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This research was conducted to assess the hydrochemical status and nitrate
Accepted: contamination of the urban aquifer in lzeh. Given the lack of a sewage
15 May 2025 collection system and the infiltration of urban wastewater through

absorption wells, coupled with agricultural activities, the study primarily
aimed to determine water quality and health risks associated with nitrate.
Water samples were collected from nine operational water wells during six
sampling periods (December 2023 to November 2024), analyzing
physicochemical parameters including electrical conductivity, major ions,
nitrate, nitrite, ammonium, COD, BOD, and pH. Hydrochemical controls
were evaluated using Durov and Gibbs diagrams and the chloro-alkaline
index. The Water Quality Index (CCMEWRQI) assessed suitability for
various uses, the Health Risk Index (HQ) determined nitrate exposure risks
for different age groups (infants, children, adolescents, adults), and the
Nitrate Pollution Index (NPI) evaluated contamination severity and spatial
distribution. Results revealed that groundwater was predominantly calcium-
magnesium bicarbonate type, with reverse sodium-calcium ion exchange.
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The WQI indicated "good to excellent" quality for drinking and agricultural uses,
though reduced quality was observed in southern areas. The mean nitrate
concentration (53.35 mg/L) exceeded the permissible limit (50 mg/L), with 39% of
samples contaminated (NPI>1.5) and 20% at critical levels (NP1=0.75-1.5).
Nitrate plumes were concentrated near the southern karst aquifer and expanded
seasonally with rainfall. Health risks (HQ>1) were identified in 54% of samples
for infants, 46% for children, and 39% for adults. Mitigation strategies were
proposed to reduce groundwater nitrate levels, emphasizing pollutant infiltration
prevention as essential for aquifer protection.

Introduction

Nitrate is one of the common contaminants in groundwater with anthropogenic
origins, which has become a widespread contaminant globally (Verma et al., 2023;
Shukla & Saxena, 2019; WHO, 2017). The various sources of nitrates in
groundwater include nitrogen-rich agricultural fertilizers, animal waste, storage
sites for animal manure, soakage pits, seepage from sewage collection lines,
industrial activities, soil nitrogen, mining, and sanitary waste disposal., improper
disposal of solid waste in bulk, sludge spreading, use of untreated wastewater in
agricultural lands, and atmospheric deposition. Based on the WHO standard, the
maximum allowable limit is 50 mg/l (WHO, 2012). The Iranian drinking water
standard also sets the limit at 50 mg/l (ISIRI, 1997). According to the USAEPA
standard, the limit is 10 mg/l in terms of nitrogen (approximately equivalent to 50
mg/l of nitrate) (Ward et al., 2018). The FAO sets a limit of 22mg/I for agricultural
uses (Misstear et al., 2017). This study aims to determine the hydrogeochemical
status of the Izeh urban aquifer concerning nitrate contamination. Efforts have
been made to evaluate the status of nitrate pollution, assess quality, contamination,
and health indicators in the aquifer, and determine appropriate management
strategies for aquifer pollution in harmony with the region's ecosystem.

Materials and Methods

The lzeh aquifer is located between the geographical coordinates of 49°50' to
49°55' East and 31°47' to 31°52' North. The primary economic activity in the lzeh
plain is agriculture, with two wetlands, Miangaran to the north and Bandan to the
south. The city of Izeh, with an area of over 14 kmz2, is situated on the alluvial Izeh
aquifer and lacks any sewage collection network. Consequently, its wastewater
infiltrates into the shallow groundwater through absorption wells. Additionally,
agricultural activities, being the dominant occupation in the region, serve as
another source of nitrate infiltration into the aquifer. The study area, covering 18
km2 in the southeastern part of the lzeh aquifer, is where interactions occur
between the urban aquifer water, agricultural lands, karstic waters of the "Nal-e-
Asbi" spring, and the Bandan wetland. To assess the hydrogeochemical status of
the Izeh urban aquifer, evaluate nitrate levels, and monitor pollution conditions,
data from 9 production wells over 6 sampling periods were utilized. Sampling was
conducted over one year, in November 2023, January 2024, April 2024, May
2024, August 2024, and October 2024. The statistical characteristics of the
samples are presented in Table 1. In this study, to analyze the hydrochemistry of
the lzeh urban aquifer, water types were classified using the Durov diagram,
hydrochemical conditions were assessed using the Gibbs diagram, and ionic
exchange status was evaluated using the Chloro-Alkaline Index (CAI) for the
samples from November 2023 and April 2024. After determining the
hydrogeochemical conditions governing the aquifer, the CCME WQI, HQ, and
NPI indices were evaluated in the 1zeh urban aquifer.



