
Environ Monit Assess (2011) 177:127–139
DOI 10.1007/s10661-010-1623-0

Effects of anthropogenic activities on chemical
contamination within the Grand Canal, China

Xiaolong Wang · Jingyi Han · Ligang Xu ·
Junfeng Gao · Qi Zhang

Received: 12 November 2009 / Accepted: 9 July 2010 / Published online: 31 July 2010
© Springer Science+Business Media B.V. 2010

Abstract Contamination of nutrients and heavy
metals within aquatic system is of great concern
due to its potential impact on human and animal
health. The Grand Canal of China, the largest
artificial river in the world, is of great importance
in supplying water resource, transporting cargo,
and recreating resident, as well as great histori-
cal heritage. This study assessed and examined
the impact of human activities on characters of
contamination distribution within the section of
the Canal in Taihu watershed. Physicochemical
parameters of surface water quality were deter-
mined monthly from the year 2004 to 2006 at
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11 sites that were influenced by different anthro-
pogenic activities along the Canal. Moreover, con-
taminations at surface sediments (20 cm) at the
same locations were also analyzed in September
2006. Results showed that the Canal had been
seriously polluted, which was characterized with
high spatial variations in contaminations distribu-
tion. The sites influenced mainly by industry and
urbanization showed higher contents of nutrients
and lower levels of dissolve oxygen than other
sites. Concentrations of nitrogen at all studied
sites exceeded the worst level of surface water
quality according to the National Criterion of
Surface Water Quality, China, with the average
values varying from 2.27 to 10.34 mg/L. Further-
more, the site influenced mainly by industry (i.e.,
Site 4) presented the highest contents of cadmium
(3.453 mg/kg), chromium (196.87 mg/kg), nickel
(87.12 mg/kg), zinc (381.8 mg/kg), and copper
(357.32 mg/kg). While sites in vicinity to cities had
presented relatively higher contents of metals,
especially for the site located downstream of
Changzhou City (Site 3) had presented the high-
est contents of mercury (1.64 mg/kg) and lead
(197.62 mg/kg). Copper at Sites 2 to 6, Nickel at
Sites 2 to 9 except for Site 7, chromium, lead,
and zinc at Sites 3 to 6 had exceeded New York
State Department of Environmental Conserva-
tion (NYSDEC) Severe Effect Level (SEL). By
multivariate statistical, nutrient variables, com-
panied with V-phen, had contributed the most
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variation of water quality, while nutrient and
metals had explained the most part of total vari-
ance of contaminations in sediment. This study in-
dicated that the canal had been polluted severely
and urgently need to control.

Keywords The Grand Canal · Anthropogenic
activities · Water quality · Metals · Sediment

Introduction

The surface water quality is a matter of serious
concern by environmental sciences researchers
today. A river or canal is a system comprising
both the main course and the tributaries, carrying
on one-way flow a significant load of matter in
dissolved and particulate phases from both natural
and anthropogenic sources (Kunwar et al. 2005;
Neal et al. 2006). This matter moves downstream
and is subject to intensive chemical and biological
transformations (Jarvie et al. 2008; Mdegela et al.
2009). These transformations may be influenced
by morphologic and hydrographic factors (Dylan
et al. 2005). Seasonal variations in precipitation,
surface runoff, groundwater flow and water inter-
ception, and abstraction have a strong effect on
river discharge and subsequently on the concen-
tration of pollutions in river water (Gibert and
Wendy 2003). However, anthropogenic activities
in a watershed can also result in pollutant in-
puts via point and nonpoint sources which may
degrade the quality of surface water and impair
their use for potable supply, industrial, agricul-
tural, recreation, or other purposes (Simeonova
et al. 2003; Kepner et al. 2004). Identification and
quantification of these influences should form an
important part of managing land and water re-
sources within a particular river catchment (Harris
and Heathwaite 2005).

