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The study of the aquifer hydrogeochemical processes and the detailed
investigation of the groundwater pollutants in order to control the pollution and
prevent its environmental consequences are of special importance. The aim of
this research is to investigate the effect of the Siahroud River on lead and nitrate
contamination of groundwater in Qaimshahr-Joibar plain. For this purpose, two
surface water samples were collected from Siahroud River, before and after
Qaimshahr city, and 13 groundwater samples were collected from 13 wells,
located in the bed of Siahroud river, in three periods during 2019-2020. The of
nitrate, lead and dissolved oxygen concentrations of the samples were measured
in the laboratory of Mazandaran Regional Water Company. The assessment of
the pollution of water resources in the area shows that the discharge of urban,
rural and industrial sewage and agricultural drains into the Siahroud River has
caused an increase in the concentration of nitrate and lead ions in the
groundwater. The Siahroud River has had an impact on groundwater pollution in
the Qaimshahr plain in the upstream and some middle parts of the range due to
the direction of groundwater flow and the exchange that exists between the river
and the aquifer, as well as the direct discharge of pollutant sources to surface

water.

Introduction

The quality of groundwater and rivers is affected
by natural and human activities. Rivers are
among the most vulnerable environments to
harmful environmental factors (Westrich and
Forstner, 2005). In almost all ecosystems,
groundwater and surface water are closely
related and interdependent. The Qaimshahr-
Joibar area has two major rivers, the Talar and
the Siahroud, which flow to the west and east of
the area. The Siahroud River, on which this
research was conducted, originates from the
heights of Brijstanak, 15 km southeast of
Qaimshahr, with a length of 6.75 km, and passes
through the eastern part of Qaimshahr city, so
that after irrigating the lands, the route it enters
the villages of Joibar, Larim and Arous Kati and
finally flows into the sea. This river is the most

polluted riversin Mazandaran Province, with a
pollution load caused by the urban sewage
entering the Qaimshahr-Joibar study area.
According to the studies conducted, in recent
years this river has been in very poor condition
compared to other rivers in Mazandaran.This is
due to the discharge of effluents from many
factories, including the Mazandaran Textile
Industry Factory and Qaimshahr Hospital
effluents, as well as the introduction of urban
runoff, which has been entering the river for
many years (Noorbakhsh et al., 2014). In
addition, in some parts of its course, this river
passes next to agricultural land, including rice
and rapeseed fields and rural areas, which
increases the possibility of other types of
pollutants entering this river. Therefore, this
study investigated the influence of the Siahroud
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River on well contamination in the vicinity of the
river, including lead and nitrate contamination.
Materials and Methods

Hydrogeology

The Qaemshahr-Joibar aquifer type is free
aquifer and the average thickness of the alluvium
is about 55 meters. The alluvium of the plain is
formed from clay and sand sediments in the
peripheral and central areas. In the northern
areas of the plain, finer grainedalluvium has
been deposited together with clay. The depth of
the groundwater varies from 12.38 meters in the
south to 0.56 meters in the north of the plain,
which is prone to evaporation from the
groundwater  level. According to the
groundwater level map during the water year
2017-1398, the minimum water level is 25.49
meters along the northern coastal areas of the
plain and the maximum water level is 34.07
meters in the southern areas of the plain. The
direction of groundwater flow in this plain is
from south to north. In the alluvial part and the
middle part of the plain, the aquifer is fed by the
bed of Siahroud River. Towards the northern
areas of the plain, the curves become linear and
the level of the groundwater and river are at the
same level (Tehran AB-KHAK Consulting
Engineers, 2014). The outlet front of the
Qaimshahr aquifer is in the northern areas of the
plain, and the groundwater enters the saline areas
located in the north of the plain.

Sampling

Sampling of the Siahroud River at two points
located at the entrance and exit of the city of
Qaimshahr, which is the discharge point for
municipal, hospital and industrial wastes from
the Qaimshahr Textile Factory, and 13
observation wells located near the Siahroud
River, factories and industrial towns and
agricultural lands are located, it has been done
(Figure 3). The sampling points of Qaimshahr
aquifer wells include semi-deep wells with a
depth of about 12 to 56 meters (Table 1). A total
of 45 samples were collected from 15 locations