Table 1. Statistical Characteristics of Water Sample Measurement Results.

Parametr Unit Max Min Avg Sd Cv%
T °C 30.40 16.60 23.24 2.87 12
Ec Ms/Cm 1685 430 1011 318 31

Ph 7.57 7.57 6.70 7.08 3

Tds 968 423 6945 170.78 25
Ca 164.30 32.06 9156 32.38 35
Mg 85.07 17.01 54.18 18.15 34
Na 160.90 6.90 41.80 39.97 96
K 2.35 0.39 1.04 0.64 62
Hco3 Z 584.50 73.22 37248 12551 34
Cl ‘% 508.72 1418 111.45 100.31 90
So4 = 235.20 6.72  83.16 47.68 57
No3 206.67 213  53.35 42.25 79
No2 1.950 0.012 0.462 0.445 96
Nh4 0.570 0.012 0.115 0.121 105
Cod 45.20 0.08 8.05 7.32 91
Bod 46.20 0.50 12.41 12.55 101

Results and Discussion

What can be inferred from the hydrochemical charts is that the type of water
feeding the aquifer is influenced by the weathering of carbonates and the
interaction of water with adjacent carbonate formations and the carbonate elements
of the aquifer, which are primarily bicarbonate-calcium. Although this mechanism
has led to high calcium concentrations in the water, the chloro-alkaline equilibrium
in the aquifer has likely been established due to the water not being saturated with
calcium, and calcite dissolution from the aquifer's constituent elements is still
ongoing. The calculation of the average Water Quality Index (WQI) for the two
periods (December 2023 and April 2024) indicates that the water quality of the
samples is excellent for aquaculture and water-based recreational activities, good
to excellent for drinking and livestock and poultry farming, and relatively good for
irrigation and overall use. Based on the results of calculating the HQ Index for
different age groups, as shown in Figure 1, in 6 sampling periods and out of 54
samples collected, the HQ Index exceeded 1 in 54% of the samples for infants
aged 0-2 years, in 46% of the samples for children aged 2-6 years, in 41% of the
samples for teenagers aged 6-16 years, and in 39% of the samples for adults over
16 years. Therefore, the health risk posed by nitrate effects is considered high for
all age groups, particularly for infants and children. Given the average nitrate
concentration over six periods in the Izeh urban aquifer (53.35 mg/L), nitrate
pollution in the Izeh urban aquifer is observable. The alignment of the NPI
distribution map with land use maps shows that the nitrate pollution plume is
almost always aligned with the southern part of lzeh city and adjacent to the
western part of the Nal-e-Asbi karstic aquifer. With the onset and intensification of
rainfall during the wet season, the pollution spreads toward the north and east.
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Conclusion

The Izeh Aquifer is primarily fed from the southwestern and western parts by
carbonate waters, mostly calcitic and magnesium, which are karstic. The main
processes governing the alluvial aquifer are inverse ion exchange and calcium
dissolution. As it flows under the city of lzeh, it mixes with infiltrating sewage
water, increasing its nitrate content. During the wet season, the incoming nitrate
load is doubled due to agricultural fertilization, and nitrate concentrations reach
critical levels (for example, in April 2024, the nitrate concentration in well W4
was 206.7 mg/L), expanding the nitrate pollution plume. A significant reduction in
both the area and average nitrate pollution in May 2024, especially in the northern
parts of the aquifer, could be due to natural denitrification in the fine-grained
aquifer and reducing conditions. The most important solution for aquifer
purification is the establishment of a sewage collection and treatment system in the
city of Izeh. Agricultural fertilizer management, especially during the rainy season,
is the second solution to address nitrate infiltration into the aquifer. However, the
best solution is to prevent nitrate infiltration into the aquifer. Preventing nitrate
pollution is a much simpler and cost-effective approach.



