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Abstract The aim of this research was to determine the main hydrochemical processes,
quality change and groundwater pollution resulted from various human activities in the
suburban area of Urmia city, located in the northwest of Iran. For this purposes, 62
groundwater samples were collected from urban, suburban and rural areas in September
2015. Furthermore, for determining the effect of anthropogenic activities on urban and
suburban groundwater quality, a comparison was made between rural, suburban and urban
groundwater. The results indicate that the main type of groundwater is Ca—HCO3, and the
important processes controlling groundwater chemistry are mineral weathering, ion
exchange and anthropogenic activity. The effect of anthropogenic activity such as increase
in urbanization and change in land use caused the increase in the concentration of Ca,
HCOs;, Cl, Na, Mg, NO;3 and pollution of groundwater in the suburban area. In suburban
zone and especially in areas with low-depth groundwater, runoff infiltration, domestic
effluent sewages and application of fertilizers caused an increase in nitrate in groundwater.
In urban areas with impermeable surfaces, due to less infiltration, the amount of nitrate in
groundwater is low, and groundwater is not contaminated. The results obtained from
groundwater sustainability indicators (index of damages, index of pollution and ground-
water quality index) show that the suburban area has low-hazard pollutant problem. Also,
quality of 41% groundwater samples in the suburban zone and 13% in the rural zone is
poor. In this paper, to determine the water quality for irrigation uses, sodium percent
(Na%), sodium absorption ratio, residual sodium carbonate and permeability index were all
calculated. The calculation of the irrigation water quality indices indicated that the quality
of water for irrigation purposes can be classified as excellent to permissible categories.
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1 Introduction

Population growth and immigration to urban areas have caused uncontrolled expanding of
Iranian cities in recent decades. According to information from Iran statistics center in
2011, about 71.4% of the 75 million population of Iran has been urbanized. Expanding of
industrial, agricultural activities, change in land use, the increase in impermeable surface,
change in topographic and surface water drainage system in the urban and suburban area
have all resulted in changes in quality and quantity of groundwater. Therefore, quality
management of groundwater in urban and suburban areas in many countries even in Iran is
of great importance.

The study of hydrochemical processes controlling water quality, determining the factors
affecting water quality and identifying groundwater pollution factors can all help us have a
better understanding of the governing mechanism of the hydrochemical system. This
would also help us manage urban groundwater resources. For analyzing the extent of
natural processes and human impacts on groundwater systems in space and time, we can
use groundwater quality sustainability indices, because these indices provide simplified
information about the current status and future trends in the groundwater systems (An-
bazhagan and Jothibasu 2016. The evaluation of groundwater quality is not only necessary
to know the suitability but also for planning the management of groundwater in a more
sustainable way to meet the existing and future demands for drinking and irrigation uses
(Islam et al. 2017).

Up to now, most of the hydrogeological and hydrochemical studies conducted in the
world and Iran have been related to investigations on groundwater in plains (e.g., Jalali
2007; Aghazadeh and Mogaddam 2010; Thivya et al. 2013; Pazand and Javanshir 2014;
Singaraja, et al. 2014; Amiri et al. 2016; Fijani et al. 2016; Li et al. 2016; Sahu et al. 2016;
Sethy et al. 2016; Islam et al. 2017; Xiao et al. 2017). Also, there are only a few studies on
hydrogeology and hydrochemistry in urban areas and groundwater qualities in these
regions. The results of the recent studies on quality and pollution of groundwater in urban
and suburban areas indicate that groundwater contamination is the result of urban storm
water infiltration, irrigation of green spaces, industrial activities and the uncontrolled
leakage of wastewater and septic tanks (Jeong 2001; Kazemi 2011; Dong et al. 2013;
Haque et al. 2013; Arunprakash et al. 2014; Nasrabadi and Abbasi 2014; Oiste 2014;
Martin et al. 2014; Chung et al. 2015; Howard 2015; Jabal et al. 2015; Hassane et al. 2016;
Attard et al. 2016; Yan et al. 2016; Elangoyan et al. 2017). Due to the importance of
groundwater for various usages in Iran, many investigations have been conducted on
groundwater quality and suitability for agriculture and drinking purposes (Sarikhani et al.
2015; Aghazadeh et al. 2016). However, urban groundwater quantity and quality in Iranian
urban areas have not been fully investigated.