during three periods of the late dry season
(October) and the rainy season (late December
and early May) of the 2019-2020 water year.
Samples were collected in 300 ml polyethylene
containers from a depth of 15 to 20 cm below the
surface of the river and, for groundwater, using
a sampler.. At each site the polyethylene bottle
was washed three times with river water and well
water before sampling. During sampling, two
samples were taken from each site, one sample
to measure nitrate ions and one sample to
measure heavy metals. The samples that were
taken for measuring heavy metals were first
filtered and then acidified with 50% nitric acid
so that there was no change in the concentration
of the elements and kept at 4 degrees Celsius
until the samples were taken to the laboratory.
The collected water samples were taken to the
laboratory of Mazandaran Regional Water
Company to determine the concentration of
nitrate and lead. Nitrate ion concentration was
measured by spectrophotometric method and
lead heavy element concentration was measured
by ICP-OES method. Dissolved oxygen (DO)
measurement of water samples was carried out
using with a DO meter at the sampling site.

Results and Discussion

Nitrate pollution

The annual amount of nitrate in the waters of the
study area, varied between 8.11 mg/l and 223
mg/l in the 2019-2020 water year. The average
nitrate concentration in the area during three
periods is 45.51 mg/l in October 2018, 74.60
mg/l in December 2019 and 46.52 mg/l in April
2020. In this study, the maximum concentration
of nitrate in the groundwater of Ghaemshahr
plain was in December 2019 and in sample W12
located in Mian Malik village. The depth of the
well between the properties is 12 meters. Due to
the large amount of rainfall and the rise in the
water level and the infiltration of nitrate
agricultural fertilizers along with rainwater, the
excessive consumption of chemical and animal
fertilizers by farmers and the outflow of water
from surface and underground drains are the
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main factors for the increase in nitrate
concentration in this well. Rural effluents and
the discharge of hatchery effluents into the
groundwater are also responsible. The highest
nitrate concentration in the Siahroud river water
is found at station S2 and equal to 5.57 mg/I. The
reason for the high concentration of nitrate in this
area is the large volume of urban wastewater
discharged by point sewage trucks, the discharge
of wastewater discharged byVali-Asr Hospital,
the human and sanitary wastewater of
Qaimshahr city, the industrial wastewater of
Qaimshahr textile factory and wastewater.
During all three sampling periods, the highest
levels of nitrate were observed in wells W13,
W12, W11, W8 and W7. Due to the high-water
level in the wells located downstream of the river
and the proximity of the wells to the Siahroud
River, as well as the large amount of agricultural
land in the area, especially in the downstream,
and the use of nitrate fertilizers by farmers,
animal manure, the discharge of agricultural
drainage into the Siahroud River, and the
discharge of urban sewage from Joibar and
villages around Joibar, the concentration of
nitrates in these wells is high. In addition, the
direct discharge of hatchery wastewater into the
groundwater and the direct discharge of
Miankale industrial slaughterhouse effluent play
a significant role in the increase of nitrate in
these wells due to the high nitrate content of
industrial  effluent from hatcheries and
slaughterhouses. The relatively high
concentration of nitrates in W1 and W2 wells is
due to the location of these wells in the
surrounding villages after Qaimshahr city,
infiltration of urban sewage and also agricultural
activities. Also, the Siahroud River has been
effective on the nitrate pollution of these wells.
The nitrate concentration of water in the
Siahroud River is higher at station S2 (Parchi-
Kola) than at station S1 (Sarokla), which can be
discharged due to the large volume of urban
wastewater discharge by sewage transporters. In
the two-variable diagram of nitrate concentration
versus the depth of the stagnant surface of the

alluvial aquifer of the Ghaemshahr plain (Figure
4), we can see the inverse relationship between
the depth of the well and the depth of the
stagnant surface with nitrate concentration.

