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Abstract Multivariate statistical approach is used to
identify the sources of heavy metals (Bi, Cd, Co, Cr, Mn,
Pb, U, V, and Zn) in surface water and freshly deposited
riverine sediment samples in Yangzhong city, China. The
metal concentration data for the water and sediment sam-
ples are reported in terms of basic statistical parameters and
metal-to-metal correlations. In both surface water and
sediment samples, significant correlations are observed
between some metals. Principal component analysis and
cluster analysis distinguishes factors of lithogenic and
anthropogenic origin. Bismuth, Cd, Co, and Pb (Co only
for water samples) contents are controlled by the regional
lithogenic high background factor; Co, Mn, U, and V (Co
only for sediment samples) are interpreted to be mainly
inherited from soil parent materials, while Cr, Zn, and Mn
in the two kinds of samples are recognized as the tracer of
industrial pollution. Obvious similarity between factor
loadings of the two kinds of samples is observed, evi-
dencing that metal variability in the two kinds of samples is
controlled by the same sources. Statistical analysis agrees
with discussion based on background value and field
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survey of point-source pollutant affected sediment, making
this statistical discussion more convincing.

Introduction

In the past few decades, heavy metals accumulation in
environment have been attracting more and more attention
of researchers and community because of their toxicity,
persistence in the environment and subsequent accumula-
tion in aquatic habitats (Facchinelli et al. 2001; Loska and
Wiechula 2003; Upadhyay et al. 2006). The Yangtze Delta
located in the lower reaches of the Yangtze River (Chang-
jiang) is one of the fastest developing regions of China in
economy and society. Industrialization progress and urban
sprawl causes heavy metal accumulation in environmental
of this region (Liao et al. 2004, 2005; Wan et al. 2006; Wang
etal. 2005a). Regional Cd geochemical anomalies have been
discovered during the multi-target geochemical survey of
the Changjiang drainage area in recent years (Ma et al.
2004). This anomaly of Cd concentration in soil and sedi-
ment which spreads along with Changjiang water system is a
potential threat to local community.

Heavy metals in environment mostly come from litho-
genic and anthropogenic sources. Chemical leaching of
bedrocks, water drainage basins and runoff from banks are
the primary sources for the lithogenic contribution of heavy
metals. Discharge of urban and industrial waste water,
combustion of fossil fuels, mining and smelting operations,
processing and manufacturing industries, waste disposal
including dumping, etc., are primary anthropogenic sources
of pollution (Klavins et al. 2000; Pardo et al. 1990; Yu et al.
2001). In the last decades, the natural input of several heavy
metals to soils due to pedogenesis has been exceeded by the
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human input, even on a regional scale (Facchinelli et al.
2001). Itis also important to apportion the different source of
heavy metals in environment as well as determine their total
concentration. Methods commonly used for distinguishing
between anthropogenic and geogenic sources of the poten-
tial toxic elements include element speciation, profile
distribution, and spatial distribution, but they are not suffi-
ciently reliable to distinguish between sources of element
concentration on their own and should be associated with
additional information such as parent rock composition or
known anthropogenic loads (Boruvka et al. 2005).

Multivariable statistic analysis provides an alternative
method to identify pollution sources, to apportion natural
versus anthropogenic contribution and to give indications
about transport processes and environmental conditions.
Principal component (PC) analysis (PCA) and derivative
methods have been widely used in geochemical applica-
tions to reach the objective (Boruvka et al. 2005; Facchi-
nelli et al. 2001; Filgueiras et al. 2004; Manta et al. 2002;
Qu and Kelderman 2001; Wang et al. 2005a; Yu et al.
2000). Clustering analysis (CA) is often coupled to PCA to
check results and provide grouping of individual parame-
ters and variables (Facchinelli et al. 2001; Tariq et al. 2006;
Wang et al. 2005a). Conjunction with CA, PCA provides a
means for ensuring proper source identification for a given
metal distribution pattern in water and sediment (Everitt
1993; Jolliffe 1986; Upadhyay et al. 2006).

