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Water quality assessment and pollution source analysis of Xi’an river based on multivariate statistics / ZHOU Ji'?
GUAN Weisheng'*, FU Lintao’ (1. School of Environmental Science and Engineering, Chang’an University , Xi’an 710054,
China; 2. Key Laboratory of Subsurface Hydrology and Ecological Effects in Arid Region, Chang’an University, Xi‘an
710054 , China ; 3. Feng County Branch of Baoji Ecological Environment Bureaw, Baoji 721700, China)

Abstract: Taking the monthly monitoring data of surface river water quality in Xi’an from 2009 to 2017 as the research
object, the comprehensive analysis of water quality is carried out by using multivariate statistical method, the main
pollutants in water and their changing trend are explored by factor analysis method, and the sources of pollutants are
analyzed. Comprehensive evaluation of water quality at each sampling point is made by principal component analysis. The
results show that 24 water quality indicators can be described by 4 to 6 principal components from 2009 to 2017, and the
cumulative contribution rate of variance is over 78% . The most influential indexes of Xi’an river water quality are organic
matter and ammonia nitrogen. According to the factor load of the main control indicators, it can be seen that the overall
water quality tends to be stable from 2009 to 2012, and the pollution intensifies from 2013 to 2015, but there are different
degrees of mitigation in 2016 and 2017. In terms of the geographical location of the sampling points, Zaohe River is the
most polluted, while the water quality of Heihe River is good as a whole.

Key words: multivariate statistical analysis; principal component analysis; factor analysis; water quality assessment;

pollution source analysis; Xi’an City
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Table 1 Statistical description of water quality indicators of Xi’an surface water from 2009 to 2017
() 1552 0. 00000 32.0000 14. 744000 7. 148 500
pH 1552 6. 94000 9.0400 7.756200 0.312410
DO(mg/L) 1552 0. 10000 18.9000 7.023500 2.988 630
COD, (mg/L) 1552 0. 25000 107. 0000 8. 118600 11. 947150
BOD(mg/L) 1552 0. 95000 89. 0000 6. 183 800 10. 711390
(mg/L) 1552 0. 00000 0.6800 0. 009 620 0.038102
(mg/L) 1552 0. 00200 0.0180 0.002030 0. 000537
As(mg/L) 1221 0. 00020 0.0497 0. 004299 0. 006 892
Hg(mg/L) 1552 0. 00001 0.0017 0. 000027 0.000071
Cr(VI) (mg/L) 1552 0. 002 00 0.0130 0. 002050 0. 000462
Pb(mg/L) 1552 0. 00050 0. 0600 0. 003 346 0. 002791
Cd(mg/L) 1552 0. 000 05 0.0020 0.001210 0. 000764
(mg/L) 1552 0. 005 00 8.9800 0. 258950 0. 560143
Cu(mg/L) 1221 0. 00050 0.0480 0. 000786 0.001983
Zn(mg/L) 1221 0. 00140 1.1300 0.038538 0. 080088
(mg/L) 1221 0. 14000 6.1600 0.552200 0. 302800
(mg/L) 1221 0. 00250 4.9200 0.022419 0. 163740
) 1221 1..000 00 20000000 000. 0000 66633 775. 120000 639314 668. 942 000
(mg/L) 1221 0. 02500 4.2600 0. 167390 0. 406 666
NH;-N(mg/L) 1552 0.01250 52.6700 4.027595 7.404931
COD¢, (mg/L) 1552 2.50000 332.0000 32.619300 37.054770
TN(mg/L) 1221 0.47000 63.7000 8.952870 8. 802751
TP(mg/L) 1221 0. 00500 7.6600 0. 447060 0.780367
Si(mg/L) 1221 0. 000 05 0.0090 0. 000530 0.001089
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2 2014—2017
Table 2 Water quality of main rivers in
Xi’an from 2014 to 2017

