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1- Introduction

The ecological, economic, and social potential of large and large uses is influenced by the quantity and quality
of the waters. Therefore, appropriate methods of surface water and groundwater have been investigated
qualitatively and quantitatively and used results in assessing the power of the land. One of the crucial factors for
sustainable development is the available water resources for different uses, considering the quality. Therefore,
investigations of the spatial variations of GQI and GWQI are significant in determining the best management
program. The purpose of this study was to evaluate the quality of drinking water resources in the Varzegan
watershed using the GWQI, GQI index and to, introduce an unsupervised method (weight averaging), also to
compare the results of 3 methods used to evaluate the water quality of Varzegan alluvial plain and select the
best method with determining the quality category of drinking water.

2- Materials and methods

2-1- Hydrogeological characteristics of the study area

Ahar Chay drains Varzeqgan plain and receives a significant number of tributaries before it falls to Qarasu (black
water) approximately 50 km east of Ahar, and this is a tributary of the River Araz flowing through the Republic
of Azerbaijan before it falls to the Caspian Sea. A Pliocene conglomerate covers the plain and the bedrock of the
aquifer. The aquifer is recharged by seasonal rivers flowing and snowmelts at the northern mountain ranges
known (as Qara Dagh) and southern mountain ranges (Ala Dagh). The Sattarkhan hydroelectric dam embanks
ahar Chay just outside of VVarzegan plain at its east. There is also a tailing dam to the north of Ahar alluvial plain
impounding the Sungun Copper Mines' wastewater. The groundwater flow direction coincides with the surface
water flow direction from west to east.

2-2- GWQI

The groundwater quality index (GWQI) method reflects the composite influence of the different water
quality parameters on the suitability for drinking purposes (Stigter et al., 2006). As a pre-processing to
calculate GWQI, different weights (wi) were assigned to each chemical parameter in the range of 1 to
5 (minimum and maximum effects on water quality) based on their perceived effects on primary health
and relative importance in the drinking water quality.
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2- 3- GQI
Computation of GQI, as defined, involves three steps: (i) calculating contamination index (C) for the annual
mean values of every parameter by relating its value with WHO prescribed limit, (ii) rating C between 1 and 10
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by generating rank (R), and (iii) computing GQI using ranks (R) and relative weights (W) of every parameter
using the following equations (Babiker et al., 2007):

C=Xr—-X)Xr+X) (2)
r=05xC?>+45xC+5 (3)
GQI=100 — ((rlwl + r2w2 +...+ rnwn)/n) (@)

2-4- Hydrochemical data

Thirty-nine (39) samples were collected from springs, ganats, and water wells distributed over the study area
(Nadiri et al., 2017c, 2018a; 2018b). The groundwater samples were analyzed in the hydrogeological laboratory
at the University of Tabriz and the East Azerbaijan Regional Water Authority laboratory. For many parameters
such as pH, Electric Conductivity (EC), Total Hardness (TH), Bicarbonate (HCO3’), Chloride (CI°), Sulfate
(SO4?), Calcium(Ca*?), Magnesium (Mg*?), Sodium (Na*), Potassium (K*), and minor elements such as nitrate
(NO3"), Fluoride (F), and trace elements such as Arsenic (As) by standard methods (APHA, 2012). Analysis
accuracy was checked for charge balance for the water samples. The charge balance values for all the samples
were <5%. Therefore, the analysis results were reliable. According to the analysis results, the samples measured
nitrate, fluoride, and arsenic levels higher than the WHO standard (World Health Organization, 2008; EPA,
2003). The WHO standard for nitrate, Fluoride and Arsenic elements, respectively, were 1.5 and 50 and 0.01

ppm.