The city of Yangzhong is composed of four alluvions of
Yangtze River, which were formed by deposition of the
river sediments before the fifteenth century. Yangzhong is
an industry city, which is developing quickly since the
1970s and is now famous for its engineering electric
appliance, galvanization, and chemical production. The
record of riverine deposition processes and anthropogenic
factors are both available in this region, making Yangz-
hong an ideal location for this study. The present study is
carried out as a preliminary survey on Yangzhong City
water and top sediments contamination. The main objec-
tives of this study are: (1) determine the average level and
distribution of some heavy metals (Bi, Cd, Co, Cr, Mn, Pb,
U, V, Zn) both in water and top sediments in the city; (2) to
define their natural or anthropogenic source; (3) to identify
their local or exotic source to cause contamination in top
sediment or/and water.

Materials and methods
Study area
The city of Yangzhong is located in the southern part of

Jiangsu Province (China), the geographic position between
32°00” and 32°19'N, 119°42” and 119°56’E (Fig. 1). The
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Fig. 1 Sketch map of study area and sampling sites in Yangzhong
City

city has a total area of 332 km?, including 228 km? terrene
area, made up of four blocks of alluvion. The biggest one
of them, the ‘‘Taiping alluvion’’, is the second largest al-
luvion in the Yangtze River. There are 14 artificial rivers
inside Taiping alluvion, with approximately 84.2 km of
total length.

Yangzhong city with about 278,000 inhabitants is a
rising industrial city, which produces one fifth of the
nation’s engineering electric appliance every year and so is
named ‘‘the island of engineering electric appliance’’.
Minitype factories for galvanization are also popular in this
city. Although there is a decreasing trend of incidence rate
between 1991 and 2003, Yangzhong city belongs to a high-
incidence area of stomach cancer and esophageal cancer
(Wang et al. 2005b). It is believed that the high incidence
rate of these cancers is probably correlated to environ-
mental problems (Cai 1993).

Sampling

Total 19 top sediment samples (1-5 cm deep top layer)
from Yangzhong water system (Fig. 1), including inside
river and Yangtze River, were collected manually with a
stainless steel spatula, cleaned manually for foreign matter
and carried within zip-mouthed PVC packages. In order to
reduce the possibility of random influence of urban waste,
three sub-samples, with a 10 X 10 cm surface, were taken
at each sampling point and then mixed to obtain a bulk
sample. Total 28 surface layer (0—10 cm) water samples
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collected at the same site with the sediment sampling were
filtered under pressure though 0.46 um filter instantly,
subsequently acidified to pH < 1 and carried cool and dark
in airproof bottles. Water and sediment samples were
collected at the same position for most sampling sites,
while certain of the sediment samples are not available at
that position. Additionally, to examine the impact from
industrial waste water, three sediment samples from the
end of one effluent drain directly connected to a minitype
factory for galvanization were taken.

Experimental

Sediment samples were air-dried and powdered within an
agate mortar. The powered sample is heated again in dry-
ing oven (90°C) for 12 h before been weighted. Fifty
milligram powered samples were digested with 1 ml HF
and 0.6 ml HNO; mixed acids in a tightly sealed Teflon
PFA screw-cap beaker, heated for 96 h on a hot plate at
190°C. Then the samples were evaporated nearly to dry-
ness and were dissolved again with 1.0 ml HNO;3; by
heating for 3-5 h at 140°C. For organic carbon-enriched
samples, the residual samples were repeatedly dissolved in
1.6 ml HNO; at 140°C until all organic carbon was dis-
solved. One milliliter Rh solution (500 pg/L) was added to
the sample solution as internal standard, and then the total
sample solutions were diluted by 1:1000 in mass. Con-
centrations of trace elements (Bi, Cd, Co, Cr, Mn, Pb, U, V,
and Zn) of sediment and water samples were determined
using High Resolution Inductively Coupled Plasma Mass
Spectrometry (Finnigan Element II) in the State Key
Laboratory for Mineral Deposits Research, Nanjing Uni-
versity. The reagents used were all of spectroscopic grade.
Measures of standard reference material (SDO-1, provided
by USGS), reagent blanks and three duplicated samples
randomly selected from the set of available samples were

used to assess contamination and precision. Analytical
precision for concentrations of trace elements, measured as
relative standard deviation, is better than 5%. Recovery in
this study is better than 95%.

