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Fig.1 Location of the sampling sites in

Ulungur Lake
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(pHD B (SD) LB A (TN) | BB (TP) | 5 56 R
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Fig.2 Mean values of water quality indicators at each sampling site in Ulungur Lake
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Xt 45 R FE 5K TR bR 4 00 E AT KMO K 56 Al
Bartlett BRIEA L . KMO {8 0.707(>>0.50) , Bart-
lett BRIEAG 40 & PEME R P <<0.01. R M 45
B A O M A i 36 B AT AT T

P FURRAEAE R T 1 500, 2 B 3 4 3 a4y
KW+, Hh F W EERZ. 8500 L, H F,
F, . Fy 2RUTTHRFL 81.12% , 0] 543 S Ik 24 {4 [A]
TARL . 4% F RO WA AR L 22 B BB 22 Bk
RULFE 1, e 5B 3 A 32 8000 1107 48 4 B

H5 T % 2.
1 BERSHBER.FETHE
REMRFTERHE
Tab.1 Characteristic feature, contribution to variance

and cumulative variance of each principal component

By FRAIE L R ?*Dﬁﬁ
% TR/ %

1 4.08 51.02 51.02

2 1.27 15.91 66.92

3 114 14.19 81.12
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Tab.2  Load matrix of principal components
o EMSA T

F F, F;
TDS 0.876 0.070 0.333
SD 0.247 -0.593 -0.079
pH 0.912 -0.024 0.153
DO 0.290 0.791 -0.062
CODwn 0.950 -0.062 -0.158
BOD;s 0.011 0.018 0.986
TN 0.896 0.371 -0.107
TP 0.790 -0.313 —0.200

mE1IME2 M, F, 72 2H5THER N
51020, BT A B4 SIEAH G, 5 F AH G HR 9 K BT
$ehr y TDS(0.876) . pH (0.912) ,CODy, (0.950) |
TNC(0.896) Fl TP(0.790) , B F, =% i WK {7
FRES LA RE; F, 72 2B ERRN
15.91% .5 F, #HRB M K BT #5 b SD(—0.593)
1 DO0.791) , Hovr, SD 555 — F il &2 3% M
XK, FERALIKIAKRE WAR B, DO 431 32 KAk oK A4

FE) 66 A RS2 e ] R B 0 3 7K A= A o A R
F, FEBMGTHR R 14.19% ., 5 F, # B R K
JEAE B8 BOD; (0.986) » 3 B WK (R A7 LTS YL 72
B,

3R A5 BRI 34 SR A5 3 o 25 B 45 4 T X
HtfrHeE R 25 R 0% 3, T LA — F 45 4
(F ) H 1o R SR B gk ST, 2 W 3% 5 fie - W 1 Ak 7K I
FEIG YR bR TDS pH U #7288 5 = £ i 15
43 (F ) HEFP 55— 19 R AR AU S6., R W/ H K 1
A W TRT K BT 3 BT Y48 b5 o SD A DO 35 = F i)
1553 CF ) HEFF B il 1 SRR sk S3, R B R il 7 K
1A 1 7K 5T 32 205 Y 48 B BOD; . K5 8 4R
R A R LRG3 (F ) X L7 254 HE
¥ HEF 45 50 B8 B e > /N > sk > il
= U A S > W G > s > A
K. BT 28 A (8 2% 09 48l WK B 25 & 15 4 2
] 43 A DL 3, Horb SR 45 0 8w, 10 W K BT 7
Tk ™

R3 BREMERBESERAANEERIEHF

Tab.3 Comprehensive scores and ranking of principal components at each sampling site in Ulungur Lake

KA FE 5 2 R Fy Herw Fs Hery F Hey F, A HET
S1 IR UE T 1.157 1 0.882 2 -1.072 8 0.578 1
S2 fith sk 1.072 2 -0.654 7 -0.321 4 0.397 3
S3 T -0.155 7 -0.211 5 1.763 1 0.138 4
S4 T H 0.297 3 -1.769 8 0.210 3 -0.100 6
S5 A - I i BB 0.194 5 0.348 4 —-0.704 7 0.054 5
S6 UNGES 0.268 4 1.445 1 1.221 2 0.540 2
S7 HAK A -1.789 8 0.433 3 -0.617 6 -0.931 8
S8 1L —1.044 6 -0.473 6 —0.480 5 -0.676 7
e — 23 EHESTEMBEUERESH
Wi L 48ty 50 45 SR B a5 2 [ A AL M 3R 2R 2 AL UL A
/;/I{/. Ay Y il N N N
A, 64RO 3 RN LA T S IK AR RE A S1.S2,
. SA.S5. 45 11 2630 1K A4 S3 A 6. 45 1l 240 X 4
L OB i N N
i 1 46 i . R ST AN S8 B, I AWK A T A, | %W X K
Sse AL B - 1000 ~ -0.800 %%
B -0.799 — -0.600 °
S% ® kgLl P 0.599 ~ -0.400 0 3 10 15 20 25
7 -0.399 ~ -0.200 57 J
10199 ~ 0.000 S8
i T ] 0.000 ~ 0.199 S3
0.200 0.399 :Ii
B 0400 ~ 0.599 86
B 0600 0799 52
B 000 1000 35:’_
B3 SeEikREasssaEE 54 —
S1

