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Abstract: In order to analyze the characteristics of surface water resource quality for the reconstruction of old water treatment
plant, multivariate statistical techniques such as cluster analysis and factor analysis were applied to the data of Yuqiao Reservoir—
surface water resource of the Luan River, China. The results of cluster analysis demonstrate that the months of one year were
divided into 3 groups and the characteristic of clusters was agreed with the seasonal characteristics in North China. Three factors
were derived from the complicated set using factor analysis. Factor 1 included turbidity and chlorophyll, which seemed to be
related to the anthropogenic activities; factor 2 included alkaline and hardness, which were related to the natural characteristic of
surface water; and factor 3 included Cl and NO,-N affected by mineral and agricultural activities. The sinusoidal shape of the score
plots of the three factors shows that the temporal variations caused by natural and human factors are linked to seasonality.
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INTRODUCTION

In North China, because of the excessive ex-
ploitation of groundwater, surface water resource is
the helpless choice for some cities such as Tianjin,
Harbin, etc. In recent ten years, the quality of surface
water in North China has become worse and worse
due to the frequent anthropogenic activities. However,
all of water treatment plants in these areas were built
in the 1970s or 1980s, failing to produce quality water.
A stricter standard for drinking water quality made by
the National Standardization Committee and Ministry
of Public Health was effective in 2007 (Zhang et al.,
2007). Therefore, the reconstruction of these water
treatment plants must be considered.

It is well known that surface water quality is
largely determined both by the natural processes
(such as precipitation rate, weathering processes, and
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soil erosion) and the anthropogenic influences (in-
cluding urban, industrial and agricultural activities
and exploitation of water resources) (Carpenter et al.,
1998; Jarvie et al., 1998). The constant polluting
sources of the basin are the municipal and industrial
wastewater discharge constitutes (Singh et al., 2004).
On the other hand, the surface runoff is a seasonal
phenomenon, largely affected by climate in the basin
(Singh et al., 2004). Seasonal variations in precipita-
tion, surface runoff, ground water flow, and water
interception and abstraction have a strong effect on
river discharge and subsequently on the concentration
of pollutants in river water (Vega et al, 1998;
Shrestha and Kazama, 2007).

Multivariate statistical methods have been
widely applied to investigate environmental phe-
nomena in recent years (Laaksoharju et al., 1999;
Anazawa et al., 2003; Gtller and Thyne, 2004; Ana-
zawa and Ohmori, 2005). They include cluster
analysis, principle component analysis/factor analysis,
time series analysis, self-organizing maps and classi-
fication and regression trees (CART) strategy, etc.,
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and are a powerful tool for deriving useful informa-
tion from complicated data about water quality stud-
ies (Vega et al., 1998; Helena et al., 2000; Bengraine
and Marhaba, 2003; Liu et al., 2003; Simeonov et al.,
2003; Simeonova et al, 2003; Simeonova and
Simeonov, 2006; Astel et al., 2007; 2008). The mul-
tivariate statistical methods have an extensive appli-
cation in characterization and evaluation of surface
water quality and are useful for evaluation of tempo-
ral and spatial variations caused by natural and an-
thropogenic factors (Vega et al., 1998; Reisenhofer,
et al., 1998; Singh et al., 2004; 2005).

In the present study, a large data matrix, which is
obtained during a 10-year (1995~2004) monitoring
program from Yugiao Reservoir, the water source of
Tianjin, was subjected to different multivariate sta-
tistical techniques to obtain the data of (1) the tem-
poral similarities or dissimilarities, (2) the latent
factors explaining the structure of the dataset, (3) the
major influence of pollutants (natural and anthropo-

genic), and (4) the period trend of major contaminants.

These data can be the basis for the design of new
water treatment plants and improvement of old water
treatment plants.

METHODS

Study area
The Luan River, the main water source of Tianjin

and Tangshan, China, is a large system in North China.

It flows through Hebei Province, the Inner Mongolia
Autonomous Region and Liaoning Province, and its
basin (115°30" E~119°45" E and 39°10" N~42°40" N)
extends over an area of approximately 44 750 km” and
has a total length of 877 km. Yuqiao Reservoir
(117°32" E, 40°02" N), 21.6 m in mean depth, and
2060 km® in cover area, the unique water resource of
Tianjin, is located in Ji Country, Tianjin, and its pur-
pose is to enhance the water level of the Luan River
and to supply water for Tianjin (Fig.1). The capacity
of Yugiao reservoir is 1.559x10° m’. Moreover, the
water supply capacity of Yugiao Reservoir is 0.9x10°
m’ annually. The main economic activity of the up-
stream of Yuqiao Reservoir is agriculture. The geol-
ogy of the basin is characterized by rock, thin soil,
and severe soil erosion.