Q_,V & ol 9 Q‘ 3%7

VoroYYe Olrio AF¥ ol 3 jmli opgd 05lods iy 0593

d 10.22077/jaaq.2025.9299.1111

o Co pio 9 (g § Ol phas 0du] (6 el 0‘5’59.T & yid gsf')}ﬂ
' goxo 6o |7 Gamwan dabld s | Silaxade 81,38 X7 6 1M Al i | V015 ol po e
0lrl lgal lgal ol ez dagd o8l (e pole 0uSails ((cwlid (e 09,5 (S35l 5359 5000 (6553 (s9eils )
Oln! leal Glgal Gl ez aseed olLls e pole 0aSails ¢ (culid (e 09,5 (S35l 5359 0 Sliwl Y
Ol Ol A8 i el oSS (e pole 0aSils ol 5 me (ol (e 09,5 «(STal5559 000 Sboliul X

N.kalantari @SCcu.ac.ir : Jgius odim ™

onS>

b pluil ol (g b (gl 4l (o9l g (couidgyuud Curdy byl Bus b Giegh ol VF/YA il o b
4 202 soly 5D 5l g S S9ii g IS (53l enr Sl 3929 pue w azgi b VYYD S pd F,U
Oy 1 P bl GSm 5 5 OF S (i ((55,0LaS SClad b ol o fgil VTNV LG & )6
G VFeY 3T) (5,10 paiges 0598 & 30 T (518 o pog ol adide 4 31095 axlllao oyl Lol Slual
ol G oyg (5 S Colun Jolds (o Lo gSs b (s ol )y .ols (510 paiged (VP ¥ (T
S log03 31 eoliiiusl by .cd 55 1,8 i 390 PH 3 BOD (COD (pguigol i yid el i
CondenS L s gy 30 T (s 0008 ] 55T (6151535 (IlSIT 05 4sled g (S 980

(HQ) iodhus s aslds wilizo Gylan 3o o oiaS byl sl (CCMEWQI) o1 b/ e ob/ 5o/
o] Ced S asls

:l.ébj‘g.\.ﬁ.ls

Ol b ag2lgo golul p (VLS5 ollgz gl (pI0g8 (plolig) iliso (s sloeg S sl
oLl Ol yid (S0 23395 9 5091 ol sy 1y (NP &l s Sogll (a3l 5 i
~ Sl 51 95 31 Biroe odul b sl (i T 45 ols GLAS gl b
wricio WQI (a5lis 0 oudlice mndlS 9 maokw (ot o950 (P9 JOLS 9 Widgr S0 o
30 Lol ccawl Jle B Ggs s0gumo jo (5559LS gmu‘i Ib)lao sl ol CudnS &S S g0d
Cebls yy O Gdiges Ol (Sl o o3 Canin (LS (3o Do 0 g4) bl (5
1A G p S o B9) Slme w51 (i 1 o8 e BY.YB) ol (5 e plaosl )0 oud
(NP1=0.75-1.5) Iy ailiwl 15 duoyd Yo g (039)T) NPI>1.5 (gl s adigaiows,o ¥4 o9

(sl S, U/

b g 09 35 yodo (ol s (w5 gl yglms 9 e Lgixr 5o Wil (Sogll Ala s
OB (slp dwoy0 FF g ylolje (ol aiges vy BF o s.,éb‘s.o &).a.wf ‘51..45 sl
Coles 50 Wog yhd Syme 40 Oylge Joyd FA 4 i YluS,p 0 HQ > 1 wsls
31 635l 3 9055 Slogudiony 0d! e (o3 O H0 Wl yid Clilé hals Cuar ol

s Al (65936 OlgFl CuninS Lo (6l GlS 5Ky olgiea Lousy YT Sgi



Sl CaBg s (Be iy 5 Vb o> JLid (el
Brindha et al., 2017; Gupta et al., 2008; Fan, )
(2011