Fig.3  Spatial interpolation of water quality in

Ulungur Lake

Ha4 BREMSRESTEAANERLLR
Fig.4 Spatial similarity clustering results of the

sampling sites in Ulungur Lake



2021 £ % 1 Ell

2% Bl K R S B9 R B o A R AE 39

3 it

31 BREHKRBERTELSHEFAE

B F LS4 BT 5 28 TR 1 2% 19 5 48y K 5
LEATEM 25 R 528 A R B, 2017 BUROKF4F 5
P8t W45 SR A UK I 28 (0] 0 A AR e B M 22 L 3
I RAE 13 (ST, S8) 7K J5TAH % 85 4, 3 5 3% W8 X AH
XoF 7K R 7 AL K 3G LI X Ak i RA | T A —
FETRE LR B0 K TS Y [ R BE B AT G 10
DX SR A A (S4) 7K BT b i) e DX SR A A5 (S2.83.85.S6)
W B 3K 55 90 R DX 4 A K UK 7 R B AN 2R B
SR E AR BN A G B TR TR A AR (SD)
K 5 V5 Yl A A X S5 ™, X5 %R AR S M A
I B R K T K R A TR s A2 0 DXl 3% 5 T B
AP R IRCE VI N R (3 R INVR T ]
P

FE T A0 T W0 A SR A SR 23 ) SR 2o BT 46 SR %
B, T 280 XK T e 22, £ Bl T & R A A (S1.S2,
S4.S5) 43 A7 FE By AR 3 ] A AR LV R ORT
T8 B R K L Bk A L XK AR s 3R R A L
5 Y U R AR L WA K ARG T R R
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A JTARE T 23 XK TR AT o R AE A S6 4340 #E A 48
FEMFALH e BB T TR A oK 0, R F Y
HEAK E K AR 75 8 )RR B AR 68 ) R 45 ol
SRAE R (S3) 5 7 km K14 FEAR IR 2800 A% , 7K I 58
e RE S5k, F S RE 1 B H A2 AR IR AR A8 HE K
AT REB S, K5 HE AWK R, 80P oK E
W RO X B T R KR R R A R
11 28 31 DX K ot A % e i o SR B A5 (ST, S8) 34 43 A 1E
AN DX, RIS O W8 7K 5T T O T i T S X

25 b AR K TS Y RRAE S DL NLP O Y
A LG G /N DX K BT T ORI X 38 e XK B
TR DX, B B R K BT K B R A e, B
WK 0T T Y AR B e ™ EE L 0 WK R X A 4
AR 5T 25 S 5 75 25 95 45 (2018) 42 M AL B 2 5 i
B S R OKE R EN R, 5SS
(2015) 48 th A0 1y i) 41 7 4 256 15 Yo 4R OB R &2
NSBI D EE-TORTERE S708 SN/ RN
3.2 SieHEAKRITEFRERERER

FoK R bR 5 F K5 Z 8] 19 Spearman #H 5 K
BRBIE 4. 7T LLF H . CODy, M1 BOD; 43515

55— A (PCO RIS = F R 4y (PCy) A 6k fe Ry

W (P<<0.01); TDS.pH. TN, TP 5(PC,) & i %

TEASESE R (P<C0.05) ;DO 55 = F i 4 (PC,) &

B FEAMIOCHE (P <0.05) 3 TDSE IR0 KA HL5 Y ¥

JE AT K B Y R TG R

K4 BEMSERSES ZER Spearman 18X #8538 R
Tab.4  Spearman correlation coefficients between

each index and principal component score

EER7D PCy PC, PC;
TDS 0.595" 0.452 -0.190
SD 0.429 -0.429 0.143
pH 0.790~ 0.000 0.168
DO -0.024 0.790" -0.228
CODwn 0.922° " -0.228 —-0.144
BODs -0.133 -0.229 0.988 " *
TN 0.795" 0.434 -0.289
TP 0.755" —0.443 -0.024

M R B P<<0.05 il P<<0.01,

Note: * and * * indicate significance P<C0.05 and P<C0.01, re-

spectively.

