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The aim of this study was to monitor the pollution of potentially toxic elements in the soils surrounding

Accepted: 20 December 2024  the Mohammadabad landfill, determine their sources, and assess health risks. 19 soil samples were
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collected from 11 sampling stations (including sub-soil in some stations) around the landfill, and 1
sediment sample from the leachate settling ponds. The concentration of elements were measured using

Waste. ICP-MS, and the data were analyzed using statistical methods and geochemical indices. The highest

contamination levels were associated with As, Cu, Ni, Co, Mn, and Zn, and the most polluted station was
located adjacent to the urban waste landfill. The sediment from the industrial pond also exhibited severe
potentially toxic elements contamination. The pollution load index in majority of sampling sations fall
within the significant risk category, while the ecological risk in some samples (located adjacent to the
municipal waste depot and south of the sampling area) was classified as very high. The health risk

assessment showed that, for all elements, the ingestion pathway (HI > 1) posed a health risk to both
children and adults in samples collected near the landfill site. The carcinogenic risk for As and Cr through
ingestion was considerable, while lead posed a serious risk through all exposure pathways. In contrast,
Ni via ingestion remained within acceptable limits. Statistical analyses including principal component
and cluster analysis showed that As, Cu, Pb, Cd, and Zn were more influenced by anthropogenic sources,
likely due to the direct impact of the landfill. Also, based on the T-test, it was determined that there was
no significant difference in average concentration of elements between topsoil and subsoil samples.
Ultimately, the findings emphasized the importance of managing and safely disposing of sludge from the
industrial leachate pond due to the high concentrations of some elements including As, Cu and Zn.

Introduction

The increasing production of municipal solid waste
(MSW) due to population growth and urbanization has
turned waste management into a global challenge
(Torkashvand et al., 2022; Yousefi et al., 2021).
Landfilling, as one of the most common disposal
methods, has significant environmental consequences
despite its low cost. Biological and chemical processes in
landfills lead to the production of leachate and the release
of potentially toxic elements such as arsenic, chromium,
zinc, and copper into the soil, which can negatively
impact soil quality, human health, and ecosystems
(Wdowczyk and  Szymanska-Pulikowska, 2021).

Previous studies have shown that soil contamination near
landfills, especially in unregulated disposal sites, poses a
serious threat due to the accumulation of potentially toxic
elements. This study examines soil contamination in the
Mohammadabad landfill in Qazvin to assess the impact
of landfill activities on the concentration of toxic
elements in surrounding soils. The findings of this study
can play a crucial role in identifying ecological and
health risks associated with waste disposal and in
developing effective management strategies.
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Materials and Methods

Analytical methods

This study was conducted at the Mohammadabad landfill
site in Qazvin to evaluate potentially toxic elements
pollution in surrounding soils. The study area has an arid
climate and geological formations consisting of Miocene,
Pliocene, and Quaternary units (Li et al., 2020; Shormij,
etal., 2015). Soil samples were collected from 19 stations
using standard methods, including sub and top soil in
some locations (Fig 1), and chemical analyses were
performed using ICP-MS (FAQ, 2019; Wan et al., 2021).
Physicochemical parameters such as pH, EC, and total
organic carbon (TOC) were measured (Li et al., 2020;
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Fig. 1. Location of sampling points in the study area (adapted from Google Earth)

Results and Discussion

The physicochemical analysis of the soil in the study area
showed that pH ranged from 7.8 to 9.6 (average 7.4),
indicating a nearly neutral characteristic. The highest pH
value was measured in the sample taken from the
municipal waste landfill soil (S9) and the lowest value
was measured in the sample located in the north of the
sampling area (S1). Electrical conductivity (EC) varied
between 6.9 and 11.2 mS/cm, with the highest value
corresponding to the sample taken from the vicinity of
the municipal waste landfill (S11) and the lowest value
corresponding to the sample located south of the
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USEPA, 2013). Pollution indices such as enrichment
factor (EF) was calculated to assess the level of
contamination (Ali et al., 2022; Obiri-Nyarko et al.,
2021). Additionally, the ecological risk index was used
to evaluate the impact of potentially toxic elements such
as Cu, Zn, Pb, and Mn on the ecosystem (Ali et al., 2022).
The carcinogenic and non-carcinogenic risks for the
studied elements were also calculated (Thongyuan et al.,
2021). Statistical analysis, including cluster analysis
(CA), principal component analysis (PCA) and
independent sample t-test have been applied to data
analysis (Liu et al., 2023).

