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1-Introduction
Information and advertisement of water resources is one of the main needs for planning to use water in
agriculture, industry and drinking (Zhang et al.,2018). The concentration of population in large cities and
industrial activities due to human activities and the entry of various pollutants into water affect human life
and change the use of water in various sectors of agriculture, industry. Various factors such as time,
environment and biological factors, physical and chemical processes in natural systems, etc. are involved
in the factors affecting humans on water quality. There are many methods for determining the quality of
water for various uses, including agricultural, drinking and industrial uses, including Wilcox, Schuller, and
piper methods. In this study, samples were taken from 91 selected water sources in June 2019.
Hydrochemical properties, concentrations of main ions and sub-ions of all samples and heavy metals of a
number of aqueous samples were measured by standard methods. Using the obtained data, the usability of
groundwater in different applications was investigated using graphical methods and Schuller, Wilcox and
Langelier quality classification criteria. Analysis of qualitative zoning maps revealed that groundwater of
poor quality due to the presence of Eocene gypsum marl formations in the north of the plain and detrital
rocks, mostly marl, sandstone, conglomerate and between layers of salt and gypsum in the main salt. There
are west and southwest plains.

Using the sampled qualitative data, the feasibility of using groundwater in different applications using
graphic methods and quality classification Schuller (drinking), Wilcox (Agriculture) and Langelier
(industry) was investigated.

2-Material and methods

Marand plain with an area of approximately 590 square kilometers is located in northwestern Iran in East
Azerbaijan province. This plain is limited to Jolfa Dozal region from the northeast and to Harzandat plain
and Zanuzchay and Zilbirchai outlets and Quturchai catchment area from northwest and west, respectively,
and to Urmia Lake catchment area from the south and is a part of Caspian Lake catchment area. According
to the available meteorological data (Marand Church Station) for a period of 50 years (1969-2019), the
average annual rainfall is 286.3 mm and the average annual temperature of the plain is 11.91 ° C.
Groundwater level map in May 2019 of Marand plain aquifer (Figure No. 1) shows that groundwater moves
approximately in the direction of topographic slope from the east and the margins of the heights to the
central parts of the plain and finally to the outlet of the plain in the northwest. In order to evaluate the
hydrogeochemical status of groundwater in the study area, 91 samples of groundwater resources in Marand
plain were collected in June 2019. Measured assemblies and ions including acidity (pH), electrical
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conductivity (EC), main cations and anions and sub-ions (nitrate, silica and fluoride) in the hydrology
laboratory of Tabriz University and 26 samples selected from 91 Sample to measure. Heavy metals As, Fe,
Mn, Cd, Pb and Cr are tested in the laboratory of Water and Weste water Company of East Azerbaijan
province.

In this study, to investigate the possibility of using groundwater resources of an area in different uses,
water quality and the trend of changes in effective parameters were drawn on the zoning map. In order to
prepare zoning maps and continuous display of data, geostatistical method was used for interpolation.
Effective parameters in water quality classification according to the type of drinking use, agriculture and
industry were prepared by normal kriging interpolation method and Gaussian type model. After classifying
each layer, a groundwater quality classification map was prepared for drinking, industrial and agricultural
uses.

3-Results and discussions

The amount of water hardness is most important in industry and drinking. Based on the results of chemical
analysis of water samples taken from Marand plain in June 1398, about 73.1% of water is in the hard range,
25.6% in the hard range and 1.3% in the soft range.

Based on the obtained data, it was observed that the amount of temporary hardness in most samples (53
samples) is high and lacks permanent hardness. In addition to temporary hardness, 25 samples also have
permanent hardness. Results of chemical analysis of aqueous samples from the study area There is a
predominance of some hydrochemical parameters of electrical conductivity, hardness, according to the
standard of drinking water(WHO).

Based on The proposed classifications are the desired values of electrical conductivity suitable for
drinking water less than 750 and the permissible values are 750-1500 pS/cm. In the northern and central
areas of the plain and the outlet of the Marand plain (western areas) have the highest salinity with excessive
amounts.