Abascal et al., ) ), Ken 3 JSub] Sldllas slio 5
Sl Baes @l Sogll bl o6 s (2022
S39LS ($39)9 Slge St g OMSL pdx slaoly
St 3l S olgie 4 ol 90eS 0B ol el
Wloygls )3 ohg & daysiS 5l 6ol 5 SIS
elonds loogS 5l eolaiul el (o g 09 oo ALl
spa el ol &5 Sl Gl e ye pslae sk 4
=525 ol LewlS o (Shahmirzadi et al., 2018
Gedlls 5l ol Sl Sogll cges o5 Zolaw o
aims oo ol | B bl ;5 ONSL e ol
,5 (Ossa-Valencia and Betancur-Vargas, 2018)
ot slassS pil Sl Lol e sl
Rodriguez et al., 2020; Ogrinc et al., 2019; Varol )
.(and Sekerci, 2018; Heaton et al., 2012

s looasli b (oo slaol o ol (Sogll (b))
Sl Golul 1 09 so b)) silisee sl st
WHO, ) il )5 (o 0 Feblige Sl sl
o 00 ol SawelsT OT s lsbewl ulul (2011
ol3T s jlastial lal y «(SIRI, 1997) 2, 65
A S e Ve T el ey b I el
A e e 00 Jobee LayE) (ers e
oaibiwl wlel 5 g (Ward et al, 2018) (ol
Sl 5 2 e ke YT Alem b 5l ol
el (Misstear et al., 2017) (559,LaS B8 ,las

b CeaS QL) sey 2ol Sllas glal e
W5 Dyge S sooazld gl e 5 (i
Ol alerisind Gl Shy e 9 Sawels]

5 Thyroid hypertrophy

¢ World Health Organization

" Environmental Protection Agency: EPA
8FAO

Sl el oyl plez 5o Gl Glatlle 5 (S
SRl el i bl Gl a8, ln elle
Slr waz sl Gl g eeldl Slts (e
039> nl 5o Lol Srlil Jalse o tags 5l el e
s kel Olse 4 seeiny o gl s
Llalcde 4 Sis g Sis ans bl o ol oyl
CoheS 8l g 5 ol (6 S b o Sl lacJlad
Sl oad azlge j S ams aw o (pgar 4 3k
calie gl 5l o SLoS 5 g (S SI18 g
Sy Wi Saela] OT 4 > ay oyl 8959 4
3 esler w50 ST ob sl ons el |, ool
RS K RPENRLSVER S | R XWX ] U] I PRV HIE WEPRV- P UV
2wl eyl 51 S, .(Abascal et al., 2022)
S a g 00y Shadl Lice Glyls a5 s o]
ool Sl ol oo Jos ez ,0 51,8 sanYl
Verma et al., 2023; Shukla & saxena, 2019; )
ypmlianST Al o o 3T azs oz (WHO,2017
S Sl Bkl ol Sl a3z 50 (e
iy 2l e ode BBl Jelre gl b o
einy sl o ol Glise glalice ol
Joee ool Y928 loyie s 65,5l slesgS Jols
bshs 5l cuts iz gbolr (s> soosS sm0
WS g (e sl (ML (55l o
sally caliol x8s b sblags 88 5 5,5 Hone
abal Ol 3l oolaiul (o sy 0oyl g 4 sl
wibise g9z sl g 65yslaS Glagme 5 oais
S a5 MotglSgencin b (o 055 pgyain p ogdle
(WHO, 2003) ol &l i1 )0 o axslids g lons

9 S 70 IRl b Juld SIS (s 2)lse ple
5% Jhel (solyole all (i b (Glolig e
a0 Soiglgilstann St TS0 Luslogtal
s iprd 550l 558 00 5 4y, la gyl T8

! Methemoglobinemia

2 Recurrent stomatitis

3 Histopathological changes in cardiac muscles
4 Alveoli of lungs and adrenal glands



Loodl o 0)ls 1B ol oz o plan g Jleds 5o
sl olsl sy 2 e sk VTl Gl colis
L (53] goz ah 4igS o wdlé 5 a8 S 18 ol
ol 4 i slacly )b 5l T DML ) el 5l sl
Oeied WS (oo Suld gd pj 50 Bes 05 (S
o cddlate jo e Jah laie 4 (ghg,las codled
el Glgzal 4 ol s 3485 Koo