Lead pollution

In all three sampling periods, the concentration
of lead in the surface water samples of Siahroud
River is higher than the World Health
Organization standard, but in all the groundwater
samples, the concentration of lead is lower than
this standard. According to the increase in the
amount of clay and organic matter in the
sediments towards the downstream side of the
river, it seems that the lead metal has been
absorbed by the sediments and its concentration
in the water has decreased and increased in the
sediments along the river. In sediments that have
little organic matter, Pb2* is mainly absorbed by
clay minerals or iron and manganese hydroxides,
and the extent of this absorption depends on pH
(13). As aresult, the absence of lead in wells W4,
W5, W6, W10 and W13 could be due to this. The
average concentration of lead in the groundwater
in the area during three periods is 4.05 ppb in
October 2019, 3.46 ppb in January 2020 and 3.57
ppb in May 2020 and the maximum
concentration of lead in the groundwater of
Ghaemshahr plain is at the end of the dry period.
(September 2019), ppb is 9.25 in well W9, which
is caused by the entry of Joibar urban sewage
into the Siahroud river. The maximum
concentration of lead in surface water at station
S2 (Parchi-Kola) due to the discharge of urban
sewage and urban runoff, the inflow of industrial
wastewater from Qaimshahr textile town, the
inflow of domestic wastewater from Qaimshahr
textile town, the discharge of wastewater
treatment from Vali-Asr Hospital and the
discharge of wastewater from the treatment
system Itka Cannery is in Siahroud River at the
exit of Qaimshahr city. According to the
groundwater equipotential map (Figure 2), the
Siahroud river feeds the primary wells of the
plain. This factor is very effective in the
pollution of wells in this sector. As a result, the
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Siahroud River has influenced the pollution of
the groundwater in the Qaimshahr plain.

Conclusions

The assessment of the pollution of the water
resources in the study area shows that the
discharge of urban, rural and industrial sewage
(especially slaughterhouses and hatcheries),
agricultural activities and the discharge of
agricultural drains into the Siahroud River. This
has led to anan increase in the concentration of
nitrate and lead ions in groundwaters.
Groundwater pollution in the study area in the
primary and middle areas of the plain is affected
by the discharge of pollution sources to the
Siahroud River and in the downstream areas of
the river, due to the high level of the
groundwater, the groundwater is more affected
by sea salt water and the discharge of industrial
wastewater, slaughterhouses and hatcheries and
agricultural activities. The maximum pollution
potential of the studied area in terms of lead is

related to the upstream areas of the Siahroud
River and in terms of nitrate content, it is related
to the downstream areas of the river.
Considering the direction of the groundwater
flow and the exchange that exists between the
river water and the groundwater (groundwater
feeding by the river in the upstream and middle
part of the area), as well as the direct discharge
of polluting sources to the surface water, the
Siahroud River influences the groundwater
pollution of the plain. Ghaemshahr has an
influence in the upstream and some central parts
of the study area. However, in the downstream
(coastal) areas, the pollution sources have a
direct impact on the groundwater pollution.
Considering that the maximum amount of
groundwater pollution in the area is related to the
upstream areas of the river and the downstream
areas of the Siahroud River, it is therefore
suggested that this area should be prioritized in
the development plan of the wastewater
collection network..
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1D Location Well Depth (m)
W13 Aroos Kati 12
w12 Mian Malek 12
w11 Larim 12
W10 Pahnab 12
W9 Joibar 24
w8 Ghadi Mahaleh 12
W7 Fotem Sofla 12
W6 Sied Kala 18
W5 Machek Posht 49
W4 Ghadi Kala 12
W3 Lahmal 56
W2 Kochak Sara 24
w1 Hard Roud 53
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Table 2. Nitrate and lead concentration of surface water and groundwater samples of Ghaemshahr-Joibar area

DO (mg/L) NO3~ (mg/L) Pb (ppb)
ID 2019 2019 2020 2019 2019 2020 2019 2019 2020
October | December | May | October | December | May October | December May
W13 2.9 2.85 3.08 173 202 164 <DL <DL <DL
W12 2.75 2.54 2.6 106 223 91 3.6 3.15 3.77
W11 15 1.85 1.45 49 35 51 7.95 5.62 6.4
W10 1.4 1.09 1.22 33 18 16.3 <DL <DL <DL
W9 1.6 1.13 1.6 35.5 20.5 27.8 9.25 8.42 8.25
W8 1.6 2.2 4.43 61.4 90 66.1 5.2 4.32 2.6
W7 3.8 1.2 3.8 58 28 110 4.42 3.95 3.55
W6 1.08 2.11 1.6 16.2 35.6 11.8 <DL <DL <DL
W5 1.8 0.88 1.3 28 16.1 16.9 <DL <DL <DL
W4 1.03 0.91 1.56 12.9 21.7 19.5 7 <DL 2.2
W3 15 0.95 1.72 13 28 13.1 <DL 6.35 4.9
W2 2.2 1.73 3.44 36.5 64 67 6.22 4.95 5.7
W1 1.4 1 1.96 39.8 30 40.1 8.97 8.22 7.92
S2 4.2 6.72 8.26 57.5 51.6 49.3 21.5 20.64 20.1
S1 4.5 6.21 8.9 52 47.6 43 11.75 10.5 10.2
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