Urmia city, located at the center of West Azerbaijan Province, Iran, is very well known
for its agricultural activities. Thus, groundwater is the primary source of providing the
demand for water in this area. More than 40% of drinking water in this city and more than
90% of irrigation water in suburban and rural areas are obtained from groundwater
(MRUDI 2015). Expansion of Urmia city in recent years has been so rapid that urban area
(59.4 km?) in 1986 has been changed to (100 km?) in 2016. Uncontrolled expanding of
urban areas, change in land use, developing of industrial and agricultural activities around
the city and uncontrolled intake of groundwater water in the mentioned area have changed
groundwater quality. However, there has not been any serious study on urban groundwater
quality. Therefore, it is necessary to determine hydrochemical processes and factors
affecting urban groundwater pollution. The aims of this study are to identify the main
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hydrochemical processes, quality change and groundwater pollution resulted from various
human activities. The study also seeks to determine groundwater quality for different
purposes. To this end, groundwater samples were collected from urban, suburban and rural
areas. Based on the results of the chemical analyses of samples, different hydrochemical
investigations were carried out. Furthermore, for determining the effect of anthropogenic
activities on urban and suburban groundwater quality, a comparison was made between
rural, suburban and urban groundwater.

2 Description of the study area

The study area is located in 18 km to the west of Urmia lake between longitude 44°59’ to
45°15’ and latitude 37°29’ to 37°39’ (Fig. 1). The climate of the study area is semiarid cold
with annual average precipitation and temperature 360 mm and 11°, respectively. In the
study area, the main precipitation occurs in May in the form of rain and in January and
February in the form of snow. Urmia plain with 1000 km? area and the average elevation
of 1336 m.a.s.] m have four permanent rivers, namely Nazloochay, Rozehchay, Shahrchay
and Barandoozchay. The Shahrchay River with the width of 20-150 m extends from west
to east and passes through the middle of the city.

Urmia city with 100 km?* and almost one million populations is the main city in Urmia
plain. About 66.5% of the total 100 km? of Urmia city has been used for residential,
transportation and industrial purposes, and 33.5% are gardens, farms, cemeteries, open
areas and arid lands (NWWTI 2015). In this city, urban sewerage system has covered 58%,
and water distribution network has covered more than 90% of the Urmia city (NWWI
2015). Most of the urban expansion has been happening toward the southern and north-
western side of the city (Fig. 2), making the agriculture areas to use for urbanization
purposes.

Based on the structural division of Iran, the study area is a part of Alborz—Azerbaijan
zone that has various geologic units with different lithology from Cambrian to Quaternary
(Nabavi, 1976). The main lithologic units around Urmia plain include alternation of
limestone, sandstone, conglomerate and marl with age ranging from Miocene to Oligocene
(Fig. 1; Aghazadeh et al. 2012). According to well and borehole logs and geophysical
results, the aquifer in the study area is unconfined and consists of gravel, silty sand and clay
sediments with medium grained (ARWA 2015). The depth of groundwater in plain varies
from 1 to 52 m, which in the urban and suburban area reaches to 5 m. The minimum depth
of groundwater in the suburb area is 1 m. The general groundwater flow direction in urban
and suburb area is from W to E. To investigate the effects of anthropogenic activity on
groundwater quality, the study area in the present research, for comparison purpose, has
been subdivided into three zones: urban zone (UZ), suburban zone (SZ) and rural zone
(RZ).

