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Hydrochemistry, Landfill Quality Index (WQI). In the wet season, the concentrations of chloride (339.8 mg/L), sulfate (365 mg/L),
Heavy Metals, Water quality ~ and sodium (268.7 mg/L), as well as electrical conductivity (EC) with an average of 13035 puS/cm and
index. total dissolved solids (TDS) with an average of 9338.1 mg/L, were significantly higher than the
permissible limits of WHO and EPA. In the wet season, the concentrations of some heavy metals such
as Pb and Ni exceeded WHO standards, averaging 23.7 pg/L and 49.3 pg/L, respectively. However, in
the dry season, metal concentrations decreased, although in the monitoring wells, the average levels of
heavy metals in the order of Fe > Zn > Pb > Mn > As > Ni > Hg still exceeded the permissible limits of
WHO and EPA. Water Quality Index (WQI) results showed that 27.5% of the samples in the wet season
and 8% in the dry season had unsuitable quality for drinking purposes. The stations located near the
landfill exhibited the poorest water quality in both seasons. The results from Piper and Gibbs diagrams
indicated that the dominant water type in the area is chloro-sulfate, and processes such as evaporation
and interaction with evaporitic sediments play a major role in shaping the groundwater chemistry.

Introduction leachate, posing health risks such as carcinogenic effects

The rapid increase in municipal solid waste (MSW) and (Najafi Saleh et al., 2020; Kazemi et al., 2023). Qazvin
industrial production, coupled with inadequate landfill Province, with a daily waste production of 500-550 tons and
management  practices, has resulted in widespread a high reliance on groundwater, faces significant
contamination of groundwater resources, particularly in environmental challenges. The Mohammadabad landfill, one
developing countries. Despite their low operating costs, of the largest in the country, receives 900 tons of waste per
landfills pose a significant threat to groundwater quality due day, and if poorly managed, it could threaten the region's
to the leakage of leachate and the release of hazardous groundwater quality (Aliaghaei et al., 2020). This study, for
pollutants, including heavy metals (Huang et al., 2024). the first time, investigates the impact of the Mohammadabad
Studies worldwide, including research in Congo, India, and landfill on groundwater resources, employing parameters
Iran,, have demonstrated that waters contaminated by landfill such as total dissolved solids (TDS), chemical oxygen
leachate are unsuitable for human consumption due to high demand (COD), dissolved oxygen (DO), and water quality
concentrations of heavy metals and organic compounds index (WQI) to propose solutions for improving the
(Naveen et al., 2017). In Iran, research conducted in management of these vital resources.

Ghaemshahr and Saravan has confirmed that groundwater
quality in the vicinity of landfills is severely compromised by
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Materials and Methods
Data sampling and analysis

To evaluate groundwater quality and landfill leachate
pollution of Mohammadabad landfill, Qazvin, the sampling
was carried out during the wet season (June 2021) and dry
season (November 2021). In each period, 12 groundwater
samples were collected from multiple sites including
upstream, downstream, monitoring wells, and the landfill
site. Sampling followed standard procedures: the wells were
pumped, and the sampling containers were flushed before
being transported to the laboratory for analysis (Rice et al.,
2012). Heavy metals were quantified using Inductively
Coupled Plasma Mass Spectrometry (ICP-MS), while
physicochemical parameters including pH, electrical
conductivity (EC), total dissolved solids (TDS), and major
anions (carbonate, bicarbonate, chloride, sulfate, and nitrate)
were analyzed through titration, ion chromatography, and
flame photometry. The resulting data were statistically
evaluated using SPSS and Ag.QA software. A topographic
map of the study area was developed utilizing Geographic
Information System (GIS) techniques, incorporating ASTER
digital elevation model (DEM) data via ArcGIS software.

To evaluate groundwater quality, the Water Quality
Index (WQI) was computed based on the guideline
standards of the World Health Organization (WHO) and
the Canadian Council of Ministers of the Environment
(CCME). Each parameter was assigned a weight
according to its relative importance, and deviations from
the prescribed limits were assessed accordingly.
Additionally, range, frequency, and amplitude were
examined as supplementary indicators for water quality
assessment.

Results and Discussion
Evaluation of Water Quality Parameters

The investigation of groundwater chemical parameters
revealed that concentrations of various anions and cations
exceeded the permissible limits set by WHO and EPA
standards during both wet and dry seasons (Table 1).
Notably, chloride (CI7) concentrations were 339.8 mg/L in
the wet season and 363.6 mg/L in the dry season, while
sulfate (SO,*”) measured 365 mg/L and 410.6 mg/L,
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respectively, both exceeding the WHO limit of 250 mg/L.
Sodium (Na*) concentrations were higher in the wet season
at 268.7 mg/L compared to 178.8 mg/L in the dry season, but
monitoring wells near the landfill showed alarming levels:
chloride at 2860.8 mg/L, sulfate at 3000.9 mg/L, and sodium
at 2191.9 mg/L. Electrical conductivity (EC) averaged 13035
uS/cmand total dissolved solids (TDS) reached 9338.1 mg/L,
far exceeding WHO limits. Additionally, organic pollution
indices indicated severe contamination, with BOD levels
reaching 50.2 mg/L in monitoring wells.