2-5- Unsupervised method (DSGM)

The unsupervised method combines the results of the Indicators mentioned above, including GQI and GWQI,
through Eg. 5 as follows,
Clipmes X GQI + CL_yes X GWQT (5)

el
GQI and GWQI are the spatial distribution of the groundwater quality index, Cli represents the correlation
between anomalies (nitrate-arsenic) and groundwater quality index, and the unsupervised method is the
groundwater quality index obtained by the combined strategy. Notably, a method with a higher Correlation
Index (CI) gives a higher weight. In this combination, the groundwater quality index's spatial distribution for
these indicators must be obtained over the same period. For this purpose, the results of the groundwater quality
indicators between 0 and 1 are normalized by the following equation:

Unsupervised Method =

Xi=Xmin

i —— (®)
Where Xnorm is the normalized groundwater quality index, and Xmax and Xmin are the highest and lowest
rates of groundwater quality, respectively.

3- Results and discussion

Based on the GQI index results, the GQI index’s value varies numerically in the range of 58 to 82. According to
this range of numbers, the study area's groundwater is classified as poor, good and excellent quality in terms of
drinking water standards. On the other hand, according to the GWQI index results, numerical values fluctuate in
the range of 35 to 272 and are in 4 categories of water unsuitable for drinking, very poor, poor, and good. Due
to the commonalities in the calculation mechanism and having the same parameters for these two indicators,
both presented different results, making it difficult to choose one of these two as a superior indicator in
evaluating the quality of drinking water in VVarzegan City. Therefore, in this study, more acceptable results were
obtained, confirmed according to the validation performed by introducing and using the unsupervised
combination method. As a result, according to the GQI, GWQI index, and the unsupervised combination
method, the best method for determining the region's drinking water quality categories is the unsupervised
combination method.

3-1- Validation
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The correlation coefficient between groundwater quality maps and nitrate-arsenic data was calculated to
determine more accurately and compare the indicators and methods presented in this study. The unsupervised
method has the highest correlation coefficient and exhibits better performance.

4- Conclusions

Developing drinking water quality indicators is expected to quickly identify places with the highest and lowest
efficiency in an area for drinking purposes. This study uses the results of laboratory analyses obtained for 39
samples of groundwater sources with 13 parameters. It considers the guidelines of the World Health
Organization (WHO) and the Industrial Research Organization of Iran (ISIRI, 2009) criteria using two common
and practical indicators, GQI and GWQI, the quality categories of groundwater resources in terms of drinking
were determined. The output map was obtained for both indicators by determining the quality categories of
drinking water. However, despite the commonalities in calculating both indicators, different results were
obtained with different categories to drink groundwater resources in Varzegan City. Therefore, it was not
possible to select one of these two indicators for water resources in the region to determine the quality
categories of drinking water. As a result, for the first time in this study, the unsupervised combination method
was introduced to determine the drinking water quality categories of the region more accurately. The
unsupervised method provided a more accurate output than the previous maps, combining the two mentioned
indicators' results. It shows a more significant correlation (Cl) with areas with anomalies affecting (nitrate-
arsenic) residents' health.
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Table 1. Standard methods of measuring parameters.

Parameter Units Method

TH (mg/L.CaCo3) -

pH - In situ measurement/pH meter

F mg/L lon chromatography

CI mg/L lon chromatography

S0, mg/L lon chromatography

HCO;? mg/L -

Na* mg/L Flame atomic absorption spectrophotometry
K* mg/L Flame atomic absorption spectrophotometry
Ca® mg/L EDTA titrimetric method

Mg*? mg/L EDTA titrimetric method

As mg/L ICP-mass spectrometry (ICP-MS)
NOy mg/L lon chromatography

EC (uS/cm) Electric Conductivity meter

Table 2. Statistical information of groundwater quality parameters and comparison with standard threshold values.