Parameters and analytical methods

The data obtained from Tianjin Water Bureau
contain 19 water quality parameters, and 10 of them
were selected for analysis because of their continuity
in measurement. The selected parameters including
temperature, turbidity, pH, alkalinity, chloride, am-
munium nitrogen, nitrite nitrogen, chemical oxygen
demand (COD) (manganese), total hardness and
chlorophyll, and methods of analysis are shown in
Table 1. The water quality data are shown in Table 2,
with mean and deviation in order to monitor the
distribution of data.
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Fig.1 Sketch map of study area in the Luan River
Table 1 Water quality parameters and analytical

methods used during 1995~2004 for surface waters of
the Luan River, China

Parameter Analytical method
WT (°C) Mercury thermometer
Tu (NTU) Turbidimeter
pH pH-meter
Alk (CaCO; mg/L) Titrimeter
Cl (mg/L) Spectrophotometric
NH4-N (mg/L) Spectrophotometric
NO,-N (mg/L) Spectrophotometric
CODyy, (mg/L) Potassium permanganate
T-har (CaCO; mg/L) Titrimeter
C-a (mg/L) Spectrophotometric

" WT: temperature; Tu: turbidity; Alk: alkalinity; CI: chloride;
NH4-N: ammonium nitrogen; NO,-N: nitrite nitrogen; CODy,:
chemical oxygen demand (Mn); T-har: total hardness; C-a:
chlorophyl a
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Table 2 Water quality charac

teristics of the Luan River, China

Tu Alk CI NHeN  NOyN  CODy, 0
Month WTCO 1Y) pH (rcnag?& (mg/L) (mg/L) (mgz/L) (mg/Il\jl) (33583 C-a (mg/L)
Range 0.06~6.50 1.0~31.9 7.11~8.60 112~252 20~148 0.04~1.43 0.10~0.87 2.4~6.8 126~354 0.15~24.40
Jan. Mean 339 451 820 14292 2706  0.18 0.52 382 21135 730
SD. 085 2.98 0.16 1576 1037  0.14 0.01 0.5 24.69 6.52
Range 0.9-9.5 132~2130 7.72~8.90 124~197 21~38 0.06~1.43 02~0.5 3.0~5.6 165~338 0.173~17.750
Feb. Mean 534 3.83 830  148.18 2781  0.18 020 408 213~69 645
SD. 159 191 0.18 1353 354 0.l 0.01 048 2057 4.39
Range 4.3~14.5 1.74~40.70 7.08~8.90 122~162 20~40 0.03~0.53 0.1~0.5 2.5~5.7 160~286 2.68~17.30
Mar. Mean  9.25 5.19 827 14205 2870  0.13 027 407 20020 8.2
SD. 188 3.05 0.17 850 411 007 0.0 047 1945 3.65
Range 10~20.8 1.5~283 7.82~9.00 100~160 19~63 0.02~0.28 0.30~0.67 23~6.3 125~400 1.68~25.7
Apr. Mean 1513 701 838  137.60 2725  0.08 0.02  3.82 19374  7.89
sD. 214 3.13 014 788 514 003 0.0l 053 2113 2171
Range 13.4~27.1 1.84~27.70 7.60~9.08 90~230 15~221 0.01~0.21 02~0.8 1.5~5.8 134~470 0.15~16.85
May Mean 2098  7.26 836 13389 2898  0.09 0.50 374 18613 675
sD. 236 3.53 017 1199 1335  0.04 0.0l 051 2328 3.26
Range 20.2~303 2.5~56.7 7.57~9.48 95~180 18~108 0.02~0.23 0.60~2.37 2.4~8.3 125~260 0.27~74.08
June Mean 25011 1222 819 12244 2857  0.09 0.87 422 17237 1844
SD. 174 7.06 027 1345 763 0.04 0.01 085 1817 1026
Range 14.0~32.4 1.5~80.8 7.49-8.98 80~132 19~50 0.02~0.39 0.50~2.69 2.7~8.4 100~255 0.77~129.00
July Mean 27.86  20.63 827 11122 3055 0.9 132 468 15509  29.96
SD. 203 1403 031 1107 631 0.6 0.01 100 2212 2031
Range 16.8~31.9 2.3~150 7.01~17.60 76~162 18~93 0.02~1.60 0.600~1.677 2.8~9.8 90~245  8.0~198.3
Aug. Mean 2740 3517 833 10798 31.62 0.1l 0.83 535 14673 39.82
SD. 208 24.6 0.2 1462 861 0.l 0.03 135 2383  28.56
Range 12.7-29.8 3.87~158 7.40~9.48 80~208 20~73 0.02~0.34 0.40~1.72 3.2~9.9 105~220 4.10~153.99
Sept. Mean 2387  39.98 840 10828 30.77  0.10 0.67 579 14586  44.78
SD. 261 2959 038 1566  6.07  0.06 0.02 140 1972 2471
Range 7.1~23.9 4.5~69.8 7.65~9.40 86~204 14~174 0.01~1.00 0.30~0.78 22~7.0 86~314 1.46~77.05
Oct. Mean 17.14 1824 832 11842 3033  0.09 0.52 465 16439 2279
sD. 285 1120 033 1619 1188 007 0.02 088 2509 1549
Range 0~20.7 2.6~38.8 7.22~9.05 80~170 18~52 0.02~6.04 0.20~0.62 1.8~6.9 120~265 1.31~38.64
Nov. Mean 1083 1074 826 11981 2660 0.7 047 416 17401  13.16
SD. 346 6.31 027 1550 338 044 0.0l 070 2176 6.82
Range 0.9~8.1 134~12.40 7.40~8.79 112~164 15~88 0.02~0.70 0.1~0.9 1.9~5.5 150~252 2.32~29.30
Dec. Mean 400 463 814 13206 2628 0. 042 382 19472 11.87
sD. Ll 133 0.16 723 460 007 0.01 054  17.05 4.12