\4
/ / /
2017 32 16 10 NH;-N TP
2016 32 9 12 NH;-N ,COD
2015 32 18 12 TN.TP
2014 30 5 — TN
9’
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4X2=‘121f1+a22fﬁ+"'+a2,nﬁn+32 (1)
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xi f; [19,20] ;81 .
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2.1
2.1.1
, SPSS
2009—2017 s Z-
score
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X =- 2
=5 (2)
:Xi e 2
;X ;S

2.1.2

KMO 3,
KMO =0.5, P <0.05
3 2009—2017

Table 3 Statistical test results of factor analysis
from 2009 to 2017

KMO
2009 0. 506 1496. 998 190 0. 000
2010 0.792 1476. 600 210 0. 000
2011 0.779 1459. 005 210 0. 000
2012 0.795 1278. 155 210 0. 000
2013 0. 765 965. 133 190 0. 000
2014 0.744 1187. 624 190 0. 000
2015 0.743 1398. 094 190 0. 000
2016 0. 689 670. 740 190 0. 000
2017 0. 688 1160.917 253 0. 000
, 1, .9
, COD, COD,, .
.NH,-N, BOD ,
0.9 ; DO  NH,-N.COD,,.
, 0.9
2.1.3
SPSS ,
[23] ’
4 2009—2017
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2014 2015 4 ,2010 2017
5 ,2013 2016 6
N 24
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4 2009—2017

Table 4 Common factors extracted from 2009 to 2017
/% F, F, F, F,
2009 4 87. 249 .Cu JAs pH Hg
2010 5 84. 163 CODg, . Hg Pb, pH.
2011 4 86. 431 TP NH;-N Hg As Si Cr(VI) |
2012 4 83.771 CODy, .COD, Cr(VI) .Cu Zn SiAs
2013 6 86. 872 NH;-N Zn TP Si Hg Cu
2014 4 81. 680 NH;-N.COD, R Hg. As Si
2015 4 84. 027 NH;-N,COD, pH. Si Hg Zn
2016 6 80. 642 CODy, .COD, pH.TP As, Cr(VI) \Hg
2017 5 78.253 NH;-N,CODg, Cd.Pb Cr(VI) .Si pH.
2.1.4 ,  2013—2014 o .
s NH,-N|
s , ,2011—2015
5 ,2016 o
) —— COD, —=— [J] RG]
’ o — NH»‘_N - {ﬂﬂ:%
—— i) —— 1
5F5 \F6 ’ 4
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2. 1' 5 0-4 1 1 1 1 1 1 ]
4 2009—2017 2009 2010 2011 2012 2012“{5;)14 2015 2016 2017
(F,) COD,, .COD NH;-N 1 2009—2017
, H Fig.1 Change trend of main pollutant control
. .Hg F2 , F2 indicators from 2009 to 2017
s Fy As, 2.2
Si . ; 2.2.1
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Y= A, v o4 A, Y. 4 ) 2009—2015
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Table 5 The principal component score of the most polluted section in 2009—2017
2009 2010 2011 2012 2013 2014 2015 2016 2017
7.32 4.95 7.80 4.28 4.07 8.08 9.11
5.02 3.38 3.88 3.67 2.44 4.20 0.55 0. 85 4.31
4.90 5.41 5.46 5.00 3.74 3.11 1. 06 0.75 1.43
2.86 4.35 5.48 4.54 1.07 0.43 2.13 0.62 0.27
2.84 1.56 2.91 2.23 1. 14 0.62 1.59 1.28 1.42
0. 69 -0.54 0.240 0.24 1.24 0.49 0.29 2.24 0. 88
0.48 -0.17 0.37 0.03 0.45 0.08 -0.20 0.53 0.32
0.36 0. 40 0.32 0. 46 1.02 0. 66 0.53 1.20 0.69
-0.46 4. 66 4.27 4.71 5.04 3.26 2.61 2.82 2.27
-0.70 0.49 0. 84 1. 65 0.97 1. 16 1.83 1. 89 1.99
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