Parameter Units Permissible | Minimum Maximum Mean Std. Dev. | ISIRI WHO
Na* mg/L 0.2 0.27 11 2.73 2.12 250 200
K* mg/L - 0.002 1.44 0.14 0.24 12 12
TH (mg/L.CaCos) 150 51.87 661.9 300 140 150 150
Ca* mg/L 0.3 0.8 10.8 3.2 2.08 300 300
Mg?* mg/L 0.15 0.23 6.4 2.02 1.5 200 30
HCOs mg/L - 2 10 5.02 2.04 800 -
Cl mg/L 0.4 0.19 7.2 1.33 1.35 400 250
SO~ mg/L 0.5 0.04 12.1 1.45 2.31 400 250
NOs’ mg/L 10 5.52 250.95 59.7 58.6 50 10
As mg/L 0.01 0.0 0.1 0.01 0.02 0.01 0.01
F mg/L 15 0.51 5.2 1.33 0.96 4 15
EC umoh/cm - 200 2520 747.07 464.46 500 1000
pH - 8.5 6.81 8.8 7.74 0.42 7.5 6.5-9
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Table 3. Standard values and weights assigned to each parameter and classification of water resources quality
categories in terms of drinking based on GQI and GWQI index.

GWQI GQl
Parameter ISIRI | WHO standard Weight Factor (R\Atjil)atlve weight Weight
pH 75 6.5-9 2 0.05 7.08
Na* 250 200 3 0.08 4.56
K* 12 12 1 0.02 5.46
Ca* 300 300 2 0.05 4.76
Mg 200 30 2 0.05 3.54
TH 150 150 1 0.02 8.08
As 0.01 0.01 5 0.13 7
Cl 400 250 3 0.08 4.22
HCOs 800 - 2 0.05 5.52
S04 400 250 2 0.05 4.22
F 4 15 2 0.08 6.7
EC 500 1000 3 0.08 7.74
NO3z 50 10 5 0.13 10
Total weight - - 35 - -

20-40 40 - 60 60 - 80 80 -100
Very poor Poor
GQl it T Good water Excellent water
GWQI
Q Excellent water Good water P VI [meer
water water
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Fig. 3. Spatial distribution of concentrations of variables affecting groundwater quality in Varzegan plain
catchment.
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Table 4. Conformity of measuring points of anomalies (nitrate-arsenic) in several levels with the values of quality categories of
output maps of methods.

L! M'z\éi:e;?:(As_N?_egw Category Methods
0 0 16 Excellent water
93 1 2 9
2 4 5
0 0 0
137 0 3 3 3 Poor water
1 1 1 2 Very poor water
2 3 0 0
0 0 1 23
0 1 3 2 Poor water i
146 1 2 1 1 Very poor water Unsupervised
. 5 0 0 Method
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Table 5. Values of parameters used to evaluate the quality of drinking water along with the output results of the methods and

determining the quality category of 39 sampling points.
cr

B (uISEI(c:m) TH 21(;%) (mglL) 2(3127L) .(231) (m:/L) (nfg/i) Mg“(mg/L) | Na'(mg/L) | K'(mglL) | As(mgiL) ool | Uneensed
! 843 | 970 | 3309 | 427 70.9 64.2 274 11 | 802 34 88.9 6.9 0.008 163.7
2 815 | 668 | 259.6 | 2684 | 443 46.8 61.9 15 | 625 252 54.2 15 0009 | 7827

3 735 | 907 | 2636 | 3538 | 407 375 46.2 52 | 577 29.1 95.8 03 0007 | 97.81
4 8.4 625 | 1795 | 2806 23 6.22 51.9 14 | 352 223 65.1 0.8 0.002 78

