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Introduction

Human interferences in the environment, through physical
alteration of landscape or through emissions from indus-
trial or municipal sources, fertilizer applications, and liquid
and solid waste disposal can degrade the water quality in
surface water bodies (Peter et al. 1997). As in most develop-
ing countries, including Iran, the accelerated developments
in industry and agriculture in the last few decades have made
environmental pollution more noticeable. Most of Iran's 1.6
million sq km is arid or semi-arid due to the low average
precipitation of 25 cm that feed its rivers and basins, while
the Eastern and Southern parts of the Country are mostly
desert. The total water resources per capital has fallen from
5,800 m3 per year in 1965, to about 2,000 m3 in 1998, and
is projected to be below 1,000 m3 by 2025 (World Bank
2005). Thus, a high priority for Iran must be its manage-
ment of its available water resources. Water scarcity is, how-
ever, compounded by growing pollution from fertilizers,
pesticides, and municipal and industrial wastes. Agricultural
use accounts for more than 90% of total water withdrawal,
while municipal potable water uses account for about 8%,
with the remaining 2% used by industries (World Bank
2005). About 96%of the urban population of Iran is con-
nected to public water supplies. However, only 16% are
connected to adequate sewage treatment facilities. Hence,
there is significant pollution problems caused by the dis-
charge of untreated wastewater into public waterways and
aquifers (World Bank 2005). A conspicuous instance of this
is the Siahroud River watershed that feeds the Siahroud River
located in Gilan Province in Northern Iran and in the south
coastal zone of the Caspian Sea. The water quality of this
river has degraded during the past years resulting in it being
identified as the most polluted river in Northern Iran.

Gilan Province, owing to its rich natural resources, is one of
the most populated provinces in Iran.The population den-
sity and the mismanagement of the present land-use systems
in this province is thought to be the most important contrib-
uting factors in the pollution of rivers. In the Siahroud River
watershed, for example, the population density is higher than
that of other basins in Gilan Province. The population den-
sity in five basins in this province including Palang Roud,
Bahamar, Morghak and Khalkaie, Siahdarvishan and Siah-
roud are 1.4, 1.02, 0.8, and 11.8 persons per hectare, re-
spectively (Tavakoli and Sabetraftar 2002).
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Abstract

Background. The management of its available water resources
has become a key issue for Iran. During the last few decades,
the water quality of Siahroud River in the coastal plain of the
Caspian Sea in Gilan Province in Northern Iran has significantly
degraded. The scarcity of water has been compounded by rapid
population growth and increasing pollution from fertilizers,
pesticides, and municipal and industrial wastes. One of the
sources of this degradation is the movement of heavy metals
from the river's watershed into the various water systems sup-
ported by the river, including the water system for Rasht City.

Methods. To study the magnitude of heavy metal pollution in
the Siahroud River, seven heavy metals including Zn, Cu, Pb,
Cd, Mn, Fe, and Ni were measured in duplicate from replicated
water samples collected over five consecutive seasons and
analyzed by Atomic Absorption Spectrometry. In situ measure-
ments of pH were taken with the samples and total organic
carbon (TOC) was analyzed by IR gas measurement.

Results. The results demonstrated that four of the seven heavy
metals including Pb, Fe, Cd, and Mn exceeded permissible safe
levels as established by the United States Environmental Protec-
tion Agency. Multivariate factor analysis suggested that indus-
trial land-use was the main contributing factor for the high lev-
els of Fe and Mn in the Siahroud River, whereas, Cd was principly
from agricultural activities in the watershed. The data also sug-
gested that pH and TOC had an important role in the behav-
iour of Pb and Mn, and that the elevated levels of these two
heavy metals in Siahroud River was the consequence of other
anthropogenic sources. Only negligible levels of Zn, Cu and
Ni were detected. Finally, all the sampling stations were sub-
jected to cluster analysis. The results indicated that three dif-
ferent zones could be distinguished according to the levels of
pollution. In addition, it was shown that the urban areas did
not have a significant impact on the heavy metal pollution in
the river. This observation stems from the fact that the data
from the sampling stations before and after Rasht City were
not significantly different.

