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Abstract

Introduction: Assessing the quality of available water is especially important to meet drinking needs.
Therefore, it is important to prepare and formulate an approach that can provide a more appropriate
evaluation with higher accuracy and taking into account the inaccuracies caused by instrumental
errors and measurements. The aim of this study was to evaluate the groundwater quality of Zanjan
plain based on a method similar to fuzzy ideal solution.

Material and Methods:To achieve this goal, 57 and 59 groundwater quality samples in dry and wet
seasons were used and the 28 quality parameters were analyzed in each sample. The relative closeness
coefficient of each samples were determined based on fuzzy weight specified by the opinions of
experts in this field for each quality parameters and the fuzzy decision matrix based on drinkable
water quality standards. By calculating the relative closeness coefficient of each samples, the
contamination ranking for each sample was determined.

Results and Discussion: The results show that the more polluted areas are mainly concentrated in the
center and northwest of the plain and this is in complete harmony with the location of industrial
centers (such as lead and zinc complexes) and the hydrogeological characteristics of the aquifer. In
order to evaluate the accuracy of the ranking, the results of the proposed method were compared with
the definite case of the method similar to the ideal solution. Examination of the qualitative parameters
related to rank 1 (lowest pollution rate) shows that most of the parameters in this rank, which should
represent the lowest pollution rate, have high values in the definite method compared to the fuzzy
method (for example, the amoun of the arsenic parameter located in rank 1 of the definite and fuzzy
methods is equal to 0.4 and 0 micrograms per liter, respectively) and this has been repeated in reverse
regarding the 59th rank (maximum pollution rate), which indicates the reliability of the rankings and
the high accuracy of the proposed method.

Conclusion: The results showed that the pollution is concentrated in the central plains and partly in
the North and Northwest plain due to the significant polluting industries, pesticides, and manure
storage depot in these areas. Based on proposed approach can be calculated the rank pollution of
groundwater quality samples with high accuracy, especially in cases where the assessment of water
quality for drinking purposes must be considered.

Keywords: Similarity to ldeal Fuzzy Solution, Groundwater, Ranking, Pollution, ZANJAN Plain
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1- Water Quality Index
2- Geographic Information System
3- Drinking Water Quality Index
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Table 1- The linguistic statements to evaluate the relative importance of each of the measured

quality parameters (criteria) (19)
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Table 2- The linguistic and fuzzy membership functions for each of the quality parameters
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Figure 1- Location of quality sampling in Zanjan plain
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Table 3- Linguistic assessment of quality to determine the parameter weight

odd xrezs 531 039

D4 | D3 | D2 | D1 | st
a b c

AN N1 M |MH| M |[ML| Ad
10 N AYS | MH MH | ™ Cr
0|80 -IA H M | ML | Se
XY [ f LML MH T ™M L Zn
O BRYAR O B ¢ L L | MLl vL | Fe
ALY VA I YR BV L | ML| Mn
80 | AYS | <0 | WVH | H | MH | MH | As
A Re H|VH| H |VvH| Pb
VO | AYS | VH | H H H Ni
ELAYYS | R | yH MH | Cu
SRS | VD | H |VvH|VH|VH| Cd
VO | AY | VH | H H H Sh
Y LAV | Ve | H I MH] H | vH | Ba
YYO | If -IF MH! M | mL | TDS
Yo he v ve | ve | LT

O T YAV S YA O R T A V VI L pH
N Yo | o | m I ML L L DO
SNO | o | 0 ML ML M | ML | BOD
ol M lvL| L | L |vL| Ca

fyo RO v | VL | VL | Mg

O ML VL VL | L K

Yol Ao L | VL | VL | VL | Na

<[eYD | <NYO Ay ML | VL L L Cl
Nfwve|vL|wvL|vL| F

A AN A L L ML M So4
e I O Y/ I V/ T R V/ T (i oo

1A AN \ VH | VH | VH H No3

<10 -IY <IAYD

MH

M | MH| H | Po4




ARR

) 00lal b e 3 o (Sogll Julos

Dyge 4 Jad g0 j0 (A Lged 8 S, ead oy
45y 4z 2 (Jolax cnl elel 0 S Gens 75 0 Joux
S bl YA Ll dges il 5t ladised (A4S
5 oolaul g sl oY g edg Soogl sals (5,50l
S awlie S 0l saiaul a3Y ol Oyd isy
Sl Bt Fole gy o o8 b £ 5l (S sladises
Oy o ools &y (Fogdl Gl ES1as 4y S diges ,b

