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Article Info ABSTRACT

Avrticle type: Phthalates (PAEs) are synthetic compounds and polymer plasticizers that are known as
environmental pollutants. Due to their widespread use in industries and consumer
products, these compounds are released into the environment and have potential effects
on human health and ecosystems. The aim of this study was to investigate the spatial
distribution of six phthalate compounds including di(2-ethylhexyl) phthalate, dibutyl
phthalate, diisodecyl phthalate, diisobutyl phthalate, dimethyl phthalate and diethyl
Received 03 Nov 2025 phthalate (DEHP, DBP, DINP DIDP, DMP and DEP) in surface soils with agricultural,
industrial and residential uses in Hamadan city and to assess the health risk arising from
them. In this study, 100 soil samples were collected and analyzed using a gas
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May 2026 chromatography-mass spectrometry (GC-MS) device. Interpolation maps were drawn
using GIS software to determine the spatial distribution of the compounds. The results
Accepted 16 May 2026 showed that the average DEHP and DBP compounds, di(2-ethylhexyl) phthalate and

dibutyl phthalate, had the highest values 0f 274.86 and 106.16 (ng/kg), respectively, in all
soil samples. The highest average of these two compounds was recorded in agricultural

Keywords: land. Based on statistical tests, there was no significant correlation between the
Health risk, concentration of PAEs and soil parameters, but there was a significant relationship
Land use, between six phthalate esters (3} 6PAEs), indicating a common release source. Health risk
Plasticizer assessment showed that children are at greater risk than adults, however, non-carcinogenic

risks in both groups were in the low risk range (HI<1) and carcinogenic risk was in the
Spatial distribution. acceptable range due to DEHP less than 6-10. The results of spatial interpolation indicate
higher density and concentration of p hthalates in agricultural areas of the northeast,
southeast and southwest regions and in industrial areas of the south, southeast and east of
Hamadan city. . Application of the results of this study can be used in soil pollution
reduction planning, development of control policies and improvement of environmental
health in Hamadan city.
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Introduction

Phthalate esters (PAES) are synthetic plasticizers widely used in industrial and consumer products, yet
they are not chemically bound to polymer matrices, facilitating their release into the environment. These
compounds are recognized as endocrine-disrupting chemicals with potential adverse effects on
reproductive health, development, and endocrine function. Despite their environmental significance,
comprehensive research on PAEs in lIranian soils—particularly urban and agricultural systems—
remains limited, with most studies focusing on aquatic environments. Hamadan city, characterized by
adjacent agricultural, industrial, and residential land uses, provides an ideal setting for investigating soil
PAE contamination. This study addresses knowledge gaps by examining six PAE compounds (DMP,
DEP, DIBP, DBP, DIDP, and DEHP) across 100 soil samples, aiming to: (1) determine PAE
concentrations in different land uses; (2) analyze spatial distribution patterns; (3) examine relationships
between soil quality parameters and PAE levels; and (4) conduct comprehensive health risk assessments
for children and adults through multiple exposure pathways.

Material and Methods

The study was conducted in Hamadan city. A total of 100 composite soil samples were collected from
0-20 cm depth across three land-use categories: 65 residential, 20 agricultural, and 15 industrial sites,
selected using GPS-guided random sampling. PAE extraction followed Wei et al.'s (2020) method: 5 g
soil was ultrasonicated with hexane-dichloromethane, centrifuged, and cleaned using a column packed
with sodium sulfate, neutral alumina, and silica gel. Extracts were concentrated under nitrogen and
analyzed by GC-MS using a DBs capillary column.. Quantification employed external calibration with
six-point curves using Sigma-Aldrich standards (99.99% purity). Soil quality parameters (pH, EC,
organic matter, calcium carbonate equivalent, and texture) were determined using standard methods.
Quality assurance included glassware avoidance of plastics, HPLC-grade solvents, and surrogate (diallyl
phthalate) and internal (benzyl benzoate) standards. Recovery rates ranged from 89.01% to 100.04%
(mean: 95.81%, RSD: 2.9%), with LOD values of 0.002—0.006 ug/g. Spatial distribution maps were
generated using ArcGIS with IDW interpolation. Statistical analyses employed SPSS 27 and Excel 2016,
using Kolmogorov-Smirnov, Kruskal-Wallis, Mann-Whitney U, and Spearman correlation tests
(P<0.05). Health risk assessment followed USEPA guidelines, calculating ADD through ingestion,
inhalation, and dermal contact, with HI for non-carcinogenic and CR for carcinogenic risks.

