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1-Water Quality Index
2- Fuzzy Logic
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Table 1- Summary statistics of the Saveh Plain’s water quality parameters (28)

Palyly sl DaoS  dipudy (Sl Sbre Bl 2l
Parameter Unit Min. Max. Mean Standard Deviation
MO Hrrdde g5 472 627 6.28
Magnesium-Mg (mg lit™)
Na- 2 Arefde 030 9725 16,98 16.74
Natrium-Na (mg lit™)
Kol Arefde g1 153 o011 0.11
Potassium-K (mg lit™)
SO4-cl : g
> A res Lf“’ 008 56.00 14.28 1253
Sulfate-SO4 (mg lit™)
Cl-5 A res Lf“’ 012 11922 14.10 18.69
Chlorine-Cl (mg lit™)
TDS sty sl J5 A ores Lf“’ 730 12140 1948.6 1855.2
Total Dissolved Solids-TDS (mg lit™)
HCO3-cbosin Arerde 009 100 310 114
Bicarbonate-HCO3 (mg lit™)
Capls Mredde 040 5157 814 1.28
Calcium-Ca (mg lit™)
pH - 6.42 8.9 8.01 0.28
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Table 2- The position of selected wells

ol 0)lous Utmy  Utmx ol 2)lowd Utmy  Utmx ol 0)leus Utmy  Utmx
Well No. Well No. Well No.
1 3881500 429250 7 3873780 446141 13 3865220 458206
2 3881275 434010 8 3883400 446550 14 3874583 461555
3 3879200 441850 9 3882450 447250 15 3862923 462435
4 3878500 442250 10 3877813 447846 16 3861670 465250
5 3874520 442760 11 3873600 449000 17 3858760 468520
6 3881700 445300 12 3862600 449750
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2- Expert Systems

3- Fuzzy Inference System
4- Rules

5- Fuzzification

6- Implication

7- Aggregation

8- Defuzzification
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1- World Health Organization



WYY 0T mbe S Gl (5B (ol azwgi

(YY) WQI (s 5oyl (oo 9 Blle (39 - F Jg>
Table 3- The weight and relative weight of WQI parameters (23)

sl oU Mg Na K S04 cl TDS HCO3 Ca pH
WHO standard WHO » sl 50 200 12 250 250 500 120 75 85
Weight (wi )5 3 4 2 5 5 5 1 3 3

relative weight (W; ) (s o)js 0.097  0.129  0.065

0.161 0161 0.161 0.032 0.097  0.097

WQI (ad Wi (bl o O (S gsaib -F Jgoun
Table 4-Classification of groundwater quality according to WQI

oadle jlade <50 50-100 100-200 200-300 300<
WQI value

ol did Sl cudS cule CotS Ghms CotS s (LS cudS opb lp e B
Type of water  Excellent Good Poor Very Poor Uselessness
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Figure 1- Mamdani Inference System (1)

FWQI3 = f(Groupl,Group2 —{K },Group3) (
FWQI4 = f(Groupl,Group2,Group3—{Ca}) (\+)
FWQIS5 = f(Group2,Group3) (")
FWQI6 = f(Groupl,Group3) (VY)
FWQI7 = f(Groupl,Group2) (V)
Ol coiS asls coan FWQI7 s FWQIL (s, oyl 55 o5
(Groupl = {TDS,Cl, S04} i o3l dxusi (535
Group3 = {pH,Ca,Mg} 5 Group2 ={HCO3,K,Na}
b e

3)