Statistical analysis

Multivariate data analysis techniques can be used to assess
the complex eco-toxicological processes by showing the
relationship and interdependency among the variables and
their relative weights (Bartolomeo et al. 2004). PCA is a
multivariate method mainly used for data reduction. It aims
at finding a few components that explain the major varia-
tion within the data (Danielsson et al. 1999). Each com-
ponent is a weighted, linear combination of the original
variables. A PC analysis is performed on the correlation or
covariance matrix between the variables (in this study
variables are concentrations of elements in sediment/water
samples), followed by varimax rotation in order to make
the components more interpretable (Jolliffe 1986). Cluster
analysis can be used to grouping objects of similar kind.
STATISTICA software was used to conduct the relevant
statistical analysis of the data (StatSoft, 1999). In our PCA,
factors who represents more than 85% of the total variation
are chosen (Facchinelli et al. 2001).

Results and discussion
Descriptive statistics

For both water and sediment samples collected, complete
statistical summary of the distribution parameters is given
in Table 1. Based on mean values, the metals follow
the decreasing concentration order: Mn > Zn >V > Cr >
Pb > Co > U > Bi > Cd (Table 1). The data show that Mn

Table 1 Statistical summary of selected metal concentrations in sediment and water samples in Yangzhong water system

Metals Sediment (mg/kg, n=19) Water (ng/L, n=28)

Mean Min Max SD Skewness Mean Min Max SD Skewness
Bi 0.755 0.314 1.327 0.306 0.089 0.043 0.001 0.963 0.180 5.277
Cd 0.749 0.279 1.459 0.370 0.173 0.117 0.004 1.061 0.206 3.871
Co 16.376 11.502 21.509 2.802 0.141 0.319 0.001 3.581 0.666 4.672
Cr 94.522 68.704 139.52 19.316 0.780 6.414 1.938 28.164 6.932 2.349
Mn 817.76 539.76 1102.1 156.67 -0.185 82.634 2.354 385.29 98.032 1.798
Pb 46.248 23.944 67.210 15.078 -0.050 2.585 0.472 15.839 2.817 4.185
U 2.568 1.771 3.002 0.366 —0.858 0.789 0.018 1.472 0.297 -0.457
\% 122.16 90.783 155.25 19.132 -0.131 2.786 0.925 5.865 1.300 1.033
Zn 226.90 66.09 1457.0 321.07 3.559 114.61 30.84 572.92 124.18 2.606
Sc 12.672 9.711 16.483 1.917 0.089 n.a. n.a. n.a. n.a. n.a.

n.a. means not available
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and Zn are among the dominant metals in the top sediment
samples. Vanadium, Cr and Pb have lower concentrations
than Mn and Zn. Cobalt and U also have a substantial level
while Bi and Cd show the minimum mean concentration in
the top sediment samples. Especially, the concentration of
Zn shows extremely high standard deviation and positive
skewness evidencing a strong skewness factor for this
metal. The reason for this strong skewness is explained by
two sediment samples (sample #144 and #122) containing
1457 and 617 mg/kg of Zn, respectively.

In the case of water samples, the metal concentration
distribution pattern follows the decreasing order:
Zn>Mn>Cr>V>Pb>U3>Co>Cd>Bi (Table 1).
Zinc and Mn are the most dominant element of these
metals in the water. Chromium, V and Pb have a lower
concentration. The water samples are found to have a
lowest level for Cd and Bi, while the level of U and Co
were slightly above them. Trace metals concentrations in
water samples show much higher skewness than in top
sediment samples, indicating that metal concentrations
were not normally like occurred in the sediments. This
observation could be explained by that metals dissolved in
water is more active and easier to be transported than in
sediments, so that their content in water are more sensitive
to the skewness factors, like foreign input or the change in
physico-chemical conditions, than in sediment.

Table 2 compares the metal levels of Yangzhong sedi-
ment, water and polluted sediment samples to background
levels. In Yangzhong top sediment samples, the arithmetic
mean concentration for Cd, Pb, Bi, and Zn are much higher
than the background value, which is arithmetic mean val-
ues of metals in natural soils of China (Chinese General
Station of Environmental Monitoring 1990). The concen-
tration of Cr, V, Co, Mn is nearly the same with back-
ground value (Table 2; Fig. 2), showing that these metals
in top sediments of Yangzhong water system were not
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Fig. 2 Comparison of metal levels of background values, mean metal
concentration in Yangzhong sediment samples and 3 polluted samples
taken from the end of the galvanisation factory effluents. In the
polluted samples, Cr, Pb, and Zn are enriched

substantially influenced by anthropogenic factors in re-
gional scale. Compared to background value, metal levels
in natural waters from the main stream of Yangtze river
(Wu et al. 1990), Mn, Zn, Cd, Cu, Cr, and Pb concentra-
tions are much more higher in Yangzhong water samples,
while the level of Co is slightly lower (Table 2; Fig. 3).
The three polluted sediment taken from the end of
effluent drains were determined and the results were given
in Table 2 and Fig. 2. Chromium and Zn were extremely
enriched in the three samples, with mean concentration of
6659.435 mg/kg for Cr and 6097.503 mg/kg for Zn
(Table 2). This indicates that the effluent discharged from
the minitype galvanization factory impose great quantities
of these two metals to nearby environment, causing distinct
enrichment in sediments for Cr and Zn. Pb is also enriched