Toiley o odyl culis wigdgdsesiiy e oSays
bbesly m2) (3y8 0z -0 Jlod olatel b (S8
S5 00,8 e G 0 (ST sesee W,
5 2 5l ol ool Aty adg> el (Gom o)
ool S b 68 5l (slew! slooln S b op
soly,S §lasgeme b Jlod 5l 5 Sgpm —pdk
el 0 ablol lled — 5l 5 S o 3] wis o]
3l a8 L Slgaw, «udo ails alelas )l 4 azg b
o b slge Jolis bowe cuds ausls s gl
Sligasy (ol Gos 098 o0 s Sl 5 () 42 LY
30 e V00 5l o B clds slhails o e Yl
e i Jas glo i

V5l S LSkee GYB edgaze (0 sue)p) ol Ges
@ ol Jo5 Ta)l5 plgmul Spglme j0 5 e0g e
He 035t 40 oy oo (e FA) 055 Jlade STas
w‘wﬁY&U\wwjﬁ.}gT&soAﬁl
VAR 5l 55 cmey s 2l 515 (Gl 0 A Ges Lawgie)
@ Pz 50 e ATA L (Sl OYB 058 50 22
ool G035 50 Galate o5 oyl b gtz g el
Ol @ sz 5l ads @l ol pie
20 9 e Ol Jled oz jo 5 A8 S D50
4 gy Ollb,m 09 o el a3ll 4 @ bl g
525 oLSlke azlys 5 pleel o8 Jlod 4l
el )5 3)ly 5 0092 350 4 9 p9d (b g e
S (n e 09b oo (v laiSa) b g Sgym
Gz WA s G eyl o iy o iy

4 Polje

oS «(Bahrami et al., 2024) Ld clis [0 coe) )
G Sy Vel S5l 5 Of ceaS asls
ol 0,6l s g (Jaliali et al., 2024) loass liwl o
Ol Sl p fge Jalse gy g (oipy 2l oS
et Gaelsl Blae ly sweiny ol o
Slllas opl 5l oleaisss (Badeenezhad et al., 2020)
kel Tl sl S abuly | alojel s
L Ojs Gk g ol slel b anl
SBi> sl ysebs 5 957 ge sloan I e ol ]
(S Job5 Tl Sl Jols 8 ST (gl ol
b azlye 1o ol bands lals ol «usSan ol
ST L el adss daglesl Jie S5 ol el
31 dige ooliwl g paw (Olis g5le3a8)) Ol oS
ol )l s lopes (olent lassS
LSSE S (955 Ayl (Sloe> 955 0 23 sladllr
Sl Sl e ol g8y sbaSis erals
Olie 4 Gy 5o 5l oolital Jleul b g oo Sloiing

Byl (SKws solBl g (5 Ll Ul
Ol orbgiisphed Comdy e Alie cnl 5l B
S g wil e wilzs ool b bLil o odyl oyed
Wi & Fogll Candy ouyp b b ol ous
szl ol o gl 5 (Fodl weinS slagasls
daibic por G b colite sla)lSal, 5 oad obj)|

00,5 s lgsul ( Sogll o e slp

L9y 9 dlge

@l:JUa.o 09940 w.:ﬁ,.o

30 g oliwer sliwl 5,0 Jlad jo ol ‘5‘;5)31 IR
sy 5 @b b ol ojls 1B Gl o8 cgix
ol ey ol wlie Il ek cds
Y g B0 A% 007 B FA° 0T SLdlas Slaike
oladl codled onas o)ls 1,8 Jleis YOy b ¥\©
u‘).i;L..A uyl; 90 9 w‘ 6))9Lu5 &54 )l m.\.:‘ S )Q

! Dnitrification
2 Denitrifying bacteria
3 Electrodialysis



ol s ol @l ebee Silag glagill
YA Colun 4 (6 ng:;'q] e oogaome yimghy

S ol el glel (B osix 0w eglS
(SogtiS Glagma) (s plul Ol iiSes
Wa3 s (S9; ol VB 5 ol S )l slas]