The Grand Canal of China, excavated 1,400
years ago, linking Hanzhou City and Beijing City,
is the largest artificial river in the world. It had
strongly benefited the development of local so-
ciety. Furthermore, it had greatly communicated
the northern China and southern China for a long
history, and because of which, it was endued with
great historical heritage worthiness. Nowadays,
the Canal also plays a major role in supplying

water resource, transporting cargo, and recreat-
ing resident, as well as assimilating and carry-
ing off wastewater and agricultural runoff (Zeng
et al. 2005). However, in recent years, the Canal
was progressively subject to increasing stress from
the rapid development of urbanization, industry,
agriculture, and aquaculture. Researches in the
past 20 years have reported frequently the de-
terioration of water quality in the Canal, which
tended to induce serious ecological and sanitary
problems and thus restricted regional sustainable
development. Several intensive studies focusing
on specific part of the Canal have provided good
insight into characters of pollutants input as well
as its further influence on aquatic system (Zheng
et al. 2001; Chen et al. 2004). However, in order
to achieve sustainable management on the water
quality at watershed level, it is still badly needed
to assess variations of water quality at regional
scale and identify influences of different anthro-
pogenic activities on the variation of water quality
in the Canal based on long-term and compre-
hensive investigation (Wang et al. 2007). Iden-
tification and quantification of these influences
should form an important part of land and water
resource management within a particular river
system (Massoud et al. 2006).

The goals of this paper were to delineate the
characters of the pollution in the Canal and to
identify anthropogenic influence on the varia-
tion of contamination within the Canal system.
Physicochemical parameters of water quality and
contaminations of sediment at 11 sites, reflecting
different anthropogenic activities effects on the
Canal in Taihu watershed, were determined. Mul-
tivariate statistical tools were used to evaluate
human activities effects on characters of water
quality and sediment in the Canal.

Materials and methods

Study area

To disentangle the intensive influences of anthro-
pogenic activities on water quality in the Canal,
the section of the Canal in Taihu watershed, one
of the most developed regions in China, was se-
lected as the study area. The Canal crosses Taihu
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watershed from Yangtze Rive to the eastern
border of the Taihu Lake, with its length about
200 km and over 100 ft wide. It passes through
three big cities, viz. Changzhou, Wuxi, and Suzhou,
crossing the farmland and rivers along its course
with gentle slope and slow velocity. As a result of
the rapid development of the local economy and
subsequently intensive use of water resources, the
Canal has been seriously polluted, which has in
return restricted the sustainable development of
local economy (Luo et al. 2005).

Sampling site and sample analysis

Eleven sites influenced by different anthropo-
genic or natural activities along the Canal were
selected to evaluate the chemical contamination
within the canal system. Sites 1 and 11 locate in
surrounding with farmland; Sites 2, 5, and 8 locate
upside of the Changzhou, Wuxi, and Suzhou city,
respectively; Sites 3, 6, and 9 locate downside of
these three cities; Site 4 locates in an industrial
park dominated by chemical plants, leather tan-
ning companies, and synthetic rubber manufactur-
ers; Site 7 is selected at the conjunction of the
Canal and Wangyu River, which conveys water

from Yangtze Rive to Taihu Lake for the case to
abate water pollution of the lake; while Site 10
locates at conjunction the Canal and Taipu River,
the main outlet of Taihu Lake.

Surface water sampling (from 0 to 0.5 m) was
collected at each site monthly during 2004–2006
(Fig. 1). The water samples were immediately
preserved in polypropylene sampling bottles at
4◦C in darkness and analyzed in 48 h. Sediment
samples were collected at each site in September
2006 with 0–20 cm layers by using Van Veen grab.
Furthermore, sediment samples were also col-
lected from three to five adjacent points for each
site and then combined. The parameters of wa-
ter quality included suspended solids (SS), con-
ductivity (Cond), dissolved oxygen (DO), pH,
chemical oxygen demand (COD), biologic oxy-
gen demand (BOD), total nitrogen (TN), ammo-
nium nitrogen (NH3–N), total phosphates (TP),
petroleum (Petro), volatile phenolics (V-phen),
and dissolved metals (Hg, Pb, Cd, Cr, and Cu).
Cond, pH, and DO were determined directly
at each sampling site. Cond was measured by
YSI meter Model 33, pH was measured by
pH meter Beckman Model F8 253, and DO
was measured by YSI oxygen meter Model 57,