Recommendations. Preventive measures need to be undertaken
in the land-use systems and watersheds of the Siahroud River to
reduce the pollution levels of Pb, Cd, Mn and Fe.
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Secondly, according to the provincial statistics in 1998, Rasht
City released 1.4 million m3 untreated sewage into the river
which is attributed to the increasing urban development
(Shirinfekr 2001). Furthermore, according to a report by
Pirasteh and Eimandel in 1997, the annual loading of sedi-
ment, nitrogen, and phosphorus to the river were 86,000,
931, 184 metric tons, respectively. On the other hand, Siah-
roud River is the main exterior pollutant source of Anzali
Wetland. This internationally preserved endangered wetland
(listed in the Ramsar Convention), is an important wetland
for wildlife preservation and migrating birds in the south-
ern part of the Caspian Sea. Hence, water pollution studies
of the Siahroud River watershed is an indispensable part of
this vulnearable ecosystem.

In addition, the land-use variation along the Siahroud River
ranges from forests in the upper reaches of the watershed,
through the industrial and urban areas in the middle reaches,
and finally to agricutltural fields as it drains into the eastern
part of the Anzali Wetland in the north of the province and
on the southeast coast of Caspain Sea. Therefore, the Siah-
roud River receives a variaty of pollutants from different
land-uses which aggravates its water quality condition.

Some catastrophic pollution events have happened in this
watershed in the last few decades. One of the worst cases
occured in 1980s due to the discharges of effluents into the
river from Iran Poplin and Pars Khazar textile and electronic
factories. These factories are located in the Rasht industrial
area. The pollution released resulted into the death of more
than 2 million fish in the river (Shirinfekr 2001). The indus-
trial site is located on the alluvial plain south of Rasht City,
the capital of the province.

During recent years, the expansion of the industrial areas
and the accompanying increase in population density have
impacted the heavy metal content in the river pollution. A
number of studies have been done on water and sediment
samples collected from the river (Shirinfekr 2001, Pirasteh
and Eimandel 1997). However, detailed studies addressing
pollutant sources and the behaviour of these trace elements
are still needed. Thus, the main objectives of this study were
to (1) investigate the extent and degree of heavy metal pol-
lution in Siahroud River watershed, and, (2) determine the
major pollutant sources of these metals.

1 Study Area

Siahroud River drains a densely populated and highly in-
dustrialized watershed of about 39,000 hectares in North-
ern part of Iran and southeast portion of the Caspian Sea.
The total length of the river is 59 km and its related terrain
has a seasonal temperate climate, with a well defined rainly
and dry seasons. Temperature varies between 11 and 25°C
with an annual mean of 16°C . The annual precipitation
fluctuates between 1200 to 1400 mm with annual mean of
1350 mm. Hence, the watershed is one of the most humid
ones in the country. The predominant land cover is forested
with Fagus orientalis, Carpinus betulus, Alnus sabcordata,
Alnus glotinosa, and Quercus castanifolia tree species where

the elevation is about 800 m in the upper reaches of the
river. Major human land-uses in the study area include agri-
culture, industry, urban and mixed. Agricultural products
are mainly rice and tea cultivations. Siahroud River passes
through the middle part of Rasht City which is the most
populated urban area in Northern Iran. Moreover, this river
is used for irrigation of vegetables and other agricultural
lands in most parts of the basin. The sampling sites are shown
in Fig. 1. The location of the sampling sites was selected
based on the major land-uses of the watershed.

2 Materials and Methods

Replicated surface water samples from 9 representative sta-
tions located in the close vicinity of main pollutant sources
along Siahroud River during five consecutive seasons were
collected and stored in clean acid-washed polyethylene bot-
tles, following the sampling routines set for water quality
studies (APHA 1985). After collection and delivery to the
laboratory, the water samples were acidified with HNO3 to
a pH <2. Prior to the chemical analysis, water samples were
filtered through a Whatman glass microfibre filter (GF/C).
The concentration of Cd, Ni, Cu, Zn, Pb, Fe and Mn were
measured in the samples by Atomic Absorption Spectrometry
technique (AAS, GBC-902 Model, Australia). Total organic
carbon (TOC) was analyzed by the oxidation method fol-
lowed by IR gas measurements (APHA 1985). Finally, in
situ measurement of pH was taken with a Datasond 3 (Hy-
drolab, U.S.A). All analyses were done in duplicate. Factor
analysis was used to identify those factors that encompassed
most of the variation in heavy metal concentrations and were
interpreted as pollutant sources. Cluster analysis was used
to determine similarities between sampling stations.

