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Article Info ABSTRACT

Article type: Particles in suspension represent one of the mgsifisant pathways through
which humans encounter various environmental petlist;, particularly heavy
metals. This study aims to investigate the cori@tabetween heavy elements
Co, Cd, Cr, Zn, and Pb and PM10 particles, as agtio assess their health risks
Article history: in the city of Zabol. In this research, 60 dust ks were collected using TCR
sampling devices during dust storms and winds @2€rdays from late April to
mid-September in Zabol. Subsequently, five elememasnely chromium, zinc,
Revised:17 January 2024 lead, cobalt, and cadmium, were analyzed using @E&S. Pearson correlation
test was employed to examine the correlation beaiwdeavy metal
concentrations in dust and the PM10 particle comadons. The statistical
Published: 21 March 2026 analysis results revealed a significant correlatbetween chromium and PM10
concentration. The average concentration of PMI€ighes in Zabol shows the
critical situation of this city. Furthermore, the@eaage Ecological Risk Index
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EXTENDED ABSTRACT

INTRODUCTION

Air pollution has emerged as one of the significamtironmental challenges facing human societies,
particularly in developing countries (Zhang et 2020). This issue has become a serious crisigim |
which is situated in the dry and semi-dry belt bE tworld. According to the World Health
Organization, approximately 7 million people worlde die each year due to diseases related to air
pollution (Dehghani, 2017). Numerous studies hdwens that major sources of air pollution include
motor vehicles and polluting industries. For ins@nindustrial activities and heavy traffic candea
increased concentrations of heavy metals suchaasded cadmium in dust, which have toxic effects
on human health (Manasreh, 2010). Previous reséeslndicated that children are more affected by
these pollutants than adults, posing serious heiskb to them (Bist and Choudhari, 2022; Kabatas e
al., 2018). Given the increasing phenomenon of sisstms and particulate matter in the Middle East,
particularly in Zabol County, this study aims totefenine the concentrations of heavy metals
(chromium, zinc, lead, cobalt, and cadmium) in dusti assess their impact on human health. The
research hypotheses include that high concentmtidrthese metals are associated with increased
health risks, which will be greater for childrenathfor adults. This study aims to identify the
relationship between heavy metal concentrationstlagid effects on human health. The results of this
research could serve as a basis for environmentlhaalth-related decision-making and provide
strategies for reducing air pollution.

DATA AND METHODS
Study Area

The Zabol region is located in the northern partSiftan and Baluchestan Province, bordered by
Afghanistan to the north and east, South Khorasanifte to the west, and Zahedan County to the
south (Figure 1). This region has a populationpgdraximately 300,000 and an area of about 15,197
square kilometres. The climate of this area is des®l dry, with an average of over 160 days per ye

characterized by winds carrying dust, which hast¢ethe degradation of its ecosystem (Haidarinasab,

2019; Mirzazahi, 2018)

Sampling and Sample Analysis

To investigate the concentration of heavy metalthéndust of Zabol City, 60 samples were collected
on dusty days from May to September. The city eemas selected as the sampling location due to its
geographical conditions and population concentnati®M10 particles were separated using TCR
sampling devices (Han et al., 2023). Five elememtsremium, zinc, lead, cobalt, and cadmium—
were analyzed using an ICP-OES device (Leong et2@D8). Additionally, 45 soil samples were

collected from areas surrounding Zabol County (Weing., 2021)

Statistical Analysis

Data were analyzed using SPSS.20 software to exastatistical distribution, including range, mean,
standard deviation, and skewness. The normalithetiata was assessed using the Shapiro-Wilk test,

and correlations among elements were determined iF@arson'’s correlation in R software

Ecological Risk Index (RI)
To evaluate the environmental risk posed by metedsent in dust samples, potential ecological risk
indices were utilized (Miao et al., 2022; Rahmadlegt2022)
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Cancer Risk and Non-Cancer Risk Assessment

This assessment consists of two main componentgecaisks and non-cancer risks, conducted
according to health risk assessment methods estalliby the United States Environmental
Protection Agency (USEPA) (King et al., 2015). Tdaly intake values of metals through three

primary pathways—ingestion, inhalation, and deratorption—were calculated

Non-cancer risk (HI) for children and adults wasnputed using relevant equations. Additionally,
cancer risk indices for lead, chromium, and arsemie calculated based on EPA guidelines

These methods are designed to determine the coatientof heavy metals in Zabol dust and assess
their impact on human health.

RESULTS AND DISCUSSION
Correlation Between Metals and PM10 Concentration

The results of the Pearson correlation matrix iadid significant correlations above 70% between the
metals cadmium and cobalt, manganese and cobatiganase and cadmium, lead and cobalt, and
lead with cadmium. Additionally, the highest contation correlation was observed between

chromium and PM10

Potential Ecological Risk

The average concentrations of heavy metals in Zdbst were 1.17 (zinc), 0.66 (chromium), 2.01
(lead), 0.69 (cobalt), and 0.09 (cadmium) mg/kgpeetively. The concentrations of all elements,
except zinc, were lower than background levelsicatthg low urban traffic in Zabol. The potential
ecological risk was calculated based on the Hakansethod. The results showed that the average Er
for heavy metals decreased in the order of Zn >>P8d > Cr, with zinc, lead, cadmium, and

chromium having low ecological risk potential

Cancer Risk and Non-Cancer Risk Assessment

The assessment of human health risks was conddbtedgh ingestion, inhalation, and dermal
contact. The highest and lowest non-cancer risk)(M&ues for children were associated with
cadmium and chromium, respectively. Chromium paséigh risk for both age groups, while cobalt
was classified as having a high risk for both gsouphe overall non-cancer risk (HI) indicated that
this risk was high for adults and very high forldhén.