Table 2 Mean metal concentration of sediment, water and polluted sediment samples in Yangzhong versus background level

Metals Sediment (mg/kg) Water (pg/L)

Background YZ Polluted Background YZ
Bi 0.37 0.755 0.907 n.a. 0.043
Cd 0.097 0.749 0.330 0.007 0.117
Co 12.7 16.376 10.195 0.35 0.319
Cr 61 94.522 6659.435 0.889 6.414
Mn 583 817.764 264.747 34 82.634
Pb 26 46.248 125.397 0.485 2.585
U 3.03 2.568 1.952 n.a. 0.789
v 82.4 122.165 103.758 1.22 2.786
Zn 74.2 226.902 6097.503 7.95 114.61
Sc 11.1 12.672 8.026 n.a. n.a.

n.a. means not available. YZ = Yangzhong
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Fig. 3 Comparison of metal levels of background values and mean
metal concentration in Yangzhong water samples

in the polluted sediment samples. The concentrations of Bi,
Cd, Co, Mn, U, and V in the polluted sediments were
around the background value and mean concentration of
Yangzhong sediments, showing that these elements were
not impacted by the effluent from this factory (Fig. 2).

Inter-element relationships and hierarchical cluster
analysis

Inter-element relationships can provide interesting infor-
mation on element sources and pathways (Manta et al. 2002).
The metal correlations in the samples are listed in Tables 3
and 4. The relevant data for top sediments show significant
correlations between Bi and Cd as well as Bi and Pb. This
indicates that Bi in sediments samples has a strong associa-
tion with Cd and Pb statistically, and it may shares a common
origin with them. Other positively correlated relationships,
such as those in Co—U, Co—Pb, Co—V and V-Pb-U may also
be seen. On the other hand, Cd does not show strong corre-
lation with Cr as well as Zn, indicating that their distributions

were not controlled by same factor. Zinc is not strongly
associated with other elements in top sediment samples.
Scandium is a conservative (very insoluble) element hosted
in a variety of ferromagnesian minerals, and is considered to
represent the lithogenic source in surface environment
(Audry et al. 2004). Table 3 shows the inter-element rela-
tionships between the nine researched elements and Sc. The
strong correlation between Sc and elements (e.g. Co, U, V,
and Mn) represents that these elements have a more litho-
genic origin. Meanwhile, the low correlation coefficient of
Sc—Cr and Sc—Zn shows that concentrations of Cr and Zn are
dominated by anthropogenic factors. The results of the cor-
relation study, therefore, evidence mutual metal dependence
in sediments as well as existence of a stronger correlation
within certain group of trace metals.

In the water samples, distinct correlations are only
observed between every two metal pairs among Bi, Cd, Co,
and Pb (r > 0.9, P < 0.01), while other five elements do
not show obvious relativity between each other. This
resembles case of the sediment samples.

Three clusters are observed from the dendrograms
(Figs. 4, 5) for the metals in top sediment and water samples
with significant linkage distance, indicating relatively high
independency for each cluster. For top sediment samples, Bi
and Cd, very well correlated with each other, form a cluster
with Pb. The association of Co and V is shown in Fig. 3,
which form another cluster together with U. Zinc is isolated
and joined to the Cr—Mn cluster only very late. In so far as
water samples, Bi and Co that correlates very well with each
other are associated with Pb. Bismuth, Co, Pb, and Cd form
the first cluster, Cr, and Mn associated as the second cluster
and Mn, V, and U form the third cluster.