3 Materials and methods

To investigate the changes in urban, suburb and rural groundwater quality and pollution,
the sampling stations were first determined. Fifteen samples from water wells and bore-
holes in urban areas, 24 samples from drinking and irrigating water wells in suburban areas
and 23 samples from drinking and irrigating water wells in the rural areas were collected
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Fig. 2 Expansion of Urmia city in recent decades

for comparative study in September 2015. The position of sampling stations is shown in
Fig. 1. All samples were collected after 10 min of pumping wells in polyethylene bottles
and were transferred to the laboratory to analyze the physicochemical parameters imme-
diately. Electrical conductivity (EC), acidity (pH) and temperature (7) were measured in
the field with WTW portable instrument. The groundwater samples were analyzed in the
Environmental Protection Agencies of West Azerbaijan Laboratory to determine the
anions (HCOj3, Cl, NO3, SO, and COj3) and cations (Ca, Mg, Na and K) according to
standard methods (APHA 1998). Specific methods of estimation of different hydrochem-
ical parameters of groundwater samples are shown in Table 1. For statistical and hydro-
chemical analysis, SPSS 11 software and AQQA software were used. The ArcGIS 9.3
software was used to create the database and to prepare the maps. In this research, to
determine the water quality for drinking uses and analyze the extent of natural processes
and the impact of anthropogenic activity on groundwater quality were calculated
groundwater quality sustainability indexes GWQI, Id and Ip by equations. Also, to
determine for agricultural purposes were calculated hydrochemical parameters such as
Na%, SAR, RSC and PI. Then, according to the results, groundwater quality was classified.

4 Results and discussion
4.1 Groundwater chemistry

The descriptive statistics results related to hydrochemical parameters of groundwater
samples in various zones of the study areas are presented in Table 2. Figure 3 shows the
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pip diagram of anions and cations. Investigations show that pH and concentration of some
ions such as K in various zones of the study areas do not have much change. Average
concentration of Ca, Mg, Na in UZ are 95.7, 23.3, 21.8 mg/l, in SZ are 106, 38, 44.2 mg/l
and in RZ are 87.6, 38, 34 mg/l, respectively. High range of Ca and Mg concentration in
the study areas may be due to water rock interaction. However, in the case of high
concentration of Na, SO4 and Cl (samples SZ1, SZ13 and RZ 14) anthropogenic sources
are considered.

Average concentration of SO4, HCO3 and Cl in UZ are 57.4, 317 and 33.5 mg/l, in SZ
are 103, 365 and 64.6 mg/l and in RZ are 105.3, 336 and 50 mg/l, respectively. Comparing
the concentration of various ions in the study areas shows that the average concentration of
Ca, HCO3;, Cl, Na, Mg, in SZ is higher than other zones because of the effect of anthro-
pogenic activity. The index of pollution of chloride in the suburban area is high. This index
varies from 0.2 to 0.86. The used road salt and saline water have caused an increase in
chloride concentration in groundwater of the Urmia city (Aghazadeh et al. 2012). There-
fore, in the suburban area, the high Cl in groundwater is due to the impact of urban runoff
infiltration.

The average amount of TDS in RZ and UZ is 543 and 486, respectively. The average
amount of TDS in the suburban zone (SZ) is 663 mg/l and reaches to 1128 mg/l. Based on
the TDS classification, more than 97% of samples of each three zones are placed in
freshwater group (TDS less than 1000 mg/l) (Fig. 4). Samples with more than 1000 mg/1
(brackish) are located in SZ and RZ (Fig. 4). Total hardness in groundwater samples of UZ
varies between 200 and 463 mg/l, in SZ 205 and 605 and in RZ between 150 and 803 mg/I.
Due to Sawyer and McCarty (1978) classification, 24% of samples in UZ, 8% in SZ and
20% in RZ are hard, and the remaining are very hard (Fig. 4).

In this research, box plots were used to assess the intensity of variation of different ions
concentration. The pattern of variation of the various ions concentration shows that there is
much difference between the average and the maximum in ions of Na, Cl and SO, (Fig. 5).
Such pattern of variation is due to local contamination of groundwater in the study areas.