(O JSa) asb e

Oz il Senl w9ioe okl (sl Cpir b sle
ol 5l ae 0 FY sgas ol o jo aS col Sy cpo
Il 55 e se Gseboo VAT 0dyl 6,05 oy
Ju cwyl5 Glgsul jo ool jas> Sl Ol ol> ail> VY
el 05 ge das odyl (T Gl ) aS
Sl ozl 4 (Sogll aisS o 3585 (lply 00,5 o0
39 e e 0y Ol (i sloolz @ T el
400000

oy digad ol

S gl o olx

A
gl ssaliv sl @
L
®

$399LS (5)l0p 00 0l

aillinl ooly ——r

anllao 3590 dilio 50

oyl plsl S 550

ohad YU

3525000

3520000

)

S 5

G o) i

gl iy

roloags oo copl g o ani
Sl Capeglys 5 Sol ]

oy el =

o B g Sl

bl Sal

B
Sg gyl Sal %
==

Sop Sal

RN

(23l 538 3 0l (534 plstl (Sn 25 T B canillno 3550 0390 CunaBge ) S
Fig 1. Location of The Study Area, Groundwater Depth of The Izeh Urban Aquifer, and Land Use.

L5l olRialosl @ (o5l oz 5l o sladiged o
sl el daoyge den yo was Jloyl pJUT cos
oyt Dl Oldaw Wy IS (SO S colas
o]y 28,5 )18 5JLT 5,50 BOD 4 COD «pguigal
Eaozme (o] oK) odyl clls Byme iyl
039 yeska YAV OFeYAEY T gl o i)l
VEY 3T ol Jlo cnl 5o oyl Joges 4 axgi b el

el (b9 5 0310 (5391 o
SRS Pl (sordile s Cands sy sshie
50 Sogdl cumdy (6K g OIS polie bl ol
0,99 F 0 (6,10, oy ol all> A Ll 5l lgsul oyl
Slggul 5l gl piges .l oo soliul (gl p Aiges
O‘\)P 5\?’\“ L').}O)s)é ‘\\C‘Y ‘).Q-Q.g ‘\f‘Y ):)T )Q
plol JLaSs o s VE-Y LT g VFeY g 0 N F-Y



A Ozl 25 50 dWB s WL glaclz) odol 14 5
Ol QY Cao 4 08 5 5l (2,5 (W2 olz)
= Olgzel a4 Y 5l gy ST (WA diged)
A 25 3 e 2l 5 (W3 diged) (ool Jai (s lo]
g0 sy |y (WO B WT sladigad) o], Sileo YU 4

Olge @ VFY 00558 9SS Jad Bpne (lye 4
sadlgs p ogdle g oad Q! Csbye Jad B yxe
g e eedS) (Lol Glage polie (LS
S (ol dlge ggezme g PH Slu S o eumll
S50 b ole (pl 4o Qly’;ﬂ SOFE Curdy oy g
5o s lmely Ll col S5 LB s S 5 5]
4 8099 Sl ol ardigyud oS Jlsn 45 oy

T sadiges S gl 6yl gla She ) Jaua
Table 1. Statistical Characteristics of Water Sample Measurement Results.

Sl Parametr  Unit ";/IS :; JJ;: ”:\;;A ’L’MS;U’U' ol CC‘;: e
o s T °C 30.40 1660 2324 2.87 12
SN elae EC Ms/Cm 1685 430 1011 318 31

ALl Ph 7.57 7.57 6.70 7.08 3

Sl Slge ggazme TDS 968 423 694.5 170.78 25
oadS Ca 164.30 32.06 91.56 32.38 35
02 e Mg 85.07 17.01 54.18 18.15 34
20 Na 160.90 6.90 41.80 39.97 96
ey K 2.35 0.39 1.04 0.64 62
oS o HCO3 = 584.50 73.22 372.48 12551 34
2,5 Cl “,% 508.72 14.18 111.45 100.31 90
olige SO4 - 235.20 6.72 83.16 47.68 57
s NO3 206.67 2.13 53.35 42.25 79
oy NO2 1.950 0.012 0.462 0.445 96
poigel NH4 0.570 0.012 0.115 0.121 105
ol oy ()5S COD 45.20 0.08 8.05 7.32 91
) (2l eS| BOD 46.20 0.50 12.41 12.55 101