Fig. 1 Study area and
sampling sites within
the Grand Canal
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respectively. SS, COD, BOD, TN, NH3–N, and
TP were determined using standard methods
in lab (Chen and Zhao 2004). Petro was mea-
sured using Infrared Spectrophotometry method,
and V-phen was measured using Flow Injection-
spectrophotometric method (Chen and Zhao
2004; Liu 2005). Atomic absorption spectropho-
tometry was used to determine the concentration
of heavy metal within surface sediment according
to standard procedures (American Public Health
Association 1998). Metal standard solutions (pur-
chased from Sigma–Aldrich, Milwaukee, WI) of
Hg, Pb, Cd, Cr, and Cu were prepared for instru-
ment calibration. All water samples and standards
were analyzed using a GBC Atomic Absorption
Spectrometer (Arlington Heights, IL) equipped
with a flame atomizer. An air/acetylene flame
was used for the analysis of Hg (520.0 nm), Pb
(283.3 nm), Cd (228.8 nm), and Cu (324.7 nm)
while a nitrous oxide flame was used for all Cr
(357.9 nm) analyses. Moreover, total organic car-
bon (TOC), TN, NH3–N, and TP in sediments
were also determined using standard methods (Jin
1998).

Data preparation and analysis

Average values and standard deviation (SD) of
water quality and metals in sediment at each site,
based on pooled samples in the study period,
were determined. Principal component analysis
(PCA) and cluster analysis (CA) were employed
to identify the characters of the contaminations
and sampling stations based on datasets of vari-
ables of water quality and metals in sediment, re-
spectively. Non-normality of the data was treated
by taking a logarithm or square root, whenever
appropriate (Ludwig and Reynolds 1988). PCA
was useful for considering several related random
environmental variables simultaneously, and so
identifying a new, small set of uncorrelated vari-
ables that accounted for a large proportion of the
total variance in the original variables (Reyment
and Joreskog 1993; Lau and Lane 2002; Maria
and Graca 2006). Any factor with an eigenvalue
greater than unity (eigenvalue > 1) was selected as
significant. CA has been proven useful in solving
classification problems where the object is to sort
cases or variables into groups, such that the de-

gree of association is strong between members
of the same cluster and weak between members
of different clusters (Maria and Graca 2006). To
evaluate influence of anthropogenic activities on
water quality at studied sites, multivariate clus-
ter analysis was performed using the square of
the mean Euclidian distance matrix and the cor-
relation matrix. All statistic analyses were con-
ducted using statistical software package: SPSS
13.0 and significance was determined at the 95%
confidence level.

Results

Concentrations of water quality parameters

Physical parameters

The average values and SD of 12 physicochem-
ical parameters of water quality at the 11 sites
were listed in Table 1. The sites influenced by
urbanization (Sites 3, 4, 5, 6, 8, and 9) pre-
sented significantly higher Cond values than those
influenced by agricultural production (Sites 1 and
11) or Taihu Lake outlet (Site 10). This could
ascribe to the discharge of industrial and munic-
ipal sewage, which releases large amounts alka-
line ions into riverine system, since conductivity
depends mainly on ions amount in water body
(Bernard et al. 2004). Low DO contents were
found at Site 3 (2.06 mg/L), Site 4 (2.33 mg/L),
Site 5 (2.68 mg/L), and Site 6 (2.47 mg/L). This
suggested that discharge of industry and municipal
wastewater had induced serious organic pollution
in the Canal, since DO decreasing was mainly
caused by decomposition of organic compound
(Donohue et al. 2006). Moreover, extremely low
DO content usually indicated deterioration of
aquatic system that extinguished fish living (Cai
et al. 1997; Zheng et al. 2001). Contrarily, higher
DO contents were determined at Sites 1, 2, 10,
and 11, ranging from 6.74 to 7.78 mg/L. Aver-
age SS values of all sites ranged from 34.22 to
116.21 mg/L. Site 4 showed the highest level of
SS, followed by Site 3 (98.94 mg/L), Site 6 (85.65
mg/L), and Site 9 (80.57 mg/L), which were lo-
cated on downside of cities; the lowest content of
SS (34.22 mg/L) was determined at Site 10.
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Table 1 Mean values and standard difference (SD) of data of physical and chemical properties of the Grand Canal water at
sampling locations during 2004–2006

