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Abstract

Introduction

Assessing the quality of water resources, especially drinking water resources, has been of great importance in recent years,
along with the per capita reduction of available water resources. Water quality index for drinking and irrigation expresses the
total quality of water through a single number at a specific time and place based on various water quality parameters. In this
study, the quality of water resources in Varamin Plain was studied using water quality index (WQI) over a period of 10 years.

Materials and Methods

Varamin plain is located 45 km southwest of Tehran and at an altitude of approximately 1000 meters above sea level. Its
alluvial plain area is about 138,000 ha, of which more than 50,000 ha are agricultural lands. In this research, data from 35
qualitative data samples including pH, total dissolved solids (TDS), EC, Calcium, Potassium, Sodium, Magnesium,
Bicarbonate, Chlorine and Sulfate have been studied. Also, using Pearson correlation, the relationship and the effect of the
parameters on each other were investigated. These samples were prepared from different parts of VVaramin Plain in a period
of 10 years (2008-2018) and the concentration of parameters affecting the quality of groundwater resources was investigated.
In this study, ArcGIS 10.5 software was used to prepare spatial distribution maps and SPSS software was used for statistical
analysis.

Results and Discussion

According to the WQI in 2008, 51.42% of the region has inadequate water, which in 2018 has decreased to 45%. Also,
calcium, sodium and chlorine have a positive and significant correlation with TDS. According to the spatial distribution map
of Varamin Plain in 2018, it has more area with suitable quality, while the southern and southwestern part of the region,
despite improving the water quality of the region, still have unsuitable quality for drinking. The WQI spatial distribution
maps show that the area percent of good class of WQI in 2018 has increased compared to 2008. In both years, the southern
and southwestern regions are in poor condition. The high concentration of TDS and EC in some places was due to land use
change, wastewater discharge, ecogeomorphological factors, as well as over-extraction of groundwater resources. Good
quality range in 2008 is in the central areas, which in 2018; these areas include most of the central and eastern regions.

Conclusion

In general, the results of this study showed that currently the values of a number of effective parameters in determining the
quality of groundwater resources such as TDS and EC in most sampled areas and also the pH value in some sampled areas of
Varamin Plain has exceeded the standards. In addition, groundwater quality has slightly improved during the study period
(2008-2018). Thus, considering the widespread impact of human factors on reducing the quality of groundwater resources in
Varamin Plain and the severe rate of groundwater abstraction, careful study of illegal wells in the region, quality protection
of groundwater resources and management of exploitation wells and the use of appropriate irrigation systems, proper
harvesting as well as proper drainage of agricultural lands is essential in future plans.
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Table 1- Relative weight assigned to groundwater parameters of Varamin plain to calculate the WQI (mg/l) in 2008

WHO

Wi wj (WHO, 2011 Sl Jslas Solyb
0.12 4 6.5-8.5 8.36 7.4 pH
0.15 5 1500 7600 380 TDS
0.15 5 1800 11640 596 EC
0.09 3 250 29.2 13 Ca
0.12 4 200 65.5 2.4 Na
0.09 3 50 34.2 1.82 Mg
0.09 3 30 0.35 0.03 K
0.09 3 400 56 11 Cl
0.03 1 400 58.12 1.82 SO4
0 1 380 8.95 161 HCO3
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Table 2 - Relative weight assigned to groundwater parameters of Varamin plain for calculation of WQI (mg /L) in 2018