TDS & & @ IR Z BE K & AW L 28 K i &
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b B 52 750 3 14 Jin R A G 7 BT . 2009 5 B HE A5 L 2016)
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8y T 25 A DRI A i 4 AT K S U s TR
KR HHHEAK Bk 6 32 B8 st Al e T8 £ 43 AN W 1] 35190
T#%, CODy, TN Hl TP 3 % £ AF KK 5 5 51k
FRBE 25 B0 S A K A A W i L 2
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MR BE A — B, ARk, SR T 4 K 5 )
SRR (FEHE A, 2016) T 1248 7y 10 J2 3 5t
B A 5 S L LW X P A P
b, K 7= 35 58 B AR b T VR V5 G 1] BE 2 S BUK MR R E
BRYTAK RN EZFHE ., DO A FAF KA
Py AR L 3522 1 KR B8 30 7T RE 2 2 45 51 30 K AR
Vs i SRR T 5 R KT 1 3 R PR (BR Y A, 2014) 5
BOD; FZERMEA NI G, WA KR FEIHLE N b
T AR B A 3 T K B T % K HE T

4 Hig

(12017 4F 55 A8 1l ) K 1A 22 55 Bl L 5 10 4F 0K
o M 0 K A Xk L 7 AR B AR T i A O TR
HAL & B R AR R 8 e, /K BT e AR WA AL
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Spatial Distribution of Water Quality in Ulungur Lake
ZOU Lan'?, GAO Fan'?, MA Ying-jie'"*

(1.College of Hydraulic and Civil Engineering, Xinjiang Agricultural
University, Urumqi 830052,P.R.China ;
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Abstract: Ulungur Lake, consisting of Buluntuohai Lake and Jili Lake, is the second largest inland lake in
Xinjiang and serves important ecological functions. Assessing lake water quality is important for tracking
changes and evaluating lake health, and is closely related to the ecological security of the basin. In this
study, the current situation and spatial distribution of water quality in Ulungur Lake were evaluated and
analyzed using principal component analysis (PCA) and spatial interpolation. The driving factors of water
pollution were explored using cluster analysis (CA). The objective was to provide a reference for conser-
ving the water environment and managing Ulungur Lake, and for other typical arid inland lakes. In July
and August 2017, a water quality investigation was carried out at eight sampling sites, covering all of Ul-
ungur Lake: (S1) Luotuobozi, (S2) Matou, (S3) Zhonghaizi, (S4) the open area of Buluntuohai Lake,
(S5) the Nongshishi fishery administration station, (S6) Xiaohaizi, (S7) the inlet of Jili Lake and (S8),
the open area of Jili Lake. Eight water quality parameters were measured including salinity, pH, Secchi
disk transparency (SD), total nitrogen (TN), total phosphorus (TP), permanganate index (CODy,) , dis-
solved oxygen (DO) and the 5-day biochemical oxygen demand (BOD;). The water in Ulungur Lake was
weakly alkaline, and pollution was dominated by organics, nitrogen and phosphorus. The comprehensive
water quality index for the eight sampling sites ranked as follows: Luotuobozi > Xiaohaizi > Matou >
Zhonghaizi>>Nongshishi fishery administration station ~>open area of the Buluntuohai LLake™>open area of
the Jili Lake>>inlet of the Jili Lake and spatial differences in water quality were significant. Water quality in
Jili Lake was better than in Buluntuohai Lake, water quality was better in open waters than near the shore-
line and water quality declined with distance from the inlet. Water pollution at S1 was most serious, and
water quality at S7 and S8 in Jili Lake was the best. Based on the spatial distribution of water quality, Ul-
ungur Lake had three distinct areas; Class I included S1, S2, S4 and S5 with the worst water quality in
eastern, western and central Buluntuohai Lake; Class II included S3 and S6 in south and north Buluntuohai
Lake and the water is becoming more saline; Class III included S7 and S8 in Jili Lake, with much better
water quality than in the other two areas. Salinization and inputs of nutrients and organics were the prima-
ry threats to water quality in Ulungur Lake. Salinization and declining water quality were attributed prima-
rily to the normalized water cut-off in Ulungur River since 2000. This has resulted in the buildup of salt,
exacerbated by organic pollutant inputs from aquaculture in the lake and agricultural non-point source pol-
lution from peripheral areas.

Key words: Ulungur Lake; water quality evaluation; spatial distribution; principal component analysis