Ol g oo oalaul ol o Jsle slacyg o 2b3)
losdyyien glaanlp 156 bl skt 4 jloges
N ol ord s 5 i (Soilsp (il el
Coxdy et johite 4 a5 ST IS wles g, 00
Cble i me Jolse 51 (S ple 4 S Jols
5heslinal b oogy00 S0 dein) glac o lagy

Dy oo dmole 5 Ly,

CAI—1= N
(Cl— (Na+K))/cl (
CAI-2 = -

(Cl— (Na+K))/(S0, + HCO, + COy)

S IO il cuite bales pl polie a5 o5 e
S del miee bopeedS b ST o mly b o

Olyzel cerdgyden pwyn jsbiie 4 adllle (ol 4o
Qoy50 Jloged b 5l ST Elsil ganes; ol 540
Moged Bk Sl lstl plierdis e Conds (e
"olSTg " asles b 51 Ggr Jols Cmdg o T S
s ool VEoY s o VEY 3T slaises (sl
21953 5l (o5 5 45 9590 (o5 5 5 (oo, e Jlaged
oS o, Aes Jloged gl e eolaiwl O
Cordg oy 3O oo sl loges 5l hY (Gibbs,1970)
Sl 00y j5b ar g col O mlio (plepig e

1 Durov
2 Gibbs
3 Chloro — Alkaline



S5 L) 5l s o ek clale G aST Sbds slass (I
Sade (Gl Plax jlade S Laaly Jlade a5 Sloj o
) u)}.a o9 QB.M}GA od...ol) "dl).?u‘” s.i) u.\.u.vl.u Lo...ﬁbl)
Slade 5l als iulesl Jlade a5 Sie 0gd e lo

g, 1,8 Lasal,

Failed test value;
-1 (O]

excursion; = ( Objective;
J

FoS Lasal) a5l als (iolesl e a7 (63150 (sl 0

*)

Objective;
Failed test value; B

excursion; = (

L oegolysl slaimlesl jo @lls poe IS lade (o
Gialedesllygiss 51 Gialesl jo Bl (e 035 e
e o) laglel U5 sl ol e
po 5 e Jeallgns lhe o gl
4L «ollzl sad Jly aex? Glgie a4y a5 il
dwlee Oyg0 ol 4 0l o ALl «nsey  jlaisl

=

:bb;‘so

2, excursion;
nse = )]
#of tests

Al bl & Gl eslatnl b F3 e (2
Losaly bglas 51 Sl youl (gouls Jbo 5 Egamme 45 098 0
Voo b e o Glaals b oS oo (g wliae 1) (nSE)

Deds Juol>

nse

F3 =
(0.01 nse +0.01

) )

L olsice 1y pasls 055 (else 051 Cows @ 51 g
ol apad ol eslaial 5 fole aw gy aex
Sl ply Jole 2 Slape ggomme inlple 05 dalone
y oasls by ool COME O coinS (asls e b
P85 oS e Sl e e aw lad SG plsie @
el e Joe ol b oS (o i o 1) O jomme S e Jole
S (o0 e Jole s p2 50 Dl i b eeiee 5k 4

& Amplitude

sails lis a5 05 0 Do Glgtul esjlsa sla SIS
.(Rajlmohn & Elango, 2004) <l - JSI1-g IS Jolas
Olsl n oSl cardgileen Condy (e 3w
01288 )18 gy 0550 lssul 50 5 slaasle
oslizal CCME WQI2 a3ls 5l O condy S
Coml> g spddlhsl cle a4 by, ol WS
Lumb ) ool pewss <ol 5 acwl>e (CCME, 1999)
Kan et ) o calisee ol b 5,550 (et al., 2011
Sarkar & ) calisee 3ble o (6 pdyauslis «(l., 2003
wole Sliiss 5 00,58 oolinul (Abbasi, 2006
b 5l eolaiul Sl 5 (Workgroup, OIW, 2017)
oS5 |, CCME WQI U1 oS asls o Jule du
:Mosc

ol ol yiel )b as o saimalas T(o udTassls) F1
oor Sype Sy oy Jsb o b So Bl oS
Wlod S5 ule, 1) 053 4 bgrye slafes]jgts
slayall olax S 4 s o 399l sla el )b")

