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Figure 1- The location of the studied wells.
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Table 1- Statistical characteristics of the chemical quality of the measured samples.

TDS EC HCOs CIF SO Ca*? Mg  Na* Variables
mg F NOs: Hs pH Meg/m Statistical
L cm characteristics
4058 0.6 116 6340 793 12.6 46 2023 73 7.7 4358 Maximum
195.2 03 23 3.93 7.04 2.3 0.3 083 08 0.6 0.42 Minimum
525.45 0.12 7.12 810.48 761 412 255 259 227 278 3.93 Mean
683.80 0.17 0.14 107466 024 217 752 332 146 164 827 standard
deviation
130 053 051 133 003 053 295 128 064 059 210 Coefficientof
variation
W) 6).'.5"}‘“\5‘ 61.!84.59.«3 b ).Jbi @L} -y Jg.\a
Table 2- The results of the quality analysis of the measured samples.
row Sampling location Total UT™M
Difficulty . . - DS EC
r(};l';ﬁ F- NOs K Na* Mg?* Ca?* SO+ CL- HCOs pH mg/L EC*108 X v
(CaC03)
1 Saifabad Khalsa 200.18 0.3611.230.03 0.51 16 24 0.24 06 3.6 7.53 230 418 479775 3974706
2 Azdabad 115.11 1.5341.210.04 164 15 0.8 059 05 28 7.93 212 385 460568 3968854
3 Kahrizak 160.15 2.8752.76 0.05 3.63 2 1.2 23118 26 7.99 345 628 473333 3964862
4 Tankman 180.17 0.3210.49 0.07 0.43 2.3 1.3 0.1209 3 7.43 207 376 465188 3972190
5 Khairabad 85.08 4.3169.410.05 397 1 0.7 079 2 28 799 305 554 468735 3965289
6 Karimabad 135.13 0.9328.27 0.04 1.08 1.7 1 051 0.6 2.6 8.05 194 353 464995 3967036
7 Namklan 170.15 0.25853 0.03 0.32 16 1.8 0.26 0.8 2.6 7.83 188 341 472011 3971415
8 ArzizabadSheikh Hassan 110.10 1.1935.71 0.05 1.25 1.3 0.9 0.21 0.5 2.7 8.01 183 333 460720 3972710
9 Haji Beyk 185.17 0.5316.18 0.03 0.72 19 18 0.46 1.4 25 7.96 233 406 468969 3972843
10 Haji Shah 140.13 0.4114.800.02 0.49 13 15 019 05 26 7.81 166 302 470372 3969462
11 Qasim Abadbuzur 210.20 1.8839.08 0.04 2.72 2.7 15 19908 4 7.45 381 692 472882 3977322
12 Shandeh 245.23 0.5815.58 0.03 091 3.3 1.6 1.21 0.7 3.8 751 311 566 480636 3983404
63 Tt s
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Figure 2- General structure of fuzzy inference system.
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Figure 3- Flowchart of groundwater quality analysis using fuzzy inference system.
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Table 3- The limits determined by the World Health Organization (WHO) (2006) and Iran Institute of Standards and
(Industrial Research (2006).

Parameter WHO (2006) IRISI
Optimal Acceptable Optimal Acceptable
pH 7-8.5 6.5-9.2 7-85 6.5-9.2
TA 200 600 - -
TH 300 600 150 500
TDS 500 1500 500 1500
Ca? 75 200 75 200
Mg? 50 100 50 150
Cl 200 1000 200 600
S04 200 400 200 400
NOs 20 <100 20 45
F 1 15 - -
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Table 4- Some rules determined based on expert opinion for quality parameters of underground water in each group.