Site pH Cond DO SS COD BOD TN NH4-N TP Pretro V-phen
μS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 N 34 34 34 34 34 34 34 34 34 34 34
Mean 7.44 35.61 7.14 55.38 4.58 1.89 3.98 1.83 0.180 0.043 0.003
SD 0.18 9.98 1.53 30.22 0.89 0.75 1.92 1.59 0.125 0.031 0.002

2 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.41 37.41 6.74 42.32 4.87 1.98 4.17 1.59 0.212 0.039 0.004
SD 0.17 9.89 1.03 15.99 1.25 1.05 1.69 0.87 0.079 0.024 0.003

3 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.56 220.14 7.06 98.94 4.69 4.09 3.02 1.80 0.227 0.111 0.006
SD 0.21 120.46 1.67 79.93 1.44 1.63 1.31 0.53 0.083 0.178 0.004

4 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.46 316.67 2.06 116.21 7.74 6.20 5.12 2.55 0.213 0.449 0.034
SD 0.30 210.42 1.58 44.15 2.77 3.36 1.77 1.55 0.108 0.216 0.009

5 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.42 54.58 2.33 70.83 5.90 5.41 6.76 3.94 0.264 0.125 0.010
SD 0.38 18.85 1.50 41.35 2.29 5.28 2.72 2.04 0.099 0.108 0.010

6 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.48 61.46 2.68 85.65 7.58 7.56 9.77 6.48 0.257 0.172 0.011
SD 0.30 19.46 1.24 22.13 2.27 4.87 3.60 3.08 0.088 0.098 0.005

7 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.35 74.29 4.47 65.57 9.33 8.01 10.34 6.61 0.353 0.205 0.006
SD 0.23 24.56 1.02 26.19 2.36 4.07 3.52 2.49 0.160 0.114 0.012

8 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.34 367.53 4.02 58.26 8.74 5.82 8.85 5.19 0.215 0.233 0.008
SD 0.25 220.37 1.26 30.50 2.59 3.35 2.46 2.47 0.145 0.110 0.005

9 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.40 345.83 4.61 80.57 7.16 4.13 7.62 5.65 0.226 0.172 0.007
SD 0.22 261.32 1.71 27.79 1.72 1.59 2.21 2.07 0.083 0.143 0.004

10 N 33 33 33 33 33 33 33 33 33 33 33
Mean 7.35 47.11 7.78 34.22 4.49 3.02 2.27 1.54 0.101 0.033 0.004
SD 0.24 15.16 1.41 14.33 1.07 1.32 0.78 0.43 0.045 0.021 0.001

11 N 36 36 36 36 36 36 36 36 36 36 36
Mean 7.37 66.82 6.98 54.25 6.77 3.86 4.54 3.65 0.105 0.062 0.003
SD 0.28 24.13 1.60 17.17 1.33 2.22 3.08 2.63 0.266 0.024 0.004

Chemical parameters

Average values of pH at the 11 sites showed less
variation, ranging from 7.34 to 7.56. The highest
value of COD was founded at Site 7 (9.33 mg/L);
the sites influenced by urbanization and indus-
try (Sites 4, 5, 6, 8, and 9) presented relatively
high contents of COD, ranging from 6.90 to 8.74
mg/L; while Site 10 showed the lowest contents
of COD (4.49 mg/L). Similar trend was found
with that of BOD. Significant diversities in av-
erage values of TN (2.27–10.34 mg/L) and NH3–
N (1.54–6.61 mg/L) were found among studied
sites. Site 7 showed the highest contents of TN
and NH3–N, while Site 10 showed the lowest

ones. The highest value of TP was determined at
Site 10 (0.101 mg/L), while the lowest at Site 7
(0.353 mg/L). Sites nearby the Wuxi City showed
higher TP concentrations than other sites except
for Site 7; while sites surrounded by farmland
(Sites 1 and 11) presented relatively lower con-
tents of TP.

