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MULTIPLE WATER QUALITY ASSESSMENT METHODS BASED
ON PRINCIPAL COMPONENT ANALYSIS:
A Case Study of Shallow Groundwater in the Middle Reaches of Yitong River

SUN Yan-ling, GAO Bo, MA Li, YANG Hong-xiang, WANG Dong
Mudanjiang Natural Resources Comprehensive Survey Center, CGS, Mudanjiang 157021, Heilongjiang Province , China

Abstract: As the degradation of shallow groundwater quality in the middle reaches of Yitong River is becoming more
and more serious, it is of great significance to investigate the current situation of water quality for protection and
utilization of water resources. In view of the various water quality assessment methods at present, selecting an
appropriate assessment model is of primary importance to study the status of groundwater quality. A total of 30 water
quality samples are collected from low hilly area, undulating platform, terrace and flood plain in terms of
geomorphologic types, and the hydrochemical characteristics of groundwater are analyzed by relevant statistical analysis
such as Schukalev classification and Piper diagram. Principal component analysis (PCA) is used for the preliminary
selection of assessment indexes, reducing the data dimension and getting the main components of water quality
assessment. Then fuzzy evaluation method is used to assess groundwater quality, and compared with single index method
and Nemerow comprehensive index method. The results show that the water quality in the study area is generally poor,

dominated by Class V water quality, with good quality only in the low hilly areas. Among the various selected
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assessment methods, fuzzy comprehensive evaluation considers the interaction between evaluation factors and reflects

the overall water quality, with relatively reliable evaluation results, which can be used as the first choice for water

quality assessment.

Key words: hydrochemical type; groundwater quality assessment; single index method; Nemerow index method; fuzzy

evaluation method; Jilin Province
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Fig. 2 Piper diagram of groundwater in the study area
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Table 1 Initial statistics of indexes

KfbrdErs  wOKIE /ME b2 SR
pH 8.49 6.33 0.48 7.60
TH 1222.49 95.41 246.92 392.92
TDS 1722.00 163.00 353.68 629.00
SO~ 225.00 12.10 57.70 90.42
CI- 360.00 3.28 71.06 79.87
CODwn 1.92 0.12 0.38 0.67
Na* 88.46 12.30 21.48 43.16
NOy 174.32 0.02 35.87 35.90
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Table 2 Pearson correlation coefficient table

AR PH TH TDS S0~ cr- CODy, Na* NO;
pH 1
TH -0.278 1
DS -0.324 0.983 1
SOZ -0.377 0.450 0.534 1
cr -0.364 0.897 0.907 0.343 1

CODy, -0.195 -0.016 -0.044 0.028 -0.014 1
Na* -0.292 0.511 0.612 0.790 0.488 -0.052 1
NO,. -0.251 0.858 0.865 0.137 0.853 -0.102 0.263 1
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Table 3 Eigenvalues and variance contribution rates

IR RHIE(E PEMURHIE(E
%
Ml FETIREN REU% BT ETTRER% REU%
1 4431 55.392 55.392 4.431 55.39 55.40
2 1393 17.417 72.809 1.393 17.42 72.81
3 1.093 13.668 86.477 1.093 13.67 86.48
4 0.687 8.585 95.062
5 0.216 2.695 97.757
6 0.107 1.336 99.093
7 0.070 0.872 99.966
8 0.003 0.034 100.000
x4 IR EHEER
Table 4 Principal component load value matrix
F s
Eisan
1 2 3
pH -0.451 -0.417 -0.421
TH 0.946 -0.211 0.040
TDS 0.982 -0.129 -0.015
SO 0.610 0.679 -0.270
Cl- 0.918 -0.238 0.116
CODwn -0.025 0.346 0.831
Na* 0.689 0.524 -0.347
NOs 0.823 -0.497 0.129
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Table 5 Single factor evaluation results of
groundwater quality
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N2 LT

I II i\ v \i

TH 4 9 6 8 3
DS 6 6 15 3 0
SO 9 17 4 0 0

cr 12 16 1 0 1
CODw, 26 4 0 0 0
Na* 30 0 0 0 0
NOy 4 3 3 3 17
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Table 6 Fuzzy comprehensive evaluation results of membership grade

