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EXTENDED ABSTRACT
Agrochemicals, geochemical structure and industrial wastes create a potential source of
heavy metal pollution in the aquatic environment. The porpuse of this study was to
investigate the seasonal variations in five heavy metals (Cu, Zn, Cd, Pb and Cr) in the
surface water of the Keritis river, one of the most important rivers in Chania, Greece. The
surface water samples were colloected at 8 sampling sites in the Keritis river system.
Seven sampling campaigns were carried out in each site in a 1-year period, during
August 2004 to July 2005. Heavy metals were determined by using flame and furnace
Atomic Absorption Spectrometry. Ancillary data included water temperature, pH and
electric conductivity.
Significant variations were observed between the warm period (May to September) and
the wet period (October to April), for the studied metals. Heavy metal concentrations were
sufficiently higher in warm period than in wet period. The average concentrations in wet
and warm period were: Cu (0.88 μg/l; 6.62 μg/l), Cd (0.005 μg/l; 0.019 μg/l), Pb (0.28 μg/l;
2.59 μg/l), Cr (1.44 μg/l; 3.25 μg/l), and Zn (4 μg/l; 39 μg/l), respectively. The relative
variability followed the order: Zn>Pb>Cu>Cd>Cr. The seasonal variations may be due
to either anthropogenic causes, such as agricultural practices, especially the use of
fertilizers and biocides or wastewater discharge, or natural causes, such as water
temperature, pH, redox condition, or river flow. The water pH was lower in warm period
than in wet period. The concentrations of Cu, Zn, Cd, Pb and Cr were found to be
positively related to the water pH in both periods. The water temperature was higher in
the warm period and no strong, but remarkable correlations were found between the
heavy metal concentrations and the temperature values for the warm and the wet period.
Also, there was found no correlation between the heavy metal concentrations and the
electrical conductivity.
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1. INTRODUCTION
Heavy metals are among the most common environmental pollutants, and their
occurrence in waters and biota indicate the presence of natural or anthropogenic sources
The main natural sources of metals in waters are chemical weathering of minerals and
soil leaching. The anthropogenic sources are associated mainly with industrial and
domestic effluents, urban storm, water runoff, landfill leachate, mining of coal and ore,
atmospheric sources and inputs rural areas. [1,2,3].
Water pollution by trace metals is an important factor in both geochemical cycling of
metals and in enviromental health [2]. The existence of heavy metals in aquatic
environments has led to serious concerns about their influence on plant and animal life.
Metal nutritional requirements (Cu, Zn etc.) differ substantially between species or
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elements, and optimum ranges of concentrations are generally narrow severe
unbalances on metal proportions caused by exposure to elevated concentrations can
cause death for organisms. Other elements (Pb, Cd etc.) exhibit extreme toxicity even at
trace levels [4].
All heavy metals exist in surface waters in colloidal, particulate, and dissolved phases [5].
Rivers are a dominant pathway for metals transport [6] and trace metals may become
significant pollutants of many small riverine systems [7]. The behaviour of metals in
natural waters is a function of the substrate sediment composition, the suspended
sediment composition, and the water chemistry [5]. During their transport, the trace
metals undergo numerous changes in their speciation due to dissolution, precipitation,
sorption and complexation phenomena [8,9] which affect their behaviour and
bioavailability [4].
Trace elements are easily influenced by environmental factors such as surface runoff,
groundwater, dissolution from sediment, deposition from the atmosphere and
anthropogenic pollutants. Hence, trace metals may be sensitive indicators for monitoring
changes in the water environment. There are many reports on temporal changes,
especially seasonal variations, in heavy metal concentrations in river waters [10]. The
purpose of this study was to estimate the seasonal variation of the dissolved Cu, Zn, Cd,
Pb and Cr between the wet and warm period in the Keritis river system and their
correlations with pH, water temperature and electrical conductivity in both periods.
2. MATERIALS AND METHODS
2.1. Study area
The Keritis’ river is located in the north part of Chania Prefecture, on the island of Crete,
Greece (Figure 1). It originates from the Mounts Lefka Ori and discharges into the Cretan
Sea. The average water flowrate is 3500 m3/h with high fluctuations between the winter
and summer months. The total length of the main sector of the river is about 22 km.