3 Results and Discussion

Mean concentrations and standard deviations were calcu-
lated for all samples collected each season from the nine
sampling stations. The use of factor analysis on the data
set allowed for the identification of the four factors that
accounted for 93.4% of the total variance. To assist in the
interpretation of the results a varimax rotation technique
(Sharma 1996) was used. For each sampling station fac-
tor scores were calculated to investigate the conditions of
each section of the river's watershed subjected to heavy
metal pollutions.

3.1 Lead and manganese

Metal speciation is influenced by pH, alkalinity, and pres-
ence of natural organic matter (Simon et al. 2002). There-
fore, in order to gain a better understanding of these impor-
tant issues, two out of three of them namely pH and TOC
added up to the other measurements. The concentration of Pb
ranged from 0.142 ppm in Winter 2002 to 0.043 ppm in Win-
ter 2003 whereas that of Mn fluctuated from non-detected
in Winter 2002 to 0.272 ppm in Summer 2002 (Table 1).
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Fig. 1: Location of study area along with sampling stations in Siahroud River watershed

Season Fe Mn Ni Zn Cu Cd Pb 

Winter 2002 0.300±0.218 ND a ND a 0.032±0.050 0.001±0.003 0.005±0.003 0.142±0.034 

Spring 2002 0.837±0.587 0.228±0.134 0.004±0.008 0.018±0.039 ND a 0.001±0.001 0.103±0.039 

Summer2002 0.144±0.096 0.272±0.208 0.001±0.003 0.123±0.110 0.003±0.005 0.002±0.002 0.045±0.049 

Autumn2002 0.243±0.176 0.114±0.086 0.004±0.008 0.183±0.096 0.000±0.000 ND a 0.076±0.042 

Winter 2003 0.122±0.169 0.057±0.072 0.035±0.025 ND a 0.001±0.003 0.010±0.000 0.043±0.035 
a ND = not detected at a concentration of <0.001ppm 

 

Table 1: Mean and standard deviation of heavy metal concentrations (ppm) in Siahroud River during five consecutive seasons in 2002 and 2003
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As shown in Fig. 2a, the Siahroud River has been signifi-
cantly polluted with lead to the extent that all the stations
exceeded the maximum permissible value of 0.05 ppm set
by the United States Environmental Protection Agency (US-
EPA 1984). Moreover, levels of manganese in Siahroud River
at seven of nine stations exceeded the US-EPA allowable
level of 0.1 ppm for potable waters (Fig. 2b). The first ro-
tated factor was largely concerned with an association be-
tween pH, Pb and Mn, a factor that contributed 30.3 per-
cent of the total variance.

As can be seen in Fig. 2, Pb concentrations followed the
trend of pH in most of the stations while remaining in a
solution phase even at higher pH, while it co-precipitated or
underwent sorption once the pH value decreased. Thus, it
had a high negative loading of –0.915 with factor 1 just the
same as that of pH with –0.751 whereas, that was not the
case for Mn. As a result, this trace metal depicted a high
positive loading of 0.791 with factor 1. All the loadings re-
lated to other variables were negligible.
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Fig. 2 (a–f): Spatial variations of heavy metal concentrations along Siahroud River
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On the basis of multivariant factor scores, Station 1 had a
high negative score of –1.625 on factor 1, hence, it was ex-
pected that the level of lead in this station should be high
(see Fig. 2a). It should be noted that the area is a forested
terrain in which the erosion of the soil is very low compared
to the other land-uses and stations. Therefore, organic com-
pounds in the soil were effectively established by the natural
land cover and subsequently resulted in the reduction of
organic carbon and its leaching into the river. In addition,
there was no identifiable anthropogenic source in this area;
thus lead did not deposit along with organic matter, and
thereby it's concentration was enhanced in this section of
the watershed. This phenomenon was less noticeable in the
other stations because of the influence of anthropogenic
sources, and hence the variations of Pb did not exactly fol-
low the trend of total organic carbon. On the other hand,
the variations of Mn greatly followed that of TOC in the
study areas (see Fig. 2). This was probably related to the
fact that high concentration of organic matter in water leads
to reduced conditions where the solubility of manganese-
bearing minerals increase followed by enrichment of dissoved
nickel in the water (White et al. 1991). In addition, Tessenow
and Baynes (1979) found in Feldsee, Germany, that Mn is
more mobile than Fe under reducing conditions. As a result,
in places where the concentrations of TOC is higher, the
concentrations of Mn would rise and vice versa, as noted in
the levels of Mn at Station 1.