Hydrochemical Facies Determination of
Groundwater

Interpretation of the Piper diagram indicates that the
regional groundwater is characterized by a chloro-sulfate
hydrogeochemical type with a dominant sodic facies. This
composition reflects the influence of geochemical processes,
particularly the dissolution of evaporite minerals such as
halite and gypsum, as well as cation exchange reactions.
These findings highlight the significant role of water—rock
interactions in modifying groundwater chemistry, likely
driven by the mineralogical composition of surrounding salt-

bearing formations (Fig. 3).

Processes Controlling Water Chemistry

The hydrochemical composition of groundwater is
primarily governed by three processes: water-rock
interaction, evaporation, and precipitation. The Gibbs
diagram was employed to evaluate the relative influence of
these mechanisms. A typical geochemical trend observed in
the study area involves a transition from bicarbonate to
chloride dominance, accompanied by increased salinity. This
pattern is largely attributed to the dissolution of carbonate
minerals and cation exchange processes with the aquifer
matrix. Plotting the results from two sampling campaigns on
the Gibbs diagram revealed that evaporation plays a
dominant role in the geochemical evolution of groundwater
in the region (Fig. 4).

The Water Quality Index (WQI)
The Water Quality Index (WQI) assessment of
groundwater in the vicinity of the landfill revealed notable
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seasonal variations. During the wet season, 45.5% of the
samples were classified as excellent, 18% as good, 9% as
very poor, and 27.5% as unsuitable for drinking purposes. In
contrast, the dry season showed a shift, with 67% of the
samples falling into the good category, 17% into poor, 8%
into very poor and 8% deemed unsuitable. Wells located
downstream of the landfill consistently exhibited the lowest
water quality in both seasons, whereas upstream wells
demonstrated relatively better quality, particularly during the
dry period. The findings indicate that groundwater quality
generally improves with increasing distance from the landfill.
However, poor water quality was also detected in some
remote areas, likely due to contamination from nearby
livestock farms (Uddin et al., 2023). Additionally, during the
dry season, reduced precipitation combined with elevated
evaporation rates intensified the concentration of pollutants,
further degrading groundwater quality downstream of the
landfill (Fig. 5).

Heavy Metal Concentrations in Water Resources

Groundwater analysis during the wet season revealed that
concentrations of certain heavy metals specifically lead,
nickel, arsenic, and zinc exceeded the permissible limits set
by the WHO (2018). Notably, lead concentrations in samples
collected from downstream stations reached 32.8 pg/L and
64.4 ug/L, significantly surpassing the WHO guideline of 10
pg/L. Similarly, nickel and arsenic levels measured at 103
pg/L and 34.9 pg/L, respectively, were also substantially
above the accepted thresholds. Although the concentrations
of these metals decreased during the dry season, monitoring
wells located near leachate zones continued to exhibit levels
above the regulatory limits. These findings underscore the
persistent impact of landfill leachate on groundwater quality,
particularly in areas with limited dilution capacity and high
contaminant mobility (Table 2).

Assessing  Groundwater the
CCMEWQI

A comparative graph of the water quality assessment
using the CCMEWQI index revealed that during the wet
season, 36.3% of the samples were classified as good, 54.5%

as average, and 9% as poor. In contrast, the dry season

Quality  Using
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showed an improvement in water quality, with 50% of the
samples classified as excellent and the other 50% as good.
The CCMEWQI index for samples from both the wet and dry
seasons is provided in Figure 6.

Cluster Analysis of Groundwater Quality

Cluster analysis of sampling stations for both wet and dry
seasons revealed distinct groupings based on groundwater
quality parameters. During the wet season, station W12
formed an independent cluster, reflecting markedly different
water quality likely resulting from direct infiltration of
pollutants from the nearby landfill. The first cluster included
stations W5 (used for livestock) and W11 (drinking water
source for Mohammadabad village), indicating similar water
quality characteristics. The second cluster grouped stations
W10 (livestock use), W3, W8, and W9, suggesting relatively
homogeneous hydrochemical conditions across these
locations.

In the dry season, monitoring well P4 situated adjacent to
the waste pile was isolated from the rest due to exceptionally
high concentrations of electrical conductivity (EC), chloride,
and sodium, all exceeding permissible limits. The first major
cluster included samples P5 and P1, both located near
municipal and industrial waste disposal sites, and showed
significant contamination. The second cluster comprised
subgroups with variable water quality, including wells with
the lowest contamination levels such as P2, P3, and P®6.
Additionally, downstream stations (W6, W7, W8, W9, W12,
and W13) were grouped together, indicating the consistent
influence of leachate migration and solid waste impact on
groundwater quality in these areas (Fig. 7).