The drainage basin of the Keritis river system is 16,036 ha and it’s the biggest
hydrological basin in Chania Prefecture. The basin consists of about 10 villages and the
population is approximately 7,000. The area has a typical Mediterranean climate with mild
winters and dry summers. The annual average temperature and rainfall are 19.96°C and
824 mm, respectively. The rainy events are usually short but intense and promote high
rates of surface runoff. The basin of Keritis is mainly an agricultural area. The most
common cultivations are olive trees, citrus trees, vineyards and vegetables. In the area
also, is developed light industry (olive mills, wineries and other agricultural factories) and
in the coastal zone, where is the estuary of the Keritis river, there are many touristic units.
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Figure 1: Location of the Keritis river system. The numbers in cycles show the surface
water sampling sites
2.2. Sampling and analysis
The surface water samples were colloected at 8 sampling sites in the Keritis river system
(Figure 1). Seven sampling campaigns were carried out in each site in a 1-year period,
during August 2004 to July 2005. The four sampling campaigns were realised at the
warm period (May to September) and the other three were carried out during the wet
period (October to April). Water samples were collected in an acid-cleaned polyethylene
bucket, after that, water samples were transferred in 2 l polypropylene bottles, and they
were immediately transported in a portable refrigerator, to the laboratory at ± 4 °C.
Water temperature was measured at the sampling sites. Hydrogen ion activity (pH) and
electrical conductivity (EC) values were measured by a portable pHmeter and
conductometer (SENSION 156 HACK), respectively.
For the heavy metal analysis, a 200-ml water sample was immediately filtered through a
0.45-μm membrane using a vacuum pumping system and transferred into an acidcleaned 250-ml polypropylene bottle, and then 2 ml of high-purity nitric acid was added to
give a pH of 1.
Heavy metal concentrations were determined directly in the acidified filtrates by Atomic
Absorption Spectrometry (Perkin Elmer, AAnalyst 700) [11]. Zinc was analyzed by Flame
Atomic Absorption Spectrometry. Copper, lead, cadmium and chromium were determined
by graphite furnace Atomic Absorption Spectrometry. All water samples were treated in
duplicate. The relative standard deviations (RSD) of the methods and each run were
<3.5%. In all cases, standards and blank were treated in the same way as the real
samples to minimize matrix interferences during analysis.
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RESULTS AND DISCUSSION
The values of the physicochemical parameters in Keritis river water during two different
periods are given in Table 1. The water temperatures were higher in the warm period
from May to September due to meteorological conditions. The water pH was lower in the
warm period than in the wet period. In general the pH of Keritis river water was alkaline.
The values of the electric conductivity showed no significant variations between warm
and wet period at the most of the sampling sites.
Table 1. Physicochemical parameters in warm and wet period in the Keritis river water.
Period
Parameter
Min
Max
Average
o
Temperature ( C)
16.4
20.5
18.5
Warm
pH
7.15
8.07
7.57
E.C. (μS/cm)
258
1492
619
Temperature (oC)
11.1
14.7
13.4
Wet
pH
7.71
8.39
8.09
E.C. (μS/cm)
270
1377
620
The studied dissolved metal concentrations in the Keritis river during warm and wet
period and their variation percentage are given in Table 2. The variation percentage was
evaluated from the average values of the dissolved metal concentrations.
Table 2. Dissolved metal concentrations (μg/l) and variation percentage (%) in the Keritis
river.
Variation
Period
Element
Min
Max
Average
Percentage
Warm
Cu
3.66
13.2
6.62
Zn
16
142
39
Cd
ND
0.042
0.019
Pb
0.039
12.61
2.59
Cr
2.21
4.58
3.25
Wet
Cu
0.5
1.45
0.88
86.7
Zn
ND
11
4
89.7
Cd
ND
0.019
0.005
73.7
Pb
ND
1.14
0.28
89.2
Cr
1.02
2.16
1.44
55.7
ND: Non Determined (below detection limit).
According to the variation percentage, the maximum seasonal decrease observed for Zn
and the minimum for Cr. The relative variability of the studied dissolved metals of the
Keritis river followed the order: Zn>Pb>Cu>Cd>Cr.