b 0

s

sampling area (S12). Organic carbon content ranged
from 0.25 to 2.1%, with the highest value corresponding
to the sample taken from the vicinity of the municipal
waste landfill (S11) and the lowest corresponding to the
sample located in the north of the sampling area (S1). The
soil type was classified as Aridisol, which is
characterized by high salinity and low organic matter,
typical of arid and desert environments (Mohammed et
al., 2020). A comparison of element concentrations in the
soil with world mean values that As and Zn in both top
and sub soil samples exceeded reference values, with the
highest levels found in S11 (topsoil), and S2 and S4
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(subsoil). S11 (adjacent to the municipal landfill) was
identified as the most contaminated topsoil sample, while
S4 (south of the study area) was the most contaminated
subsoil sample. potentially toxic elements such as Cu, Pb,
Ni, Cr, and Mo showed elevated concentrations across
different stations. In the sludge sample from the
industrial landfill pond (S8), potentially toxic elements
concentrations varied significantly. Overall, As, Cu, Pb,
Mo, Ni, and Cr showed higher concentrations compared
to world soil averages (Kabata-Pendis and Mukherjee,
2007). The highest enrichment of As, Cu, Pb, Cd, and Zn
was observed in the vicinity of the municipal waste
landfill (S11) and Mo in the north of the sampling area
(S1) (Fig 2). The ecological risk assessment indicated
that most samples posed a low risk, except for S10 (near
the municipal waste landfill), S11, and S12 (wasteland
near the road), which exhibited high ecological risk. S11
(adjacent to the municipal landfill) had the highest
ecological risk potential, particularly for As (423.4, very
severe risk). The overall ecological risk index was also
elevated in S10, S11, and S12, with S11 classified as very
high risk and the other two in the significant risk category
(Mazhari et al., 2019) (Fig 3). The HQ values for all

*

elements across all three exposure pathways were below
1 for both age groups, indicating no adverse health
effects. The HI index was below 1 for all stations except
S11, suggesting non-carcinogenic health risk only in this
station. Carcinogenic risk from ingestion was confirmed
for As and Cr in both age groups, while Pb posed
carcinogenic risk via all exposure pathways, and Ni
through ingestion. Cu via dermal contact remained
within acceptable limits (Kabir et al., 2022). Principal
Component Analysis (PCA) identified three main
factors: Factor 1 (geogenic elements: Al, Fe, Ni, and Cr),
Factor 2 (anthropogenic elements: As, Cd, Cu, Pb, and
Zn, linked to landfill pollution), and Factor 3 (Hg and
Mo, also anthropogenic). Cluster analysis revealed that
S11 (adjacent to the municipal landfill) was the most
contaminated sample, distinctly separate from other
samples. However, samples from S7, S9, and S10,
located near the landfill, showed strong correlations.
Despite the current limited spread of contamination,
there is a potential risk of pollutant migration over time

(Liu et al., 2023).

HIH o
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Fig. 2. Box plot of enrichment coefficient of soil samples
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Fig. 3. Comparison of total ecological risk values of soil samples

Conclusions

In this study, the impact of the Mohammadabad
landfill on the quality of the surrounding soils was
examined based on sampling data. The results showed
that the low enrichment of elements and the moderate
potential ecological risk of potentially toxic elements in
the study area are influenced by human activities,
particularly in proximity to the municipal landfill. The
sample collected near the municipal waste disposal site
showed the highest contamination and contained
significant amounts of As, Cu, Pb, and Zn. The analysis
of health risk assessment results showed that in most
stations, the non-carcinogenic and carcinogenic risks of
potentially toxic elements are low. However, the sample
taken from the vicinity of the municipal waste disposal
site exhibited a total non-carcinogenic hazard index (HI)
above the permissible limit, indicating potential adverse
effects on human health. Principal component and cluster
analyses also confirmed that metal pollutants in this area
primarily originate from anthropogenic sources,
especially the landfill. Nevertheless, the transfer of
pollutants to the surrounding environment is currently
limited, but their dispersion over time remains a
possibility. Therefore, continuous monitoring and the
implementation of control measures are recommended to
mitigate environmental and health impacts.
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ol el S ‘;J.;..{YT el a0 oo Ll 6L:eo..\.;,.}ﬂ

53 e slons ¥ 5 ¥ bl 3k 5l a3l

RI= Y'E! ()