Nitrate is one of the main parameters in investigation of water pollution. This ion does
not have lithologic source and mainly is produced by anthropogenic activities such as
fertilizers, leakage of septic tanks, sewage and domestic waste (Subrahmanyam and
Yadaiah 2000). Nitrate can be considered as low-hazard pollutants. The maximum per-
missible concentration (MPC) limit of nitrate is 45 mg/l. Distribution of nitrate in
groundwater samples of the study areas shows that in suburban and industrial areas the

Table 1 Analysis methods of

estimation of different hydro- Parameters Analysis methods

chemical parameters . .
Sodium Flame photometric methods
Potassium Flame photometric methods
Calcium EDTA titration method
Magnesium EDTA titration method
Bicarbonate Acid titration method
Chloride Mohr’s titration method
Sulfate Spectrophotometer method
Nitrate Spectrophotometer
Hardness EDTA titration method
Total dissolved solids Test method

@ Springer



337

Hydrochemical characteristics and the impact of...

Xopur

Ayniqeaunrad 74 “yuaorad winIpos vy, ‘91eu0qIed WNIPOS [BNPISAI DY ‘Onjel uondiospe WnIpos Y g ‘Ssaupiey [2J0) f L ‘SPI[OS PIA[OSSIP [£10) §(7 ‘KIATIONPUOD [BILIIA[D DT

- Ser YL 9LT 9ty 53 33 STy S'L9 g'le % Id
- wc— 80 8¢~ (43 o L0— ce— 4% S0'0— 66— I/bowt o1 |
- 4! 33 8’1 87l 71 6'8 G8l T8¢ S9 % EN%
- Lo SeT 900 10 SOl 620 76'0 ¥'e €0 - qvs
- €LLE €08 0S1 ¥'9¢ Yor 00¢ 1y S09 S0C /8w HL
Sy gCl LS 4 Iree 8¢ €l 1’68 LEL 98 /3w fON
0ov €601 9¢¢ ¥'6¢ YLS 8¢l 6C 6201 (114 90§ /8w o
00¢ LEE C19¢ IL1 OLIE oSy s6l L'v9¢ 88y L'STe /8w f00H
009 6'6Y (4% I'L goee 0L S'LI 99 6291 91 /3w D
0S1 6'LE €6'1L g6l [€°€C 944 cel Ly'LE 80°68 SI 13w SN
00¢ 9°L8 61¢C 9¢ 69°66 Clel [43 6'S01 I'LST 123 /8w €D
0c [ %Y 0 9I'c 6'¢ 0 12X Sy 0 /3w p:
00¢ I've ocl € 98°1¢ 8 01 (244 el el 13w EN
00ST (929 8811 96¢ L'98Yy LE9 LEE £99 8CI1 L1y 13w NERR
- 6°LE8 8¢8I 08¢ £68L 9LIT ory 1601 06L1 708 o/ gow od
S8 veL €8 L9 €S°L S8'L 69 LY'L Y6'L L - Hd

BN XeIN ury UBOIN XeIN U BN XeIN Uy

(110 OHM)

SITWI] J[qeMO[[e WNWIXBIA (7¥) 2uoz [einy (7N) Quoz ueqin (7S) Quoz ueqingng syun sI9)oweIed

eore Apnis Ul Bjep [edonAeue 9y} jo sonsnpels Arewwung g d[qel

pringer

As



338 M. Chitsazan et al.

45'3:0"5 45°1 ?‘O'E

37°38'0"N
37°38'0"N

z a z
: :
e °
54 B vcor B
£ ) 5
, -
Rural & Sublrban
Zone border
Urban & Sublrban
Zone border

45°3'0"E

Fig. 3 Pip diagram of anions and cations groundwater of study area

concentration of NO; is high (Fig. 6). The results of the calculation of the groundwater
damages (Id) (Eq. 1) indicate that this index in the urban, suburban and rural area is 0.1,
0.4 and 0.13, respectively. The index of pollution of nitrate (Ip) (Eq. 2) in the urban area
varies from 0.3 to 0.8, in the suburban area from 0.4 to 3 and in the rural area from 0.1 to
0.5. In suburban area, about 30% of the area exceeds the maximum permissible concen-
tration of nitrate.