- WHO

Wi wj (WHO, 2011) Sl Jslas sl
0.12 4 6.5-8.5 8.73 7.18 pH
0.15 5 1500 5766 376 TDS
0.15 5 1800 9800 593 EC
0.09 3 250 39 3.29 Ca
0.12 4 200 44.9 112 Na
0.09 3 50 255 0.83 Mg
0.09 3 30 0.41 0.08 K
0.09 3 400 69 0.56 Cl
0.03 1 400 36 1.39 S04
0.03 1 380 8.39 221 HCO3
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Table 3- Results of measured parameters and calculated WQI in the study area in 2008
waQl EC TDS pH HCO3 Cl SO4 Ca Mg Na K diged
876.44 7920 5384 7.6 6.5 323 41.31 25.6 124 42 0.14 1
802.34 7060 4800 8.07 7.12 224 40 9.2 23.8 355 0.35 2
920.65 8060 5480 7.87 6.6 40.2 40.81 17.2 27.8 42.5 0.27 3
830.98 7400 5106 7.89 43 42 28 16 16.6 415 0.17 4
355.19 3120 2090 8.04 4.3 16.2 10.84 6.4 12.05 124 0.25 5
1294 11640 7600 7.76 4.92 56 58.12 19.8 34.2 65.5 0.26 6
320.38 2880 1900 7.78 5.26 14.7 8.3 6.96 7.94 134 0.09 7
765.77 6840 4652 7.4 5.38 36.7 25.45 19.8 17.2 30 0.15 8
136.33 1246 784 7.83 6.11 3 2.87 3.17 2.88 6.8 0.05 9
1116.9 9840 6788 7.76 4.36 48 39.77 29.2 322 325 0.17 10
190.42 1711 1096 7.79 5.57 4.9 6.8 4.67 5.82 6.5 0.07 11
211.7 1890 1230 7.14 8.49 4.5 6.37 7.8 5.55 6 0.06 12
736.41 6700 4340 7.96 4 32 32.85 13.6 154 29.5 0.2 13
734.53 6520 4350 8 8.95 22 34 11 22 325 0.11 14
849.53 7530 5046 7.18 3 40.8 33.52 21.05 254 29 0.26 15
157.03 1388 920 8.18 5.7 3 4.9 2.72 4.88 6.15 0.07 16
270 2430 1552 7.92 2.7 124 9.1 8.5 8.62 7.1 0.1 17
114.05 1009 666 7.93 5.19 22 2.8 384 3.38 31 0.06 18
103.290 934 580 7.68 5.21 1.9 2.27 3 312 31 0.05 19
224.90 2010 1326 7.85 53 7 7.56 6 6.38 7.1 0.05 20
316.55 2870 1836 7.8 5.66 12.9 9.7 6.85 8.65 12.7 0.08 21
316.77 2830 1868 8.12 3 14 10.83 8.2 8.9 111 0.13 22
920.12 8300 5394 7.72 2.88 44.4 40.52 28 228 375 0.21 23
78.89 711 448 7.92 3.84 12 2.04 2.15 221 2.65 0.05 24
123.90 1141 680 8 4.26 2.8 4.46 3.2 3.83 4.4 0.05 25
83.22 769 470 7.65 4.22 15 1.82 3.23 1.82 24 0.06 26
90.88 814 528 8.02 4.28 11 2.75 271 2.35 31 0.03 27
66.55 596 380 8.36 1.61 1.6 2.35 13 19 2.6 0.03 28
341.71 3070 2020 7.99 43 11.2 15.87 8.8 8.4 142 0.07 29
157.21 1436 892 7.84 391 6.3 3.98 8.4 4.4 5.05 0.06 30
12541 1100 726 8.2 2.85 31 4.68 34.2 471 3.45 0.05 31
107.65 992 596 7.9 3.78 3.8 2.36 4 31 2.75 0.05 32
157.83 1402 940 7.18 6.13 54 3.08 6.6 3.98 3.8 0.06 33
122.57 1114 680 7.94 417 2.8 4.3 3.22 4.06 3.95 0.05 34
137.01 1230 784 7.89 6.1 2.2 4.2 3.23 4.17 51 0.03 35
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Naderi et al.,) cul Ol cuas oLyl 5wt s Jole 6
(2018
LWQI ol Ol g5 5 gt & 50 (sla g
Jlo 93 ;5 WQI 1 sl oy ol a0 a5 b om0 1))
Iy dilaie Ol &S Laylys S0 Ngy 95 4 VYAV 5 VWAV
CaiS b sladiges Joyd lime WWAY Jls jd e o i

g oo Jold |y ladiges duoyd B+ 3l 5 iy dilaie 1> Cunliol

(o) ElS w9 Sl slcdld ( sxdaw ol
Bostanmaneshrad et) s¢i 0 TDS e ioljél 45 yoeio
al., 2018; Ebadi and Hisorive, 2017; lliopoulou
joo ¥ Jod> 3 byl 4> ST (Georgudaki et al., 2003
Sge ol Guph LRl Ky Jy Cuws delue o2
Ol oo YWWAY Sile oo VWAV Jlo 50 bl oaiS gl
2B b cwl jhb blad g 4 bap ol e
5 POt ol 4zl Ll bl am ,d PH sl
Oliwe D9 0 0dalio ¥ g VF (sloolSuuw] ;0 PH jlde oy 5nS
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Table 4 - Results of measured parameters and WQI calculated in the study area in 2018