Principal component analysis

To quantitatively evaluate the clustering behavior, PC
analysis with varimax normalization (PCA-V) is applied,
and the results are given in Table 5 for the water and

Table 3 Linear correlation coefficient matrix* for selected metals in sediment samples (n = 19)

Bi Cd Co Cr Mn Pb U v Zn
Bi 1.00
Cd 0.92 1.00
Co 0.70 0.53 1.00
Cr 0.32 0.20 0.40 1.00
Mn 0.43 0.33 0.75 0.51 1.00
Pb 0.87 0.77 0.81 0.55 0.68 1.00
U 0.71 0.55 0.77 0.40 0.44 0.66 1.00
v 0.68 0.55 0.90 0.45 0.68 0.73 0.90 1.00
Zn 0.45 0.21 0.46 0.34 0.18 0.49 0.37 0.34 1.00
Sc 0.64 0.52 0.90 0.25 0.60 0.67 0.89 0.96 0.28

* Correlations in bold are significant at P < 0.01
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Table 4 Linear correlation coefficient matrix* for selected metals in water samples (n = 28)

Bi Cd Co Cr Mn Pb U \'% Zn
Bi 1.00
Cd 0.91 1.00
Co 0.97 0.96 1.00
Cr -0.10 -0.10 -0.08 1.00
Mn 0.04 0.08 0.16 0.01 1.00
Pb 0.93 0.94 0.96 -0.05 0.06 1.00
U 0.14 0.26 0.23 -0.19 0.16 0.27 1.00
\Y% -0.11 0.25 0.10 0.11 0.35 0.11 0.22 1.00
Zn 0.12 0.05 0.12 0.11 0.29 0.05 -0.16 -0.04 1.00

* Correlations in bold are significant at P < 0.01
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Fig. 4 Dendrogram of selected metals in sediment samples using
ward’s method

o
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Fig. 5 Dendrogram of selected metals in water samples using ward’s
method

sediment samples. Four factors originate with a cumulative
variance of 91.92% for the top sediment samples. The
overwhelming 62.47% of total variance is contributed by
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PC 1, showing higher loadings for Bi, Cd, and Pb, evi-
dencing the main metal contribution coming from the
influence of widespread regional high Cadmium back-
ground anomaly (Cheng et al. 2005a). The high Cadmium
background anomaly in sediment and soil is distributed
along with the both riversides of the Yangtze River (Cheng
et al. 2005a), verified as the result of natural precipitation
processes of Cd in water system (Ma et al. 2004). The
source of Cd could be from weathering of Cd-rich bedrocks
accompanied by anthropogenic input at some local area
(Cheng et al. 2005b), whereas the specific forming mech-
anism and ecological effect of this anomaly have not yet
been carefully revealed (Ma et al. 2004). This factor could
be identified as the ‘‘high background lithogenic factor’’.
PC 2 and PC 3 loaded by Cr, Mn, and Zn indicate the likely
influence from local industrial effluent and these PCs could
be considered to be dominated by the ‘‘local industrial
factor’’. The producing progress of engineering electric
appliance and galvanization, accompanied by the drainage
of untreated effluent like acid wash and plating liquid re-
sults in the tremendous enrichment of Zn and Cr in the
polluted soils (Fig. 2), and could be the factor that control
these two PCs. Zinc and Cr may be controlled by different
industrial source. PC 4 with high contribution of Co, Mn,
U, and V accounting for 7.48% of the total variance is
controlled by the ‘‘natural factor’’ of the lithogenic process
during weathering progress of natural parent materials such
as rocks and soils. The mean concentration of the four
elements in top sediment samples as well as the polluted
soils were not substantially higher or ever a bit lower than
the background value (Fig. 2), indicating that these metals
were not influenced by anthropogenic factors. Mn emerges
at both PC2 and PC 4, showing that this metal has a mixed
source.

Four PC are separated for the water samples, with a
cumulative variance of more than 85%. PC 1 exhibits high
loading for Bi, Co, Cd, and Pb with a maximum contribution
of 42.79% of total variance. It takes its origin from the
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Table 5 Factor loadings of selected metals in sediment samples and water samples
Metals Sediment Water