" S.D.: standard deviation; WT: temperature; Tu: turbidity; Alk: alkalinity; Cl: chloride; NH,-N: ammonium nitrogen; NO,-N: nitrite nitrogen;
CODwn: chemical oxygen demand (Mn); T-har: total hardness; C-a: chlorophyl a

Data treatment

Before the multivariate analysis, z-scale trans-
formation was applied to the raw water quality dataset
in order to avoid miss classification because of wide
differences in data dimensionality (Liu et al.,

2003), to eliminate the influence of different units of
measurements, and to render the data dimensionless.
The data matrix was normalized for cluster
analysis. Kaiser-Meyer-Olkin (KMO) and Bartlett’s
test were performed to examine the suitability of the
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data for principal component analysis/factor analysis.
High value (close to 1) of KMO generally indicates
that principal component analysis/factor analysis may
be useful, which is the case in this study: KMO=0.83.
Bartlett’s test of sphericity indicates whether correla-
tion matrix is an identity matrix, which would indi-
cate that variables are unrelated (Shrestha and Ka-
zama, 2007). The significance level was 0.07 in this
study, demonstrating significant relationships among
variables.

Cluster analysis

Cluster analysis, which is a wide range of tech-
niques for exploratory data analysis, groups variables
into clusters on the basis of similarities (or dissimi-
larities) such that each cluster represents a specific
process. The class characteristics are not known in
advance, but may be determined from the data
analysis (Singh et al., 2004). The results obtained
were justified according to their values in interpreting
the data and indicating patterns (Johnson and
Wichern, 1992; Adams, 1998). In this paper, the hi-
erarchical cluster analysis (HCA), which was per-
formed on the normalized data matrix by the utiliza-
tion of the Ward’s method and used the squared
Euclidean distances as a measure of similarity that
reported as Dy/Dimax, Was applied to the variables
using Minitab 15 (Minitab Inc.) to group the data in
temporal pattern.

Factor analysis

Factor analysis (FA), which includes principal
components analysis (PCA), enables us to explain the
relationships among numerous important variables
with a smaller set of independent variables well. PCA
has the advantage of the transformation of the original
variables into new, uncorrelated variables (axes),
called the principal components, which are linear
combinations of the original variables.

Further rotation of the axis defined by PCA
produces new groups of variables called varifactors
(VFs). This procedure is known as FA. This technique
can not only achieve the aim of data reduction and
data grouping, but also determine the relative impor-
tance of those processes affecting the environmental
quality together with their spatial and temporal
variations, and the ecological significance in the new
variables. Therefore, FA/PCA is particularly valuable

when a chemical, physical, or biological interpreta-
tion of the data grouped in VFs is possible. The use of
FA/PCA to water quality assessment has increased in
recent years, mainly due to the need to obtain appre-
ciable data reduction for analysis and decision
(Chapman, 1992; Kucuksezgin, 1996; Chiacchio et
al., 1997; Vega et al., 1998; Morales et al., 1999;
Helena et al., 2000).

