
 

75 
 
 

 

 
 

 هاي نوين در مهندسي آب پايدارنشريه علمي پژوهش

 PIG 

 LPIG  AHP 

 

 25/70/1171 تاريخ ارسال:

 22/12/1171 تاريخ پذيرش:

DOI: 10.22103/nrswe.2023.20384.1016  

 

 

PIGPHTDS

PIG

IDWRMSE2RArcGIS

WHO

PIGAHP

LPIG

AHPLPIGPIG

                                                           
1* -   

melika_rastgoo@modares.ac.ir 
2 -  
3 - 

 



 همكاران راستگو و       ارزيابي كيفيت آب زير زميني آبخوان دشت  .........                                                                             

 

75 
 
 

 

 

Zhou et al. 2021 

Dolatkordestani et al. 2019

Adimalla et al. 2020; Gao et al. 2020

Mohebbi Tafreshi and Mohebbi Tafreshi 2017

Hosseini Moghari 

and Ebrahimi 2015

Schoeller 

1965

                                                           
1 Shouller 

Dokou et 

al. 2015; Mohebbi Tafreshi and Mohebbi Tafreshi 

2017

Babiker et al. 2007; El-Zeiny and Elbeihet 2019

  

GIS

 

 Heshmati and 

Beigi Harchegani 2014; Dandge and Patil 2022 

GIS

Tiwari et al. 

2018 

2 Pratapgarh 



 (1041) پاييز و زمستان(، 2)مارهش(، 1) دوره                                                 هاي نوين در مهندسي آب پايدار            پژوهش

 

75 
 
 

 

 WQI GIS

Shahidi and Khadempour 2020

 

GWQIAWQI

TDS

 PIG

SubbaRao 2012

SubbaRao et al. 2018PIG

PIG

Nath et al. 2021

GIS

                                                           
1 Water Quality Index 
2 pollution index of groundwater 
3 Telangana 

PIG

SaatyAHP

Huang et al. 2011

Achu et al. 2020; 

Aykut 2021 

Karakuş 2019; Eldaw et 

al. 2021

4 Thettiyar 
5Analytical hierarchy process 



 همكاران راستگو و    ابي كيفيت آب زير زميني آبخوان دشت.....                                                                                       ارزي

  

 

06 
 
 

 

PIG

 

 

 

′′′

′

2
km

2
km

-

                                                           
1 Ophiolith 
2 Colored Melange 
3 Phylish 

Southern 

Khorasan Regional Water Company. 2008; Iran 

Water Resources Management Company. 2016

2+Ca 2+Mg-Cl2+ NaK  F 

4SO3 NOPH  3HCOTDS 

 

RMSE)2R(

IDW

PIG 

PIG 

SubbaRao

4 De Martonne 
5Root Mean Square Error 
6 R-squared correlation 



 (1041) پاييز و زمستان(، 2)شماره(، 1) دوره                                                 هاي نوين در مهندسي آب پايدار            پژوهش

 

01 
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𝑃𝐼𝐺 =∑𝑂𝑤
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AHP

Saaty

.

Ghodsipour 2002

.

 (WHO)(: مقادير وزن نسبي، وزن و حدود مجاز استاندارد آب شرب سازمان بهداشت جهاني1جدول)

WHO(2011) Weight parameter 

(Wp) 

Relative weight 

(Rw) 

Units Water quality 

parameter 

0111 011/1 5 mg/l TDS 

5/7 011/1 5 - PH 

55 011/1 5 mg/l 𝐍𝐎𝟑
− 

51 150/1 1 mg/l 𝐌𝐠𝟐+ 

75 150/1 1 mg/l 𝐂𝐚𝟐+ 

151 107/1 5 mg/l 𝐂𝐥− 

111 107/1 5 mg/l 𝐍𝐚𝟐+ 

011 170/1 0 mg/l 𝐇𝐜𝐨𝟑
− 

111 011/1 5 mg/l 𝐒𝐨𝟒
𝟐− 

1/0 011/1 5 mg/l 𝐅− 

01 115/1 0 mg/l 𝐊+ 

 0 50  Sum 

 PIG (SubbaRao. 2012.)(: طبقه بندي آلودگي آب بر اساس شاخص2جدول)

Classification Range of PIG 

 0> 

5/0 - 0 

1 - 5/0 

5/1 - 1 

5/1< 
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 بيرجند هاي آب زيرزميني آبخوان دشتهاي آماري پارامترهاي شيميايي نمونهنمايه(:  5جدول)

