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Abstract

Purpose: This study aims to evaluate plant species in urban recreation areas under pressure from intensive industrial
activities in the Aliaga district of [zmir in terms of their reported bioaccumulation and phytoremediation potential. The
study seeks to contribute to plant design decisions in industry-focused cities being made not only for aesthetic reasons
but also in line with ecological functions.

Method: Within the scope of the study, eight recreational areas located near industrial facilities, port activities, and
transportation networks were examined on-site, and the existing plant species in these areas were identified. The
identified species were analyzed in terms of their life forms, area-based distribution, proportion within the total number
of species, and the plant organs (leaves, roots, branches) reported in the literature to accumulate heavy metals, and were
classified according to their potential phytoremediation roles.

Findings: The data obtained showed that the proportion of species with reported bioaccumulation and
phytoremediation potential within the total number of species ranged from 3.23% to 39.29% depending on the area. In
contrast, it was determined that the representation (prevalence) rates of these species within the population ranged from
21.67% to 81.87%, which were higher levels. Furthermore, according to literature data, heavy metal accumulation in
the relevant species was most frequently reported in leaf tissue (20 species), followed by root (7 species) and branch (6
species) organs.

Conclusion: Research findings reveal that high species diversity in recreational areas alone does not necessarily reflect
environmental improvement potential. The ecological improvement potential is largely related to the representation
level (density) of species with literature-reported phytoremediation potential within the area. In this context, promoting
species identified in the literature as having pollutant retention potential in plant designs for cities under industrial
pressure is critically important for ecological sustainability. One of the main limitations of this study is the absence of
direct heavy metal analyses on plant tissues or soil samples, and therefore the results should be interpreted as a
literature-based potential assessment.

Keywords: bioaccumulator plants; phytoremediation; heavy metal pollution; urban recreation areas; plant design;
Aliaga

Aliaga (izmir) sanayi ilcelerindeki rekreasyon alanlarinda biyobirikim ve fitoremediasyon potansiyeli bildirilen
bitki tiirlerinin tammlanmasi ve ekolojik degerlendirilmesi

Ozet

Amag: Bu galisma, izmir Aliaga ilgesinde yogun sanayi faaliyetlerinin baskisi altindaki kentsel rekreasyon alanlarinda
bulunan bitki tiirlerinin, biyobirikim ve fitoremediasyon potansiyelleri agisindan degerlendirilmesini amaglamaktadir.
Calisma, sanayi odakli kentlerde bitki tasarim kararlarinin sadece estetik nedenlerle degil, ekolojik islevlerle de uyumlu
olarak alinmasina katkida bulunmay1 hedeflemektedir.

Metod: Calisma kapsaminda, endistriyel tesisler, liman faaliyetleri ve ulasim aglarinin yakininda bulunan sekiz
rekreasyon alani yerinde incelenmis ve bu alanlardaki mevcut bitki tiirleri belirlenmigstir. Belirlenen tiirler, yasam
formlari, alan bazli dagilimlari, toplam tiir sayisi i¢cindeki oranlari ve literatiirde agir metalleri biriktirdigi belirtilen bitki
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organlar1 (yapraklar, kokler, dallar) acisindan analiz edilmis ve potansiyel fitoremediasyon rolleri dogrultusunda
siiflandirilmastir.

Bulgular: Elde edilen veriler, toplam tiir sayisi i¢indeki biyobirikim ve fitoremediasyon potansiyeline sahip tiirlerin
oraninin, bdlgeye bagli olarak %3.23 ile %39.29 arasinda degistigini gostermistir. Buna karsilik, bu tiirlerin popiilasyon
icindeki temsil (yayginlik) oranlarinin %21.67 ile %81.87 arasinda degistigi ve daha yiiksek seviyelerde oldugu
belirlenmistir. Ayrica, literatiir verilerine gore, ilgili tiirlerde agir metal birikimi en sik yaprak dokusunda (20 tiir),
ardindan kok (7 tiir) ve dal (6 tiir) organlarinda bildirilmistir.