Bivariate Analysis of Water Quality Parameters and
Heavy Metals

The ion ratio diagrams for the wet season samples
demonstrate significant correlations between key water
quality parameters and heavy metal concentrations. A strong
positive correlation was observed between electrical
conductivity (EC) and the concentrations of chloride,
sodium, and potassium, indicating that elevated salinity is
directly associated with increased levels of these major ions.
Additionally, a positive correlation between arsenic and
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copper suggests a common anthropogenic origin, likely
linked to industrial or urban activities. In contrast, a negative
correlation between nitrate and vanadium implies distinct
pollution sources. Nitrate contamination is predominantly
attributed to agricultural runoff and the use of chemical
fertilizers, whereas vanadium presence is more closely
associated with industrial discharges.

Conclusions

This study evaluated the seasonal variation in
groundwater quality surrounding the Mohammadabad
landfill in Qazvin, focusing on data collected during the wet
(June 2021) and dry (November 2021) seasons. The results
demonstrated that groundwater quality was influenced by
both natural hydrogeochemical processes and anthropogenic
activities, including leachate infiltration from solid waste
disposal sites, as well as agricultural and livestock-related
contamination. Elevated levels of major ions particularly
chloride, sulfate, and sodium along with increased electrical
conductivity (EC) and total dissolved solids (TDS), indicated
significant degradation of groundwater quality, especially in
wells located near the landfill. Organic pollution indices
(BOD and COD) peaked during the wet season due to
increased leachate mobility but remained elevated in
proximity to the landfill throughout both seasons.

Hydrogeochemical analysis identified key processes such
as mineral dissolution, cation exchange, and evaporation as
drivers of groundwater chemistry. Water quality indices
(WQI and CCME WQ)I) revealed a relative improvement in
water quality during the dry season. However, persistently
high concentrations of heavy metals most notably arsenic and
lead pose ongoing environmental and public health risks.
Although the impact of landfill leachate was localized,
livestock farming was found to be a major contributor to
widespread groundwater contamination. These findings
underscore the need for continuous groundwater quality
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monitoring and further research, including microplastic
detection and stable isotope analysis, to ensure the
sustainable management and protection of regional water
resources.
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Table.1. Summary of results obtained from field measurements of water parameters, cations, and anions.

Parameter (Unit) Season Min Max Mean Median SD CV  WHO (2018) EPA (2018)
CI- (mg/l)
Wet 130.8 590.3 339.8 3139 1712 05 250 250
Dry 149.2 618.2 3636  309.9 178.3  0.49
Monitoring Well  337.2 7628 2860.8 2312 2882 1
NOs™ (mg/l)
Wet 6.8 11.8 9.2 8.8 1.7 0.1 * 10
Dry 6.6 11.9 9 8.8 1.7 0.1
Monitoring Well 4.8 92.1 47.2 45.9 37 0.7
S04 (mg/l)
Wet 163.4  723.7 365 370.4 1619 04 250 250
Dry 1946 708.7 4106  378.1 1806 0.4
Monitoring Well  341.8 9210 30009 17704 34448 1.1
HCOs" (mg/l)
Wet 54.3 192 1278  132.6 39.1 0.3 100 *
Dry 57 190 128.4 133 37.7 0.2
Monitoring Well ~ 110.7 151 136.2 142 16.6 0.1
Ca% (mg/l)
Wet 59.7 2772 1415 1083 72.1 0.5 150 *
Dry 59.8 224 120.1 119 46.1 0.3
Monitoring Well ~ 123.2 12159 5239 4433 4175 0.8
Mg?* (mg/1)
Wet 36 319 98.8 60 81.7 0.8 150 *
Dry 33.7 153 80.4 60.2 39.7 0.4
Monitoring Well 52 18729 611.2 445.8 687.3 11
Na* (mg/l)
Wet 121.1 5017 268.7  250.6 1223 04 200 30-60
Dry 93.4 313 178.8 168 63.43 0.3
Monitoring Well 1725 8098.2 21919 9924 30631 14
K* (mg/l)
Wet 3.5 8.8 5.2 5 1.6 0.3 12 *
Dry 4.1 6.9 5.1 4.8 0.9 0.1
Monitoring Well 6 21.7 12.8 11.2 7.1 0.5
EC (umho/cm)
Wet 885 4250 18714 16365 9342 05 400
Dry 853 2790 16428 16125 6275 0.3
Monitoring Well 1960 38600 13035 9260 12808.2 0.9
pH
Wet 6.7 7.8 6.9 6.9 0.2 0.04 6.5-8.5 6.5-85
Dry 6.5 7.7 7.1 7.2 0.3 0.05
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Monitoring Well 6.9 7.6 7.3 7.3 0.2 0.03
TDS (mg/l)
Wet 697.3 22495 1356.7 14146 5051 0.3 1000 500
Dry 691.7 2129.1 1296.8 12449 456 0.3
Monitoring Well  1153.9 27694 9338.1 6475.1  9340.5 1
COD (mg/l)
Wet 3.7 29 11.5 8.8 10 - - -
Dry 2 17.6 5.3 3 6 -
Monitoring Well 3 21.5 13.3 5 9.3 -
BOD (mg/l) 3 5
Wet 11.1 67.6 27.8 21.9 22.7
Dry 3.8 38.2 14.5 10.7 12.8
Monitoring Well 15 81 50.2 52.5 34.6
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Fig. 3. Piper diagram of groundwater samples. a) Wet season, b) Dry season, and ¢) Monitoring wells.

