D01DOL) M1 58 Fo [ 45 SRS R RHE T8I H (2020J5016) %5 B .
&Lk

[1] ZHANG, L., SHEN, T., CHENG, Y., et al. Temporal and spatial variations in the bacterial community composition in Lake
Bosten, a large, brackish lake in China. Scientific Reports, 2020, 10: Article No. 304.
https://doi.org/10.1038/s41598-019-57238-5

[2] ZHOU, H., CHEN, Y., PERRY, L., et al. Implications of climate change for water management of an arid inland lake in North-
west China. Lakeand Reservoir Management, 2015, 31: 202-213. https://doi.org/10.1080/10402381.2015.1062834

[3] CARDONA, A., CARRILLO, R. and HUIZAR, A. Salinization in coastal aquifers of arid zones: An example from Santo Do-
mingo, Baja California Sur, Mexico. Environmental Geology, 2004, 45(3): 350-366.
https://doi.org/10.1007/s00254-003-0874-2

[4] YAO,J., CHEN, Y., ZHAQ, Y., et al. Hydroclimatic changes of Lake Bosten in northwest China during the last decades. Scientif-
ic Reports, 2018, 8: Article No. 9118. https://doi.org/10.1038/s41598-018-27466-2

DOI: 10.12677/jwrr.2022.112018 178 TK BRI 5T


https://doi.org/10.12677/jwrr.2022.112018
https://doi.org/10.1038/s41598-019-57238-5
https://doi.org/10.1080/10402381.2015.1062834
https://doi.org/10.1007/s00254-003-0874-2
https://doi.org/10.1038/s41598-018-27466-2

T I07 1 31 70 I3 4 A IS 2 R AU R L DR 5l DR 3R 0 i

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]
[21]
[22]

[23]

[24]

HUQ, S., MA, C. and XI, B. Establishing water quality reference conditions for nutrients, chlorophyll a and Secchi depth for 7
typical lakes in arid and semiarid ecoregion, China. Environmental Earth Sciences, 2015, 73(8): 4739-4748.
https://doi.org/10.1007/s12665-014-3760-1

MA, L., WU, J,, LIU, W., et al. Distinguishing between anthropogenic and climatic impacts on lake size: A modeling approach
using data from Ebinur Lake in arid northwest China. Journal of Limnology, 2014, 73: 148-155.
https://doi.org/10.4081/jlimnol.2014.852

ENHE, 50, FhbR. FET MODIS B i s i AR WK 1A S BRI BE B B R IR TR, PR TRE 544k, 2014,
12(8): 5527-5534.

WANG Liyan, LI Changyou and SUN Biao. Determination total phosphorus concentration and evaluation eutrophication of
Hulun Lake with MODIS data. Chinese Journal of Environmental Engineering, 2014, 12(8): 5527-5534. (in Chinese)

LIU, H., YIN, Y. and PIAN, S. Disappearing lakes in semiarid northern China: Drivers and environmental impact. Envi-
ronmental Science & Technology, 2013, 47(21): 12107-12114. https://doi.org/10.1021/es305298q

MA, L., ABUSUWAILI, J. and LIU, W. Environmentally sensitive grain size component records and its response to climatic
and anthropogenic influences in Bosten Lake region, China. Scientific Reports, 2020, 10: Article No. 942.
https://doi.org/10.1038/s41598-020-57921-y

RUSULL, Y., LI, L., AHMAD, S., et al. Dynamics model to simulate water and salt balance of Bosten Lake in Xinjiang, China.
Environmental Earth Sciences, 2015, 74: 2499-2510. https://doi.org/10.1007/s12665-015-4257-2

TANG, X., XIE, G. and SHAO, K. Influence of salinity on the bacterial community composition in Lake Bosten, a large oli-
gohaline lake in arid northwestern China. Applied & Environmental Microbiology, 2012, 78(13): 4748-4751.
https://doi.org/10.1128/AEM.07806-11

FECHHR ], BRGNS, DN, ISR AR L RS SR 0], K BER R, 2012, 28(2): 25-29.

SAI Bayaertu, CHEN Minpeng and FENG Li. Agricultural non-point source pollution of Bosten Lake basin. Water Resources
Protection, 2012, 28(2): 25-29. (in Chinese)

FOMORE, P, WEtR, . HeE s R B T B E TR R A RL[]. IR, 2011, 23(6): 934-941.
SAI Bayaertu, HUANG lJin, XIE Guijuan, et al. Response of planktonic bacterial abundance to eutrophication and salinization
in Lake Bosten, Xinjiang. Journal of Lake Sciences, 2011, 23(6): 934-941. (in Chinese)

MISCHKE, S., WUNEMANN, B. The Holocene salinity history of Bosten Lake (Xinjiang, China) inferred from ostracod spe-
cies assemblages and shell chemistry: Possible paleoclimatic implications. Quaternary International, 2006, 154: 100-112.
https://doi.org/10.1016/j.quaint.2006.02.014

RUAR, S, GHE. HE K UK E &I EMRE AT 0], HiBERERLAE, 2013, 33(2): 231-237.

WU Jinglu, MA Long and ZENG Haiao. Water quality and quantity characteristics and its evolution in Lake Bosten, Xinjiang
over the past 50 years. Scientia Geographica Sinica, 2013, 33(2): 231-237. (in Chinese)

ZUO, Q., DOU, M., CHEN, X. L., et al. Physically-based model for studying the salinization of Bosten Lake in China. Hydro-
logical Sciences Journal, 2006, 51(3): 432-449.

TER, #7F, REE, 51860 4 LR IE IpIR S FREAR[]. WInELEE, 2019, 31(1): 293-304.