Station 2 had a high negative score of –1.051 on factor 1 as
well. The level of lead was higher in this station compared
with the other stations (see Fig. 2a). This station was located
after the confluence with the Kochal River, which is a tribu-
tary of the Siahroud River, and into which the leachate from
the Rasht City landfill is drained (Shirinfekr 2001). This landfill
contains a wide range of wastes and in recent years its mis-
management has been responsible for one of the major pollut-
ant sources in this watershed (Ministry of Power 1998).

Both Stations 4 and 8 had high positive scores of 0.994 and
0.825 on factor 1, respectively. Considering the fact that
Station 4 was located downstream of a major industrial site,
the significant level of Mn in this station was attributed to
the industrial wastes. In Station 8 the prevalent land-use was
agriculture in which paddy fields were the most common
cultivation. In these situations, soil waterlogging likely re-
duced the available oxygen, and hence lowered the redox
potential, which increased soluble Mn2+ thereby enhancing
its leaching into the river (Tisdale et al. 1993).

3.2 Iron and nickel

The concentrations of Fe varied from 0.837 ppm in Spring
2002 to 0.122 ppm in Winter 2003. Moreover, 5 out of 9
stations were higher than the maximum allowable US-EPA
value of 0.3 ppm (see Table 1; Fig. 2c). On the other hand,
Ni concentrations ranged from 0.035 ppm in Winter 2003
to non-detected in Winter 2002 and all the stations were
below the permissible level of 0.05 ppm set by US-EPA (see
Table 1; Fig. 2d).

A second multivariant factor accounted for 25.5% of the
total variance and depicted a strong positive loading of 0.777
related to Fe along with a high negative loading of –0.978
for Ni while the others were insignificant. Since, the con-
centrations of Ni were negligible in all stations (see Fig. 2d)
despite the fact that Station 6 showed a high negative score
of –1.631 on factor 2 it seemed that there was no significant
natural or anthropogenic sources for Ni in the study area.
The major pollutant source of Fe that was noted at Station
4 did not make any contribution to the level of Ni in the
river. On the contrary, Fe indicated a high spatial variation
and Station 4 had a high positive score of +1.653 on factor
2 as well. This section of the watershed was located down-
stream of the industrial site at Rasht, and according to un-
published data, six industrial plants directly and 10 textile
mills indirectly release their untreated effluent into the wa-
ter system, all of which contributes greatly to the pollution
of Siahroud River (see Fig. 2c). Thus, the highly significant
levels of Fe at Station 6 is likely the result of untreated dis-
charge of industrial effluents into the river.

3.3 Zinc and copper

The concentration of Zn varied from 0.183 ppm in Autumn
2002 to non-detected in Winter 2003, and that of Cu from
0.003 ppm in Summer 2002 to non-detected in Spring and
Autumn 2002 in the water samples (see Table 1). None of
the samples exceeded the US-EPA limits of 5 ppm and 1 ppm
for Zn and Cu, respectively. Among the biologically impor-
tant trace elements, Cu appears to has an important role
next to Fe, since they are present together in many enzymes
necessary for metabolism of carbohydrates, lipids, and pro-
teins. So, its limited occurrence in the water samples may dem-
onstrate that this element is more efficiently used by soil veg-
etation and aquatic organisms (Pawar and Nikumbh 1999).
Moreover, Zn strongly correlated with TOC suggesting that
its leaching was associated with fulvic acid fractions in the
soil, because Zn2+ forms stable complexes with soil organic
matter components. Consequently this phenomenon decreases
the availability of this trace element in a soluble phase in aquatic
ecosystem (Tisdale et al. 1993).

 Zn and Cu had a high loading on factor 3, which were
0.767 and 0.898, respectively. Therefore, it was expected
that their main sources would be different from other heavy
metals. However, since the concentrations detected for Cu
were negligible compared to the other heavy metals these
results should be interpreted with care. Station 5 had a high
positive score of 1.237 on factor 3 as well.

