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Abstract

Knowledge and awareness of temporal and spatial changes of quality
parameters, especially salinity in groundwater and surface water resources and
the preparation of zoning maps can be an important step in proper management
and planning in the use of water resources. In this research, the trend of spatial
and temporal changes of some groundwater quality parameters in Guilan
province has been evaluated. Measurement data of some cations and anions
sampled from 150 wells in September and March of 2011-2018 and water level
data of 282 piezometric wells were collected. The zoning maps obtained by
ordinary kriging method were examined. These maps show that in terms of
quality parameters, groundwater resources in the central part of Gilan province
have higher values and in the growing season due to agricultural activities and
fertilization, groundwater quality decreases. Effect of groundwater depth on the
concentration of the parameters was assessed. According to the map of
groundwater depth changes, the largest area of Gilan province has a water level
of 0.23 to 5.5 m. The results of classification of qualitative parameters show that
in shallow groundwater depths the concentration of qualitative parameters
increases.
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Introduction

Groundwater is the main source of irrigation
water supply in Iran's agriculture and plays an
important role in food security. Knowledge and
awareness of temporal and spatial changes of
quality parameters, especially salinity in
groundwater and surface water resources and the
preparation of zoning maps can be an important
step in proper management and planning in the
use of water resources. Statistical method can be
used to identify temporal and spatial changes in
water quality. Preparation of distribution maps
and their integration by spatial statistics methods
and geographic information systems (GIS) has
found a special role in different geographical
trends.

Materials and Methods

In this study, changes in groundwater quality
parameters of Guilan province have been
evaluated using Kriging geostatistical method
and preparation of zoning maps in order to better
understand changes in water quality and identify
sensitive areas of Guilan province. The effect of
groundwater depth on the concentration of the
parameters was also evaluated. Sampling
statistics from 2011 to 2017 from 150 monitoring
wells of groundwater network were prepared
from Guilan Regional Water Company.
Sampling was performed every six months. The
most important descriptive statistics for the
parameters of calcium, potassium, sodium,
magnesium, chlorine, sulfate, bicarbonate,
salinity and pH were calculated using SPSS23
software .Spatial correlation of groundwater
quality = parameters was calculated by

geostatistical tools. the effect of groundwater
depth on the concentration of the parameters was
analyzed and evaluated.

Results

The results show that the variables of calcium,
potassium, sodium, magnesium and sulfate,
chlorine, bicarbonate and pH and salinity follow
the change of the roof appearance and are well
compatible with the spherical model. The spatial
distribution of groundwater quality parameters
showed that: The amount of quality parameters
increases in the central part of Gilan province
and the central part is more exposed to pollution.
In the central part of the province, calcium levels
from 3.81 to 5.29 meg/l, potassium from 0.112 to
0.227 meg/l, sodium from 1.13 to 46.7 meq/l,
magnesium from 1.68 to 28.2 meq/I, sulfate from
1.11 to 2.19 meg/l, chlorine from 1.81 to 4.98
meq /I, bicarbonate from 3.77 to 6.71 meg/l and
salinity from 6.1494 Varies up to 4.1286
pmohs/cm (Table 1). Due to agricultural
activities and fertilization, groundwater quality
decreases. According to the map of groundwater
depth changes, most of the area of Gilan
province has a water level of 0.23 to 5.5 m. The
results showed in general, in areas where the
water table depth is less, the concentration of
qualitative parameters increases. Currently, there
is no serious problem in terms of quality
parameters in the province, but the trend of
changes during the period under study is a
warning to continue the current situation and the
use of groundwater in these areas, especially in
years of low rainfall.

Table 1 Area of areas in the range of different depths and range of different concentrations of groundwater
quality parameters

Area (%) Range Area (%) Range Area (%) Range
Mg (meg/l) Ca (meg/l) Groundwater Depth (m)
54.61 0.93-15 37.19 2.69-3.15 77.52 0.23-5.5
38.93 1.5-2.2 33.98 3.15-3.62 22.25 5.5-115
6.45 2.2-2.78 28.83 3.62-4.08 0.22 11.5-17.5
S04% (meg/l) Na (meg/l) K (meg/l)
46.5 0.35-0.83 42.85 0.3-15 69.91 0.03-0.07
47.9 0.83-1.3 35.79 1.5-3 10.08 0.07-0.11
5.55 1.3-1.77 21.35 3-45 20 0.11-0.15
EC (umoh/cm) HCOs (meg/l) Cl (meg/l)
27.8 392.6-600 36.18 2.55-3.8 39.45 0.33-15
44.3 600-900 62.69 3.8-5 33.74 1.5-3
27.8 900-1180 1.12 5-6 26.8 3-5
Conclusions problem in terms of quality parameters in the

The results showed in general, in areas
where the water table depth is less, the
concentration of qualitative parameters
increases. Currently, there is no serious
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province, but the trend of changes during the
period under study is a warning to continue
the current situation and the use of
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groundwater in these areas, especially in
years of low rainfall.
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Table 1 Statistical description of quality parameters for the water year 2011 to 2017 after normalization

standard

Parameters median median deviation maximum minimum Skewness  Kurtosis
Ca** (meg/1) 6.51E-15 -0.002 1.519 2.153 -3.58 -0.117 0.26
K* (meg/l) 1.45E-15 -0.25 0.134 2.77 -1.035 1.46 1.53
Na*(meq.l) -2.9E-15 -0.202 17.27 1.65 -2.18 0.10 -1.24
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SO4 (meg/l) -1.61E-16 -0.136 0.88 1.72 -2.43 0.13 -0.89
Cl- (meqg/l) -9.6E-17 -0.29 2.24 1.71 -1.44 0.29 -1.441
HCOj3 (meg/l) -1.8E-16 -0.056 12.16 2.68 -3.501 0.14 0.40
EC (umoh/cm) 5.8E-15 -0.204 702.52 2.23 -4.01 0.38 -0.51
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Mg (meg/l) Ca (meg/l) Groundwater Depth (m)
54.61 0.93-15 37.19 2.69- 3.15 77.52 0.23-5.5
38.93 1.5-2.2 33.98 3.15-3.62 22.25 5.5-11.5
6.45 2.2-2.78 28.83 3.62-4.08 0.22 11.5-17.5
S04% (meg/l) Na (meg/l) K (meg/l)
46.5 0.35-0.83 42.85 0.3-1.5 69.91 0.03-0.07
47.9 0.83-1.3 35.79 1.5-3 10.08 0.07-0.11
5.55 1.3-1.77 21.35 3-45 20 0.11-0.15
EC (umoh/cm) HCO; (meg/l) Cl (meg/l)
27.8 392.6-600 36.18 2.55-3.8 39.45 0.33-15
44.3 600-900 62.69 3.8-5 33.74 1.5-3
27.8 900-1180 1.12 5-6 26.8 3-5
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