Jeily By o JS 3litipag jlas asls REGF 5 ¥ Ly, o
Zhu et al., ) cel asdllas 3,50 Sl 51 S5 o 5 lidpg s
G0, ) Jgdz 50 05 oo el 03 Hloz 4y S li 0] (2012
sad )l IS Slidag sl asls 5 3lies s Jeuily
(Ali et al., 2022; Hakanson, 1980) ..

ool (Extremely sever) YU ooldlges Sob oé oamsyylis
(Alietal., 2022)

G Lbpgr s Jwily

looa¥T 51 Sy 5o (23libpg Jas (o) jolate 4 (asls ol
35S 0 pate o (Sogll S O po ol g g e eoliiul
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(Hakanson, 1980)
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by Ca 5 polis ool 5 e (Sogll 55
oeodlS=Tr e 5 (S92l alls=Y S5 polie Gl
ey ol Syl 5 29,521+ 5 580em) wpdgam VA ( JS3=F
Lt B Er<F) o5 Jhs slies, gy 4 pobie S5llpg sl
(Alietal,, 2022) s5i oo punts (Er > YY+) SU,las

(Hakanson, 1980) _slies jhs aslis 5 Jewill goies, -\ Joo
Table 1. Classification of potential and ecological risk index (Hakanson, 1980)
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S, slp (Chen, 2018; USEPA, 2002; USEPA, 2010

Sul gl olgs oo 1y HQS ¢ s 516 G 51 i 5l 2ob (S 05l
tS")i" OMQULM 1 < HI la HQ aS g5“.'> o ol SVE T} uo).uo
Ja! e ylas ol s las (gl ol Cgllasl Sl 51 6l
3OS R A 0 (S5 Jsb )0 b 4 02 (Ol ol
Aluko et al., ) sgi 0 005 uess 058l 1)l yu dlge (520
hole s yes (2018; Hu et al., 2017; Luo et al., 2012

12,5 dpwle oy alolas jloolatnl b les o 1) 0galls

Riskpathway = Z ADD| X CSF| (\ ')
alig, od> Sl cammsylis ADDi woles ol o
Oy cod el easasslzs CSFi g (mg/kg/day)

SB 5l pladl cadle sl 2ol oS3 .l (Mo/kg/day)
<V T oo B L J5d BB Gl <)) 2l sl
Thongyuan et al., ) ol Qs > V- ") sl s OV -7 < s

(2021

C X RinhX EF XED
ADDjy, = ———nh” "~ *)
PEF x BWXAT

_ Cx SA x CF XAF xABS xXEF xXED

ADDoerm = BWXAT N\

o (HQ) Hhs cwod z)5 L oljplb,w e ks
(RID) o] g0 530 4 ypaie So ADD cos HQ 54 oo
p; aolee b as (USEPA, 1989) ceul e lod (slp

)

Sl sl I demily Gyl sle HD b asls
o 05l polie 51 iU GLHQ S ggemxe 3l Jol> axs

109 o0 dalxe ) b 4 a5 Cowl WlElax

HI (Hazard Index) = ), HQ @A)
35 @Bl o o5illy yolie gl 1, RID lais USEPA

Aluko et al., ) aiS o @) o ym0 50 (605,18 alisee sl o
2018; Chen et al., 2015; Rinklebe et al., 2019; Sun and

(Thongyuan et al., 2021) g (wles 5 Blaciwl oy gloakal) 1o subich 25 slacy o =Y Joo

Table 2. Coefficients defined in the relationships of ingestion, inhalation, and skin contact (Thongyuan et al., 2021)

&z OYLS )3 59 Hlade OYlws 5 5o luade a>lg &y Folyl
USEPA, 2011 100 200 mg/kg SB ol fy Ring
USEPA, 2011 350 350 day/year G5 oyme o gl EF
USEPA, 2011 30 6 Years S5 oy 55 oles e ED
USEPA, 2011 70 15 Kg 48518 b me 45 atd O O) BW
Lietal., 2020 0.000001 0.000001 mag/kg s CF
USEPA, 2011 ED X 365 ED X 365 Days (o y) Sl ooy e AT
USEPA, 2002 30 10 m3/day Glii &5 Rin
USEPA, 2002 1.3x 10° 1.3x 10° m3/kg KR REE S PEF
USEPA, 2002 0.07 0.2 mg/cm? Cavsgy s S Sz oy AF
USEPA, 2002 20 10 Cm? S o yre 1 Cosgy s cmlis SA