According to Schuler diagram, groundwater in the eastern areas of the plain is in the range of good to
moderate in terms of drinking, the central areas of the plain in the range of acceptable to completely
unfavorable and the western areas of the plain in the range of acceptable to unsuitable. The groundwater of
the plain in terms of drinking in the southern and southeastern regions is in the good to acceptable category
and towards the northern and western regions of the plain is reduced to the middle, unsuitable and
completely undesirable category.

Wilcox diagram was used to evaluate the groundwater of Marand plain in terms of agricultural use.
According to the Wilcox diagram, except for the eastern, southern and central parts of the plain, which are
usable and suitable for agriculture, the rest of the plain, including the northeast, north, northwest and west,
are unsuitable for agriculture and very salty.

Based on the quality distribution of industrial water, groundwater samples of Marand plain (Langeleia
index) It is observed that in the southeastern and northeastern areas of the plain have corrosive properties
and the eastern, middle and end areas of the plain have sedimentary properties.

4-Conclusion
Investigating the quality of drinking water in terms of drinking, agriculture and industry is one of the basic
parameters in sustainable development and raising the level of health of products and society.

The results of this study showed that the groundwater quality of this plain in terms of drinking in the
southern and southeastern regions is in the good to acceptable category and towards the northern and
western regions of the plain to the middle category, unsuitable and completely undesirable. The quality of
groundwater in the region in terms of hardness in the southeastern regions of the plain is minimal and in
the eastern, southern and part of the central regions has increased and to the northern and western regions
of the plain to more than 300 mg / liter and even in some from the northern parts of the plain, it reaches a
maximum of 2325 mg /I.

Examination of water quality of the samples for agricultural purposes revealed that except for the
eastern, southern and central areas of the plain, which are usable and suitable for agriculture, the rest of the
plain, including northeast, north, northwest and west are unsuitable for agriculture and very salty.
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According to the land use map, agriculture is spread in all areas of the plain except the western and output
areas. Based on the qualitative distribution of industrial water in the southeastern and northeastern regions,
they have corrosive properties and the eastern, middle and end areas of the plain have sedimentary
properties.

Finally, due to the importance of water supply for drinking, agriculture and industry, the need to pay
attention to its quality becomes more obvious and it is necessary to make more measures to minimize
groundwater salinity, which also reduces the use of groundwater resources. Lack of agricultural
development, optimal use of water resources and changing cultivation patterns and even the type of
agricultural products and other necessary measures will not be possible.
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Figl. Groundwater level counters of Marand aquifer for May 2019.
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Table 1. Statistical properties of the hydrochemical data.

Parameter Units Mean De\?it:t.ion Maximum Minimum Median Range  Variance
pH - 7.81 0.48 8.6 6.40 7.9 2.20 0.23
EC ps/cm 1732.70 1272.45 5360 389 1079 4971 1619134

HCOs mg/L 343.55 169.01 945.2 176.84 2988 76836  28562.81
CL mg/L 318.93 339.97 1240.8 14.18 138.3 1226.57 115578.85
SO4 mg/L 137.39 107.89 512.1 12.08 96.6 500.01  11639.60
NO3 mg/L 16.72 12.74 80.9 0.05 14.4 80.82 162.36

F mg/L 0.83 0.24 15 0.43 0.8 1.04 0.06
Ca mg/L 94.95 88.68 472.8 16.83 60.1  456.00 7863.43
Mg mg/L 52.85 42.18 184.7 4.86 389  179.86 1778.82
Na mg/L 190.74 150.54 609.2 11.50 136.8 597.74  22661.18

K mg/L 5.64 3.51 15.2 1.56 45 13.68 12.35
As mg/L 0.005 0.007 0.03 0.00 0 0.03 0.00
TH (mg/L.CaCos)  454.39 385.86 1940 64 315 1876 148888
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Table2. Classification of hardness values (Todd and Mays, 2005).

Total Hardness

Water Class (mg/l as CaCOs)
Soft 0-75
Moderatly Soft 75-150

Hard 150-300
Very Hard 300<

(Edwards ,1994) LSI asls mls sy -Y Jgom
Table 3. Interpretation of LSI index results(Edwards ,1994)

Indication LSI

Water is undersaturated with respect to calcium
carbonate. Undersaturated water has a tendency to 0 <LSI
remove existing calcium carbonate protective coatings
in pipelines and equipment.