CONCLUSION

In this study, the concentration of heavy metals, (@r, Pb, Co, Cd) in the dust of Zabol City was
examined. The results showed that the concentedriead and zinc were the highest, with zinc
concentrations in the samples exceeding backgrtawveds. The origin of the dust in Zabol is linkexd t
both local and external sources, such as the dmpdda wetland and the central desert of Iran.
Additionally, human factors such as industrial liies and traffic also influence the concentratafn
heavy metals. The research further indicated thbFCity faces a critical situation regarding PM10
particles, with concentrations of these particleeasing to dangerous levels. The concentration of
heavy metals in Zabol dust is associated with wari@ctors, including the 120-day winds, industrial
activities, and urban traffic. The results hightigghthe necessity for preventive measures to retihece
risks associated with heavy metals, especiallyrfore vulnerable children. Chromium was identified
as a serious threat to the health of Zabol ressdéftiese findings underscore the need for special
attention to the pathways of element absorptiooudin ingestion and emphasize the importance of
control measures.
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Atrticle Info ABSTRACT
Article type: The Persian Leopard (Panthera pardus saxicolaa) key carnivore species
Research Article Iran's ecosystems, playing a crucial role in maning ecological balance. This

species faces numerous threats, including haléttruttion, poaching, declining
natural prey populations, and pressure from humawreldpment. Golestan
Article history: National Park, one of the leopard's key habitass tecently been affected by
human activities such as the expansion of agrirallands, increased livestock
grazing, road construction, and the growth of neaillages. This study aims to
Revised: 19 April 2025 identify and analyze sensitive habitat areas fer Rersian leopard in Golestan
National Park and to examine the impact of humatofa on its habitat using the
INVEST (Integrated Valuation of Ecosystem Servieaes Tradeoffs) model. In
Published: 21 March 2026 this research, four major human-induced threatsewedentified: agricultural
lands, proximity to villages, livestock grazing,daroads. The results indicated
that roads and access routes have the most sagtifr@gative impact on leopard
habitats, with a cumulative risk percentage of ¥5.8nd a high consequence
score (2.26). These factors are considered a majee of habitat fragmentation,
Keywords: breaking up continuous habitats into isolated pegchnd limiting the safe
movement of leopards. Furthermore, excessive edsgrazing, with a risk
ercentage of 12.56%, leads to vegetation degmdatnd reduces the food
"Sources for the leopard’s natural prey, such ad gdlats and sheep. Agricultural
Leopard, Human Threats, lands, through the destruction of natural habitatd increasing human-wildlife
INVEST Model. interaction, have serious consequences for thetdtabVleanwhile, village
proximity, with a 6.41% risk, escalates human-vifildtonflicts and increases the
likelihood of leopards being killed by local comnitizs in defence of their
livestock. The results of this study not only emgiba the importance of
preserving natural habitats but also provide adsfdundation for developing
effective management strategies and planning ®ctnservation of endangered
species.
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EXTENDED ABSTRACT

INTRODUCTION

Natural habitats, as the foundation of biodiversdye threatened by human activities and climate
change. The Persian leopard (Panthera pardus Ea¥jcas one of Iran's iconic carnivore species,
plays an indispensable role in maintaining theibtalf natural ecosystems. This species, which is
listed as endangered by the International UnionGonservation of Nature (IUCN), faces various
threats including habitat destruction, illegal hogt depletion of natural prey, and the expansibn o
human activities. Golestan National Park, duegaiitique ecological features and high biodiversity,
is recognized as one of the key habitats for thei&@eleopard. This region, with its diverse vetieta

and extensive biodiversity, is home to various pkamd animal species. However, human pressures
such as agricultural development, road constructioil overgrazing by livestock have significantly
affected the quality of habitats in this area. s tcontext, habitat risk assessment serves as an
effective tool for evaluating the consequencesheisé interventions and other habitat degradation
factors. Therefore, in this study, habitat riskstfte Persian leopard in Golestan National Parlewer
assessed using the INVEST risk assessment moddhaithreat factors were identified.

DATA AND METHODS

To assess the habitat risk for the Persian leopsrdtial data related to land use, water resources
distribution, road networks, and village locatiomsre collected. Data on leopard presence, including
120 recorded points of tracks and scat, along weéthetation and slope maps, were entered into the
analysis. The suitability map of the leopard's teibivas prepared using ecological factor analysis.
The InVEST model was then used as a tool for etialgahe cumulative effects of human threats.
This model employs two main indices—"exposure" &uahsequence"—to assess habitat risk. Using
this model, the cumulative effects of four majoretit factors on the leopard's habitat—agricultural
lands, proximity to villages, roads, and livestgckzing—were evaluated.

RESULTS AND DISCUSSION

Data analysis revealed that roads and access rauitesa cumulative risk of 15.8%, have the most
negative consequences on the leopard’s habitaaendhe primary cause of habitat fragmentation.
Roads passing through the park fragment habitadk liamt the safe movement of the leopard.
Excessive livestock grazing, with a cumulative rigkL12.56%, severely degrades vegetation, reduces
prey resources, and increases competition betwamestic livestock and natural prey species such as
wild goats and sheep, significantly reducing halgtaality. Agricultural lands, with a cumulativeski

of 9.23%, were identified as a serious threat dukabitat destruction and increased human-wildlife
interaction. The proximity of villages to the leogs habitat also increases human-wildlife condlict
and raises the likelihood of poaching by local camities to protect livestock.

The study showed that the central areas of Goles@ional Park, which have rich vegetation,
adequate water resources, and limited human acoesesent the best habitats for the Persian
leopard. These findings align with similar studiedran and other parts of the world. For example,
studies conducted in the Caucasus and Central Hesia shown that leopards prefer habitats with
dense vegetation and limited human access. Irsthdy, excessive livestock grazing was identified a
the biggest threat, which, in addition to degradregetation, reduces prey resources and disruets th
food chain. The consequence of roads on the lephabitat was also significant. Roads not only
increase traffic accidents but also divide habitatis separate patches, limiting safe movementHer
leopard. Human interactions through agriculture #redproximity of villages also significantly affec
the habitat, as they increase human-wildlife cotdland exacerbate the risk of illegal hunting.
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CONCLUSION