Wei et al., 2015 0.1 0.1 ABS

gy PO o pd

NN
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Sirg ,Sly a5 (V/F uSiles ,5boa) VIA L £/8 030 4o 1, PH yolie
BB 1 iges ;o PH lade o i olsolis wanl cos U i
O e (05 5 (89 aigm) 56t ey Sl e S |
xS olail (Sl wigel) (5,0 pises ddlate Jloks 1o adly digas ;o
S PR ok o S sladiges (EC) (SO asUl coloa polie .o

dges & bonye jlade G yiien g Sl fia le p (waaidee VV/Y
5 (S11 wgas) (5 p0s Slomy bl Joro ygloe 3l saisiisls
2iged) (5, paiged dilate gz ;5 @l Aiged a4y bgyye T 2eS
b S gladiges ;o 0l g pmSe sl JT S auops il 0 (S12
0056 13 051051 Jlaie 1y ydin a5 Sl Qo0 YV B /YD 00 guze o
e Wl Bl oo O jglome jlonis il digad 4y bgs o ]
-aiged ailaie Jlads ;5 adly digel 4y bgs e ol 2265 5 S11 wiged)
390 dilate ;0 S5 g45aS cpl a4 az g b sl (ST digad) 5,15,
9 YL 5,95 «Mohammed et al., 2020) <l Aridisol axllas
S g4 opl aS x> conl azgs LB T 5o JToole by oo
oo Sl oz clls el 5038y gl bl Kt bl o

5500 ST olge (oS 2o )0 g diiwr Sai by

bl slods,
Jelos 6 LT sla s, SPSS I3l 55 5l eslaal b asdllas ol ,o
Principal ) Lol aalse J>s «(Cluster Analysis) lasys
awnlg e T 93] 9 (Component  Analysis-PCA
oleondighy s amslie 51, (Independent samples T test)
Liu et al., 2023; Wang et al., ) ai sl Lo (ns 5 ool

(2021

Sdiged (2loabsSo s oyl Ul mls
S
Lgos g hos “52.]4.« S slediges ),JLJ C’L" LS)L"—l aodl>
ol 00 03,51 ¥ Jgazr 53 (p,55kS 2 )5 (oo on ) o9
.JT0C 9 EC pH LgLa:)S.a‘)lg: GrSoilul Cpm canl S ey
SN H I PRV KRS bl ol s Bl 2 0 byl

lordsSased oyl 5 (2,5 5hS o5 ko) (2 5 (shos o S sladiged SIUT @l (s Lol aods Y Jgaor
Table 3. Statistical summary of the results of topsoil, subsoil and sludge samples analysis (mg/kg) and physicochemical parameters

Elements Soil sample Mean MIN MAX STD Ccv Sludge sample
Al Topsoil 60309 48989 72510 6911 8.726 38653
Subsoil 61243 49798 71838 7215 8.489
Topsoil 14.7 125 19.9 2.16 6.8
As Subsoil 15.3 11.6 18 2.31 6.65 19.8
Topsoil 0.11 0.1 0.2 0.03 3.62
Cd Subsoil 0.1 0.1 0.1 0 0 0.2
Topsoil 135 115 16 1.43 9.47
Co Subsoil 13.9 103 153 1,59 8.79 14.4
Cr Topsoil 75 60 104 13 5.9 271
Subsoil 73 53 87 11 6.5
Cu Topsoil 43.9 30 76 153 2.88 827
Subsoil 38.3 28 47 6.94 5.51
Fe Topsoil 30627 26431 35360 3383 9.05 30148
Subsoil 30846 23602 36262 4671 6.6
Mn Topsoil 815 700 971 100 8.15 369

Subsoil 788 540 991 158 5
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Topsoil 0.85 0.5

2.8 0.66 1.29

Mo Subsoil 0.78 0.5 1.3 0.28 2.75 135
Ni Topsoil 39.8 31 49 5.79 6.87 171
Subsoil 40.1 24 50 8.32 4.82
Pb Topsoil 18.2 10 37 7.24 251 48
Subsoil 14.4 8 20 3.42 4.2
Sc Topsoil 105 9 12.2 1.17 8.96 51

Subsoil 10.8 8.2 12.3 1.23 8.76 '
v Topsoil 94.8 80 114 119 7.99 138
Subsoil 95.9 72 118 154 6.22
Topsoil 93.8 71 149 19.9 471
Zn Subsoil 79.8 56 94 134 5.95 2488
pH 7.35 6.9 7.8 0.29 0.04 -
EC Soil sample 8.35 6.9 11.2 1.74 0.21 -
%0C 0.83 0.25 2.1 0.78 0.94 -