Water is considered to be neutral. Neither scale- 0-LSI
forming nor scale removing.

Water is supersaturated with respect to calcium 0> LSI

carbonate (CaCO3) and scale forming may occur.
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Fig.5 Spatial distribution of groundwater in Marand plain in terms of water hardness in June 2019.
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Table 4. Agricultural water quality classification based on salinity risk and alkalinity risk based on USDA classification

(Wilcox, 1955).

. Salinity Salinity EC USDA Classification
. P t 5 it
Quality hazard class (HSiemens/cm) ereentage Class of agricultural A0
of samples X
water quality
Suitable for all Low C1 <250 0 C1s1 1
types of soils
Almost Medium C2 250-750 0 C182
suitable(except for plants
sensitive to salinity)
) UnSUitable(E?<cep_! for High C3 750-2250 8.86 C2s1 Good 2
drained soils and plants with high
tolerance)
USE'ESS(Excem for salt Very C4 2250< 0 C282
resistant plants) hi gh
0 C1S3
0 C2S3
50.63 C3s1 Average 3
6.33 C3s2
0 C3S3
0 C184
. Sodium Sodium SAR
. 0 C2s4
Quality hazard class (KSiemens/cm)
0 C3s4
Suitable (can be used Low S1 <10 5.06 C4s1
for irrigation on almost all soils)
4
Suitablexcept for Medium S2 10-18 24.06 C4s2
plants sensitive to salinity)
Doubtful (may High S3 18-26 5.06 C4S3
produce an alkaline problem)
Unsuitable (usuaily Very S4 26< 0 C4s4
unacceptable for irrigation purpose.) high

. USDA: United States Department of Agriculture
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Fig.7. Demonstration of groundwater samples analysis of selected quality sources by Wilcox diagram from the point of
view of agriculture in June 2019.
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Fig.8. Spatial distribution of groundwater in Marand plain in terms of agriculture based on Wilcox classification in June
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Table 5. Comparison of mean values of groundwater parameters in Marand plain compared to FAO standard.

Parameter Unit salrb\n\;elgasge Qualitative classification
without Lor\:]\’e?j?sm Serious
problem problem problem
EC Decisiemens per centimeter 1.87 <0.7 0.7-3 3<
SAR 3.72 <3 39 9<
Na Milliequivalents per liter 8.3 <3 3<
Cl Milliequivalents per liter 9.57 <3 3-10 3<
B Milligram per liter 0.6 <0.7 0.7-3 3<
NO3 Milligram per liter 16.7 <5 5-30 30<
HCO3 Milliequivalents per liter 5.97 <15 1.5-85 8.5<
pH 7.76 6.5-8.4
Maximum recommended concentration(ML)
As Milligram per liter 0.009 0.1
F Milligram per liter 0.83 1
Mn Milligram per liter 0.01 0.2
Mg Milligram per liter 66.7 2
Fe Milligram per liter 0.133 5
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Table 6. Comparison of the mean values of groundwater parameters of Marand plain in relation to the industrial water
quality standard (Vice President of Strategic Planning and Supervision. 2008).

Quality standard
Average B Group

Parameter Unit samples RYETET Medium C Group _
Good quality quality Poor quality
Fe Milligram per liter 0.133 <0.3 <1 >1
Mn Milligram per liter 0.01 <0.3 <1 >1
pH 7.76 6-9 6-9 6-9
Alkalinity Milligram per liter 423 <150 <500 >500
TH Milligram per liter 516 <250 <500 >500
SO4 Milligram per liter 156 <250 <500 >500
Cl Milligram per liter 340 <200 <500 >500
TDS Milligram per liter 1122 <500 <1000 >1000
EC Micro_siemens Per 1870 <1000 <2000 >2000
centimeter
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Table 7. Status of groundwater samples in Marand plain in industrial water quality classification based on Langelier index.

Percentage of samples LSI index water quality classification
19.2 LI<0 Corrosion
74.4 L1>0 Scale forming
6.4 L1=0 Balanced
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Fig.11. Qualitative zoning map of groundwater resources in Marand plain for industrial use.
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