RESULTS AND DISCUSSION

Cluster analysis

Cluster analysis using Ward’s method was ap-
plied to the average data of every month of one year
using squared Euclidian distance as similarity meas-
ure. The results were illustrated in Fig.2, where three
main groups at Dyy/Dma.x<0.4 are visible. Group 1
included January, December, February and March,
group 2 included April, May, October, and November,
and group 3 included June, July, August and Sep-
tember. Clearly, the characteristics of clusters agreed
with the seasonal characteristics in North China that
the period of April and May are spring; October and
November are fall; December, January, February, and
March are winter; and June, July, August and Sep-
tember are summer.
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Fig.2 Dendrogram for the relationship among every
month of one year about the Luan River, China

Factor analysis

FA was applied to the standardized full dataset.
According to the combination of criteria for factor
selection eigenvalues higher than 1.0, four most sig-
nificant factors were taken. Table 3 shows the ei-
genvalues representing factors, the factor loading
(>0.4) which was classified as “strong”, “moderate”,
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and “week” corresponding to absolute loading values
of >0.75, 0.75~0.50, and <0.4, and the proportion of
total variance explained by the factors for the raw data
(Unmesh et al., 2006). The three factors explained
91.938% of the total variance of the data. Factors 1
and 3 show similar results but with some notable
differences, and factor 2 is common.

Table 3 R-mode varimax rotated factor analysis of
parameters

Analytical result

Parameter

VF 1 VF 2 VF 3
WT —0.001 —0.094 0.050
pH 0.001 0.001 0.009
Cl 0.021 —0.034 0.636
NH,;-N 0.004 0.005 0.041
T-alk 0.142 0.908 0.373
Tu 0.567 0.137 0.145
NO,-N 0.147 0.218 0.773
CODy, 0.002 0.001 0.001
T-har 0.279 -0.416 —-0.216
Chlorophyl a 0.646 0.331 0.119
Eigenvalue 8.177 6.316 3314
Total variance (%) 73.351 14.263 4.324
Cumulative 73.351 87.614 91.938

variance (%)

VF: varifactor; WT: temperature; CI: chloride; NH4-N: ammonium
nitrogen; T-alk: total alkalinity; Tu: turbidity; NO,-N: nitrite ni-
trogen; CODy,: chemical oxygen demand (Mn); T-har: total
hardness; C-a: chlorophyl a

Factor 1 accounting for 73.351% of the total
variance, which was moderate positively loaded with
turbidity and chlorophyll a (Table 3), seemed to be
related to eutrophication and soil erosion, both of
which are the results of anthropogenic activities. The
time series factor scores diagram (Fig.3a) shows a
clear sinusoidal pattern, which is indicative of sea-
sonal variation of factor 1. It is clear that the extreme
absolute score values of factor 1 present July, August,
September and October, the period with more human
activities. The results demonstrate that turbidity and
chlorophyll a were related to anthropogenic activities.

The strong positively loaded was total alkalinity
and the moderate negatively loaded was total hard-
ness in factor 2, which accounted for 14.263% of the
total variance (Table 3) and represented the min-
eral-related hydrochemistry of the surface water. The
temporal variation of scores of factor 2 demonstrated
that the pollution period of alkaline and hardness was
in winter (Fig.3b), in which human activities were
reduced, so as the water contamination.

Factor 3 accounted for 4.324% of the total
variation, which is relatively small comparison with
other factors. Cl and NO,-N were found to have a
moderate factor score. Cl was related to mineral and
the contamination of NO,-N was in relation to the
origin in river runoff from the agricultural field along
with waste disposal activity. Fig.3c shows that the
principle period of contamination of CI and NO,-N
was summer and autumn, which were the chief period
of agricultural activities. Therefore, the contamina-
tion resources during this period originate from ag-
ricultural pollution to surface water near the agricul-
tural field, runoff of the agricultural field and solid
waste disposal activities of cities and towns (Unmesh
et al., 20006).
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Fig.3 Temporal variation of scores of (a) factor 1, (b)
factor 2 and (c) factor 3



Zhao et al. / J Zhejiang Univ Sci A 2009 10(1):142-148 147

CONCLUSION

HCA was applied to the average data of every
month of a year. The results demonstrate that, to
evaluate the water quality of the Luan River, the
months of a year could be divided into 3 groups.
Group 1 included January, December, February, and
March, group 2 included April, May, October, and
November, and group 3 included June, July, August,
and September. The characteristics of clusters of the
Luan River water quality agreed with the seasonal
characteristics of human activities in North China. It
implied that HCA was an effective method for the
reliable classification of surface water.

FA of data illustrated that turbidity, chlorophyll a,
alkaline, hardness, Cl and NO,-N were the chief
contaminants in surface water of Yugqiao Reservoir.
The figures of temporal variation of scores of every
factor demonstrate the contamination period of tur-
bidity and chlorophyll a present at July, August, Sep-
tember and October of a year because of excessive
anthropogenic activities. Alkaline and hardness im-
plied the mineral related hydrochemistry of the sur-
face water and the contamination period was winter,
in which human activities were limited. The con-
taminant of CI was related to mineral and NO,-N was
related to agricultural activities. And, the contamina-
tion period of Cl and NO,-N was summer and autumn,
which is the main period of agricultural activity. It is
evident that FA is useful for the analysis of complex
data.
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