The solubility of trace metals in surface water is predominately controlled by the water pH
[5], water temperature [10], the river flow [10,12,13] and the redox environment of the
river system [5,10]. A lower pH increases the competition between metal and hydrogen
ions for binding sites. A decrease in pH may also dissolve metal-carbonate complexes,
releasing free metal ions into the water column [5]. Although the pH decrease was low in
the Keritis river it may play a significant role in the dissolved metal increase in the warm
period. A decreased redox potential, as is often seen under oxygen deficient conditions,
will change the composition of metal complexes and release the metal ions into the
overlying water [5]. Temperature impacts the rates of metabolism and growth of aquatic
organisms, rate of plants' photosynthesis, solubility of oxygen in river water, and
organisms' sensitivity to disease, parasites, and toxic materials. At a higher temperature,
plants grow and die faster, leaving behind matter that requires oxygen for decomposition.
Trace elements where are accumulated to phytoplankton may become soluble during the
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decay of plants [2]. The seasonal variation of the water temperature in the Keritis River
may influence the variability of the studied metals indirectly via biological activity (decay
of phytoplankton) or due to possible decrease of dissolved oxygen which related to redox
potential decrease. In wet period the intense rains cause an increase in the river flow,
producing a dilution of the contaminants. During the mixing of large volumes of non
contaminated runoff water, the pH increases and the sulphate and metal content
decrease. When the river flow decreases during the warm period, the concentrations of
contaminants begin to recover, reaching maxima in the summer due to sulphide-oxidising
bacterial activity increasing with the temperature, and simultaneously, a concentrating
effect of the dissolved pollutants occurs in the water due to water evaporation [13]. There
are no river flow data for all the studied sampling sites of the Keritis river. According to
flow data where came from monitoring done by the local department of Ministry of
Agriculture, the river flow at the sampling site 7 (Patelari), was about 7000 m3/h in the
winter (wet period) and 650 m3/h in the summer (warm period). The relative high flow rate
during the wet period due to enrichment with uncontaminated water from the springs and
runoff from the mountains “Lefka Ori “ may cause a dilution of heavy metal concentration.
The seasonal variation of electric conductivity was random and no seasonality was
observed at any sampling site. Hence, electrical conductivity may not be a factor
controlling the seasonal variation of the studied metals.
Temperature, pH and electric conductivity affect the contaminants fate in the river, control
their speciation and thus their distribution within the dissolved or particulate fractions [4].
In this study investigated the linear relationships between the studied physicochemical
parameters and the dissolved metals of the sampling site of the Keritis river water on
warm and wet period. An example of estimation of the linear relationships for Cu is given
in Figure 2.
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Figure 2. Linear relationships between dissolved Cu and physicochemical parameters in
the Keritis river.
Table 3 shows the linear correlation coefficients (R2) between the studied metals and the
physicochemical parameters in the Keritis river.
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Table 3. R2 between dissolved metals - physicochemical parameters in the Keritis river.
Period
Parameter
Cu
Zn
Cd
Pb
Cr
Temperature (oC)
0.3693 0.5336
0.4086
0.5524
0.4696
Warm
pH
0.7992 0.6133
0.7189
0.2143
0.7323
E.C. (μS/cm)
0.1348 0.0097
0.2154
0.0035
0.0928
Temperature (oC)
0.5241 0.4062
0.4574
0.4589
0.2598
Wet
pH
0.7786 0.6886
0.5292
0.609
0.7104
E.C. (μS/cm)
0.2813 0.1535
0.0019
0.8048
0.0212
The dissolved metals in both periods are significantly related to the water pH (except Pb
in warm period). Also the correlations between the studied metals and the temperature
were found no strong but remarkable. In addition there was found no correlation between
the dissolved metals and the electrical conductivity in the sampling sites of the Keritis
river (except Pb in wet period).
3. CONCLUSIONS
This study investigated the seasonal variation of Cu, Zn, Cd, Pb and Cr in the Keritis
river, one of the most important rivers in Chania – Greece. Significant variations were
found between warm and wet period for the studied metals. The relative variability
followed the order Zn>Pb>Cu>Cd>Cr. The seasonal variation of the studied metals

maybe related to the variations of water pH, river flow, water temperature and
redox conditions. The electrical conductivity seams to have no correlation with the
seasonal variations of dissolved metals. Significant relationships where observed
between the heavy metals concentration and the water pH in both periods. Also
the correlations between the studied metals and the water temperature were
satisfying, but with the electrical conductivity was observed no remarkable
relationship.
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