250,5 oolawl il oo a5 S o3l sladiges
Sogll 5l (Sl o il gladigas (Sogll )y )
o S5 Js & 258 o Jlod 5 5,0 425 JS
OOl ol b izmen bl s5y9iS (ol g eanY]
b Sogll ol ol Stz fab o sy ol s 5l
Ol Sz b a5 oud St S (o (2P e @

Sls (Kemlen 5 sl e

g S g 5 0,90 90 0 ok (g pSojlul polas sl p
L 0gd oo et diged 2 )0 yelly jo Cagae £V Jsox
3 S 0,90 40 g CoxBae B 3l 5 0,90 o aS pl @) azg
oyl 1 el o0l Jos 4 ‘515 6)‘%-.’439&-3 «Caxgo OV
C P 4 iS5 0)93 93 sl et w651 e
B Lo 4 a5 aiil oo OV x AY 5 09 x AY olal 6l
- i ol 5o ol Al Gl g e le (05 az g
20l wre s 63l peeal gl oged Jloy bk
S g (P s (AS L e b lags
A dlme 350 oals cllsy ladiged 51 Sy e (g
S oo ile diged Glpie 4 (A5 (nl j0 05 o
UL (Fundge ;o 5 5 b yo ol Culls p (A diged sl
dsle b el 0ol @)l B Joar g0 4 i oS0

Glodiged 51 SO, d (SU0F cap g (S0P cu o

s S5 ol L (TamBge 50 0dd Culloy (hS Wigad 61y (S5 el uale —F Jouz
Table 4- The fuzzy decision matrix for measured quality samples at a location with the name of
the oil company
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Table 5- The relative closeness coefficient and rank of measured locations (wet season)

o) by | w5, | RCG di dff y x Cabye ol
AY/f74 Y DA VIV YY/f5 AN AR YAFQ-Y S S Ll
Y§/- 50 v -I¥YQ 518 YYIY £ OYFYY YArFY) ol S5 oy,
IYVARAN Y DAfds YIAA YY/IY f-0-YAQ Yarsy o leles
AFIAQY 3 Nital VAt YYIYA F-FAfY- YarAY- 194 61N o
YOI o) v SYYY VIeY VYAV FoEATY YEYVA 55 ool etV Y i oKyl
IAAREN ff BAfds YRR YY/X¥-N MO YEAY .Y S o] 0 il
a-/vf 0¥ DALY NEYE YV/ALQ - 2EANA YV Y e 00520 (P 8T gelme

il gz 1 el o bl &S slogzally yolis
pladl (L3l sladiged (59, 5 4B ©jg0 (A (A,
90 03 (oo (S0P capd (ore2S Jleil )i ey 4
Olsiee S ol el o 3 (V USS 3illkae) o0
AR (g S00F i pe Sy ol Jleisl oS 2l o
"o P el St Sis Jad 0 S sladiges
4 6095 <l ez rals )0 plgisa |y pel ol e ol
Sz Jad o hS sl cle il s olss]
S0P wp2) @ polie gl rizes sed gl
el cdale asopl o @ (o8 Hlws 5 0l Jlew (o
a5 ol pslie 5l SeST L g St AS slasall
w5y ohas, Jlisl o ams B ol wisl e ead

Dg os odalie oyl

Ol o bdiges a8 ag, all o olpiing g, ol
S5 S syl o pFoslail 5 cud jo a5 Hlallas
2 Al e g edged et |y Glasel AT Cumdg W)l
5 gl 0925 5 plasel 5l g )lo e ol (ngas
3l ool diged e ;0 e oolaiwl lbdiges &S a4, s
o laslinl Hlas 5l 5 golaws wogllas > o S sle il )l
i 5 S 50 31 55 5ol 51 i 5 3o W S
g |y sattin puendd Olgi cad (el 009 o0 158 00
@ az g b .0ges SBul oad il p digel 8S Comdg 4l
9 03,5 g (owyp 3y90 Jad 50 50 adiged sl &Sy

oo dazgi BB Lo 4 50 diged Sy py CuxBge La:.t

*

(i Juad) 0ad (5 10 paiges lacusdyn I Sy 18 43 5 (oo (S35 o pe —F Jgo
Table 6- The relative closeness coefficient and rank of measured locations (dry season)
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Figure 2- Cumulative probability distribution function for relative closeness coefficient in wet
and dry season
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Table 7- A comparison between the result of pollution ranking of proposed method and Crisp-
TOPSIS for loweset pollution rate- wet season
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Table 8- A comparison between the result of pollution ranking of proposed method and Crisp-
TOPSIS for highest pollution rate - wet season
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