Sonug¢: Arastirma bulgulari, rekreasyon alanlarindaki yiiksek tiir gesitliliginin tek basina cevresel iyilestirme
potansiyelini yansitmadigini ortaya koymaktadir. Ekolojik iyilestirme potansiyeli biiylik dlclide, alandaki literatiirde
fitoremediasyon potansiyeli bildirilen tiirlerin temsil diizeyi (yogunlugu) ile ilgilidir. Bu baglamda, endiistriyel baski
altindaki sehirler icin bitki tasarimlarinda literatiirde kirletici madde tutma potansiyeline sahip olarak tanimlanan
tirlerin tegvik edilmesi, ekolojik siirdiiriilebilirlik i¢in son derece dnemlidir. Bu ¢alismanin baslica sinirlamalarindan
biri, bitki dokularinda veya toprak érneklerinde dogrudan agir metal analizlerinin yapilmamig olmasidir ve bu nedenle
sonuglar, literatiire dayali bir potansiyel degerlendirmesi olarak yorumlanmalidir.

Anahtar kelimeler: biyokiimiilator bitkiler; fitoremediasyon; agir metal kirliligi; kentsel rekreasyon alanlari; bitkisel
tasarim; Aliaga

1. Introduction

Rapid industrialization and urbanization processes place significant pressure on the urban environment,
particularly in areas with concentrated heavy industrial activity [1]. Industrial facilities, port operations, and intensive
transportation networks have been shown to disrupt the functioning of urban ecosystems by contributing to the
accumulation of heavy metals in soil, air, and plant matrices [2, 3]. This situation poses critical risks to urban residents
in terms of environmental quality, ecosystem balance, and long-term public health. Heavy metals such as nickel (Ni),
lead (Pb), cadmium (Cd), chromium (Cr), and zinc (Zn) are among the most common pollutants in urban environments,
with well-documented toxic effects on biological systems [4].

Urban green spaces and recreation areas, beyond their aesthetic and social functions, are vital ecological
components that can alleviate these environmental pressures [5]. The plant species chosen for these areas can play an
active role in bioaccumulation and phytoremediation processes due to their potential to accumulate or remove heavy
metals from the environment [6, 7]. However, in practice, plant selection is often based on criteria such as aesthetic
concerns, ease of maintenance, and intensity of use; the environmental improvement capacities of plants are frequently
overlooked [8, 9]. This situation can lead to landscape design decisions lacking a scientific ecological basis, especially
in cities under intense industrial pressure [10].

This study aims to address this deficiency by identifying plant species in urban recreation areas in the Aliaga
district of Izmir province, which is under the influence of intense industrial activities, and evaluating the literature-
reported heavy metal accumulation potential of these species. The species identified in the study were analyzed in terms
of their organs reported in the literature as heavy metal accumulation sites and the types of metals previously
documented to be accumulated by these species; area-based ratios of species reported to have potential bioaccumulation
and phytoremediation relevance were determined. The research aims to provide an ecological perspective to plant
design decisions in industrial areas by offering a literature-based potential assessment grounded in the existing plant
presence. While this study does not include direct experimental analyses, the results should be considered as a
preliminary assessment, highlighting the need for future experimental studies to validate the ecological contributions of
these species.

2. Materials and methods

This research was conducted between February 2026 and Mart 2026 in the open-green areas used for urban
recreation in Aliaga district, [zmir province, where intensive industrial activities create environmental pressure. Due to
its industrial character, Aliaga is considered a high-risk area in terms of heavy metal accumulation in urban soils [11].
Considering their proximity to industrial facilities, main traffic roads, and urban activity areas, eight recreation areas
heavily used by the public were selected as the study area. The list of study areas is shown in Table 1, and their
locations are shown in Figure 1.