Srdiges 150l 0y Saio Al 180 Jore & jgloxe leadcills 5
ailaie Jlods ;0 S2 dgas 10 o paie clale ai iy (es S
2 Gl paigel allate gl ;0SB wiged )0 pgyS gl piged
dihio Jlod jo adly wigei )3 i 55,5l Sloine) (S0
dilate Cgiz jleaticadlsy diged )3 Galge 5 S1) (5))0 paiges
O w2 wpeedlS jaie 0l saslie (S5) sol> LS 5 (g b paises
315 s Uy 1 0l L ) Sy e Loy 35 nolSiy] sole
Sygle o SIT iged e &y has 5 (el S gladigas ;o
()0 paiged ailaie Lz )3 SA aigad 5 (5 e Wlowy CSLII Joro

S diges (o yoogl]

oYy

Kabata-Pendis and ) (laiwy cdale lhoge 3 SB
ol el oals &l S o loged 040 (Mukherjee, 2007
-digad )0 (53, 5 S| polie Chile IS b 4y aS sl las IS
O g 03 @z e pdlie I YL (Ges 5 (haw S la
~ol%ins! g (6 e Wilomn CeBlil Jore Su05 50 o iy Ll e
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e polie cdale anig ( ohau S gladigad ol oS
955 0 polis 1ot Slomy Sl oo (S35 5 peedlS
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Fig. 3. Comparison of element concentrations in topsoil and subsoil samples with world soil averages and crustal average

concentrations (Kabata-Pendis and Mukherjee, 2007)
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Table 4. Literature data on mean concentrations of the common elements determined in soils surrounding landfills of various areas

around the world

Element This stud Sanga and Pius (2024) Obiri-Nyarko et al., (2024) Kolawole et al., (2023) Zhang et al., (2024)
(mg/kg) y (Tanzania) (Ghana) (Nigeria) (China)
As 147 10.98 - - -
Cd 0.11 10.78 - 8.9 0.59
Co 135 - 418.5 11 -

Cr 75 59.93 - - 138.43
Cu 439 52.9 44.97 179 87.43
Fe 30627 - 27133 - -

Mn 815 464.87 289.9 1084 -

Ni 39.8 7174 - 12 68.97
Pb 18.2 22.84 112.9 237 47.09
Zn 93.8 154.5 147.7 2366 154.86

Gyt Slowwy il Jomo jolme diges jo F JSo bl
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S lae wijls a5 o oSl 4 amgi b Lalg, ol 0,8 eolatul
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Fig. 4. Box plot of enrichment coefficient of soil samples
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Table 5. Non-carcinogenic hazard (HQ) and Carcinogenic Risk (CR) values for some potentially toxic elements.

Age group As Cd Cu Pb Ni Cr Zn
_— Child 6.37E01  1.35E-03 1.3E-02 6.E-02 2.6E-02 6.E-04 4E-03
Adult 6.82E-02  144E-04  142E-03  649E-03  2.74E-03  6.8E-05  4.01E-04
Child 6.1E-05  908E-07  454E-07  233E-06  7.86E-07  122E-03  1.23E-07
HQunatation Adult 3.94E-05  584E-07  292E-07  150E-06  505E-07  7.81E-06  7.94E-08
HOpo Child 101E-04  1.35E-06 13605  400E-04  255E-05  3.16E-04  3.75E-06
Adult 2.3E-05 3E-07 3E-06 9E-05 5.75E-06  7.1E-05 8.4E-07
R Child 1.3E+02 - ; 2 5E+04 3.0E-04 1.9E+03 -
Adult 1.4E+01 - - 2.7E+03 3.2E-05 2.0E+02 -
Child 4.9E-10 - - 43E+00  2.34E-08 2E-08 -
CRinhalation Adult 3.1E-10 - - 6.2E-01 1.5E-08 1E-08 -
Child 5E-08 - - 2. 5E+01 1.2E-08 2E-07 -
CRpermal Adult 1.2E-08 - - 5.6E+00 3E-09 5.1E-08 -

2l o paie Qb st o)l 092y VLS5 g (g8
3979 (S 0955 95 B 50 Sy eled g laiiul g e an
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Orizmen Wlaxs 5 15 (@l s Joe Lasie) san¥T gl 36
335 eally 8 e 5 gixio slaall s 5l il oo i
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Oedse yaie Jolis 55 ¥ 4516 (Hosseinzadeh et al., 2018)
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Fig. 7. Dendogram diagram of cluster analysis of soil sampling stations
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