—

dawgi 3l (b ol Ly g dlge S 53 &S jolailen

S oo b pald (S b))l yokate & FWQI slajasls
035 g adls cpl (el adlllas 3590 0lx WV (dejpj ]
S WQI La3Ls 3 ) Jols ol )y A 450, WQ
slobin oy Slas 5)lg 0 ST 5 (asls g3 p» wbd lis FWQIL
A oyles cslboly 5 ol a8 (sl 93 ) obl r lazals
i oyl 53 e ls 90 ya jlde ol Caslio VY 9 WY AY &Y
G903 Ol Cnlpl @l Voo nj oy p 3590 0593 53 ol
oolosl 903 olitul 5l el jslaie 4y aole (ul I pg )
Vg I Y Ve A o)l slmoly Ul cuiS jasls g oyl
20,5 os oy Oy gl ol 5l edlitul g ol Cunliol Lo
WQI 5 FWQIL a3l 93y (585 Jlai )3 b g paies joboty
Ao YO )3 (yp 090 ol > Ol oS &5 S e
S lge gy )3 5 aliol )lg0 2o )3 Yo )3 sl 3)l5a
13 ol S 5 ) alie Canidg S ol gl ) ] anlial
4ol i 45l & (Syee ) (nlpls cuns (o) 3)90 Slaola
O srlio ALl (Gl 351 3929 03 5l el polaie

ol b pal)ly plo 4y Cans @lite glojl sl PH eyl
Bt ol i Jlae ;3 2alily ol 2bj g o5 jolio |5
rlo @l g cogmas @b 6 PH bl sl ol ply 09 sl
byl ol oad 48)S 115 )3 Cogas @b g jell
Jsl 09,5 005 (gd0diwd 09,5 dw ;0 0 Jodn D 3550
9 K HCO3 slayial,l pg3 05,5 SO4 4 Cl TDS (sla ol )y
igdse Jols |y PH 9 Mg Ca (sla ol b pows 09,5 9 Na

o2litl wiajls (FWQI) ' 658 O i a3l anwgs ol
S5 FIS s 5l FWQI L) )3 35385 jsb 4 .puiwds FIS
I8 il 3y5me Jol 9,5 slngally Jol FIS j3 .ol on
FSE (293 o9 9B IVO (93959 4w 5 FIS () 68 e
Dy S oy ) ped 05y S (slayielyl 4 S ped FIS .ol oais
sl Ju8 FIS 93 4l 55 pow FIS )l Jgl FIS wlive undg
byyo opiled slaai 09,8 pl jo PH 239 ybld & a8 gy ol b
WS FIS aws | Jols sla 55 .Canl 9B YYD FIS ol &
FIS cpl (295 &5 w0 S 1y 500 FIS 6 (sla 399
Al o FWQI a3l wi s aide o9ls VWO (wlowl
ol 4l & Joan 10 FWQI & bgyye Cugae mily cilasuin
b os i Kol o aigs iled alS ail,) 4 bl ) el
Wilodds 0l LS Y Jada 3 (yled ol 51 (S
S ela el )b oluws b Ol cusS jasli sbul jd FIS aabl )
Wb 03 drwgr S0 (656 s ls b jelaie cpdy b a8 S LIS
S5 syl 5l o b S aslis i opl 51 Gy pn a8
22 Cygo 4 ol 03 drwgl (gla sl plply Wad Bls oud

FWQI1 = f (Groupl, Group2, Group3) v
FWQI2 = f (Groupl—{ClI},Group2, Group3) ]

1- Fuzzy Water Quality Index
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Table 5- Characteristics of the applied membership functions

Parameter yl,b Na TDS
Statuscuzsg a b c d a b c d
Very Goodcsglls 0 0 100 200 0 0 400 600
Goodegs 100 200 300 - 400 600 800 -
Moderate luwgze 200 300 400 - 600 800 1200 -
Bad., 300 400 500 - 800 1200 3000 4000
Very Bad.y, Js 400 500 1000 1000 3000 4000 12000 12000
Parameter yl,l, Cl Mg
Statuscyes, a b c d c d
Very Goodclls 0 0 100 300 0 0 40 90
Goodegs 100 300 400 - 40 90 140 -
Moderate lawgze 300 400 500 - 90 140 200 -
Bad.y 400 500 600 - 140 200 260 -
Very Bad., L3 500 600 2000 2000 200 260 500 500
Parameter yl,l, K SO4
Statuscassg a b c d a b c d
Very Goodcllas 0 0 5 14 0 0 200 300
Goode g 5 14 20 - 200 300 400 -
Moderate luwgze 14 20 30 - 300 400 500 -
Bad., 20 30 40 - 400 500 600 -
Very Bady, Js 30 40 50 50 500 600 1000 1000
Parameter y.l,l, Ca HCO3
Statuscyzs, a b c d b c d
Very Goodclls 0 0 40 90 0 0 50 140
Goodegs 40 90 140 - 50 140 200 -
Moderate low e 90 140 200 - 140 200 250 -
Bad.y 140 200 260 - 200 250 300 -
Very Bad., L3 200 260 500 500 250 300 400 400
Parameter yl,l, pH pH
Statuscuxsg a b c d a b c d
Very Goodogllas 7 8 9 - - - - -
Goodgs 6 7 8 - 9 10 -
Moderate L 5o 5 6 7 - 10 11 -
Bad., 4 5 6 - 10 11 12 -
Very Bad.y, Js 0 0 4 5 11 12 14 14
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Table 6- Characteristics of the Membership functions of FWQI