First Group
Law No Condition Part The Result Part
R1 IF TDS=Desirable AND TA=Desirable AND Cl=Desirable AND So4?=Desirable THEN G = Desirable
R2 IF TDS = Desirable AND TA = Desirable AND CI- = Desirable AND SO4>~ = THEN Gz = Desirable
Acceptable
R3 IF TDS = Desirable AND TA = Desirable AND CI- = Desirable AND SO4* = THEN G1 = Desirable
Not_Acceptable
R4 IF TDS = Desirable AND TA = Desirable AND CI- = Acceptable AND SO4* = THEN Gz = Desirable
Acceptable
R5 IF TDS = Acceptable AND TA = Acceptable AND CI- = Acceptable AND SO4* =  THEN G1 = Acceptable
Acceptable
R6 IF TDS = Acceptable AND TA = Acceptable AND CI- = Acceptable AND SO4> =  THEN G1 = Acceptable
Desirable
R7 IF TDS = Acceptable AND TA = Acceptable AND CI- = Not_Acceptable AND THEN G1 = Acceptable
S04 = Acceptable
Rs IF TDS = Acceptable AND TA = Desirable AND CI- = Not_Acceptable AND THEN G1 = Not_Acceptable
S04% = Not_Acceptable
Ro IF TDS = Acceptable AND TA = Acceptable AND CI- = Not_Acceptable AND THEN G1 = Not_Acceptable
S04% = Not_Acceptable
Rio  IF TDS = Not_Acceptable AND TA = Desirable AND CI- = Not_Acceptable AND THEN G1 = Not_Acceptable
S04* = Desirable
The Second Group
Law No Condition Part The Result Part
R:  IF pH = Desirable AND TH = Desirable AND Ca?" = Desirable AND Mg?" = THEN G2 = Desirable
Desirable
Rz  IF pH = Desirable AND TH = Desirable AND Ca®*" = Acceptable AND Mg?* = THEN G2 = Desirable
Acceptable
Rs  IF pH = Desirable AND TH = Desirable AND Ca®*" = Acceptable AND Mg?* = THEN Gz = Desirable
Not_Acceptable
Rs  IF pH = Acceptable AND TH = Acceptable AND Ca?* = Acceptable AND Mg?* = THEN Gz = Acceptable
Acceptable
Rs  IF pH = Acceptable AND TH = Acceptable AND Ca?* = Acceptable AND Mg?* = THEN Gz = Acceptable
Desirable
Re IF pH = Desirable AND TH = Acceptable AND Ca?* = Acceptable AND Mg?* = THEN Gz = Acceptable
Not_Acceptable
R7 IF pH = Not_Acceptable AND TH = Acceptable AND Ca?* = Acceptable AND THEN Gz = Not_Acceptable
Mg?* = Desirable
Rs IF pH = Not_Acceptable AND TH = Not_Acceptable AND Ca?* = Acceptable THEN G2 = Not_Acceptable
AND Mg?* = Desirable
Ro IF pH = Acceptable AND TH = Acceptable AND Ca?* = Not_Acceptable AND THEN G = Not_Acceptable
Mg?* = Not_Acceptable
R IF pH = Desirable AND TH = Not_Acceptable AND Ca?* = Not_Acceptable AND THEN G2 = Not_Acceptable
Mg?* = Not_Acceptable
The Third Group
Law No Condition Part The Result Part
Ri1 IF G1 = Desirable AND G2 = Desirable AND Noz™ = Desirable AND F = THEN WQ = Desirable
Desirable
R2 IF G1 = Acceptable AND G2 = Desirable AND NOs™ = Desirable AND F- = THEN WQ = Desirable
Acceptable
Rs IF G1 = Not_Acceptable AND G2 = Desirable AND NOs™ = Desirable AND F- THEN WQ = Desirable
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= Desirable
R4 IF G1 = Not_Acceptable AND G2 = Desirable AND NO3" = Acceptable AND THEN WQ = Acceptable
F- = Desirable
Rs IF G1 = Not_Acceptable AND G2 = Acceptable AND NOs = Acceptable AND THEN WQ = Acceptable
F- = Acceptable
Re IF G1 = Acceptable AND G2 = Acceptable AND NOs™ = Acceptable AND F- = THEN WQ = Acceptable
Acceptable
R7 IF G1 = Acceptable AND G2 = Acceptable AND NOs™ = Not_Acceptable AND THEN WQ = Not_Acceptable
F- = Acceptable
Rs IF G1 = Desirable AND G2 = Not_Acceptable AND NOs™ = Not_Acceptable THEN WQ = Not_Acceptable
AND F = Desirable
Ro IF G1 = Acceptable AND G2 = Not_Acceptable AND NOs= Desirable AND F- THEN WQ = Not_Acceptable
= Not_Acceptable
R IF G1 = Not_Acceptable AND G2 = Not_Acceptable AND NOs™ = Desirable THEN WQ = Not_Acceptable
AND F = Desirable
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Table 5- Details of underground water for drinking purposes using fuzzy inference system and deterministic method
(Based on WHO World Health Organization standards).