Sites 1, 2, 10, and 11 showed relatively lower
contents of Petro than that of other sites with
the values ranging from 0.033 to 0.043 mg/L. Less
significant differences of V-phen concentrations
were found at all the studied sites except for Site 4.
The highest concentrations of Pretro (0.449 mg/L)
and V-phen (0.058 mg/L) were determined at Site
4. Several studies had revealed that Petroleum in
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Fig. 2 Contents of
cadmium, chromium,
nickel, mercury, lead,
zinc, and copper of
sediments within 11
sampling sites in the
Grand Canal along with
LEL and SEL of
NYSDEC
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rivers of Taihu watershed mainly came from ships
(Cai et al. 1997). However, highest concentration
of Pretro was found at Site 4 with lower values at
other sites suggested that Petroleum pollution in
the Canal was mostly related to industry. Highest
concentration of V-phen was determined at Site 4
and may also be ascribed to discharge of waste-
water from the industry park, considering that
V-phen mainly came from sewage of organic-
chemistry industries (Luo et al. 2005).

Concentrations of metals in sediments

Figure 2 shows the concentrations of metals
(cadmium, chromium, nickel, mercury, lead, zinc
and copper) in sediments at the studied sites
(Fig. 2). In order to assess metal concentrations in
sediment from a regulatory perspective, the New
York State Department of Environmental Con-
servation (NYSDEC 1999) guidelines will be re-
ferred. Two levels of risk for potential impacts to
biota have been established in NYSDEC, based
on total metal concentration in sediment: (1) low-
est effect level (LEL); and (2) severe effect level
(SEL). If the LEL is exceeded, the metal may
moderately impact biota health. If the SEL is
exceeded, the metal may severely impact biota
health.

The highest concentrations of cadmium, chro-
mium, nickel, zinc and copper were measured
at Site 4, whereas the highest contents of mer-

cury and lead were determined at Site 3. The
relatively higher concentrations of metals were
determined at Sites 5 and 6, while Sites 1, 10,
and 11 presented lower concentrations of cad-
mium, chromium, mercury, zinc, and copper than
other sites. Cadmium concentrations varied in a
wide range from 0.281 to 3.753 mg/kg. Samples
from Sites 3 to 9 exceed the NYSDEC LEL,
while no sample exceeded the NYSDEC SEL.
Chromium concentrations ranged from 36.7 to
196.87 mg/kg. Samples from all sites exceeded
the NYSDEC LEL, among which the concentra-
tions of chromium at Sites 3 to 6 exceeded the
NYSDEC SEL, with the values 155.63, 169.87,
134.73, and 120.68 mg/kg, respectively. Average
concentrations of Copper at all sites exceeded
NYSDEC LEL, with the range from 22.33 to
357.32 mg/kg. Samples in the locations influenced
by industry and urbanization (Sites 2 to 6) ex-
ceeded the NYSDEC SEL. Average contents of
nickel varied from 30.21 to 120.68 mg/kg, pre-
senting less spatial variations among studied sites
than other metals. Concentrations of nickel at
all sites exceeded the NYSDEC LEL, while sites
influenced by industry and urbanization (Sites 2
to 6, 8, and 9) exceeded the NYSDEC SEL.
The average contents of Mercury ranged from
0.29 to 1.64 mg/kg. Although no sample exceeded
the NYSDEC SEL, all samples exceeded the
NYSDEC LEL. As far as lead and zinc were con-
cerned, their average contents were varied in the

Table 2 Rotated component matrix of PCA on date sets during Wet-season and Dry-season, respectively