Ss

Id = — x 100 1
SOX m
G

Ip; = 1 2

P = yppg; * 100 2)

In the rural areas, a few samples have nitrate above the standard limit. In urban and
suburban areas, the source of nitrate in groundwater is because of domestic sewages,
industrial waste waters, nitrogenous fertilizers, infiltration of surface water, return sewage
water and agricultural sewage usage (Yan et al. 2016). In urban areas with impermeable
surfaces, because of less infiltration, the amount of nitrate in groundwater is low, but in
permeable surface areas, nitrate concentration is high. The average concentration of nitrate
in groundwater of UZ is 22 mg/l and varies between 13 and 38 mg/1. In suburban zone and
especially in areas with low-depth groundwater, the concentration of nitrate in groundwater
is high. In this zone, the concentration of nitrate in groundwater samples ranges from 8.6 to
137 mg/1 with the mean of 59 mg/l. About 46% of groundwater samples have NO; con-
centration above the tolerance limit of 45 mg/l (Fig. 6). In some parts of the suburban
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areas, urban runoff spreads on the ground and can penetrate into groundwater and change
its quality. Also, in suburban zones, most types of the land use are for agriculture so that in
these areas chemical fertilizers were mostly used. Therefore, runoff infiltration, domestic
effluent sewages and application of fertilizers can cause an increase in the nitrate in
groundwater. Nosrati and Van Den Eeckhaut (2012) suggested similar sources of con-
tamination in groundwater of Hashtgerd plain (north Iran). Results show that in rural areas
(RZ) concentration of nitrate in groundwater samples is low and ranges from 4 to 57 mg/l
with the mean of 12.5 mg/l. In these areas, a few samples (RZ10) have nitrate above the
standard limit. These groundwater samples are located in agricultural areas so that the use
of fertilizers can cause an increase in the nitrate in this groundwater samples.

The comparison of nitrate concentration in groundwater samples of the three zones with
groundwater depth shows that, in low groundwater depth areas, nitrate concentration is
high (Fig. 7). In groundwater samples with nitrate above the standard limit (45 mg/l), the
average depth of groundwater is 4 m. In groundwater of suburban areas with high nitrate
(Sample 1 and 21), the depth of groundwater is 3.3 and 2 m, respectively. Also, in sample
RZ 10, with high nitrate (57 mg/1) related to rural areas, the depth of groundwater is 4.1 m.
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4.2 Hydrogeochemical process
4.2.1 Hydrochemical facies and water—rock interaction

For hydrochemical investigation, for hydrochemical classification and determined hydro-
chemical facies was commonly used Piper (1944) trilinear diagram. In this study, for the
determination of predominant ions, hydrochemical facies and water type, Piper diagram
was used. Based on this diagram (Fig. 8), the main type of groundwater in UZ, SZ and RZ
areas is Ca—HCOj3;, Ca—HCOj; and Ca, Mg-HCOg3;, respectively. Also, in the three zones of
the study areas, the major cations are Ca and Mg and the anion is HCO;. In groundwater
samples, Ca and Mg significantly exceed the Na and K, and the HCO3 and CO; exceed Cl-
and SO,. In some urban and suburban samples, because of ion exchange and anthropogenic
activities, the concentration of Na, Cl and sulfate increased.

The water—rock interaction has the main role in groundwater quality. To determine the
chemistry mechanism of the groundwater (precipitation dominance, rock dominance and
evaporation dominance), Gibbs diagram (Gibbs 1970) was commonly used. Due to the
location of groundwater samples of study areas in Gibbs diagram (Fig. 9), the water—rock
interaction and weathering of rocks are the main processes in providing ions of
groundwater.