Rl i > I II I\ v Vv Rl i I II I\ \4 \
SY01 0.997 0.003 0.000 0.000 0.000 SY16 0.180 0.126 0.151 0.543 0.000
SY02 0.129 0.145 0.000 0.000 0.725 SY17 0.611 0.388 0.000 0.000 0.000
SY03 0.046 0.041 0.173 0.031 0.708 SY18 0.562 0.370 0.068 0.000 0.000
SY04 0.280 0.457 0.263 0.000 0.000 SY19 0.025 0.076 0.093 0.005 0.801
SY05 0.092 0.100 0.115 0.000 0.692 SY20 0.143 0.068 0.064 0.000 0.725
SY06 0.380 0.430 0.190 0.000 0.000 Syz1 0.033 0.071 0.096 0.032 0.768
SYo7 0.043 0.047 0.084 0.053 0.773 SY22 0.055 0.064 0.101 0.001 0.779
SY08 0.058 0.064 0.095 0.000 0.783 SY23 0.880 0.120 0.000 0.000 0.000
SY09 0.143 0.299 0.499 0.054 0.004 SY24 0.083 0.116 0.025 0.000 0.776
SY10 1.000 0.000 0.000 0.000 0.000 SY25 0.602 0.381 0.017 0.000 0.000
Sy11 0.067 0.116 0.094 0.000 0.723 SY26 0.068 0.151 0.101 0.000 0.680
SY12 0.058 0.029 0.147 0.116 0.649 SY27 0.207 0.022 0.000 0.517 0.254
SY13 0.091 0.068 0.506 0.334 0.000 SY28 0.017 0.000 0.000 0.046 0.937
SYl4 0.033 0.087 0.122 0.006 0.753 SY29 0.092 0.085 0.160 0.014 0.650
SY15 0.110 0.062 0.101 0.002 0.726 SY30 0.244 0.000 0.716 0.040 0.000
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Fig. 3 Assessment results of groundwater quality by
different methods
I—V: KJFEZ (classes of water quality)
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Table 7 Assessment results of groundwater quality
ZaREaE FORIPTAN 1
B T
e e S% b g Bk ﬁp*lﬂﬁiiﬂ
Y e
SYOl & ffis 1 0713 | I 1.000 I
SY02 ARG HL VvV 7179 WV V4769 \%
SY03 R EH V 7463 V V 4861 \%
SYo4 iEpERFH M 2236 I I 1.974 ||
SY05 EMEKKHL 0V 7248V V 4823 N
SY06 ARG HE I 0729 1 1 1.703 1l
SY07 PR EHL Vo 7492 V V. 4949 \%
SY08 ARG HE V 7248 V V4930 \%
SY09 ARG H V 7280 V m 2648 I}
SY10 EMEMKFH 1 0.000 I I 1.000 I
SY11 Ptk V 7248 V V 4861 N
SY12 Ptk V 7616 V V 4841 N
SY13  JREHL IV 4472 N m 3236 I}
SY14  JREHL V 7311V V. 4904 \%
SY15 Ptk G V 7289 V V 4855 N
SY16 @K IV 4317 NV IV 3584 W
SY17 EMEAMH 0 0791 1 I 1.287 I
SY18 R EH m 2167 1 I 1.320 I
SY19 EMELMH V7311V V4944 \
SY20 Ptk V 7248 V V 4812 \
SY21 Ptk V 7408 V V4936 N
SY22 Ptk V 7311 V V 4928 \
SY23 kil kg I o075 1 I 1.018 I
SY24 Ptk Ei V 7179 N V 4888 N
SY25 il kg I 0713 1 I 1.287 I
SY26 EMELMHL OV 7382V V 4785 \
SY27 Ptk V 4301 W IV 3827 N
SY28 Ptk V 7754 V V499 N
SY29 EMEKMH OV 7311V V4771 \
SY30 LIl kg m 2138 1 m 2795 I
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Fig. 4 Class differences between assessment results of
groundwater quality
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