il 50 Gl 3280 S sl el Bl o2 L ailion Wl oo
Slalllas plomil ooy o stlood JolSS 50 S5 52 e i 9
adlha (Eby, 2016; Gibbs, 1970) el )5y casis
(Obiri-Nyarko et al., 2023) |,Ken 3 55,5 Lawgs oodspl!
ol 5 S ogas bl s iz 4o KpONe allj s e 4o
Lol i SIS Dol 5 oS Sojlsn sloons] 5 45 ol i
oS o 0 wiS oo ll e o pleard LS5 0 1,
sanlin 5 ally oo Jore slaalad dis Ll plie 51 5k
GolS ole po5us o5 ol g anlllae 590 dilaie SN ol
sloo] LT 5 S Jols gloanlp i aalllas o il
2as glaled 5e Jolge 5l al et 3585 56 L b ST L (e

Olyeds G S g (o Slaojlus ;) adllas 9o ;o )0 (uisren

YA

S5 p S oberdsignee slaanld sy p eliea
55 3 2l slraisel gl adlass 5o dibats fooj ol aleord
(F US)
JUC .x.ubs aS a2 oo lid W loged cpl jo bl d"‘i‘)i 0920
ol S oo Wl adlate ey O (ol JolST 50 poge (S
BB s (9l Sliges, 5l (o3 2l h9es 4 4z 9i b gg00
osiile b guejp; ol Wi 50 Oile 4wl 4y
Sk eiSJpS ol Qs ol i s s
ol 3@ oY (Jl cpl boiil oo dibie jo Of Slesiy o
ol s il JolS S 0 008 lgias S e o5
Sl,S Gla S5 Dol 5l 8lse B 9 o a3y ,S gla IS



e 80 Jore Opglone 3 oleadigiig e laan] b g Of cuaS b))

OhlSes 5 5,5l

10000
a _ -~ 'Seawater
-7 ' <
S o WP
< e el
1000 2L S <

L *\@:s,/".
<

100 | Rock dominance

5
3
~ \\
10 N N O

< =

Total dissolved salts (mg/L)

N
“~_ Precipitation
daminance

1
0.0 0.2 0.4 0.6 08 1.0
Na*/(Na*+ Ca®")

_ -~ Seawater

oy
]

e
S
1000 - ?.q\"‘ 8
- s
-7 RV
-~ rd
¢
i
£ \
100 |Rock dominance A

Total dissolved salts (mg/L)

“~_ Precipitation
deminance

0.0 0.2 0.4 0.6 0.8 1.0
Na*/(Na®+ Ca®")

e by sla SIS Ploul ,3b a5 was aslis ol LIl ous

s oo olai |y Ger Jobs slean )

10000¢
.-~ Seawater ,
s’ //
-7 ® .
o %o
100¢ pgn oe® 9
= o
™ -
L L~
z
i Rock dominance'\
2 100 3
K :
% 2
) ~
3
) 10 2
>« Precipitatier
~~dominance
1
0.0 0.2 0.4 0.6 0.8 1.0
CI"/(CI" + HCO3™)
10000
-~ Seawater ,
-,
-7 ’
EONY
P [ ]
1000 = 3
=) M e 0
E) e .
£ |-
“ i
Z Rock dominanceh
B 100 2.
s
) . B
\‘\ l’rccipii:;riql
“~dominance
1

0.0 0.2 0.4 0.6 0.8 1.0
CI"/(CI" + HCO3 )

Sz Jad 0 Jad @ - i) 2 Gladiges S Hlogei -F S

Fig.4. Gibbs diagram of groundwater samples. a) Wet season, b) Dry season

3 ae,0 YOO 5 Jad o as sloplis baiged 85 sunaalb

G &S 00y ;0 Aoy YA (-Y0) Jle S e jo lediges
YVIO g (Ve r-VF) chns jlaws 85 03, )0 o0 1 (0+-YF)
Al (Ve el ) Qo.:.aLiJ Gy cslinl 2S00, o a0y
VY D -YF) 0o a5 00, ;0 adiges duo o PV (oS fad o
S &S 00y 50 Gy A ((YO-OY) ns S 03, ;0 do o
Ooeln] (sl cenliali (25 03, 10 aoyd A g (Voo -VP) Cans

sl 18

14

WQD &f cudeS’ (a5l
L) BOD (gla el o5 ol oLt bayiall 45 20 o335 b
L) ol o CNY (59 L) mesly «CITY (59 L) PHCIFY (355
W)l Ol S s 0 1) 8 ki 5 4 L0 F
ol p g e o9y 4 a8 WQD G coas (a3l mls
BOD K* Mg? Na* Ca?* TDS EC .TH pH sl ,zal L
ooy aa s o slodiges sl NOs~ g SOZ €I HCOg

el oas &l 0SS o b sl o) G|



e 80 Jore Opglone 3 oleadigiig e laan] b g Of cuaS b))