The equilibrium state of the water with respect to a mineral phase can be determined by
calculating a saturation index (SI) using analytical data. Changes in saturation state are
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Fig. 6 Distribution of NOj in groundwater samples of the study areas

useful to distinguish different stages of hydrochemical evolution and help identify which
geochemical reactions are important in controlling water chemistry (Aghazadeh and
Mogaddam 2010). The saturation index of a mineral is obtained from Eq. 2.

IAP

where IAP is the ion activity product of the dissociated chemical species in solution, Kt is
the equilibrium solubility product for the chemical involved at the sample temperature. An
index (SI), less than zero, indicates that the groundwater is undersaturated with respect to
that particular mineral. An index (SI), greater than zero, specifies that the groundwater is
being supersaturated with respect to the particular mineral phase and therefore incapable of
dissolving more of the mineral. Such an index value reflects groundwater discharging from
an aquifer containing ample amount of the mineral with sufficient resident time to reach
equilibrium (Langmuir 1997). The results indicated that the values of SI calcite and
dolomite are from —0.4 to 1.65 and 0.1 to 2.8, respectively. The 90% of the groundwater
samples are saturated and supersaturated with respect to dolomite and 73% with respect to
calcite. Nearly all samples undersaturated with respect to gypsum and anhydrite minerals,
suggesting that these carbonate mineral phases may have influenced the chemical com-
position of the study area.

The calcium, magnesium and bicarbonate are the major ions in groundwater of study
areas. The solution of carbonate minerals such as calcite and dolomite can be the origin of
these ions. In hydrochemical consideration to determine the minerals solution process and
its impact on groundwater chemistry, Ca + Mg versus HCOj3; 4+ SO, diagram was
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commonly used. Due to this diagram, if the solution of minerals such as calcite, dolomite
and gypsum would be dominant, then samples fell near the 1:1 equiline. In samples with
number of HCO;3; + SOy less than 10 meq/l, the groundwater chemistry is related to
carbonated minerals and more than 10 meq/1 it is related to the solution of sulfate minerals
like gypsum. In samples above 1:1 equiline, hydrochemical ion exchange process is
dominant.

The position of the groundwater samples of the study areas in this diagram (Fig. 10) shows
that the solution processes of carbonate minerals and ion exchange are critical hydrochemical
processes. According to Fig. 10, some of the urban and suburban samples fall above the 1:1
line, which indicated that Ca and Mg are more than HCO3 and SOy, and the ion exchange
process has been occurred. Therefore, ion exchange is one of the important hydrochemical
processes that control the chemistry and quality of the groundwater.

4.2.2 Ion exchange process

Ion exchange is one of the main geochemical processes that control the chemistry and
quality of the groundwater. To determine the ion exchange process, chloro-alkaline indices
(Egs. 4, 5) were usually used. The negative amount of these indices shows normal ion
exchange, and positive amounts show reversion ion exchange.

_[C1— (Na* +K*)]
CAIl = i 4)

[Cl1 — (Na® + K")]

CAI2 =
(HCO3 + CO3™ + SO4)

(5)
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In these equations, all ionic concentrations are expressed in meq/l. The calculation of
chloro-alkaline indices (CAI 1, 2) by Egs. 4 and 5 for groundwater samples from the study
areas shows that these indices vary between —4 and 0.9. Therefore, normal ion exchange is
the dominant geochemical process. Also, based on Fig. 11, when normal ion exchange is a
significant geochemical process, the slope of the liner was less than —1. Regarding the
sample locations on this diagram (Fig. 11), normal ion exchange is dominantly a geo-
chemical process. In samples that are located up and down the linear trend, in addition to
ion exchange, anthropogenic activities are also affecting the process on the groundwater
quality of the reign.

4.3 Water quality
4.3.1 Drinking water quality

The groundwater mostly has good quality and suitable for the various purpose. However,
human activity in recent decades caused pollution and degradation of quality this resource.
Therefore, quality control of this resource is necessary. Groundwater quality index
(GWQI) is an effective tool for measuring the suitability of drinking water, and it is one of
the important indices in investigating and quality management of groundwater (Singh et al.
2011; Islam et al. 2017).

