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Spatial Distribution Characteristics of the Physical and Chemical Properties of

Water in the Kunes River After the Supply of Snowmelt During Spring

LIU Xiang'?,GUO Ling-peng'”,ZHANG Fei-yun'? ,MA Jie'* /MU Shu-yong' ,ZHAO Xin'?,LI Lan-hai'"

(1. State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences,
Urumqi 830011, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract : Eight physical and chemical indicators related to water quality were monitored from nineteen sampling sites along the Kunes
River at the end of snowmelt season in spring. To investigate the spatial distribution characteristics of water physical and chemical
properties, cluster analysis (CA), discriminant analysis ( DA) and principal component analysis (PCA) are employed. The result of
cluster analysis showed that the Kunes River could be divided into three reaches according to the similarities of water physical and
chemical properties among sampling sites, representing the upstream, midstream and downstream of the river, respectively; The result
of discriminant analysis demonstrated that the reliability of such a classification was high, and DO, Cl~ and BOD, were the significant
indexes leading to this classification; Three principal components were extracted on the basis of the principal component analysis, in
which accumulative variance contribution could reach 86.90% . The result of principal component analysis also indicated that water
physical and chemical properties were mostly affected by EC, ORP, NO, -N, NH,"-N, Cl~ and BOD,. The sorted results of principal
component scores in each sampling sites showed that the water quality was mainly influenced by DO in upstream, by pH in midstream,
and by the rest of indicators in downstream. The order of comprehensive scores for principal components revealed that the water quality
degraded from the upstream to downstream, i. e. , the upstream had the best water quality, followed by the midstream, while the water
quality at downstream was the worst. This result corresponded exactly to the three reaches classified using cluster analysis.
Anthropogenic activity and the accumulation of pollutants along the river were probably the main reasons leading to this spatial
difference.

Key words : water quality; spatial distribution; multivariate statistical analysis; supply of snowmelt; Kunes River
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4 43°13'37"N 84°43'40"F, 2204 THTL
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17 43°31'8"N 83°16'5"E 854 T
18 43°30'34"N 82°55'34"E 616 B
19 43°34'35"N 82°34"7"E 795 I
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Fig. 2 Spatial variation characteristics of each water physical and chemical index

®3 RESKMEBAZERS
Table 3 Statistical description of water physical and chemical properties at the sampling sites

5 kil C pH EC/pS+cm ™! DO/ % ORP/mV ~ NO; /mg-L~'" NH;/mg-L™'" (Cl~/mg-L~! BODs/mg-L~'