OhlSes 5 5,5l

oads aseie ol cuaS pals Lol Jelse flgicds ((rio Slauls
el
a5, (Asomaku, 2023) Slegw! lawg Koo (glaalllas o
aS ols las )5 cwyp |y 4S9 % sl o) GBlbl Ol caS as
30 S ysbas cuejp; ol 5 00g £/ L YT/ sogame ;0 WQI
Sl 4 Sogl (Jrplb sl ool gamail Cg3 b Jle oo,
03,5 Sl Gilage oz GG o 9 S8 wile S

VY-

oly a5 ol las (WQI) o coas asls b)) mbs
shls 6o paiges Jad 93 2 50 Jdoid Cowsimly 58 5)l0po e
Sy 5 Jad o nl poedle o Ol CokS Giiomb
Slp bl 28 00y j0 58 Jdadd CewoVl jo (ghlo 0 e
152l Sgnge o] CieS Sis b o Lol waizd 13 apels]
S Jad jo fdad cewoml 5o 6l e g slrel> ( ilde
8y s | ol cudS tals

b o8 oo 3l alols zoliél as sl Les WO Jlade &l s
aul s 39 a0 batdl opl .ol ol o O CuiS Sguga b
8 J I A e b | e ol lie kS
Wsle 18 golaels ST (Soop jo aS (Ldadd 5l g0 sblie
3955 5 52U Wlgi oo g9d50 Cal el mly plizper O ok
il sloolzally (5)laels slacluy 5l aijs i 5 JT slaeas,Vl
Gt St Ay 8 e g aul el azds> (G 50 e
ol e 395wyt 5B Sl o wiols s |y (Sl e
el oy

iy 2l Olor el el (Fail rals (o Sas fab o
Chle Gl e ggoge al 955 o0 oai VT (Suss, el
D58 ge e Jdodd Csdimly )0 ol kS Rl g Jslowe Sl
53 Jsle slagy cdale iy pies g Lo il oSS fab o
ol g0 WQI (a3l jo &l s el g ams oo ial38l 1, Ol
S (Soll (o yme p it a5 Jdad cewsipmaly Bl o il
5 ool addllas o e hlie )5 Ceul ogad wiies Jhdad oot
WQI a3ls Lgeg> ailzog,,0 (Uddin et al., 2023) l,Ken
s 03, j0 5 g Sid fad g0 ,e 0 Ol cualS aS ol las
shad Lal s 556 asllae 9o p sl 43S 5 hand 5 Ciand
ols adlllas ;o aS Solis ol b iyl oS O oS Ol i
Olyeas Sz fab ;o looan VT (Suss) (pals 5 yeses anl
Bgogz aslllas ;5 a5 b 5 wond axilisy coaS il Lol Lolse

5 Lodlols wile) e 5 Sl sledld 51 ol Soll



R A I E U PRI SRV P EC [ IR ROV K g Iy

OhlSen 5 ¢S

Low quality 200 Water Quality Index (WQI)
I Wet Season
[ Dry Season
250 i
200
o Il
150 1
100 - - (|
l] |
. . W1 W3 w4 w5 w6 W7 w8 W10 W11 W12 W13
High quality

Jad 53 00 (5 pslaaz ol gladiges (55, » o0 plosl lalllas

Fig. 5. Calculation of water quality index (WQI) for groundwater samples.
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Table. 2. Summary of results obtained from measuring heavy metal concentrations in groundwater samples during the dry and wet

seasons, as well as monitoring wells.

Parameter (Unit) Season Min Max Mean Median SD CV WHO (2018) EPA (2018)
As (ug/l) 10 10
Wet 6.3 349 128 11 8 0.6
Dry 1.2 5.9 3.7 3.8 1.4 0.4
Monitoring Well 53 118 51.2 43.7 38 0.7
Cd (ug/l) 3 5
Wet 2 2 2 2 0.6 0.3
Dry <1 <1 <1 0 0 0
Monitoring Well 1.9 4.1 2.9 2.8 1.6 0.5
Cu (ug/l) 2000 1000
Wet 04 11 3.7 3.6 34 0.9
Dry 1 1 1 1 0.2 0.2

AR



09 e Spglme 55 (lerdie s slaan T g O CoiS L)