Type of Excellent Good Poor Very Poor Uselessness
water
&b cogas a b ¢ d a b c a b c a b c a b c d
m;’mﬂ j;“p 0 0 30 70 30 70 120 70 120 230 120 230 320 230 320 500 500
FWQI (ad s drwgi 3 i 03! yailed (& 0 -V Jgo>
Table 7- Some utilized rules for FWQI development
5,loud Xt U
FIS o _ . _ Antecedent _ . Consefq EJent
“Therules S KW Sls il Sl KW o1
No. If is and if Is and if is then
[ o o le
1 DS ol cl ollae S04 ol o
Very Good Very Good Very Good Excellent
. 10 DS woflae cl e S04 A b i
V29 Very Good Good Very Bad Poor
Output 1 g S S s s
utpu 50 DS s cl A b S04 A b s S
Good Very Bad Very Bad Very Poor
80 DS ~ cl ool S04 A ok e
Bad Very Good Very Bad Very Poor
5 HCO3 wolls K ol Na ~ eelie
Very Good Very Good Bad Good
. 30 HCO3 N K sl Na ke e
Y o5 Good Very Good Very Bad Poor
Output 2 90 HCO3 kY K Lsgio Na SRR Cignd i
Bad Moderate Very Bad Very Poor
120 HCO3 A ks K * Na 2 ks Sypan JB
Very Bad Bad Very Bad Uselessness
20 pH wohae Ca wofae Mg A b e
Very Good Very Good Very Bad Poor
. 60 pH bgte Ca w5 Mg > o
ARET IS Moderate Good Bad Poor
Output 3 140 oH e Ca ke Mg s Chnd S
Good Bad Very Bad Very Poor
206 pH A u"*” Ca ]"‘"9“"’ Mg & L;\P B pan J‘.ls »
Very Bad Moderate Very Bad Uselessness
7 V2o S Vo e AT Cipnd —
Output 1 Excellent Output 2 Good Output 3 Poor Good
19 V29 Cand Vi Chund Y29 Cand g
FWOQI Output 1 Poor Output 2 Poor Output 3 Poor Poor
110 S gl S Y g Gl Vi des s i Gl
Output 1 Very Poor Output 2 Very Poor Output 3 Very Poor Very Poor
120 V2o g LS Vo Spas JB e AT Spas JB e Spas JB e
Output 1 Very Poor Output 2 Uselessness Output 3 Uselessness Uselessness

Logasls plo 4 Cous |y (58 labo jasls ol e ol

il 350 clooly i Cundy Gl atuslys gba FWQIS
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Figure 2- WQI and FWQI (May 2005)
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Figure 3- WQI and FWQI (September 2005)
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Figure 4- WQI and FWQI (May 2006)
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Figure 5- WQI and FWQI (September 2006)
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Introduction: Groundwater resources are the main source of fresh water in many parts of Iran. Groundwater
resources are limited in quantity and recently due to increase of withdrawal, these resources are facing great
stress. Considering groundwater resources scarcity, maintaining the quality of them are vital. Traditional
methods to evaluate water quality insist on determining water quality parameter and comparison between them
and available standards. The decisions in these methods rely on just specific parameters, in order to overcome
this issue, water quality indices (WQIs) are developed. Water quality indexes include a range of water quality
parameters and using mathematical operation represent an index to classify water quality. Applying the classic
WQI will cause deterministic and inflexible classifications associated with uncertainties and inaccuracies in
knowledge and data. To overcome this shortcoming, using the fuzzy logic in water resources problems under
uncertainty is highly recommended. In this paper, two approaches are adopted to assess the water quality status
of the groundwater resources of a case study. The first approach determined the classification of water samples,
whilst the second one focused on uncertainty of classification analysis with the aid of fuzzy logic. In this regard,
the paper emphasizes on possibility of water quality assessment by developing a fuzzy-based quality index even
if required parameters are inadequate.