Results

Mean concentrations of Y 6PAEs followed the order: DEHP (274.86+193.13 pg/kg) > DBP
(106.16+89.53 pg/kg) > DINP (6.29+4.97 pg/kg) > DIDP (2.23+1.51 pg/kg) > DEP (2.66+1.30 pg/kg)
> DMP (1.94+0.85 pg/kg). DEHP and DBP dominated across all land uses. Agricultural soils exhibited
the highest contamination (DEHP: 754.98+510.50; DBP: 269.52+226.44 pg/kg), followed by industrial
(DEHP: 246.06+315.67; DBP: 189.63+£175.72 ng/kg), and residential areas (DEHP: 138.39+71.62;
DBP: 36.63+29.31 pg/kg). Kruskal-Wallis analysis confirmed significant differences in Y 6PAEs across
land uses (P<0.05). Mann-Whitney tests revealed significant differences between agricultural-
residential and industrial-residential comparisons (P<0.05), while agricultural-industrial differences
were non-significant (P>0.05). Spearman correlation showed no significant relationships between PAEs
and soil parameters (pH, EC, CCE, OM), but significant inter-PAE correlations suggested common
pollution sources. Spatial interpolation maps identified contamination hotspots in northeastern,
southeastern, and southwestern agricultural zones, as well as southern, southeastern, and eastern
industrial areas. Health risk assessment indicated children face higher exposure risks than adults. For
DEHP, ADD through inhalation was higher in adults (3.22x107-6-0.0022 mg/kg/day), while ingestion
dominated in children (5.59x107-6-3.87x10"-3 mg/kg/day). Non-carcinogenic HI values remained
below 1.0 for all compounds in both age groups (adult HI: 0.041; children HI: 0.035 for DEHP+DBP),
indicating acceptable risk. Cancer risk (CR) for DEHP ranged from 10”-6 to 10"-5, signifying moderate
risk levels warranting continued surveillance.
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Discussion

The predominance of DEHP and DBP as dominant contaminants aligns with global findings and reflects
their extensive applications and environmental persistence. Elevated agricultural concentrations likely
result from plastic mulching, greenhouse covers, irrigation systems, sewage sludge, fertilizers, and
pesticides. Industrial sources include manufacturing emissions, waste disposal, and combustion, while
residential sources encompass personal care products, cleaning agents, and plastic packaging. The
absence of significant PAE-soil parameter correlations indicates anthropogenic activities exert stronger
control over PAE distribution than intrinsic soil properties. Spatial patterns confirm agricultural and
industrial activities as major PAE sources, with hotspots correlating with intensive land-use practices.
The significant inter-PAE correlations suggest common release sources, necessitating integrated
pollution management. Despite HI values indicating acceptable non-carcinogenic risks (<1.0) and CR
in moderate range, children demonstrate greater vulnerability due to higher exposure rates and
susceptibility. DEHP (IARC Group B2) potential carcinogenicity emphasizes the need for precautionary
measures. Limitations include restricted sampling scope, limited consideration of environmental
variability, and incomplete risk parameters. Nonetheless, this study provides valuable baseline data for
PAE monitoring in Iranian urban soils, supporting evidence-based policies for pollution control and
public health protection. Continuous monitoring, source identification, and reduction strategies remain
essential to safeguard soil quality, ecosystem health, and human well-being in Hamadan city.
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Figure 1. Geographical location of soil sampling points in three different land uses in Hamadan
city
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Figure 3. Average concentration of total Z6PAEs in soil samples collected in Hamadan city
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Table 3 - Comparison of mean Y 6PAEs measured in different land uses in Hamadan City

JS oeies (oS (sixio $5s9biS (PAES)
274.86+193.13 84.39+71.62 460.06 + 315.67 754.98+510.50 DEHP
106.16+89.53 36.63+£29.31 189.63+175.72 269.52+226.44 DBP

6.29+4.97 3.59+2.65 9.7348.61 12.47+10.29 DINP
2.23+£1.51 0.62+0.43 3.04+2.14 6.86+5.90 DIDP
1.94+0.85 0.95+0.82 3.46 +2.06 4.00+3.80 DMP
2.66+1.30 1.184+0.93 3.33+3.29 6.99+4.20 DEP
7.68+0.50 7.71+£0.55 7.69+0.41 7.59+0.42 PH
435.32+409.96 467.79+449.97 488.44+443.37 293.20+159.77 EC
15.73+12.99 19.10+16.11 11.70+8.17 7.82+4.5 CCE

1.55+0.88 1.31+0.49 0.95+ 0.54 2.79+0.96 oM
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Figure 4. Average concentrations of Z6PAEs in soils of different land uses in Hamadan city
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Table 4 - Comparison of mean Y 6 PAEs measured in soils of different land uses in Hamadan City using
the Kruskal-Wallis test

P-value &350 4y 09051 8,k] (PAEs)
0.001< 2 55.40 DEHP
0.001< 2 36.70 DBP
0.006 2 10.10 DINP
0.001< 2 16.48 DIDP
0.002 2 12.12 DMP
0.001< 2 29.84 DEP