OhlSen 5 ¢S

Monitoring Well  10.9 26.7 18.5 18.3 11 0.5
Pb (ug/l) 10 15
Wet 136 476 237 22.3 9.5 0.4
Dry 12 36 2.5 2.4 1 0.4
Monitoring Well 474 110 65.1 52.5 249 03
Hg (ug/l) _ 2
Wet 12 12 1.2 1.2 0.3 0.3
Dry <1 <1 <1 0 0 0
Monitoring Well 10.9 26.7 18.5 18.3 11.03 05
Mo (ug/l) 10 _
Wet 16 3.1 2.1 2.1 0.4 0.2
Dry 1 1.9 1.4 1.4 0.5 0.3
Monitoring Well 3.2 3.2 3.2 3.2 1.3 0.4
Fe (ug/l) 300 300
Wet 10 40 26 30 166 0.6
Dry 170 640 3925 370 161.3 04
Monitoring Well 10 3490 1375 1000 13626 0.9
Al (ugll) 200 50-200
Wet 10 90 37 25 30 0.8
Dry 40 90 60 60 134 0.2
Monitoring Well 70 220 148.3 165 577 03
Mn (ug/l) 50 50
Wet 10 10 10 10 3.02 03
Dry 10 10 10 10 2.8 0.2
Monitoring Well 10 140 64 30 60.5 0.9
Co (ug/l) _ _
Wet 1.2 3.8 2 17 1 0.5
Dry <1 <1 <1 0 0 0
Monitoring Well 1.3 2.6 1.9 1.9 0.5 0.2
V (ug/l) _ _
Wet 23.6 595 405 39.8 109 0.2
Dry 9 275 201 20.3 5 0.2
Monitoring Well 21.7 143  62.8 50.4 499 07
Ni (ug/l) 20 —
Wet 193 104 493 38.6 268 05
Dry 12 54 31 3.2 182 05
Monitoring Well 3.6 116 344 9.1 458 13
Cr (ug/l) 50 100
Wet 25 444 18 16.2 108 0.6
Dry 1.7 171 121 13.3 4.3 0.3
MonitoringWell 1.3 154 8.6 8.9 6.3 0.7
Zn (ug/l) 50 _
Wet 12 363 611 7 1115 1.8
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Dry 0.2 996

19.2

6.8 309 16

Monitoring Well

230 1020 506.6

365 3306 0.6
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Fig. 8. Bivariate diagram examining the relationship between quality parameters and elements in wet season samples. a) Bivariate
diagram of EC/CI, b) Bivariate diagram of EC/Na*, ¢) Bivariate diagram of EC/K* in wet season, d) Bivariate diagram of As/Cu

in wet season, e) Bivariate diagram of NO37/V in wet season

) dlom (80 slaal i 51 2ol was Sogll sl sleel> o
Wol> cpl ;5 TDS 5 (EC) S0 xSl colon oYL polie .,8 ool
el asyy ol b8 bl et e 3l samsg e
@ 5 Juas ,0 (BOD 5 COD) JT Sodl sla ol iz
gl Buds dmoai ¥l ggiind 5 S Vb s pdydeis o
dooa VT als b o« Sis Juad jo cslo pble |y Judod 51 sl

\YY

=

Jedodd Bl e s Ol CodS gy Boa b aslllas ol

OF e D) Sas g (VFe v olo,3) 5 Jad 90 40 (938 bloese
3 iy ol CedS oS ols ol asllae opl @bt b pll
3 Sl 5 gl Jalse 5l (slaegorme 3l con sllnasme ailare

ot § Sl gas g 1S 031545 a5l g b ysnil GYL clale s s



e 80 Jore Opglone 3 oleadigiig e laan] b g Of cuaS b))

OhlSes 5 5,5l

aibaie ;o e p ol (Sogll ol mlie Glaicas als slaalls; |l

A 5380 o e do il g wiload olulll

slo Sogl 8,5 L o =l plaebl sl wwalesye

Ol dgdige Sleting (ngid oblaesme Ldad I 36 Jlezo]
glyl plolids jslieay Jdusd SLbl (iesp ol mlie yotuns
Goeai¥T o)y ol LS5 Slollla plosil 055 plol noniyY]
o Lo le Ll 5l eslasl da S g S udii jgeloes
Lo obsy slp VA=030mST 5w aile Jlly slacgssl

9ol Sllhe (rizmen 5 GuSiw polie 5 Lol slagg ()9
drogi (5 sl 5 (55,5liS glacled iyl bl sl ol iz

Lo S5l yne g Lo 31 (6550 5,0 aiilgs oo Sladllae ol 09 o

ol mle b copoe Gy gl 5 slo,Kal, 5 ools il

sl w8 (e

(5;|'>)"\§
olex cod Gliamd ofgn Kol pisu leeas dlis oyl
el 00 43‘)| u“315 L;\:uzk.\.a UT ‘SQLQ,»J us).m

References

Agency, Y.N., 2023. Climate and Weather of Qazvin
Province.YJC.

Akcil, A., Koldas, S., 2006. Acid Mine Drainage (AMD):
causes, treatment and case studies. Journal of cleaner
production 14, 1139-1145.

Aliaghaei, F., Pazoki, M., Farsad, F., Tajfar, 1., 2020 .
Evaluating of refuse derived fuel (RDF) production from
municipal solid waste (case study: Qazvin Province).
Environmental Energy and Economic Research 4, 97-1009.

Asomaku, S.0., 2023. Quality assessment of groundwater
sourced from nearby abandoned landfills from Industrial
City in Nigeria: Water pollution indices approach.
HydroResearch 6, 130-137.

Batabyal, A.K., Chakraborty, S., 2015. Hydrogeochemistry
and water quality index in the assessment of groundwater
quality for drinking uses. Water Environment Research 87,
607-617.