To protect the Persian leopard’s habitat in Gofestational Park, effective management measures are
essential. Grazing management should include hignithe number of livestock in sensitive areas,
designating areas with minimal consequence foriggaand establishing cooperative programs with
local communities to control grazing and provideoreamic incentives. Moreover, controlling
agricultural development by limiting the expansiof agricultural lands around the park and
promoting sustainable agriculture could reducertegative effects on habitats. The construction of
wildlife corridors along road routes and limitingehicle traffic during specific hours are other
proposed solutions. Increasing public awareness edidcating local communities about the
importance of leopard and habitat conservationlss arucial. Finally, continued research using
advanced technologies such as satellite data angbreatraps is recommended to improve the
accuracy of analyses and identify long-term chamyésbitat threats.
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Research on resilience has been underway for rhare three decades but has not
yet been widely implemented in various fields. @iggements in defining resilience
arise from differences in perspectives on ecoldg@ad social systems and
methodological methods. The present study attetogtke a step towards clarifying
the dimensions of this concept, criteria, approastsgle of intervention and its
applications against flood risk by meta-analyzing aystematically formulating the
studies that have been conducted so far in thid.fla this regard, a database of
studies was formed and finally249articles werecete and analyzed by screening
them. The structure of the articles, including roeitiogy, proposed criteria, scale of
study and models used in them, was analyzed, sdahttwugh this, the studies could
be categorized and the differences and similariietsveen the studies conducted in
the world and Iran could be determined. The reslitsv that: Regarding the scale
of research, in Iranian studies, the city scaleg28ent)and the village scale(19
percent)have accounted for the largest volume wfiss, and in world studies, the
scale of the urban river basin (30 percent)has wated for the largest volume of
studies. In the methodology related to flood resitie articles, all three quantitative,
gualitative, and mixed approaches were observe@ difference is that in the
methodology of Iranian studies(66 percent), mosthef studies conducted were
conducted with a quantitative method and in wotlddes, the qualitative method
(46 percent). According to the searches condustedies on flood resilience in the
world have been conducted in connection with othApproaches such as smart
management, provision of welfare facilities, urhbiafrastructure planning, green
infrastructure, and social and economic issues. édew in Iran, most of these
studies have focused on improving the resilienceesfdents in line with natural
hazard risk management. The policies and issussddherein are constantly being
reviewed and evaluated, but issues such as aiityjusthart management, welfare
facilities, and biodiversity have not yet been @&dded. This demonstrates the
importance of increasing research on flood resikeim other areas of Iran.
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EXTENDED ABSTRACT

INTRODUCTION

More than three decades have passed since thenbegiof research on resilience, but this concept
has not yet been widely used in various operatiargds. In our country, this issue is more evident
the case of flood resilience than in other nathealards. The existing gaps and contradictions theer
concept of flood resilience arise from differendes perspectives that focus on realization in
ecological, social or combined systems, methodo&dgnethods, different scales of intervention, etc.
Researchers in different fields have addressecttisept in different ways, depending on the sohle
the study, the context, the type of study and idld bf study. Therefore, the present study attergpt
take a step towards classifying studies and cladfythe dimensions of this concept and its
applications by re-examining the subject. In gelnéngs study seeks to find answers to the follayvin
guestions:

* How has flood resilience been conceptualizechimtheoretical literature of various researcRers

* What are the key components, principles, charaties, and indicators of flood resilieri¢e

* What methods have been used to examine and anfibad resilience in the context of society and
at different scal€3

* In which areas can the differences between lramiad international studies on flood resilience be
sought?

DATA AND METHODS

This research uses the method of meta-analysisuand-depth study of the existing literature on the
concept of flood resilience to explain the conaeipthis approach, its principles, characteristiod a
measurement methods. In the same vein, this résearof the review type. Meta-analysis is a
systematic review that has a specific and defirsgarch question and uses precise and systematic
methods to identify, select and evaluate relevasearch and collect and analyze data from the
research included in this review. In a systematidgaw, topics such as types of collaboration betwee
researchers, research method of articles, unihalfyais of articles, variables used, type of framew
and theoretical model of articles are addressedaldpalysis is a comparison of the results of other
research and provides an analysis of the reseathesults of existing research. The meta-analysis
method first goes beyond and beyond the initial lvHwy breaking down the components of the
whole, then transfers the initial analysis in a vilagt it is placed in an acceptable framework and
shows concepts that the initial information did slebw. This article attempts to systematically eewi

the global theoretical literature related to thimi@ept over 8 years(between 2017 and 2024) to gain
insight into the concepts, dimensions, key elementds, and methods, and how they have changed.
This literature was searched in two databases, IB@&holar and Science Direct, using the keywords
“flood resilience” and other similar terms such“sod management.” Also, to limit the number of
articles, this search was continued by searchirg fom the aforementioned keywords in the article
titles. To consider Persian articles, the search e@npleted by searching for the aforementioned
keywords in the Normags, SED, Civilica, Maglrandai$C databases. Based on the above,310
articles were found. The qualitative assessmentcktise and the Critical Appraisal Skills
Program(CASP)tool were used to screen the arti€lieslly, by eliminating duplicate and irrelevant
articles,249 articles were briefly analyzed; ofs#h&8 were Persian articles and 191 were English
articles.

RESULTS AND DISCUSSION

By examining the theoretical literature relatedthe flood resilience approach and reviewing the
articles published in this field, the dimensiongl anethods of examining and adapting the flood
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resilience approach are accurately described ardj@azed for better understanding. In general thi
approach is formed from five basic dimensions: apgbhysical, infrastructural, institutional and
economic. Regarding the scale of research, it hes laeen examined in different scales from
neighbourhood to urban watershed, metropolis aeité & various articles, with the city scale angl th
urban watershed in the next rank being the scalehioh the largest volume of studies is dedicated.
The difference is that the largest scale usedanidn studies has been at the city scale(28 péareht
the village scale(19 percent)and in world studidsas been at the scale of the urban river basin(30
percent).In the methodology related to flood reaiie articles, all three quantitative, qualitaiwel
mixed approaches can be seen. According to théestutthis approach focuses more on quantitative
and qualitative methods, but overall most studesehhad a qualitative method. The difference it tha
in the methodology of Iranian studies(66 percemi)st of the studies conducted were conducted with
a quantitative method, and in world studies, thalitative method (46 percent). Also, in terms of
geographical distribution of research, this appnohas the largest number of studies in the Asian
continent(131 articles), followed by the Europeantment(69 articles), and the fewest studies eelat
to the Australian and Oceanian continents(5 asjcle