—oe 090) S rylheR wped 4D WiSie B 6 5 4D gy (3905 I 83! U Y 6PAES il A lie
205 g2y ()lel o dme gl SgSme— xo g (FgSumem(sjyliS slae S om &5 dh Gl (0 Jgie) oy
P>+ 0) wis oamlie (o)l e Ggldy iminoe (g5y0liS sla gy, o oS S > (P<+/-0)
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Table 5. Comparison of mean > PAE6 using Mann-Whitney test across different land uses
in Hamadan City

P-value
DEP DMP DIDP DINP DBP DEHP Lnog,S
0.093 0.780 0.158 0.831 0.169 0.099 Sxo— 55,9l
0.001 0.003 0.001 0.013 0.001 0.001 59— 5 gl

0.001 0.012 0.019 0.013 0.001 0.001 T O
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Table 6 - Spearman’s correlation test between PAEs (Phthalates) and soil quality parameters in
different land uses of Hamadan City
OM CCE EC Ph DEP DMP DIDP DINP DBP DEHP PAEs
1 DEHP

1 0.614™ DBP
1 0.681"  0.458" DINP
1 0.600™ 0.442" 0.416™ DIDP
1 0.424™ 0337 0.258™ 0.399™ DMP
1 0.533" 0.409™ 0.345™ 0.433" 0.591" DEP
1 0.113 0.025 0.073 -0.071  -0.119  0.081 PH
1 0.670" -0.016  0.050 -0.043  -0.003 0.045  -0.086 EC
1 0.223° 0.046 -0.211° -0.218" -0.202" -0.286"" -0.185 -0.243" CCE
1 -0164 0.233° -0.298" 0.173 0.132 0.162 0.167 0.208"  0.197" oM

rliod gud 3 S il S g) 50 S oS kel 9 TOPAES (30 s (Kauod (3901
Siuser PHEC,CCE SB ¢S cloyiol )l 9 DOPAES (3 45 ols (i (8 Jgi) (o pugsl (Stna 01905 gl
(P<e1+0) amd o Ui 1y (65,15 sime g Cuto  Siased (OM) S5 JT83ke b a8 Jbs y3 ((P>+/+0) wis oaalie (6,l5 e
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Gl S o
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Figure 5. Linear relationships between the concentration of Y 6PAEs compounds and soil organic matter
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Table 7. Health assessment of Y 6PAEs in soil samples from Hamedan land uses

O]

Sl &g, 593 g wilje) 393 & 4il39; 599
s Bl s ol Bl Sl ol Bl e oSk
DEHP OYLS,5 3.22E-06  0.002228 0.000379  1.28E-06 0.000889 0.00015 2.24E-05 0.015482 0.002616
LA 7.51E-06 0.005199 0.000885  2.1E-06 0.001456 0.000246 5.59E-06 3.87E-03 6.54E-04
DBP oYWS,5 5.07E-07  0.001041 0.000147  2.02E-07 0.000415 5.8E-05 3.52E-06 0.007235 0.00101
S8 1.18E-06  0.00243 0.000343  3.31E-07 0.00068 9.5E-05 8.80E-07 1.81E-03 2.53E-04
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DIDP oYLS )5 0 3E-05 3.09E-06 0 1.2E-05 1.22E-06 0 0.000209 2.13E-05
S8 0 7.01E-05 7.21E-06 0 1.96E-05 2E-06 0 5.22E-05 5.32E-06
DMP oYLS )5 0 1.43E-05 2.62E-06 0 5.71E-06 1.06E-06 0 9.94E-05 1.85E-05
8 0 3.34E-05 6.11E-06 0 9.34E-06 1.74E-06 0 2.48E-05 4.62E-06
DEP OYLS,5 0 2.65E-05 3.69E-06 0 1.06E-05 1.46E-06 0 0.000184 2.54E-05
28 0 6.17E-05 8.61E-06 0 1.73E-05 2.39E-06 0 4.6E-05 6.35E-06
15l .
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HI= YHQ DEHP & DBP
88 4.77E-02 1.32E-02 3.52E-02
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CR=(2ADD )* CFS SS3sS 4.22E-06 1.18E-06 3.14E-06
HI High risk
1.20
1.00
0.80
T 0.60
0.40
0.20
0.00
Adult Children Adult Children Adult Children
ingest ingest dermal dermal inhale inhale
Age groups

Olded p i (glag 2,5 S 3 anlllae 390 SOYUS GLS 5 (HI) (150w b Santy (o2l gl =1 G
Figure 6. Results of non-carcinogenic risk assessment (HI) of studied phthalate compounds in soil of
different land uses in Hamedan city
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Figure 7- Results of the carcinogenic risk (CR) assessment of the studied phthalate compounds in soil of
different land uses in Hamedan city
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