5 825 | 432 | 187.6 | 2098 | 212 41 355 09 | 401 213 1716 0.9 0.001 80.46

6 8.4 302 | 1315 | 122 177 75 26/4 1 224 18.4 8/3 06 0.002 81.99

7 825 | 282 | 1514 | 1512 23 21 30 09 | 256 213 146 0.9 0.003 2

8 802 | 663 | 2638 | 251.3 | 407 63.6 278 12 | 721 20.4 39.4 29 0.01

9 822 | 570 | 207.6 | 283 23 8.6 479 12 | 481 213 354 01 0.004

10 771 | 594 | 2316 | 336.7 23 8.7 302 11 | s13 252 344 5 0.006

11 782 | 765 | 2998 | 3204 | 319 45 38.1 1 753 27.2 39.4 7 0.007

12 765 | 1087 | 319.7 | 4026 | 726 90.7 39 16 | 721 34 93.8 7 0.003

13 69 | 1000 | 3199 | 41213 | 762 69 713 11 85 262 98.8 31 0003 | 8042 | 74.02

14 7.6 937 | 3315 | 41458 | 67.3 431 444 11 | s13 495 72 38 0.004

15 8.1 446 | 1638 | 200 19.4 6.9 40.4 11 | 401 155 285 32 0.007

16 785 | 420 | 9586 | 1952 | 212 14.4 35 12 | 272 6.8 493 56 0.054

17 776 | 1006 | 319.7 | 4099 | 584 | 1128 | 662 13 | 721 34 97.8 25 0.006 | 95.06 147.65
18 735 | 1248 | 4109 | 4148 | 797 | 1213 | 1656 | 14 | 882 486 102.9 5.4 0004 | 127.56 | 70.35 136.1
19 802 | 724 | 1997 | 336.7 46 45 46.4 12 | s45 155 83.9 26 0.003

20 8 438 | 139.9 | 2196 | 283 56 487 12 | 401 97 443 35 0.001

2 786 | 391 | 1555 | 1952 | 212 55 471 1 36.8 155 255 13 0.002

22 8.2 212 | 5187 | 1268 | 177 43 258 0.9 16 2.9 413 22 0.006

23 806 | 344 | 1275 | 1586 | 301 36 324 42 32 116 245 25 0.003

24 8.1 496 | 127.4 | 2196 23 16.1 307 52 16 213 485 31 0.003

25 8.8 716 | 1718 | 305 28.3 19 35.7 1 481 12.6 83.9 48 0.008

26 745 | 304 | 1196 | 1561 71 4 18.4 1 40 48 103 117 0.009

27 764 | 644 167 | 2879 | 355 30 125 11 | 496 105 785 42 0.007

28 763 | 25 | 8753 | 1317 | 106 2 115 1 288 38 19 25 0.037

29 755 | 477 | 1588 | 2342 | 213 6 233 11 | 432 124 38.1 31 0.002

30 725 | 1900 | 661.9 | 3904 | 20093 | 478 | 13557 | 256 | 150.4 69.7 172.38 1.72 0.005

31 742 | 700 | 2833 | 3355 | 259 | 5439 | 1901 | 101 | 832 18.392 50 1.62 0.004

32 706 | 2520 | 5583 | 610 | 5698 | 17857 | 1214 | 1.2 128 58.08 121.79 35.07 01

33 755 | 1190 | 486.6 | 488 50 | 17032 | 11465 | 051 | 118.4 465 76.16 242 0.075

34 823 | 1100 | 757.7 | 610 | 131.95 | 18956 | 1666 | 101 | 176 77.44 55.6 272 0.013

35 724 | 1600 | 179.4 | 2562 | 3398 | 27.47 | 2496 | 106 | 448 16.45 44.75 121 0 138.61
36 765 | 500 | 307.1 | 30988 | 60.9 | 6043 | 8024 | 103 | 752 29.04 58.9 6.14 0.012 89 | 7345 157.13
37 753 | 800 | 4948 | 4636 | 1109 | 1009 | 13062 | 149 | 1472 30.97 45.62 56.17 0.03 66.82

38 681 | 1200 | 2155 | 219.6 38 23.07 | 25095 | 067 72 8.712 254 6.94 0.04 71.94

39 801 | 200 | 3150 | 347.7 69 19.23 8.2 0.55 72 32.912 56.9 1.017 81.22

Excellent water \ Poor water | Very poor water
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Fig. 4. Drinking water quality category maps of the study area.
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