CONCLUSION

Due to its comprehensiveness, this approach hasgact on various issues such as optimizing urban
form and landscapes, urban/green infrastructurecudtyral/urban land zoning, social interactions,
settlement sustainability (rural/urban, etc.), #&egture, housing, air quality, amenities and
biodiversity, smart management, and social equalityarious aspects of citizens' lives. However, in
Iran, most of these studies are in the field ofrionpg the resilience of residents in line with ural
hazard risk management, and the policies and issiged in them are constantly being reviewed and
evaluated, and issues such as air quality, smanagenent, amenities and biodiversity, and green
infrastructure have not yet been mentioned.
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Drought, overexploitation of groundwater resources)d a lack of proper
management of water resources have caused irrépadamage to groundwater
resources. Therefore, appropriate management desisio compensate for the
reduction in groundwater storage are inevitabletelcent years, the use of treated
wastewater for the artificial recharge of aquifees been considered. In this study,
the simulation of groundwater resources of the D@ghaDaran aquifer using the
MODFLOW model and the modeling of artificial recbarusing treated wastewater
using the MT3DMS and MODPATH tools were consider8dveral locations with
different single-, dual-, and pond scenarios foplementing artificial recharge were
evaluated based on the lowest cost, the closesstndis to the treatment plant, the
farthest distance from residential areas and drkind agricultural wells, and the
distance from the input of quality streams rechagdghe aquifer in the northern and
northwestern parts of the region. The results efsimulation of the pollution spread
pattern using the MODPATH model show that regasiefsthe injection site, the
treated wastewater flow can contaminate signifigaarts of the water resources in
'its path because of the topographic conditiondefarea, general groundwater flow
path, and hydraulic had caused by artificial reghaat the injection sites. The results
of the artificial recharge model using the singlad dual-well models show that the
pollutant movement is towards the southwest ofabaifer. In addition, up to 15
years after the start of the leak, the maximum ypalit movement reached
approximately 1850 m from the injection site. Thsults of the MT3DMS model
also show that after 500, 5000, 10000, and 14008 ffam the start of the leak, 5,
15, 20, and 26 production wells were affected lgygbllution plume, respectively.
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EXTENDED ABSTRACT

INTRODUCTION

Drought, overexploitation of groundwater resourcasd lack of proper management of water
resources have caused irreparable damage to graterdwesources. Therefore, making proper
management decisions to compensate for the reduaifogroundwater storage is inevitable.
Groundwater resource management requires undeirstaaduifer performance and predicting the
effects of withdrawal or recharge, and groundwatedels can provide this capability. In recent years
the use of treated wastewater for artificial regeasf aquifers has been considered. Numerous studie
have been conducted worldwide with an emphasis redigting the effects of treated wastewater
recycling on groundwater using simulators. Recatiah of treated wastewater reduces the
concentration of pollutants while increasing growater storage (Cao et al., 2023; Long et al., 2020;
Sun et al.,, 2023; Zhang et al.,, 2021). Howeverjouar pollutants (such as nitrate and organic
pollutants) can enter groundwater through the westier used for recharge (Amiri et al., 2023; Ding
et al., 2020; Li et al., 2019; Yuan et al., 201¥herefore, further technical studies are needed to
increase the capacity and improve the qualityedted wastewater in groundwater recharge.

DATA AND METHODS

In this study, the simulation of groundwater resesr of the Damaneh-Daran aquifer (Isfahan
Province) using the MODFLOW model and the modeliofy artificial recharge using treated
wastewater using the MT3DMS and MODPATH tools hbeen considered. Several locations with
different single-well, dual-well, and recharge p@ugnarios for implementing artificial recharge ever
evaluated based on the lowest cost, the closetsindis to the treatment plant, the farthest distance
from residential areas and drinking and agriculturlls, and considering the distance from the thpu
of quality streams recharging the aquifer in thehrern and northwestern parts of the region.

RESULTS AND DISCUSSION

The results of the simulation of the pollution sateattern using the MODPATH model show that
regardless of the injection site, the treated weater flow can contaminate significant parts of the
water resources in its path due to the topograpimdlitions of the area, the general groundwatev flo
path, and the hydraulic hed caused by artificishaege at the injection sites. The results of the
artificial recharge model using the single-well ahal-well models show that the pollutant movement
is towards the southwest of the aquifer. In additiop to 15 years from the start of the leak, the
maximum pollutant movement reaches about 1850 siétem the injection site. The results of the
MT3DMS model also show that after 500, 5000, 10@G0@ 14000 days from the start of the leak, 5,
15, 20, and 26 production wells are affected bypiblution plume, respectively.

CONCLUSION

Several locations with different single-well, doetsvell and seepage pond scenarios were evaluated
for artificial recharge based on the lowest cdst, ¢losest distance to the treatment plant, thibdsir
distance from residential areas and drinking aritalgural wells, and also considering the distance
from natural recharge zones in the northern anthnastern parts of the region. The results showed
that the movement of the contaminant is proportidoathe direction of groundwater flow in the
region and towards the southwest of the aquifecofding to the results of the pollutant transport
modeling, some production wells are affected by go#lution plume. Therefore, if the water
withdrawn by these wells is used for drinking canption, continuous monitoring of water quality
should be carried out to prevent any harm to comessinin addition, it is necessary to ensure that
agricultural products produced within the influermeea of the plume of water injected into the agquif
are free from pollutants associated with wastewdiemreduce the blockage of soil pores and itsceffe
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on reducing the infiltration rate, as well as wdtess through evaporation or stagnant water in cold
seasons, and to prevent the creation of an aréesawitinpleasant appearance and odor and a place for
insect growth, comprehensive studies should be wiad before injecting treated wastewater and
selecting the injection method.
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EXTENDED ABSTRACT

INTRODUCTION

Waste management has been a topic of interest to msegreaers and planners worldwide in recent
years due to human activities and their socio-envirorshémpacts. If not managed properly, waste
will have profound and adverse effects on the envieminiMirzaee et al, 2016; Arteaga et al, 2023).
One of the options for processing more waste is tdym® compost from it, which, in addition to
economic benefits, has environmental benefits astaisable solution for urban waste management,
including reducing the volume of landfilled waste aaducing greenhouse gas emissions (Mirzaee et
al, 2016; Kianisadr & Azani, 2020; Cao et al, 2023). &sidhave shown that the development of
compost stations, especially if the location requiremants health and environmental principles are
not followed, can threaten the health of the communityheavé devastating environmental and social
consequences. Navaei Fezabady et al. (2016) inigltbdf assessing the environmental impacts of
compost factories in Iran showed that environmental itspawcluding reduced air quality due to the
emission of unpleasant odors, suspended particles,geeghhouse gas emissions, pollution, and
reduced water quality due to leachate, noise pollution,esmvitonmental pollution, are among the
environmental impacts of compost production. Silva et 2024) investigated the composting of
combined forestry and agricultural waste with minimal apeg costs and understood the
environmental impacts and application of compost in bwittvdth a life cycle assessment study.
Composting was a sustainable method for valorizing wastewas able to restore burnt soils and
strengthen plant growth and the circular economy. Sméacomprehensive study has been conducted
on the social and environmental impact assessment gbasiing stations. This study evaluates the
Phaneh-e-Jahad compost station in District 19 of Tehramdipality for the first time. By integrating
gualitative analysis through Simpson's RepresentationiMaith quantitative assessment using the
Rapid Impact Assessment Matrix (RIAM), it introduces mmovative methodological framework for
examining the social and environmental impacts of coatg@rprojects. The primary objective was to
identify the social and environmental consequences assdavith the compost station and to propose
corrective strategies to mitigate its adverse effects. aogly, the RIAM method, in combination
with Simpson's Representation Matrix, was applied toeeha comprehensive assessment.