Materials and Methods: The case study is located in the northwest of Markazi province, Saveh Plain covers
an area of 3245 km? and lies between 34°45'-35°03'N latitude and 50°08'-50°50'E longitudes. The average height
of the study area is 1108 meter above mean sea level. The average precipitation amount is 213 mm while the
mean annual temperature is 18.2°C. To provide a composite influence from individual water quality parameters
on total water quality, WQI is employed. In other words, WQI is a weighting average of multiple parameters.
The present research used nine water quality parameters (Table 2). In this paper Fuzzy Water Quality Indices
(FWQIs) have been developed, involving fuzzy inference system (FIS), based on Mamdani Implication. Firstly,
five linguistic scales, namely: Excellent, Good, Poor, Very poor, and Uselessness were taken into account, and
then, with respect to ‘If—then’ rules the FWQIs were developed. Later, the seven developed FIS-based indexes
were compared with a deterministic water quality index. Indeed seven FWQIs based on different water quality
available parameters have been developed. Then developed indices were used to evaluate the water quality of 17
wells of Saveh Plain, Iran.

Results and Discussion: The present study analysed groundwater quality status of 17 wells of Saveh Plain
using FWQI and WQI. Based on the driven results from WQI and its developed fuzzy index, similar
performance was observed in most of the cases. Both of them indicated that the water quality in six wells
including NO.1, 2, 6, 12, 13, and 17 were suitable for drinking. Due to the fact that the values of both indexes
were under 100, the mentioned wells could be considered as drinking water supplies. The indexes illustrated the
very poor quality of wells NO.7, 9, 10, 11, 14, and 16. As a result, according to FWQI1 along with WQI, nearly
35% of wells have proper drinking water quality, while approximately 30% and 35% of them suffered from poor
and very poor quality, respectively. The overall picture of water quality within the study area was not satisfying,
hence, an accurate site selection for discovering water recourses with appropriate quality for drinking purpose
must be responsible authorities’ priority. Analysis of FWQI2, FWQI3 and FWQI4 revealed that elimination of
the parameters slightly changed the result of FWQI2; however, FWQI3 and FWQI4 did not vary considerably.
Thus, CI influenced the water quality slightly, but Ca and K did not affect the water quality of the plain. The
results showed that inexistence of one of the mentioned parameters would not affect the computational process
adversely. A glance at FWQI5, FWQI6 and FWQI7 revealed the improper performance of FWQI5 to show wells’
water quality status. Throughout the FWQI5 evaluation process, all the wells’ water quality stood in Excellent
category. Due to the considerable values of TDS in the Plain, elimination of this parameter in FWQI5 caused
inappropriate evaluation. Hence, whenever a case study deals with a high value of a specific quality parameter,
elimination of that parameter would negatively demote validation of the analysis. Figures (3)-(6) represented the
results of WQI along with seven FWQIs for 17 utilized wells’ water quality assessment in the study area during
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the proposed periods.

Conclusion: Throughout the present study, the capability of seven FIS-based indexing procedures in
modelling the water quality analysis of 17 wells of Save Plain was discussed. The proposed FWQIs were
developed on the basis of Mamdani approach by applying triangular and trapezoidal membership functions to
determine the groundwater quality of the case study according to the nine parameters. The results revealed that
FWQI1-4 outperformed others. On the other hand, FWQI5-7 which eliminated three out of the nine parameters,
did not made a valid contribution to the computational context. This might be related to omitting the effective
water quality parameters from the inputs of the model. The results also illustrated that, only six out of 17 wells of
the region could be considered as suitable sources for the drinking purpose. The water quality status in five wells
was not satisfying, and six wells were plagued by very poor quality of water.
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