YU Zhitong, LI Gonglong, ZHANG Enlou, et al. Process variations of sedimentary carbon accumulation in Lake Bosten since
1860. Journal of Lake Sciences, 2019, 31(1): 293-304. (in Chinese)

JEutE, P, BRIET, 45 AWK 3l A A (1951-2011 4F) S0 SURAR A R IR R[], A, 2014, 26(1): 55-65.
ZHOU Honghua, LI Weihong, CHEN Yaning, et al. Water-salt succession patterns (1951-2011) and its response to climate
change in Lake Bosten. Journal of Lake Sciences, 2014, 26(1): 55-65. (in Chinese)

WA, TKESF, MR, S REIKT IR (2010-2011 4F) KT 50 4R R AR (). HIAALE, 2013, 23(6): 837-846.
XIE Guijuan, ZHANG Jianping, TANG Xiangming, et al. Spatio-temporal heterogeneity of water quality (2010-2011) and
succession patterns in Lake Bosten during the past 50 years. Journal of Lake Sciences, 2013, 23(6): 837-846. (in Chinese)

LIU, Y., MU, S, BAO, A, et al. Effects of salinity and (an)ions on arsenic behavior in sediment of Bosten Lake, Northwest
China. Environmental Earth Sciences, 2015, 73(8): 4707-4716. https://doi.org/10.1007/s12665-014-3755-y

LI, W. H,, FU, A. H,, ZHOU, H. H., et al. Analysis of trends and changes in the water environment of an inland river basin in
an Arid Area. Water Environment Research, 2014, 86(2): 104-110. https://doi.org/10.2175/106143013X13807328849017

WUNNEMANN, B., MISCHKE, S. and CHEN, F. A Holocene sedimentary record from Bosten Lake, China. Palaeogeography,
Palaeoclimatology, Palaeoecology, 2006, 234(2): 223-238. https://doi.org/10.1016/j.palae0.2005.10.016

INEZR, FE. ST 5N UK E WK S R A 3] VA RLSE, 2006, 18(5): 484-489.

SUN Zhandong, WANG Run. Effect of glaciers change to water balance of Bosten Lake under climatic backgrounds. Journal
of Lake Sciences, 2006, 18(5): 484-489. (in Chinese)

GUO, M., WU, W., ZHOU, X., et al. Investigation of the dramatic changes in lake level of the Bosten Lake in northwestern
China. Theoretical and Applied Climatology, 2015, 119: 341-351. https://doi.org/10.1007/s00704-014-1126-y

DOl

:10.12677/jwrr.2022.112018 179 TK BRI 5T


https://doi.org/10.12677/jwrr.2022.112018
https://doi.org/10.1007/s12665-014-3760-1
https://doi.org/10.4081/jlimnol.2014.852
https://doi.org/10.1021/es305298q
https://doi.org/10.1038/s41598-020-57921-y
https://doi.org/10.1007/s12665-015-4257-2
https://doi.org/10.1128/AEM.07806-11
https://doi.org/10.1016/j.quaint.2006.02.014
https://doi.org/10.1007/s12665-014-3755-y
https://doi.org/10.2175/106143013X13807328849017
https://doi.org/10.1016/j.palaeo.2005.10.016
https://doi.org/10.1007/s00704-014-1126-y

T8 S0 I 90 7K J5 4 P I 2 AR B EL 3R 1 PR 2R 23 A

[25] ISLAM, M. A., BEARDALL, J. and COOK, P. Intra-strain variability in the effects of temperature on UV-B sensitivity of
cyanobacteria. Photochemistry and Photobiology, 2018, 95(1): 306-314. https://doi.org/10.1111/php.13014

[26] THOMAS, M. K., LITCHMAN, E. Effects of temperature and nitrogen availability on the growth of invasive and native cya-
nobacteria. Hydrobiologia, 2016, 763(1): 357-369. https://doi.org/10.1007/s10750-015-2390-2

[27] XIAO, F, LING, F., DU, Y., et al. Evaluation of spatial-temporal dynamics in surface water temperature of Qinghai Lake from
2001 to 2010 by using MODIS data. Journal of Arid Land, 2013, 5(4): 452-464. https://doi.org/10.1007/s40333-013-0188-5

[28] CAO, H., TAO, Y., KONG, F., et al. Relationship between temperature and cyanobacterial recruitment from sediments in la-
boratory and field studies. Journal of Freshwater Ecology, 2008, 23(3): 405-412.
https://doi.org/10.1080/02705060.2008.9664217

DOI: 10.12677/jwrr.2022.112018 180 TK BRI 5T


https://doi.org/10.12677/jwrr.2022.112018
https://doi.org/10.1111/php.13014
https://doi.org/10.1007/s10750-015-2390-2
https://doi.org/10.1007/s40333-013-0188-5
https://doi.org/10.1080/02705060.2008.9664217

	博斯腾湖水质年内时空特征及其驱动因素分析
	摘  要
	关键词
	Spatial-Temporal Variation of Water Quality and Its Driver-Factors Analysis in Bosten Lake, China
	Abstract
	Keywords
	1. 引言
	2. 研究区概况
	3. 材料与方法
	3.1. 采样点布设
	3.2. 水质指标确定及测定
	3.3. 污染负荷计算
	3.4. 数据收集及分析

	4. 结果与分析
	4.1. 博斯腾湖水质时空变化特征
	4.2. 博斯腾湖水质与外源污染负荷关系
	4.3. 博斯腾湖水质与水位关系
	4.4. 博斯腾湖水质与水温关系

	5. 讨论
	6. 结论
	基金项目
	参考文献