DATA AND METHODOLOGY

To collect information, interviews, document studies, aaldl fvisits were used. Then, the identified
socio-environmental impacts were examined qualitativeipgithe Simpson Representation Matrix
method and quantitatively using the Rapid AssessmentiMatccording to Fazeli (2017), social

impact assessment is an interdisciplinary activity, and aft@iuating a project or policy, the findings
and resulting information must be understandable anbleu$ar policymakers. Figure 1 shows the
location of the station under study in District 19 of TeHvamicipality and its aerial image.

“Tehran's 22 districts

Figure 1: Location and aerial image of the study station istiiit 19 of Tehran Municipality
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RESULTS

The findings of the assessment of the categories in higsigal-chemical components were -293,
socio-cultural 181, biological-ecological -24, and ecoimwand operational +200. Among the effect
categories of the matrix, the most positive outcomeg weonomic-operational impacts, and the most
negative and destructive outcomes were physical-chereftedts. Based on the rapid assessment
matrix, the overall score of the station was -298. €benomic components had the most positive
impact, and the physical-chemical components had tbst megative effect on the station. The
creation of social inequality was visible in the impaceasment. Because its undesirable effects are
directed at the direct and immediate area of the prdjéoile its desirable effects will be directed at
the entire city of Tehran. Also, the factors of locatietation design, the process used for waste
processing, and capacity (waste acceptance rate civityalevel) played a decisive role in the
identified impacts. The total impact scores based on RiAdfrix calculations are presented in Table
1. Also, a summary of the results from the assesswietite effects of the wet waste processing
station using the RIAM method is shown in Figure 2.

Table 1: Total effects scores based on RIAM matrix calculations

Category or effects
Physica-chemica | Biological-ecologica | Socic-cultural Economic-operational Total
-293 -24 -181 +200 -298
10
9
8
7
6
5
4
3
2

S

o I

& I

R iEE

Ny EnEN 1N
-E -B -A N +A +B C+ +D +E
-I'hysicn‘ hemical M gj

Figure 2: Graph of the results of the scores from the assegsrimethe RIAM matrix

Soci Itural u Economic-operational

DISCUSSION

Based on the results of the RIAM matrix and scopingntgative effects of the station outweigh its
positive effects. This means that the existence of thi@stander study, under current conditions, has
had a destructive impact on the environment and thé émramunity. The station under study is
economically advantageous. However, the interference thhindustrial zone project, which is a
larger project and affects the station entrance in tefrgsiantity and quality, is one of the challenges
facing the station and its economic sustainability. Field @atens and interviews showed that the
floor of the station is earthen and has high permeabilibe resulting leachate is collected and
untreated and enters the ground, and the procesmueérting waste into compost is time-consuming
and the station has a low level of equipment and facilifiee soil bed of the station is permeable, and
no system has been considered for leachate collectobtreamiment. According to the project’s idea,
the site was paved with a loader and a layer of unpsececompost, which seems to be insufficient
and does not completely prevent the infiltration of waater and leachate into the soil and
groundwater. Soil and groundwater pollution is the nexstiimportant effect of the activity (Ayilara
et al, 2020). Also, the presence of different chendoahpounds in the leachate and their interactions
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makes it difficult to predict and understand theparties of the leachate over time (Hashemi &
Bagheri, 2013; Podlasek et al, 2023). Therefore ethvironmental impacts of the compost station are
highly severe and, if the activity continues andeotconditions remain constant, will ultimatelydea
to social problems. The compost station is alsoemtironmentally sustainable and will ultimately
lead to social problems. In addition to designcpss, and capacity (waste acceptance rate andyactiv
level), which play a decisive role in the type axtient of impacts, location can also be decisiviaén
social and cultural effects and those affected.

CONCLUSION

The purpose of constructing the Phaneh-e-Jahadvagt processing station in District 19 of Tehran
Municipality was mainly economic and aimed at redgd¢he costs of waste transfer and management.
The proximity of the station under study to resitlnuses, business environments, and social
activities such as the Mehr Hothouse will have ipldtsocial impacts, and its desired effects wal b
felt throughout the city of Tehran. Therefore, #revironmental impacts of the compost station will
affect the surrounding environment and, with camdith activity, will ultimately lead to social
problems. This issue is more important in Distlietof Tehran Municipality, which faces inequality
in development. It needs to be considered in theldpment and social plans and programs of Tehran
Municipality.
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This study investigated the impact of extreme teweoee and precipitation indices
on the trend of dusty days in southeastern Irantrefre temperature and
precipitation indices were selected based on Ilgeguirements and climatic
characteristics of the study region, resulting itotal of eight precipitation indices
(Rx1, Rx5, SDII, R10mm, CDD, CWD, and PRCPTOT) andtemperature indices
(SU25, TXx, TXn, TX90p, WSDI, and DTR). These ingicwere derived using
daily temperature and precipitation data from etatiin the research area over 21
years, from 2000 to 2020, processed using the RiHinsoftware. A multilayer
perceptron neural network was employed to assesgfluence and importance of
these temperature and precipitation indices onttéed of dusty days in south-
eastern Iran. Additionally, the Mann-Kendall testldinear regression were used to
analyze the trends in the investigated variablde fiesults revealed a significant
decrease in the pattern of dusty days at the Ri&kmayan, Iranshahr, Zabol, Bandar
Abbas, Bam, and Khash stations. Among these, Zahd|Bandar Abbas recorded
the highest number of dusty days over the studipgewith annual averages of 171
and 93 days, respectively. The perceptron neurabar& model indicated that the
extreme precipitation indices CDD, R10, and R20pngl with the extreme
temperature indices SU25, DTR, and TXn, exhibitesl gtrongest correlations with
the trend in dust storm variations. These findipgsvide valuable insights for
developing more precise planning and policymakitgtsgies for dust storm
management and adaptation to climate change-ralajgsatts.
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EXTENDED ABSTRACT