3.4 Cadmium

The concentrations of Cd ranged from 0.010 ppm in Winter
2003 to non-detected in Autumn 2002 (see Table 1). The
Cd levels only in one station exceeded the permissible value
of 0.005 ppm set by EPA (Fig. 2e). The fourth factor ex-
plained about 14.6% of total variance and had a high nega-
tive loading of –0.956 on Cadmium whereas the others fac-
tors were not so significant. In addition, Station 8 indicated
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a high negative score of –1.810 on factor 3 too. As men-
tioned before, when the Siahroud River reachs the most
prevalent land-use which is agriculture, there is a significant
amount of different chemical fertilizers that can potentially
pollute the river. Researchers have shown that the source of
raw materials or deposits, for the manufacturing of phos-
phorus fertilizers may contain elevated amounts of Cd
(Williams and David 1976). Other mineral fertilizers are
known to contain extensive amounts of Cd and other toxic
metals including trace element fertilizers, particularly those
produced from industrial wastes (Huang and Bembenek
2003). Furthermore, the concentrations of Cd and Pb were
found to be very high in some zinc fertilizers (Bowhay et al.
1997). Accordingly, published reports on the amount of fer-
tilizers used in this watershed indicated that phosphorus fer-
tilizers accounted for 60,278 metric tons/year of the total
120,643 metric tons/year applied. Iron and zinc supplemen-
tal fertilizers which made a contribution of 2,175 kg/year
(Ministry of Power 1998). Thus, elevated concentrations of
Cd in the upper reaches of Siahroud River could have origi-
nated from the agricultural use of phosphorus, zinc and iron
fertilizers.The extensive amounts of Pb found in the river
support this hypothesis (see Fig. 2e).

3.5 Cluster analysis

Mean values for all five seasons for each station were deter-
mined and lotic water samples were subjected to hierarchi-
cal cluster analysis on the basis of distance correlation coef-
ficients to show possible zonation of observation points for
heavy metal pollution. The clusters were represented as a
dendrogram (Fig. 3). From the dendrogram, three clusters
of samples were destinguished. Group 1 was comprised of

Stations 1, 2, 6 and 7 in which except for lead, the concen-
tration of all other heavy metals were under the permissible
levels of US-EPA. Two of these Stations (6 and 7) were lo-
cated before and after Rasht City, respectively. This indi-
cated that the impact of domestic sewage on the pollution
in the Siahroud River from these metals was insignificant.
The group 2 clustering was regarded as the most polluted
zone of the investigated areas. This cluster covered Stations
3, 4, 5 and 8 along the river. As a result of industrial impacts
on the pollution of this river the level of heavy metals in
Stations 3 and 4 were high in these areas. The concentra-
tions of trace elements in Stations 5 and 8 were high as well.
The group 3 was considered as a moderately polluted zone
which comprised of only Station 9 on the river. This station
demonstrated that agricultural fertilizers made a significant
contribution to the pollution of the Siahroud River.

4 Conclusion

Land-use changes in recent years have resulted in a signifi-
cant deterioration of the water quality of the Siahroud River.
Considering the fact that this area is highly populated and
the final drainage of this river ends into one of the Ramsar
Preseved Wetands (Anzali Wetland), the water quality and
pollution status of this river system is of great concern. There-
fore, in this preliminary study water samples that were taken
during five consecutive seasons confirmed that the river has
seriously been polluted with Pb, Mn , Fe and to a limited
extent Cd. Levels of Ni , Zn, and Cu were below US-EPA
permissible levels for drinking water. Factor analysis on the
data demonstrated that trace elements have originated from
various pollutant sources; however, the main anthropogenic
sources were industrial wastes and run-off from agricultural

Fig. 3: Dendrogram of cluster analysis for sampling stations along Siahroud River, Iran
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fields. Despite mounting urban sprawl of Rasht City in the
past decade, municipal wastes appeared not to have had any
significant effect on the pollution of Siahroud River. The
behaviour of Pb and Mn levels in the river were greatly in-
fluenced by pH and TOC concentration as well. Limited
amounts of Zn and Cu indicated that these two heavy met-
als may have been retained in the soil and organic matter
adjacent to the river. Finally, in order to examine the extent
of heavy metal pollution in the river, cluster analysis con-
firmed the presence of three zones in the watershed that var-
ied by the level of heavy metal pollution.

5 Recommendations

The untreated effluents discharging into the Siahroud River
by the textile, electronic, and food industries in the indus-
trial areas of the watershed are important contributors to
the heavy metal pollution of this important water source for
the people of Iran. Therefore, these industrial plants must
be required to set up suitable treatment systems in their fa-
cilities to reduce the loading of these poisonous heavy met-
als into the river ecosystem. The point source for cadmium
pollution was attributed to the agricultural use of phosphate
fertilizers, and hence it too, should be considered for load-
ing reduction as well.
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