1 11.7  7.94+0.06 161.0+0.1 58.0+2.1 -49.5+1.0 0.70+0.01 0.16 0. 06 2.12 £0.35 2.41 £0.06
2 12.1  8.11+0.08 251.6+0.1 60.1+0.2 -38.4x0.2 0.73+0.04 0.18 £0.08 4.40 +0.3 3.11 £0. 07
3 12.0  7.92+0.06 237.7 0.1 56.5+1.3 -36.4+0.6 0.80=+0.16 0.11 0. 02 3.95 £0.31 4.40 +0.17
4 8.6 8.20+0.08 173.6+0.2 61.1+0.3 -50.1+1.7 0.72+0.19 0.18 £0.0 2.70 £0.97 2.21 +0.12
5 13.8  7.95+0.11 233.0+0.2 58.8+0.3 -34.3+0.2 0.82+0.06 0.18 0. 05 2.91+0.71 6.31 +0.12
6 11.8  7.75+0.11 212.1+0.1 78.2+0.4 -37.3x0.5 0.73+0.16 0.13 0. 02 2.42+0.22 5.08 £0. 10
7 11.7  7.70 +0.14  182.2 0.5 83.6+0.6 -33.5+1.9 1.34x0.26 0.17 0. 01 2.87 +0.41 8.19 0. 11
8 11.8  8.23+0.21 207.4+0.1 82.0+£0.4 -33.0+1.2 0.99+0.02 0.16 +£0.01 2.60 +0.01 7.18 £0.09
9 10.7 8.16+0.15 176.8 £0.6 81.0+£0.5 -35.9+1.2 1.23+0.13 0.21 £0.08 4.23 1. 15 7.66 £0.27
10 12.9  7.88+0.16 147.3 1.6 81.8+0.5 -37.9£3.9 1.14+0.17 0.21 0. 04 3.28 £1.27 6.66 +0. 11
11 9.5 8.27+0.21 153.4 £0.5 80.7+0.1 -32.8+3.8 1.23+0.06 0.18 +0. 03 2.75+0.4 4.19 0. 14
12 10.9  7.96+0.09 171.8 0.2 81.1+0.5 -35.6+1.1 0.97+0.18 0.12 0. 04 2.76 £1.52 9.45 +0. 16
13 16.1 7.86+0.02 182.0+0.1 79.8+£0.8 -27.6+0.4 1.58+0.47 0.10 +0. 02 1.21 £0.03 8.52£0.23
14 11.1  7.90+0.04 167.6 0.1 82.1+1.3 -34.2+2.5 1.18+0.12 0.17 0. 06 3.11 £0.35 8.16 =0. 12
15 15.6  7.99+0.09  205.9 £0.1 84.8+0.2 -35.6+0.9 0.98 £0.09 0.30 +0. 14 3.87 +0.13 9.52 +0.35
16 14.3  8.19+0.06 247.8+0.3 86.2+4.0 -36.3+0.5 1.82+0.09 0.24 0.1 4.23 +£0.05 15.14 £0.72
17 18.6 8.16+0.10 338.4+5.0 80.6 1.5 -23.5+0.5 2.39x0.29 0.35+0.08 10.15+0.91 22.03 £0.73
18 16.2  8.13+0.16  299.3 +0.1 79.9+1.7 -14.5+4.3 1.74 +0.62 0.29 +0. 06 7.68 +0.24 24.33 +1.11
19 18.5 8.11+0.17 512.0+0.1 73.8+0.9 -19.7+1.2 2.26+0.73 0.41 +0. 14 5.46 +0.67 34.36 £1.18
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Table 4 Treatment results of data standardization

PR pH EC DO ORP NO; -N NH, -N al- BOD;
1 0.53 2.84 -0.14 1.68 1.76 2.04 0.99 2.04
2 0.83 1.5 0.51 1.23 1.91 1.63 2.31 1.44
3 0. 65 1.1 0.45 2.29 1. 09 1.13 1.72 1.58
4 1.01 0.49 1.05 -0.27 1.22 0. 63 0.45 0.93
5 -0.19 -0.11 0.92 -0.19 -0.39 1.22 0.26 0.31
6 0.83 -0.6 0.55 -0.22 0.19 0.28 0.45 0.01
7 1.26 -0.09 0. 65 0.12 -0.37 -0.44 -0.59 -0.07
8 -1.94 -0.5 0.8 0. 06 0.41 -0.28 -0.383 0. 11

9 -0.73 -0.77 0. 66 -0.02 0.09 -0.28 -0.21 0.1

10 1.5 -1.06 0.52 0.14 0. 19 -0.13 -0.47 -0.8
11 -0.85 -1.19 0. 63 -0.46 -0.01 0.28 -0.09 -0.17

12 -0.37 -0.69 0.56 -0.19 -0.42 -1.2 -0.46 0.3
13 -0.43 0.29 -1.58 -0.03 -0.85 -0.13 -0.35 -0.25
14 -0.97 -0.51 0.44 0.75 0. 84 -1.68 -2.22 0.16

15 0.53 0.54 -1.46 -0.52 -1.15 -0.13 0.53 -1.2
16 -0.61 0.36 -1.81 -0.28 -0.91 -1.43 0.3 -0.73
17 -1.64 -0.01 0.28 -0.39 -1.15 -0.98 -0.74 -0.54
18 1.07 -0. 66 -1.36 -1.89 -1.19 -0.13 -0.51 -1.66
19 -0.49 -0.9 -1.66 -1.82 -1.26 -0.44 -1.02 -1.55
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Fig. 3 Cluster dendrogram of sampling sites based on water quality index of Kunes River
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Table 5 Space discriminant analysis results