INTRODUCTION

Recently, it has been acknowledged that the frequenextadme temperature and precipitation events
is closely tied to global warming and is anticipatedide mn areas with hot and dry climates (Liang et
al., 2023). Extreme temperature and precipitation swvéisrupt environmental processes and can alter
the intensity and frequency of dust storms in regionsacherized by hot and dry climates. The
southeastern part of Iran is recognized as one ofih& prominent sources of dust storms in Asia
(Bahek, 2018). The findings from the examination of #esenal distribution of extreme precipitation
in Iran indicated that the highest Rx1 index of 80 mm wecuiduring the winter season. The peak
SDIl index of 19. 2 mm was also recorded in the sunseason. Meanwhile, the highest number of
days with heavy precipitation in all seasons was notedgathe Caspian coast (Rahimbeigi et al.,
2014). Spatial analysis of climate change in Iran redeate inverse relationship between altitude,
slope, and the trend of hot extreme indices. Thus/téisda and slope decrease, the trend of hot
extreme indices rises, and stations situated in lowasdere more severe climate transformations,
with the trend of changes in hot extreme indices ssipg that of cold extreme indices (Sadeghinia et
al., 1400). The primary aim of this research is tplewe the impact of changes in temperature and
precipitation extreme on the trend of dust storm variatim the southeastern region of Iran. The
central hypothesis of this research posits that dutiagimeframe from 2000 to 2020, the alterations
in days with dust in the south have shown an upward.trend

DATA AND METHODS
Study Area
The study area is located in southeastern Iran (Figure
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Figure 1: Location of the study area and study stations

To compute theextreme temperature and precipitation indices, daily ézaipre and precipitation
information from the stations within the study area waikzed over 21 years from 2000 to 2020.
RclimDex software was employed to determine the pretipitandices Rx1, Rx5, SDII, R10mm,
CDD, CWD, and PRCPTOT as well as the temperature@sdsDll, TXx, TXn, TX90p, WSDI, and
DTR. In this research, the variable of days with dustjzbaotal visibility information, and dust
meteorological codes were applied to differentiate daifs dust of internal and external origins. The
multilayer Perceptron neural network techniqgue was emglayénvestigate the correlation between
data. Furthermore, the Mann-Kendall test (Kendall, 1975nnVial945) along with the linear
regression technique was utilized to assess the trendriztions in variables (Azarakhshi et al.,
2013).
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RESULTS AND DISCUSSION

The findings of the trend examination employing timear regression approach indicated that the
trend in the number of days with dust remainedistabthe Minab and Kahnouj stations, whereas in
the other stations of Rodan, Saravan, IranshalvplZ&Zahedan, Bandar Abbas, Bam, Khash, and
Chabahar, the trend exhibited a decline, which sigsificant only at the Rodan, Saravan, Iranshahr,
Zabol, Bandar Abbas, Bam, and Khash stations (@itsignificance level of less than 0. 05). A

comparison of the significance of independent mtedi variables across various fitted models
revealed that the CDD, R10, and R20 indices extiilgithighest correlation with the trend in changes
of dust storms. Additionally, a comparison of thgn#ficance of independent predictor variables

across different fitted models indicated that thd25, DTR, and TXn indices exert the most

substantial influence on the trend of changes Bt giorms within the study area.

CONCLUSION

Based on the results obtained, it can be concldlolgidthe occurrence of extreme temperatures and
precipitation has significantly influenced the paance of dust storms in the study area. Additigna

the trend regarding changes in dust storms in tka bas been declining, which may be partially
attributed to the reduction in dry days and daythwemperatures exceeding 24 degrees Celsius. The
incidence of dust storms is directly associatechvdty days and elevated temperatures because
environmental dryness diminishes soil moisture @ontthereby facilitating the wind's ability totlif
soil particles. Furthermore, the occurrences ofreemé temperature and precipitation manifest
simultaneously and can interact with one another.
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EXTENDED ABSTRACT

INTRODUCTION

Dunes are among the factors threatening resideargals. These dunes also move throughout the year
and may shift more than 20 meters annually. In meeses, the movement of dunes leads to the
destruction of agricultural lands or human infrasture. Due to their specific morphology, dunesehav
high tourism potential; however, because of theiiva dynamics, they are considered a serioustthrea
to human activities. In fact, the movement of durmsthe sandstorms caused by them, destroys
agricultural lands and human infrastructure. A déapgrt of Iran is covered by desert lands, and slune
in Iran are significantly distributed, covering majportions of the central, eastern, southern, and
Khuzestan plain regions. Among the dunes in théeegasind southeastern regions of the country are
those in Sistan and Baluchestan Province. Thesesdeonsist of several individual dunes. The dunes
of Sistan and Baluchestan Province display highpmaliogical diversity and are dynamically active.
Moreover, since they are mainly located near resideareas, they are of great importance. Given th
significance, the present study examines the momtmead shape of the dunes in Sistan and
Baluchestan Province and their relationship withwhind conditions of the region.

DATA AND METHODOLOGY

This research was based on remote sensing methddstatistical information. Satellite images and
statistical data related to wind speed and diraciiothe region were used as the primary research
inputs. Google Earth software (to delineate thecexarea of the dunes and monitor their
displacement), ArcGIS (to prepare the required magsd WRplot (to analyze wind speed and
direction in the region) were the main researchstddonsidering the subject and objectives, thdystu
was conducted in several stages. In the first sthgearea of the dunes was delineated using Google
Earth and Landsat satellite images. In the sectagkesto assess the displacement of the dunes, 15
sample points were selected. Based on the dispktenifithese points during the years 2005 to 2020,
a displacement map of the dunes in the study aesaprepared using the IDW interpolation method.
In the third stage, to analyze the winds in theargdata from nine meteorological stations weredus
Based on these data and through the WRplot soffwéanel speed and direction in the region were
evaluated. In this stage, after calculating theraye wind speed for different months of the year, a
monthly wind speed map of the studied dunes wapapeel using the IDW interpolation method.
Finally, after analyzing the wind conditions of thegion, the effects of wind speed and direction on
the morphological and dynamic characteristics efdbnes were evaluated.