Variables Water samples Variables Sediments

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2

pH −0.301 0.869 −0.187 TOC 0.805 0.304
DO −0.932 0.157 −0.049 TN 0.793 0.209
Cond 0.013 0.845 0.246 NH4–N 0.834 0.028
SS −0.047 0.891 0.257 TP 0.913 0.247
COD 0.825 −0.277 0.333 Cadmium 0.875 −0.057
BOD 0.962 0.027 −0.076 Chromium 0.920 −0.083
TN 0.772 −0.284 0.278 Nickel 0.832 0.385
NH4–N 0.856 −0.034 0.247 Mercury 0.857 0.421
TP 0.894 −0.173 0.229 Lead 0.274 0.813
Pretro 0.407 0.488 0.733 Zinc 0.894 0.234
V-phen 0.832 0.210 0.136 Copper 0.324 0.759
Eigen-values 4.9 2.5 1.4 5.2 1.8
Total variance (%) 46.1 24.3 13.5 53.4 19.3
Cumulative (%) 46.1 70.4 83.9 53.4 72.7
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range from 26.37 to 197.62 mg/kg and from 79.63
to 381.8 mg/kg, respectively. Most sites showed
the values of zinc above the NYSDEC LEL with
exception of Sites 1, 10, and 11; whereas average
values of lead at all sites exceeded the LEL only
except for Site 10. Similar to that of chromium,
contents of lead and zinc exceeded the NYSDEC
SEL at Sites 3 to 6.

Classification on the anthropogenic influences
on contamination within the Grand Canal

PCA was performed to identify the characters
of contaminations at all studied sites, based on
data sets of variables of both water quality and
contaminations in sediment. The significant fac-
tors (i.e., eigenvalue > 1) loading matrix of PCA

Fig. 3 Plot of factor
loadings for each variable
of the first two factor axes
of a water quality data
and b sediment
contamination data
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was listed in Table 2 and the planar plot of the
variables against their values for axes X and Y
was presented as Fig. 3. Factor analysis of wa-
ter quality data set shows that the eigenvalues
for three significant factors are 4.9, 2.5. and 1.4,
respectively, accounting for 83.9% of the total
variables. The first factor accounted for 46.1%
of the total variance and is positively related to
all nutrient variables (COD, BOD, TN, NH3–N,
and TP) and V-phen, and negatively related to
DO. Factor 2 explains 24.3% of the total variance
and is significantly related to pH, SS, and Cond.
Factor 3 accounted for 13.5% of the total variance
and is only significantly related to Petro. Only
two significant factors (i.e., eigenvalue > 1) were
extracted by PCA based on sediment data set
(with eigenvalues of 5.2 for Factor 1 and 1.8 for
Factor 2), which explained 72.7% of the total
variation. The first factor accounted for 53.4%
of the total variance and captures all nutrient

related variables (TOC, TN, NH3–N, and TP)
and most metal variables (lead, chromium, cad-
mium, nickel, mercury, and zinc), while Factor 2
explained 19.3% of the total variance and related
to lead and copper.

To examine anthropogenic influences on distri-
bution of contamination within the Canal, mul-
tivariate CA was applied to classify the studied
sites based on datasets of variables of water qual-
ity and contaminations in sediment, respectively.
Two dendrograms produced by multivariate CA
were shown as Fig. 4. There are four major groups
obtained by CA, based on the physiochemical
variables of water quality. Group 1 is related
with sites mostly influenced by agricultural runoff
(Sites 1, 2, and 11), whereas Group 2 comprises
only Site 10, representing the dilution by the water
from Taihu Lake outlet. Group 3 consists of all
the sites influenced by urbanization and industry
(Sites 3 to 6, 8, and 9). Site 7 exclusively forms