WHO(2011) CV SD Max Min Mean Units Parameter 

0111 80/1 01/1687 0/01005 55/005 15/0115 mg/l TDS 

8 - 5/6 106/1 17/1 05/8 06/7 56/7 - PH 

55 7/1 70/08 57/87 16/01 86/16 mg/l 𝑵𝑶𝟑
− 

51 57/1 501/60 8/151 0/60 60/005 mg/l 𝑴𝒈𝟐+ 

75 60/1 58/67 5/171 85/15 86/07 mg/l 𝑪𝒂𝟐+ 

151 05/1 11/0105 00/5168 67/008 70/0177 mg/l 𝑪𝒍− 

111 00/0 15/000 5/5101 86/070 06/818 mg/l 𝑵𝒂𝟐+ 

011 07/1 7/000 68/558 80/051 8/011 mg/l 𝑯𝒄𝒐𝟑
− 

111 16/0 55/815 85/0851 57/050 0/778 mg/l 𝑺𝒐𝟒
𝟐− 

1/0 55/1 0/1 00/0 1 55/1 mg/l 𝑭− 

01 01/1 55/00 0/70 18/0 00/10 mg/l 𝑲+ 
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−
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 Weight

wO wO 

011/1 067/1 060/1 500/1 TDS 

011/1 011/1 017/1 017/1 PH 
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Cl4SO
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 زيرزميني در منطقه مورد مطالعه(: نقشه ارتفاع و جهت جريان آب۷شكل)

 

 LPIG(: نتايج تحليل حساسيت حذف پارامتر بر شاخص ۷جدول)

SD Max Min Mean Removed 

Parameter 

SD Max Min Mean Removed 

Parameter 

5/5 11/08 01/5 05/05 Na2+ 05/5 18/58 60/01 10/15 TDS 

51/0 05/8 50/1 00/1 Hco3
− 16/0 10/06 00/1 57/7 PH 

56/0 10/00 70/0 75/01 So4
2− 80/5 8/00 0/0 10/01 NO3

−
 

07/1 0/0 1/0 00/1 F− 05/1 77/05 06/1 15/0 Mg2+ 

8/1 00/7 06/1 1 K+ 80/1 71/6 05/0 06/0 Ca2+ 
     68/0 05/11 00/0 81/01 Cl− 
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Abstract 

Indiscriminate extraction of groundwater resources as an essential resource for drinking 

purposes, especially in arid and semi-arid regions, threatens the quality of these resources. Low 

quality of groundwater because of infiltration of salt water into aquifers, affects human health, 

so evaluating groundwater quality is important. In this paper the results of evaluating 

groundwater quality for drinking purpose in birjand aquifer, located in South Khorasan 

province, by using the pollution index of groundwater (PIG), have been explained. In this 

study, the qualitative data of PH, TDS, Mg, Na, Ca, Cl, NO3, F, HCO3, SO4, K related 

to 20 wells for 2019-2020 were collected. In order to calculate the PIG, the parameter map was 

prepared using the appropriate interpolation method (Kriging and IDW) based on the RMSE 

and R2 in ArcGIS and the WHO standard was used as a guide. Due to the existence of local 

effects of various parameters and the existence of some dominant quality parameters in the 

samples, to increase the accuracy of the PIG model, the Analytical Hierarchy Method (AHP) 

was used to modify the weights and develop a local optimal index. The computed values of the 

revised pollution index map (LPIG), varied from 0.8 to 5.5, and divides the quality level of the 

aquifer into 5 classes with insignificant, low, moderate, high and very high pollution, It covers 

9.7%, 15.5%, 35.9%, 23.9% and 1.15% of the area, respectively. A high pollution in the 

western and southwestern areas of the aquifer is attributed to agricultural activities in these 

areas. 
 

Keywords: Birjand aquifer, Groundwater quality, AHP, LPIG, PIG 

 

 

                                                           
1*- MSc. Student of Engineering and Water Resources Management, Faculty of Civil and Environmental Engineering, Tarbiat Modares 

University, Tehran, Iran. (* Corresponding author: melika_rastgoo@modares.ac.ir).  
2 - Assistant Professor, Faculty of Civil and Environmental Engineering, Tarbiat Modares University, Tehran, Iran. 
3 - Professor, Department of Water Science and Engineering, Faculty of Agriculture ,University of Birjand, Birjand, Iran. 

 

 

mailto:melika_rastgoo@modares.ac.ir