RESULTS AND DISCUSSION

The Sistan dunes, with a total area of 1,068 scgkibvmeters, consist of several dunes and are yighl
diverse in terms of morphology and dynamics. Tlseilte of this study have shown that in the Sistan
dunes, there are various types of dune shapesiding barchan and barchanoid, simple transverse,
compound transverse, and thin to thick sand covdrigh indicate the influence of various factors on
them (Figure 1). Considering that simple crescettices cover about 60 percent of the total area of
the dunes in the region, they are more extensiae tither dunes. The results of this study also
showed that a large part of the Sistan Dune ismjeelly active, such that the dunes of this dunesha
moved between 2 and 90 meters (during the year$ 2002020), with the highest amount of
movement, at 90 meters, related to the southerredwfh the region, and the lowest amount of
movement, about 2 meters, related to the stabiltieges around Zabol. Also, the results of the
analysis of the speed and direction of the windhéregion have shown that the average wind speed
in the Sistan Dune area has been between 5.5 aBdn®2ers per second, and in terms of spatial
distribution, the highest average wind speed dudiffgrent months has been related to the dunes
adjacent to the city of Zabol. In terms of windedition, in the northern areas of the Sistan Dume, t
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prevailing wind directions are from the northwestd in the southern areas of the Sistan Dune, the
prevailing wind directions are from the southeast.

29°15'N 30°0'N 30°45'N

28°30'N

2% s
62°0'E 63°0'E

Figure 1: Map of the location of the Sistan ergs

Table 2: Area and percentage area of dunes innSests

Row Type of dunes Area (km percentage of afea

1 Barchans & Barchanoids 57.6 5.4
2 Simple Crescentic Ridi 644.¢ 60.2
3 Simple Crescentic Ridge & Barchans 138.8 13

4 Compound Crescntic Ridge 7.3 0.7
5 Sand Sheet Low Thickness & Barchans 54 5.1
6 Sand Sheet Medium Thickness 4.5 0.4
7 Sand Sheet Medium Thi.ckness & Simple 161.2 15.1

Crescentic Ridge
CONCLUSION

The Sistan Dune consists of a series of large arall slunes that cover the border strip of Sistath an
Baluchestan provinces. Given the considerable réifffees in latitude and altitude between the
northern and southern regions of this dune, enmiental conditions, including wind speed and
direction, are not uniform across the area. Moreatfe impact of human factors varies in different
parts of the Sistan Dune; for instance, a largdiguorof the dunes adjacent to Zabol has been
stabilized, resulting in minimal influence of winde these dunes. In contrast, the southern dunes ha
less vegetation cover, and their morphology hasigedl favorable conditions for movement. In this
study, after calculating wind characteristics, waped was evaluated for each dune type. The sesult
showed that the highest average wind speed, 9.30etarred in the barchans, followed by the simple
transverse dunes, while the lowest, with an avecdge2 m/s, was associated with the medium-thick



136 Journal of Natural Environmental Hazards, Vol 15sk 47, March 2026

sand cover. Considering that the transverse dunesbarchans of the region exhibited active
dynamics during the study period, it can be coretuthat differences in wind speed have played a
significant role in the morphological and dynamiesdsity of the dunes in the region.
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Heavy metal pollution in aquatic ecosystems is gomanvironmental concern due
to the potential for bioaccumulation in aquatic amigms and subsequent human
exposure through seafood consumption. This stu@uated the concentrations of
cadmium (Cd), mercury (Hg), lead (Pb), and zinc)(@nliver and muscle tissues of
Otolithes ruber collected from Chabahar (Tis Pemyd Bandar Abbas. Sixty fish
samples (30 from each location) were analyzed ubidgctively Coupled Plasma
Optical Emission Spectrometry (ICP-OES). Metal @orications were higher in
Chabahar samples, with liver tissues showing greateumulation than muscle.
Mean Hg concentrations in Chabahar liver and musatee 0.098& 0.026 and
0.097+0.019ug/g, respectively, compared to 0.348.019 and 0.034 0.012ug/g

in Bandar Abbas (p 0.05). Pb levels in Chabahar liver and muscle (8.627 and
0.48+ 0.10pg/g) were significantly higher than those in Bandlabas (0.04% 0.02
and 0.03@& 0.01pg/g; p<0.05). Cd concentrations in Chabahar liver and teusc
t(O'BOi 0.35 and 0.63 0.12ug/g) also exceeded those in Bandar Abbas ©M@3
'and 0.05t 0.02g/g; p< 0.05). Zn concentrations in Chabahar liver and heusere
97.90+10.17 and 24.227.04ug/g, respectively. Estimated Daily Intake (EDI)
values for all metals were below the Tolerable pdittake (TDI) thresholds.
However, the mean Cd concentration in Chabahar leuscceeded permissible
limits set by FAO, WHO, and MAFF. Target Hazard Qet (THQ) and Total
THQ (TTHQ) values for all metals were below 1, tating low non-carcinogenic
risk. In contrast, the Cancer Risk (CR) value fagy W Chabahar exceeded the
acceptable threshold (> suggesting a potential carcinogenic risk fromgiderm
consumption. Continuous environmental monitoring afuatic organisms in
Chabahar is recommended to mitigate health riskeciasted with heavy metal
exposure through seafood consumption.
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EXTENDED ABSTRACT

INTRODUCTION

Heavy metals are among the most important pollatémtaquatic ecosystems. Due to their high
toxicity and non-biodegradable nature, the accutimiaof heavy metals has negative ecological
effects on marine organisms and human health thrtugfood chain. Fish are an important source of
protein for humans. Heavy metals can accumulatésin tissues and eventually be transferred to
humans. The accumulation of heavy metals in fispedds on various factors, and the level of
accumulation also varies among different fish &ssuFish muscle tissue plays a key role in human
nutrition and health, while the liver has a specidé in metabolism. Metals such as Fe and Zn are
essential for proper cellular function in physidtd amounts, but metals such as Pb, Hg, and Cd are
toxic even at low concentrations and negativelgctfthe survival of aquatic organisms and human
health. The tigertooth croaker fisBtplithes rubey is a commercially important species in the Oman
Sea and the Persian Gulf, playing a significarg iolthe diet of local populations. Despite thebglo
distribution ofO. ruber, few studies have assessed the risks of its cqotsumin terms of heavy metal
contamination in the Persian Gulf and the Oman Seasidering the above, the present study aimed
to investigate the bioaccumulation of heavy meRits Cd, Hg, and Zn in the liver and muscle of
Otolithes ruberfrom Chabahar and Bandar Abbas, and to asseshethléh risk of this fish for
consumers by calculating the non-carcinogenic amcdimogenic risk.