Fig. 4 Dendrogram
of Q-Hierarchical
Cluster Analysis for
physiochemical variables
of water quality data (a)
and sediment
contamination dataset (b)
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group 4, which represents a compound pollution
of agricultural runoff, untreated municipal waste-
water, and contaminations from Yangtze Rive.
For database of metals in sediment, the 11 studied
sites were divided into three groups. Group 1 is
formed by Site 4, representing locations polluted
by industry characterizing with highest concentra-
tions of metals in surface sediments. Group 2 was
presented by locations influenced by urbanization.
All sites in the vicinity of cities except for Site 2
were gathered in the assemblage characterized
by relatively high contents of metals in surface
sediments, which were from the increasing dis-
charge of domestic sewage during urbanization.
Considering serious eco-risk of metals accumula-
tion, it suggests significant contaminations on the
Canal aquatic ecosystem. Group 3 consisted of the
other five sites influenced mainly by agricultural
or dilution of Taihu Lake. This group represented
slightly metal polluted locations assemblage, in
view that less content of metals was determined
in the surface sediments at these sites.

Discussions

COD, TN, and TP are dominating supervised in-
dicators for surface water quality in China. High
COD content usually decreases the DO level in
surface water body, which undermines health of
aquatic ecosystems (Kirchner et al. 2000). Phos-
phorus and nitrogen in rivers not only induce
alga bloom in riverine system but also increase
eutrophication risks in lakes and reservoirs (Neal
et al. 2005). Since the 1990s, increasing atten-
tion and investment have been made by the
central and local governments to control the ac-
celerating deterioration of surface water quality
in Taihu watershed. All industries and public
sectors in the region were obliged to treat their
wastewater before discharging it to the natural
water body and to use nonphosphorous de-
tergents instead of detergents containing phos-
phorous (Pan et al. 2005). As a river of such
importance, the studied sites of the Canal in this
research, which were influenced by industry and
urbanization, still presented low DO level and
high concentrations of nutrients. Despite that the
TN contents at the sites influenced by agricul-

tural production were relatively low, the concen-
trations of nitrogen at all sites exceeded the fifth
standard (the worst level of water quality, TN >

2.0 mg/L) of the National Criterion of Surface Wa-
ter Quality, China. This suggested that nitrogen
should be considered in priority for local water
pollution abatement. Many studies argued that
water quality in rivers varied from upside to down-
side with a degrading trend due to the hydraulic
droving (Haygarth et al. 2005; Jarvie et al. 2008).
However, in this study less variation was found
in nutrients concentrations between sites located
upside and downside of cities respectively (Sites
5, and 6; Sites 8 and 9). Water quality at the sites
subjected to industry and urbanization was more
degraded than others. This was also approved by
the results of CA in view that all sites influenced
by industry and urbanization were clustered into
one group. Water quality in the Canal was more
related to the surrounding social and economic
structure. Of course, the low velocity of current in
the Canal was also an important contributor for
decelerating the transport and diffuses of nutri-
ents (Zheng et al. 2001; Zhang et al. 2004).

For abating the water pollution and recovering
the aquatic system of Taihu Lake, a great project
was conducted to lead fresh water from Yangtze
Rive to Taihu Lake through the Wangyu River.
However, Site 7, located at the conjunction of the
Canal and Wangyu River, showed higher values
of COD, BOD, TN, NH3–N, and TP than that in
the Taihu Lake. It indicated that more pollutants
were input to Taihu Lake after the project (Cao
and Zhou 2006). Considering that water quality
in Yangtze Rive was better than that of the out-
let of Wangyu River near Taihu Lake, the high
contents of pollutions at Site 7 must be ascribed
to the wastewater discharged from the cities along
Wangyu River (Pu et al. 1998; Wang et al. 2007).