Benaddi, R., Ferkan, Y., Bourigi, A., Ouazzani, N., 2022.
Impact of landfill leachate on groundwater quality—a

YA

Jedaid 4 SGop ol sleol> o ‘;osﬂ Lol e8ly 390 ol ewas
S EC @Y olie b 55 59,005 5 (55,5L5 slocadlad il 3L
Sl las 1) of cuaS 5 e ,5b b laals ole (slaolKiny!

b oo (ajng ool oS sl lis olenistiy s Jlos
9951 513 Shaw gy IS i b S Jols 5 o SIS Dl

CoiS 5 Juad ys a8 ols oLes (CCMEWQI g WQD) o coas

ol b g cslin (aneldl sl baigad (S0 5 009 g5t o

Wol> 32 50 o 5 Soiow, T aile s 318 VL il ¢l
el sl 0o VT il 3l s las

b e )l ol glaal s Lols b e ailiseies

ly Jedod jglome g,-'-"-’l" Solz L 5wl ‘T’T CeteS gk

Syp0 byl a5 wims o lis gl ol sols 3 5k cou

Jedod aibie o ey ol gl (Sogll Qb)) 0 oo
wle (Sooll 5 Jdod slacudlas o 1) (s lobine abul woblese

losn¥T cuti § (5, laals glacadled (Jl ol b ams soi oylis o

comparison between three different landfills in Morocco.
Journal of Ecological Engineering 23.

Chow, A.T.S., Ulus, Y., Huang, G., Kline, M.A., Cheah, W.Y.,
2022. Challenges in quantifying and characterizing
dissolved organic carbon: sampling, isolation, storage, and
analysis. Journal of Environmental Quality 51, 837-871.

Eby, G.N., 2016. Principles of environmental geochemistry.
Waveland Press.

Energy, 1.M.o., 2019. Prohibited Aquifers Report, Iran.

EPA, U.S.E.P.A., 2018. Water Quality Standards.

Farzaneh, G., Khorasani, N., Ghodousi, J., Panahi, M., 2021.
Assessment of surface and groundwater resources quality
close to municipal solid waste landfill using multiple
indicators and  multivariate  statistical methods.
International Journal of Environmental Research 15, 383-
394,

Gibbs, R.J., 1970. Mechanisms controlling world water
chemistry. Science 170, 1088-1090.

Glenn, S.M ,.Lester, L.J., 2010. An analysis of the relationship
between land use and arsenic, vanadium, nitrate and boron



e 80 Jore Opglone 3 oleadigiig e laan] b g Of cuaS b))

OhlSes 5 5,5l

contamination in the Gulf Coast aquifer of Texas. Journal
of Hydrology 389, 214-226.

Huang, Z., Liu, G., Zhang, Y., Yuan, Y., Xi, B., Tan, W., 2024.
Assessing the impacts and contamination potentials of
landfill leachate on adjacent groundwater systems. Science
of The Total Environment 930, 172664.

Iran, G.S.a.M.E.o., 2002. Geological Survey and Mineral
Exploration of Iran, Geological Maps of Eshtehard and
Qazvin 1:100,000. Geological Survey and Mineral
Explorations of Iran, Tehran, Iran.

Islam, M.Z., Mostafa, M., 2024. Assessments of
hydrogeochemical characteristics, water quality, and health
risk of groundwater of Chapi-Nawabganj District of
Bangladesh. H2Open Journal 7, 375-396.

Johari, A., Alkali, H., Hashim, H., Ahmed, S.1., Mat, R., 2014.
Municipal solid waste management and potential revenue
from recycling in Malaysia. Modern Applied Science 8, 37.

Kazemi, Z., Hesami Arani, M., Panahande ,M., Kermani, M.,
Kazemi, Z., 2023. Chemical quality assessment and health
risk of heavy metals in groundwater sources around
Saravan landfill, the northernmost province of Iran.
International Journal of Environmental Analytical
Chemistry 103, 6577-6595.

Mavakala, B.K., Le Faucheur, S., Mulaji, C.K., Laffite, A.,
Devarajan, N., Biey, E.M., Giuliani, G., Otamonga, J.-P.,
Kabatusuila, P., Mpiana, P.T., 2016. Leachates draining
from controlled municipal solid waste landfill: detailed
geochemical characterization and toxicity tests. Waste
management 55, 238-248.

Meng, J., Xiao, G., Qi, M., Han, X., Gou, Q., Hao, X., Ge, J.,
2024. Comparing roles of multiple contamination
indicators in tracing groundwater pollution nearby a typical
municipal solid waste (MSW) landfill. Heliyon 10.

Najafi Saleh, H., Valipoor, S., Zarei, A., Yousefi, M., Baghal
Asghari, F., Mohammadi, A.A., Amiri, F., Ghalehaskar, S.,
Mousavi Khaneghah, A., 2020. Assessment of
groundwater quality around municipal solid waste landfill
by using Water Quality Index for groundwater resources
and multivariate statistical technique: a case study of the
landfill site, Qaem Shahr City, Iran. Environmental
geochemistry and health 42, 1305-1319.

Naveen, B., Mahapatra, D.M., Sitharam, T., Sivapullaiah, P ,.
Ramachandra, T., 2017. Physico-chemical and biological
characterization of urban municipal landfill leachate.
Environmental Pollution 220, 1-12.