DATA AND METHODOLOGY

In this study, 30 croaker fish samples were cadlédtom Chabahar and 30 from Bandar Abbas. The
samples were transported to the laboratory inlstéags, thoroughly washed, and cleaned. Their
length and weight were then measured. Muscle arat tissues were separated from the skeleton
using sterilized blades, transferred into codedilstglastic bags, and stored at —20°C until the
analyses were performed. For sample preparatiardéeavy metal concentration measurement, acid
digestion was carried out. The concentrations efvhenetals in the samples were determined using
inductively coupled plasma optical emission speungty (ICP-OES), while mercury concentrations
were measured using the atomic absorption methateTelement concentrations were expressed in
micrograms per gram of dry weight (Table 1).

Health Risk Assessment

The non-carcinogenic risk associated with fish comgtion was calculated using the THQ formula.
THQ represents the ratio between the estimatedsexpalose of a contaminant and the reference dose
(RfD), as shown in the following equation:

_EFXEDXFIRXC
" BW x AT x RFD

The oral reference dose (RfD) values for Pb, Cd, &gl Zn are 0.004, 0.001, 0.0001, and 33

g /day, respectively. Since humans are often exptseuiore than one contaminant and may be
affected by combined effects, the total Target HaLuotient (TTHQ) was also calculated using the
following equation:

TTHQ = THQ (Pb) + THQ (Hg) + THQ (Cd) + THQ (Zn)
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Table 1. Mean concentrations of heavy metals in tHever and muscle tissues oOtolithes ruber(ug g?)

Station Tissues Hg Cd Pb Zn
Chabahe Muscle Mean+S.L 0.097+0.019 0.63+0.12 0.48 +0.10 24.22 +7.04
Maximum 0.35 1.40 0.83 37.20
Minimum 0.00 0.10 0.00 4.05
Liver Mean+S.D 0.098 +0.026 0.80 +0.35 0.56 +0.27 97.90 £10.17
Maximum 0.383 1.52 1.20 118.12
Minimum 0.01 0.15 0.09 12.53
Bandar Abbas Muscle  MeantS.D 0.034 +0.012 0.05 +0.02 0.030 +0.01 NS
Maximum 0.262 0.74 0.22 NS
Minimum 0.002 0.00 0.01 NS
Liver Mean+S.D 0.045+0.019 0.07+0.03 0.041 +0.02 NS
Maximum 0.290 0.81 0.31 NS
Minimum 0.002 0.00 0.01 NS
FAO (2000) 0.5 0.5 2 30
WHO (2000) 0.5 0.5 0.5 40
MAFF (2000) 0.3 0.5 2 50
FDA (2001) 0.5-1 4 1.7 NS

For carcinogenic compounds, the risks were estiinagethe incremental probability of individuals
developing cancer over a lifetime due to exposwareatpotentially carcinogenic substance. The
carcinogenic risk (CR) resulting from the oral kdaof heavy metals was calculated using the
following equation:

EF X ED X FIR X CSF x C

— -3
R BW x AT x 10

Where CSF is the cancer slope factor for each hewsatgl, with values of 0.0085, 0.38, and 6.1g7
g /day for Pb, Cd, and Hg, respectively. The resoitthe non-carcinogenic and carcinogenic health
risk assessments are presented in Table 2.

Table 2. Target hazard quotient (THQ), total THQ (TTHQ), and Target Cancer Risk (TR) for Cd, Hg, Pb,
and Zn in Otolithes ruber

Statior THQ TTHQ CR

Cd Hg Pk Zn Cd Hg Pk
Chabahz 0.22 0.34 0.04 0.03 0.63 8.6x10 2.1x10° 1.4x10°
Bandar Abbas  0.02 0.12 0.003 - 0.14 6.8x16  7.5x10° 9.1x10°

Data analysis was performed using SPSS softwaresi¢ve 26), and a p-value of < 0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

The mean and range of heavy metal concentratiotigitiver and muscle tissues of the samples were
compared with the maximum permissible internatidimaits. The concentrations of heavy metals in
the Chabahar samples were higher than those iBéinelar Abbas samples. Furthermore, in both
sampling sites, the concentrations of these elesrianiver tissue were higher than in muscle tissue
The order of heavy metal concentrations in therlared muscle tissues of the Chabahar samples was:
Zn> Cd > Pb > Hg, whereas in tBandar Abbassamples, the order was: Cd > Hg > Pb. Among the
measured concentrations, only the mean Cd condentran the muscle tissue of the Chabahar



158 Journal of Natural Environmental Hazards, Vol 15sk 47, March 2026

samples exceeded the permissible limits recommebgeBAO, WHO, and MAFF, but was still
below the limit set by FAD.

Risk Assessment

The results showed that the THQ values for the yhaagtals studied in the muscle tissue of both
Chabahar an@andar Abbassamples were less than 1. The TTHQ for the metadsnined at both
stations was also found to be less than 1. Ther@R the oral intake of Pb, Cd, and Hg accumulated
in fish muscle tissue revealed that: For Pb inBhedar Abbasamples, CR was less than 1%1@o
risk). For Hg in theBandar Abbasamples, Cd in both Chabahar @whdar Abbasamples, and Pb in
the Chabahar samples, CR values ranged between®lari1x10* (acceptable risk)and for Hg in
the Chabahar samples, CR values exceeded“l¢dtibve the acceptable limit).

CONCLUSION

Findings indicated that heavy metal concentratiwage higher in the liver tissue @tolithes ruber
compared to the muscle tissue. Notably, the avecageentration of Cd in the muscle tissueQof
ruber from Tis Pier at Chababar exceeded the safetyshbtds established by FAO, WHO, and
MAFF. Despite this, the non-carcinogenic risk assent revealed that the Target Hazard Quotient
(THQ) values for individual metals, as well as thetal THQ (TTHQ), remained below 1. This
suggests that consumption of this species is uUmlitee pose non-carcinogenic health risks under
current exposure levels. In contrast, the carcinimgaesk assessment for Hg in the edible tissu® of
ruber from Chabahar exceeded the acceptable thresha@dtéy than 4x16). This finding highlights
potential health concerns for individuals who cansuhis fish regularly. Overall, samples collected
from Chabahar port exhibited higher levels of heawgtal contamination than those from Bandar
Abbas, particularly for Hg and Cd. These elevatedcentrations may present increased risks to
consumers.

The higher contamination levels observed in Tisr Py be attributed to intensified maritime
activity, aging and leaking vessels, and, to adlesxtent, industrial effluents and anthropogenic
pollution. Over time, the bioaccumulation of heametals poses a significant threat to aquatic
ecosystems. Therefore, consistent monitoring byirenmental and public health authorities is
essential to protect aquatic life and mitigategiskhuman health.
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