PC1 PC2 PC3 PC4 PC1 PC2 PC3 PC4
Bi 0.86 0.13 0.24 0.41 0.98 -0.13 -0.07 0.07
Cd 0.96 0.06 0.01 0.25 0.96 0.18 0.02 0.04
Co 0.33 0.3 0.19 0.83 0.98 0.09 -0.10 0.05
Cr 0.1 0.88 0.25 0.14 -0.04 0.12 -0.01 -0.92
Mn 0.15 0.66 -0.15 0.6 0.01 0.58 -0.65 0.11
Pb 0.68 0.47 0.23 0.45 0.98 0.09 0.02 0.03
U 0.36 0.07 0.23 0.81 0.20 0.55 0.22 0.49
\Y 0.32 0.25 0.11 0.89 0.04 0.86 0.01 -0.19
Zn 0.15 0.16 0.93 0.19 0.08 —0.14 -0.88 —0.11
Eigen value 5.62 1.09 0.88 0.67 3.85 1.49 1.26 1.16
Loading% 62.47 12.15 9.82 7.48 42.79 16.52 14.01 12.83
Cumulative% 62.47 74.62 84.44 91.92 42.79 59.32 73.33 86.17

Values of dominant elements in each factor is reported in bold

Extraction method: PCA, Rotation method: Varimax with Kaiser Normalization

influence of widespread regional high Cadmium background
anomaly (Ma et al. 2004) as is discussed above for the
sediment samples. PC 2 (16.52% of total variance), accounts
for high contribution of V, U, and Mn, reflects the control of
parent materials weathering progress. PC 3 brings forth the
major contribution from Mn and Zn at 14.01% of total
variance. PC 4 with a variance loading of 12.83% is domi-
nated by the loading of Cr. PC 3 and PC 4 can be identified as
the tracer of local industrial effluent. Mn emerges at both PC
2 and PC 3, showing that this metal has a mixed source as
what is observed in the sediment.

The factor loading of top sediment is much the same
with which for the water samples. The groupings for the
nine elements in the two kinds of samples are almost the
same while the ranking of PCs based on their contribution
to the total variance is slightly different. The °‘natural
factor’’ controls the PC 2 of water samples and PC 4 of top
sediments. The ‘‘local industrial impacts’’ is represented
by PC3 and PC 4 for water samples and PC 2 and PC 3 for
sediment samples. The similarity in element cluster
behavior between the two kinds of samples, which can also
be observed in the cluster analysis (Figs. 4, 5), reveals that
the metal variability in the two kinds of samples is con-
trolled by the same sources.

Although many of the same control factors are observed
in the water and sediment samples, their relative importance
are different. For example, the ‘‘natural factor’’ stands as the
second most important factor (PC 2) in water while in the
fourth place for sediment. The ‘‘local industrial impacts
factor’’ is a more significant controlling factor for sediment
samples (PC 2 and PC 3) than for water samples (PC 3 and
PC 4). This would be presumably due to the characteristic
that heavy metals resulting from anthropogenic contami-

nation are either associated with organic matter present in
the thin fraction of the sediments, or adsorbed on Fe/Mn
hydrous oxides, or precipitated as hydroxide, sulphides and
carbonates (Forstner 1985). Anthropogenic released metals
(Cr and Zn) tend to reside in solid phase rather than dis-
solved phase in water-sediment interface. So it is more
probably that water receives less influence from the
anthropogenic impact than sediment samples.

Conclusions

Multivariable statistic approaches (PCA-V and CA) are
used as a tool to distinguish sources of heavy metal ele-
ments in riverine sediment and water in Yangzhong city.
Natural and anthropogenic input of heavy metals in the
water and sediment samples is distinguished. Present
research suggests that:

(1) Distributions of Bi, Cd, Co, and Pb (Co only for
water) both in water and sediment all are controlled
by the ‘‘high background lithogenic factor’’, that
means, they are regional and affected by input from
upstream areas;

(2) Co, Mn, U, and V (Co only for sediment) representing
““Natural factor’” of the lithogenic process seems to
be originated from parent material in sediment and
water;

(3) Cr, Zn, and Mn both in the water and sediment
samples have a majority of contribution from the
industrial extraction of waste water, which can be
concluded as the ‘‘local industrial factor’’;

(4) The pattern of distribution for Mn is affected by a
mixed source.
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The result indicates that the element clustering behavior
is similar between the water and sediment samples,
revealing that the metal contents in the two kinds of sam-
ples are controlled by the same sources. However, the
relative importance of each of the factors of the water and
sediment samples is different. The result agrees with dis-
cussion based on the background value and field survey on
point-source pollutant affected sediment samples. The re-
sults also reconfirmed that multivariable statistic method
(principal component analysis and cluster analysis) of a
small set of data together with other information can pro-
vide valuable insight in the context of the sources of soil
pollutants (Boruvka et al. 2005).
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