The GWQI is calculated according to the suitability of water for drinking uses. In this
research, we used GWQI for assessment of the change in groundwater quality and the
potential effects of urbanization on the groundwater quality in the urban and suburban area.
To calculate GWQI have been used acidity (pH), total dissolved solids (TDS), nitrates
(NOs3), total hardness (TH), magnesium (Mg), bicarbonate (HCO;), calcium (Ca), sulfate
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(SOy4) and chloride (Cl) parameters. Then for each parameter, weight (wi) is appointed
based on its relative importance in the overall quality of water for drinking purposes
(Table 4). The GWQI is computed by Egs. 69 (Oiste 2014).

GWQI = Z SI, (6)
i=1

In this formula, SI; shows the subindex for each parameter.

SI = (W,’ X q,) (7)
Wi
W = —— 8
S (8)
where w; = weight of each parameter and n = number of parameter
G
qi =— % 100 9)
Si

where ¢; = quality rating, C; = concentration of each chemical parameter, for each water
sample, and S; = WHO standard.

The GWQI values are classified into five classes. In the study area, GWQI values range
from 54 to 80 in UZ, 64 to 143 in SZ and 43 to 131 in RZ. The GWQI map is shown in
Fig. 12. According to the GWQI values, 59% samples of the SZ, 87% RZ and 100% of UZ
fit into the high-quality class, and the rest of the samples in three zones fit into the poor
class (Fig. 13). The groundwater samples with poor quality are placed at the exit point of
city and suburb area and the parks and agricultural area of the suburb. In suburb area,
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intensive agricultural activities associated with domestic effluent sewages and industrial
wastewaters have an important role in the pollution of groundwater.

4.3.2 Irrigation water quality

In the study area, agriculture activity is high, and the groundwater is main water resource
for irrigation uses. To determine the quality of water for agricultural uses, various
parameters were used. The sodium absorption ratio (SAR), percentage of sodium (Na%),
residual sodium carbonate (RSC) and permeability index (PI) are main parameters to
assess its suitability for agriculture purpose.
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Table 3 Classification of groundwater based on total hardness (TH), electrical conductivity (EC), sodium
adsorption ratio (SAR), sodium percent (%Na) and residual sodium carbonate (RSC)

Classification scheme Categories Ranges Suburban zone Urban zone Rural zone
(S2) (uz) (RZ)
Percent of Percent of Percent of
samples samples samples
TH (Sawyer and McCarty  Soft <75 0 0 0
1978) Moderately ~ 75-150 0 0 0
hard
Hard 150-300 8 24 20
Very hard > 300 92 76 80
EC (Wilcox 1955) Excellent < 250 - - -
Good 250-750 - 53 52
Permissible ~ 750-2250 100 47 48
Doubtful 2250-5000 - - -

Unsuitable > 5000 - - _
Hypersaline > 564.13 - - _

SAR (Richards 1954) Excellent <10 100 100 100
Good 10-18 - - _
Doubtful 18-26 - - -
Unsuitable > 26 - - _

Na % (Wilcox 1955) Excellent 0-20 58 93 78
Good 20-40 42 7 22
Permissible ~ 40-60 - - -
Doubtful 60-80 - - -
Unsuitable > 80 - - —

RSC (Richards 1954) Good <125 100 100 100
Medium 1.25-2.5 - - -
Bad >25 - - _

4.3.2.1 Sodium adsorption ratio Sodium adsorption ratio (SAR) is an important
parameter for determining the suitability of groundwater for irrigation because it is a
measure of alkali/sodium hazard to crops (Jalali 2007). SAR is calculated by Eq. 6.