25 EHF/ % ERES EWES EHRES
EAES 100 11 0 0
ERES 100 0 5 0
%32k 100 0 0 3

6 FRWTI K Py B Al 2V o s ) 22 55 10 i 3
PEFER N DO MR BE | CL™ kB2 LA & BOD;, JF45 3 I
T ) Fisher Ze M2 5 BREL(F) -

F, =18.662 DO -3.952 Cl™ -

0.332 BOD, -17.244 (1)
F, =-39.869 DO +6.984 Cl™ -

3.325 BOD; - 33.796 (2)
F, =-1.990 DO +2.852 Cl™ +

6.759 BOD; - 9. 664 (3)
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Table 6  Classification functions and their coefficients for spatial DA

Ean 1k ok 3k
DO 18. 662 -39. 869 -1.980
cl- -3.952 6.984 2.852
BOD, -0.332 -3.325 6.759
HEL —7.244 -33.796 -9.664
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Fig. 4 Principal component screeplot of Kunes River
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Table 7 Result of principal component analysis

AR PCl1 PC2 PC3

pH 0.38 0.55 0. 64

EC 0.77 0.36 -0.44

DO 0. 46 -0.73 0.45

ORP 0.85 -0.25 -0.24

NO; -N 0. 88 -0.30 0. 08

NH, -N 0. 81 0.32 0.18

cl- 0.78 0.43 -0.01

BOD; 0.93 -0.28 -0.13

FRIE(E 4.56 1.48 0.91

7 TR % 57.10 18. 45 11.35

ATy 2R % 57.10 75.55 86. 90
FERA AR5 KEBOH R, U B 3% S8R A A 7K ) 34k

SrERe

PR BTARARL, (H R R B S e 1SR A A T IUAR.
MG HHEF R, ERsr 1 A0 R BN Bilf <
il < FF, B L EC. ORP, NO; -N, NH, -N,
Cl~ 1 BOD MEZR-EHER KB AL i fefd:, il
W, PR s X T ERSr 2, R il < T iF <

B, BB RAEE B DO 2 E K B 3
BRI T 3 AR B BliF < TUF <
Uie, W] pH EZE W T il R K BT, HRO8 R,
X WM RN FR LRI F AR DR 2L
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Table 8 Scores and grades of the principal components

FHA H—F R Heoy W EWS F2 Hev W =F S F3 Hev LRG EWS F Hev
1 -3.22 19 1. 08 4 -0.2 11 -1.93 19
2 -1.08 17 2.1 1 -0.41 13 -0.32 9
3 -1.61 18 1.09 3 -1.6 19 -1.04 15
4 -2.53 16 1.97 2 0.97 5 -1.13 16
5 -0.96 15 0.95 5 -1.22 18 -0.59 12
6 -1.74 9 -0.95 15 -1.06 16 —1.48 18
7 -0.36 8 -1.86 18 -0.73 15 -0.72 13
8 -0.18 7 -0.08 11 1. 05 4 0.01 7
9 0.32 14 0.1 9 1.21 2 0.39 6
10 -0.63 11 -0.94 14 0. 47 7 -0.55 11
11 -0.43 10 -0.03 10 1.8 1 -0.06 8
12 -0.93 12 -1.11 16 0.08 9 -0.84 14
13 -0.99 5 -2.47 19 -0. 66 14 -1.26 17
14 -0.38 13 -1. 14 17 0.12 8 -0.47 10
15 0.58 2 -0.19 13 0.56 0.41 5
16 1.78 3 -0.16 12 1. 11 3 1.29 4
17 4.16 6 0. 69 0. 06 10 2.9 2
18 3.7 4 0.14 -0.36 12 2.43 3
19 4.5 1 0.79 6 -1.19 17 2.98 1

Y s e 2L ML A6 31T 0T 534 3 3 3415043

(1) FZRT AN T, I3 A [ 1] B
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