R W) 6):25°}“'\3‘
Fl=
(Number of failed parameters) 100 ")
Total number of parameters

Gl (63,000 Gans duo o sasaslis 8( Jlgl,8) F2
(" 339ol slacans™) wlas callas b Joddljgiws b a8

F2=
Numb led test
( umber of failed tes S) . 100 f)

Total number of tests

51 38gel slaces polie Gilisul e (aals) F3
dw 50 F3 acibwe o o plas 1) jUail 5js0 polie
Sgb oo pll al> 50

1 Water Quality Index

2 Canadian Council of Ministers of the
Environment Water Quality Index

3 National Sanitation Foundation Water Quality
Index

4 Scope

5 Frequency



L @bs)l 5o eslatul o)50 sloyal)ly polie ¥ Jsax
599) RfD .(Sailaukhanuly et al., 2024) a2 o oLis
oo Dbt ln ilme 5 Sl b aglee (a2 50
Cool oy 50 pSkS p S e VP Sy s
(USEPA, 1991)

Gy o pasle ol NPI Yol s Sogll asls -Y
635 o iy syl 5l e L
Solgi )) el Slusl slacudled 51 b ol s Sogll
adal, 5l eolitul b ol s Sogll asls et al., 2025
(Obeidat et al., 2012) 54 oo domlxs 5

C —HAV

S —=————— Ay
NPI HAV

HAV 5 (2 s p)F o) digas jo ol clile €
Rlie el (R )5 (oo Vo) Ll Fige lade
Slezel jo Sl Sogll eaims lus VO 51 5L NPI
slogazls 5 baylly S @y 4t Coles o ol
ol B sl ,lSal, 3,50 50 5 @, w0dd drasloe

Lol 0als oy Sldllas oogame b ol

2 Nitrate Pollution Index

CCMEWQI =

JE2+F} +F33 QY

1.732 )

100 — (

5 o w0l yo |y Jols polie VYYY adepguin
saiasylis yho a5 g9k 4 WS o il by Ve

(CCME, 2017) ¢l ] coaS
sehite 4 HQ ol S, byl Lasls -Y

oyl o 3 guein) sleo] olag cuaS ;)

"w).';.g‘g" omool.;;‘.s Yooy ;.j oS

<l Gk 5L €D Sl ege allisy <dlys Gliee
IR oy 0550 (HQ) (silage yhas o 5 (Samels]
Ol Grae i 000 Glo @Sl quyn ln S
Sbylas zshas b agzlye (ol jons Glsie & Gapels]
25 bilyy 5l shate Gres 4ol a8 S Ll o ol s

i oolizl HQ 5 CDI sl msls dpuslna (g1,

CDI =

)
(C = IR * ED = EF)/(BW * AET)
HO = b1
~ RfD O

399 €D1 damy 599) Gloju e sl a2zl HQ
Goy 2 eSS 2 p S k) aliy, apzlse (2Sle
P k) swein @l ohy Sl a2 e 550 RId
3 Ol ead s pSejlail clale (s, 55 5 0kS 2
Sl osedsh €5 IR G e p S ko) sein ]
ED 5 (Jbo ) 59)) 4loe Slol2 EF (o, ,o D)
bhugie 5 BW ol (L) 4zl ol Do
adllas .ol Gg) Jawgte (wlos Olej AET 5 (p S5kS)
awd Gl 4 e wlel 1) Gue Cares ol
(F) 5 Ulazgs (F) ¢ 5055 (V) ¢lolies (V) 10,5 oty
VSl né s gl USEPA wlnl o YL.S 5
G ) gl e HQ 9V 5l S HQ oS 5,9k 4 v
N O R L S
J5d BB oogamms 1o (cois o1 5o 035 (S8l 5]
(USEPA, 1989) ! g3 5 sagome 3 )15

! Health risk Quotient



o 30 &l gl (HQ) Sy ot (a5Ls 9 (CDI) agzrlgo (5aSiles 19 dmslino (515 oo oolisusl sl yialyly .Y Jgur
.(Sailaukhanuly et al., 2024) sowolis]

Table 2. Parameters used to calculate the chronic daily intake (CDI) and the hazard quotient (HQ) for
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