+

SAR=— N (10)
Ca®t +Mg>*

2
where all ionic concentrations are expressed in meq/l. SAR values in study area ranged
from 0.06 to 2.4 (Table 3), and according to SAR classification (Table 3), most of the
samples in three zones of study area fall in excellent category and are suitable for irrigation
uses (Table 4).
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Table 4 Groundwater quality index computation input

Groundwater quality parameter WHO 2011 Weight (w;) Relative weight (W;)
pH 6.5-8.5 4 0.1481
Total dissolved solid (TDS) 500 4 0.1481
Nitrates 45 5 0.1851
Total hardness (TH) 300 3 0.1111
Magnesium 50 1 0.0370
Bicarbonate 500 3 0.1111
Calcium 75 2 0.0740
Chlorides 200 3 0.1111
Sulfate 200 2 0.0740
> Gw; = 27 >"GW,; = 1.000

4.3.2.2 Sodium percent The sodium percent (%Na) is obtained by Eq. 11.

(Na® +K*) x 100

Na% =
0 (Ca2++Mg2++Na++K+)

(11)

where all ionic concentrations are expressed in meq/l. The result shows that in UZ, SZ and
RZ the Na% values ranged 9-21, 6.5-38 and 1.8-35, respectively. According to water
classification based on Na% (Table 3), most of the samples in three zones of study area fall
in the right category and are suitable for irrigation uses.

4.3.2.3 Residual sodium carbonate 'When the HCO; and CO; are greater than the Ca and
Mg, a precipitation of Ca and Mg happens in soils, which damages the permeability of the
soil. A relation of Ca and Mg with HCO; and COs is expressed in terms of residual sodium
carbonate (RSC). Also, Na% and SAR are used for determining the quality of water for
agriculture purposes (Li et al. 2016). The RSC is calculated by difference between alkaline
earths and weak acids (Eq. 12). In study area, the result shows that RSC values ranged
from —5.9 to 0.8 (Table 3). According to RSC classification (Table 3), all of the samples
fall in the good category.

RSC = (HCO; +CO3") — (Ca’" +Mg*") (12)

4.3.2.4 Permeability index The permeability index (PI) also is used to determine the
suitability of groundwater for irrigation. PI is defined as Eq. 13.

_ Na + +/HCO3 «

PI =
Ca + Mg + Na

100 (13)

In this equation, all ionic concentrations are expressed in meq/l. According to PI values,
the groundwater of in the study area can be designated as class II (25-75%), indicating that
all of the groundwater is suitable for irrigation. From the above investigation, it is evident
that the most of the groundwater of the study area is suitable for drinking or irrigation

purpose.
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5 Conclusion

Analysis of hydrochemical data indicated that in the study area, the main type of
groundwater is Ca—HCO; and the main processes controlling groundwater chemistry are
mineral weathering, ion exchange and anthropogenic activity. The increase in urbanization
and change in land use caused the decline of groundwater quality in urban and suburban of
the study area in recent years. Result revealed that the average concentration of Ca, HCOs,
Cl, NO;, Na and Mg in the suburban zone is higher than other zones because of the effect
of anthropogenic activity. The results obtained from groundwater sustainability indicators
show that, in the suburban area especially in areas with low depth groundwater, the
concentration of nitrate in groundwater and some samples chloride are high. This indicated
that groundwater has been pollulted by NO3 and Cl. The existence of high NOj; in
groundwater might originate from wastewater and fertilizer application, and the existence
of high Cl is due to the infiltration of urban runoff result of snowmelts in winter. In rural
areas, the use of chemical fertilizers contributes to the pollution of groundwater resources,
especially by nitrate. In urban areas with impermeable surfaces, because of less infiltration,
the amount of nitrate in groundwater is low, and groundwater is not contaminated.
According to the GWQI values, quality of 41% groundwater samples in the suburban zone
and 13% in the rural zone is poor. The groundwater samples with high nitrate and with
poor quality based on GWQI values are located in the industrial, park and agricultural area.
Based on permissible limits prescribed by WHO for drinking uses, most of the ground-
water in the urban and rural area is suitable for drinking purpose, but in 46% groundwater
samples in the suburban zone nitrate is above the permissible limit. The calculated values
of SAR, RSC, Na% and PI index indicated that the quality of water for irrigation uses can
be ranged as excellent to the permissible category.
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