wol EC DS pH HCO3 cl S04 Ca Mg Na K 9o
751.88 6619 4496 8.13 8.39 21.2 356 192 226 273 0.16 1
863.87 7916 4976 76 5.21 52.3 24.2 36.6 232 18.8 0.16 2
502.38 4419 3143 73 75 263 132 19.6 8 20 0.24 3
813.29 7200 5116 7.18 4.93 398 312 373 123 229 0.41 4
371.96 3496 1976 76 4.56 18.3 132 126 123 11.8 0.15 5
101546 9800 5684 7.9 8.21 59 36 39 133 449 0.18 6
323.27 3129 1739 7.9% 356 19.6 6.73 9.93 6.97 133 0.15 7
609.19 5116 3918 76 7.93 272 19.6 19.2 16.4 16.3 0.14 8
148.33 1412 773 76 5.36 443 4.49 541 447 463 0.12 9
71757 6716 4176 76 476 36 249 326 11.2 249 0.24 10
955.77 8500 5766 8.11 443 69 11.9 293 255 273 0.13 11
98.19 896 576 76 456 0.93 2.29 3.48 2.01 276 0.09 12
705.43 6418 4176 7.7 473 39.2 18.8 212 144 319 0.18 13
773.69 7296 4319 8.73 256 38.2 316 339 134 292 0.23 14
175.37 1639 976 7.8 5.43 3.76 6.96 5.39 455 521 0.11 15
315.63 2916 1739 8.18 321 19.8 7.73 17.2 9.4 573 0.14 16
103.88 940 549 75 3.96 52 23 6.2 36 19 0.19 17
92.59 873 539 7.9 443 1.76 1.96 421 0.9 25 0.12 18
162.21 1476 976 7.6 6.93 2.56 3.93 5.96 252 5.76 0.15 19
295.62 2916 1566 7.9 478 143 8.96 9 465 15.71 0.14 20
548.58 5100 3216 7.6 6.11 35 10 18 85 25 0.12 21
295.92 2931 1476 7.9 2.46 19.2 113 146 77 7.76 0.11 22
85.52 796 496 731 3.39 1.76 2.29 3.96 1.35 1.78 0.09 23
128.29 1134 743 7.2 485 317 2.96 3.45 4.44 2.96 0.11 24

73.67 696 419 7.8 221 1.29 2.76 3.39 1.04 1.66 0.09 25
147.43 1170 732 7.8 4.16 2.46 421 443 2.88 411 0.11 26
82.87 729 476 7.8 2.48 0.96 359 3.29 2.37 1.96 0.09 27
138.44 1247 849 7.9 4.16 3.56 273 5.16 2.32 3.93 0.09 28
193.98 1916 1029 8.2 321 4.49 8.84 4.96 3.35 9.43 0.12 29

7791 711 449 8.18 3.66 153 1.92 3.92 154 1.56 0.08 30
353.65 3400 1973 8.16 3.56 11.9 17.2 9.96 5.64 16.8 0.12 31
85.80 779 512 7.8 3.88 0.95 1.96 373 1.23 2.96 0.09 32

72.71 676 416 7.9 231 0.56 373 472 1.01 121 0.09 33
107.46 956 643 7.8 2.43 3.39 441 453 2.03 3.49 0.11 34

64.34 593 376 7.9 2.88 143 1.29 3.56 0.83 112 0.09 35
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Table 5 - WQI classification for groundwater consumption (2018)

oL ey ladigas Loy
<50 e 0
100-50 S 8.57
100-200 % 314
200-300 RIS 857
>300 Gl 51.42
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Table 6- WQI classification for groundwater consumption (2018)

o5k e ladiged 42>
<50 Je 0
50-100 o5 25.71
100-200 RY 22.85
200-300 b 5.71
>300 Guolisls 45.71
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Table 7- Correlation coefficients of the studied parameters in the study area

EC TDS pH HCO3 cl S04 Ca Mg Na K syl
1 k
1 0.575™ Na
1 0.762" 0.442" Mg
1 0.814™ 0.865™ 0.722" Ca
1 0.880" 0.768™ 0.874™ 0.678" S04
1 0.755™ 0.933" 0.868™ 0.884™ 0.550" Cl
1 0.393" 0.486" 0.391" 0.473" 0.533" 0.15 HCO3
1 -0.314 0.070 0.152 0.049 0.108 0.144 -0.248 pH
1 0.053 0.526" 0.954™ 0.866" 0.951" 0.905™ 0.927" 0.647" TDS
1 0.991" 0.109 0.490” 0.962" 0.899™ 0.961" 0.888™ 0.948™ 0.625™ EC

**_Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).
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Figure 2- Spatial distribution map of WQI in (a) 2018 and (b) 2008
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