Decision making

Decision making based on deterministic method

Sample based on fuzzy .
number method Unacceptable Acceptable Optimal

1 Optimal (69) TDS TA,Cl, F S04, pH, TH, Ca, Mg, NOs
2 Optimal (51) B TDs, Cl, TH. €2, Mg, NOa TA, SO, pH
3 Optimal (81) _ TDS, Cl, F TA, SO4, pH, TH, Ca, Mg, NOs
4 Optimal (78) B TDS, TA, Cl, TH, NOs, F SO4, pH, Ca, Mg
5 Acceptable (75) TDS, TH Cl, Ca, Mg, F TA, SO, pH, NO3
6 Optimal (96) _ TDS, TA, CI, F SOq4, pH, TH, Ca, Mg, NO3
7 Optimal (100) _ TDS, TA, CI SO4, pH, TH, Ca, Mg, NOs, F
8 Optimal (100) _ TDS, TA, CI SOq4, pH, TH, Ca, Mg, NOs, F
9 unacceptable (81) TDS TA, Cl, TH, Ca, Mg S04, pH, NOs, F
10 Acceptable (75) TDS CI, TH, F TA, SO4, pH, Ca, Mg, NOs
11 Acceptable (75) TDS CI, TH, F TA, SO4, pH, Ca, Mg, NOs
12 Acceptable (57) _ TDS, TA, F Cl, SO4, pH, TH, Ca, Mg, NO3
13 unacceptable (76) F TDS, TA, ClI S04, pH, TH, Ca, Mg, NOs

) TDS, TA, Cl, SO4, pH, TH, Ca,
14 Optimal (92) _ _ Mg, NOs, F

) TDS, TA, Cl, SO4, pH, TH, Ca,
15 Optimal (100) _ _ Mg, NOs, F
16 unacceptable (92) TDS, F TA, Cl, TH, Ca S04, pH, Mg, NO3
17 Optimal (75) TDS TA,Cl, F SO4, pH, TH, Ca, Mg, NOs

) TDS, TA, ClI, SOs4, PH, TH, Ca,
18 Optimal (34) _ _ Mg, NOs, F
19 Optimal (81) TDS Cl, TH,F TA, SOq4, pH, Ca, Mg, NOs
20 Acceptable (95) ~ TDS, F TA, Cl, SO“',\FI’S'JH’ Ca, Mg,

. TA, Cl, SO4, pH, TH, Ca, Mg,
21 Optimal (99) _ TDS NOs, F

) TDS, TA, Cl, SO4, pH, TH, Ca,
22 Optimal (97) _ _ Mg, NO3, F
23 Optimal (48) TDS, TH TA, Cl, Ca, Mg, F SOq4, PH, NO3

TDS, TA, Cl, SO4, pH, TH, Ca,

24 Acceptable (67) _ - Mg, NO3, F

) TDS, TA, Cl, SO4, pH, TH, Ca,
25 Optimal (87) _ _ Mg, NOs, F
26 Optimal (71) TDS Cl, TH, Ca, Mg, F TA, pH, NO3
27 Acceptable (45) B TDS, F A, Cl, SO“‘ES‘STH’ Ca, Mg,
28 Optimal (64) TDS Cl, NOs, F TA, SOq4, pH, TH, Ca, Mg
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Figure 4- Final evaluation of drinking water quality using fuzzy inference system.
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