Heavy metals are a special group of contami-
nants with high ecological significance in aquatic
systems. They cannot be self-purified by the water
body. As a result, heavy metals always accumulate
in the bottom sediment of rivers and enter the
food chain (Graney and Eriksen 2004; Dalmacija
et al. 2006; Geoffrey et al. 2008). The occurrence
of heavy metals in the environment results primar-
ily from anthropogenic activities, though the nat-
ural processes that may enrich waters with trace
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elements also play a noticeable role (Zoumins
et al. 2001; Janel et al. 2006). In the present
study, the location influenced mainly by industry
(Site 4) presents the highest contents of cadmium,
chromium, nickel, zinc, and copper. It suggests
that discharge of industry wastewater is playing a
dominant role in the accumulation of heavy metal
contaminants in the surface sediment in the Canal.
The sites in vicinity to the big cities presented
relatively high contents of metals. Notably, the
site located on the downside of Changzhou City
(Site 3) was determined with the highest values of
mercury and lead. Mercury usually escapes from
electrolytic Cl2 production and Lead is employed
as stabilizers and additives in the synthesis rubber
and PVC. These manufactures are rapidly devel-
oped in the past decades in Changzhou city, which
increased the load of mercury and lead to the
Canal (Liu et al. 1999; Qu et al. 2001). Sites apart
from industry and urbanization presented lower
concentrations of metals in surface sediment. This
indicated that the agricultural activities contribute
less to the metal contamination in the Canal.
Generally, runoff from different types of land use
is enriched with different kinds of contaminants.
For example, runoff from agricultural lands may
be enriched with nutrients and sediments. Like-
wise, runoff from highly developed urban areas is
enriched with heavy metals and sulfate (Lawlor
and Tipping 2003; Evans et al. 2005). The distinct
influences of different anthropologic activities on
metal contaminants in the Canal were also distin-
guished by the CA, which formed three groups
that were influenced by industry, urbanization and
agricultural production, respectively.

In this study, by using PCA, variables were
reduced into three and two key independent fac-
tors for datasets of water quality and sediment,
respectively. Nutrient variables and V-phen con-
tributed the greatest variance of total variation of
water quality, which presented the dominant en-
vironmental problems to the Canal. Considering
that V-phen mainly came from sewage of organic-
chemistry industry, high consistency in variations
of nutrients and V-phen suggested urbanization
and industry played a dominant role in variation
of water quality within the Canal, although Cao
et al. (2004) and Wang et al. (2004) argued that
runoff from agricultural contributed more than

60% nutrients loss in Taihu Region. Only Petro
significantly related to factor 3 (counting for
13.5% of the total variance of water quality),
which indicated that shipping is an important pol-
lutant resource to the Canal, in view that Petro-
leum in rivers of Taihu watershed mainly leaked
from watercrafts (Cai et al. 1997). Nutrient and
metals contributed to the components that ex-
plained 53.4% of the total variance in sediment.
The high assembling of nutrient variables and
metals in sediment suggested the strong similarity
in the sources of nutrient and metals in the Canal.

Conclusions

The contamination of nutrients and heavy metals
within aquatic system is of great concern due to
their potential impacts on ecosystems and human
health. In this study, the Canal was character-
ized with high spatial variations in water quality
and the heavy metals in surface sediment. Sites
influenced by industry and urbanization showed
higher contents of nutrients and lower DO levels
in water body. Moreover, more efforts should
be made on contamination abatement along the
Wangyu River in view of its great contribution
to pollutants load to the Canal. Nitrogen was the
principal polluted parameter within the Canal, as
its values at all studied sites exceeded the worst
level of water quality of the National Criterion of
Surface Water Quality, China. The site influenced
mainly by industry presented the highest contents
of cadmium, chromium, nickel, zinc and copper,
and sites in vicinity to cities also presented relative
high contents of metals, whereas sites influenced
by nonpoint sources presented fewer contents
of metals. Compared with NYSDEC guidelines,
contents of chromium, nickel, copper, lead and
zinc within sediment exceeded the NYSDEC SEL
at sites influenced by industry and urbanization
(Sites 3 to 6). By multivariate statistical, the nu-
trients, companied with V-phen, contributed the
most variation of water quality. They were the
dominant environmental problems in water body.
The nutrients and metals explained the most part
of total variance of contaminations in sediment.
They were also highly consistent in variations,
which indicated strong similarity in the sources of
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nutrient and metals in the Canal. Anthropogenic
activities contributed the most loads of contam-
inations and influenced their spatial distribution
significantly in the Canal. In conclusion, the Canal
had been severely contaminated with nutrients
and heavy metals. Regular monitoring on water
quality in the Canal is in urgent need. Future
works should focus on the potential ecological and
toxicity hazard of the contamination in the Canal.
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