¥4

Obiri-Nyarko, F., Duah, A.A., Karikari, A.Y., Tagoe, R., 2023.
Characterization of leachate, groundwater quality analysis,
and evaluation of hydrogeochemical processes at the
Kpone engineered landfill site, Ghana. Sustainable Water
Resources Management 9, 15.

Ogbodo, C., Wuana, R., ltodo, A., Eneji, 1., 2020.
Physicochemical Parameters and Water Quality Index of
Water in the Lower Usuma Dam, Fct, Nigeria. IARD
Intern. J. Geog. and Environ. Manage 6, 30-30.

Okuhata, B.K., Dulai, H., Shuler, C.K., Fackrell, J.K., EI-Kadi,
A.l., 2020. Metal mobilization as an effect of
anthropogenic contamination in groundwater aquifers in
Tutuila, American Samoa. Water 12, 2118.

Parvin, F.a., Tareq, S.M., 2021. Impact of landfill leachate
contamination on surface and groundwater of Bangladesh:
a systematic review and possible public health risks
assessment. Applied water science 11 ,100.

Piper, A.M., 1944. A graphic procedure in the geochemical
interpretation of water-analyses. Eos, Transactions
American Geophysical Union 25, 914-928.

Plan, Q.P.D., 2013. Amayesh Plan of Qazvin Province.

Propp, V.R., De Silva, A.O., Spencer, C., Brown, S.J.,
Catingan, S.D., Smith, J.E., Roy, J.W., 2021. Organic
contaminants of emerging concern in leachate of historic
municipal landfills. Environmental Pollution 276, 116474.

Renou, S., Givaudan, J., Poulain, S., Dirassouyan, F., Moulin,
P., 2008. Landfill leachate treatment: Review and
opportunity. Journal of hazardous materials 150, 468-493.

Rice, E.W., Bridgewater, L., Association, A.P.H., 2012.
Standard methods for the examination of water and
wastewater.  American  public  health  association
Washington, DC.

Samadder, S., Prabhakar, R., Khan, D., Kishan, D., Chauhan,
M., 2017. Analysis of the contaminants released from
municipal solid waste landfill site: a case study. Science of
the Total Environment 580, 593-601.

Samadi, J.D., N.M., 2017. Modeling the Risk of Groundwater
Pollution in the Southern Watershed of Lake Namak Using
Statistical Methods.

Sanad, H., Moussadek, R., Dakak, H., Zouahri, A., Oueld Lhaj,
M., Mouhir, L., 2024. Ecological and Health Risk
Assessment of Heavy Metals in Groundwater within an
Agricultural Ecosystem Using GIS and Multivariate
Statistical Analysis (MSA): A Case Study of the Mnasra
Region, Gharb Plain, Morocco. Water 16, 2417.



e 80 Jore Opglone 3 oleadigiig e laan] b g Of cuaS b))

OhlSes 5 5,5l

Schiopu, A.-M., Gavrilescu, M., 2010. Municipal solid waste
landfilling and treatment of resulting liquid effluents.
Environmental Engineering & Management Journal
(EEMJ) 9.

Sudip, S., Selim, R.A., Roy, M.K., 2021. Arsenic geochemistry
of the sediments of the shallow aquifer and its correlation
with the groundwater, Rangpur, Bangladesh. Applied
Water Science 11.

Uddin, M.G., Diganta, M.T.M., Sajib, A.M., Hasan, M.A,,
Moniruzzaman, M., Rahman, A., Olbert, A.l,
Moniruzzaman, M., 2023. Assessment of
hydrogeochemistry in groundwater using water quality
index model and indices approaches. Heliyon 9.

Uddin, M.G., Nash, S., Rahman, A., Olbert, A.l.,, 2022. A
comprehensive method for improvement of water quality
index (WQI) models for coastal water quality assessment.
Water Research 219, 118532.

Vongdala, N., Tran, H.-D., Xuan, T.D., Teschke, R., Khanh,
T.D., 2019. Heavy metal accumulation in water, soil, and
plants of municipal solid waste landfill in Vientiane, Laos.

'Y

International journal of environmental research and public
health 16, 22.

Wang, F., Song, K., He, X., Peng, Y., Liu, D., Liu, J., 2021.
Identification of Groundwater Pollution Characteristics and
Health Risk Assessment of a Landfill in a Low
Permeability Area. International Journal of Environmental
Research and Public Health 18, 7690.

WHO, W.H.0., 2018. Guidelines for drinking-water quality :
fourth edition incorporating the first and second addenda,
Geneva.

Xing, W., Lu, W., Zhao, Y., Zhang, X., Deng, W., Christensen,
T.H., 2013. Environmental impact assessment of leachate
recirculation in landfill of municipal solid waste by
comparing with evaporation and discharge
(EASEWASTE). Waste management 33, 382-389.

Yang, X., Jia, C., Yao, Y., Yang, T., Shao, S., 2024. Precise
management and control around the landfill integrating
artificial intelligence and groundwater pollution risks.
Chemosphere 1, 364.