The study consists of three stages. In the first stage, all plant species in the study areas were examined in situ
and identified using standard flora references and taxonomic keys [13]. Species descriptions were provided by the
authors. Sample specimens could not be collected. This was accepted as a limitation of the study, and the
identifications were based on diagnostic features observable in the field and supported by relevant taxonomic sources.
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Table 1. List of study areas
Recreation Area Area Code

Aliaga Municipality Green Park

Aliaga Municipality Rock Park

Aliaga Municipality City Park

Avci Ramadan Park

Gazi Mustafa Kemal Atatiirk Park

Ege University Aliaga Vocational School
Petkim Atilla Uzun Sports Hall

Binali Yildirim Maritime Park

T QMmO wE| >

In the second stage, plant species identified in the field that have been reported in the literature to accumulate
one or more heavy metals (e.g., Pb, Cd, Zn, Cu, Ni, Cr, etc.) or that are considered potential candidate species for
phytoremediation were determined based on published sources. In the third stage, the data obtained were analyzed
using IBM SPSS 27 statistical software. Within the scope of descriptive statistics, percentage and frequency values
were calculated to determine the life form ratio of plant species reported in the literature to have bioaccumulation and
phytoremediation potential and the ratio of their reported heavy metal-accumulating organs for all areas and area-based.
In these calculations, the denominator was defined as the total number of species identified in each study area. After the
descriptive analysis, evaluations were made, recommendations were developed, and suggestions were made for future
studies.

3. Results

A total of 86 plant species belonging to 76 genera and 39 families were identified in the study areas. The
identified plants are shown in Table 2.

Literature reviews were conducted using databases such as Web of Science, Scopus, and Google Scholar, with
keywords including plant species, heavy metal accumulation, bioaccumulation, and phytoremediation. Species were
considered to have bioaccumulation or phytoremediation potential if at least one relevant peer-reviewed study reported
such properties. At least one literature record was deemed sufficient for inclusion. Table 3 presents the types of heavy
metals reported in the literature to be accumulated in specific plant organs by the identified species. Species not
included in Table 3 were not necessarily considered to lack heavy metal accumulation capacity; rather, no relevant
information was found within the scope of the literature search. Since no experimental heavy metal analyses were
conducted in this study, the findings should be interpreted as a literature-based potential assessment, not as direct
measurements in the study areas.
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Table 2. Plant species, life forms, and the locations where they were identified in the study areas

315

Area where It was

Plant Species Family Life Form Detected
Abelia grandiflora (Rovelli ex André) Rehder Caprifoliaceae Bush AE, F
Acacia dealbata Link Fabaceae Tree A,B
Acer platanoides L. Sapindaceae Tree C,E, G H
Acer pseudoplatanus L. Sapindaceae Tree C
Agave americana L. Asparagaceae Bush A,B
Ailanthus altissima (Mill.) Swingle Simaroubaceae Tree E,F,G
Albizia julibrissin Durazz. Fabaceae Tree CE,G
Archontophoenix cunninghamiana (H.-Wendl.) H Wendl. & Drude | Arecaceae Tree B,C,D,H
Atriplex halimus L. Amaranthaceae Bush A,B,C,D
Berberis thunbergii DC. Berberidaceae Bush C,E.F.H
Bougainvillea spectabilis Willd. Nyctaginaceae Climber B,E
Buxus sempervirens L. Buxaceae Bush A,B,C,E F
Casuarina equisetifolia L. Casuarinaceae Tree E,F,G
Cedrus deodara (Roxb. ex D.Don) G.Don Pinaceae Tree A,B,E F,. G
Cercis siliqguastrum L. Fabaceae Tree A,C,E.H
Chaenomeles japonica (Thunb.) Lindl. ex Spach Rosaceae Bush A,C E
Chamaerops excelsa Thunb. Arecaceae Treelet C,D,E.H
Citrus limon (L.) Osbeck Rutaceae Tree D
Cornus alba L. Cornaceae Treelet C
Cortaderia selloana (Schult. & Schult.f.) Asch. & Graebn. Poaceae Herbaceous C,D,E
Cotoneaster franchetii Bois Rosaceae Bush H
Cotoneaster horizontalis Decne. Rosaceae Bush E, G, H
Cupressocyparis leylandii A.B.Jacks. & Dallim.) Garland & Gerry
Moore Cupressaceae Tree A,B,C,D,E F, G H
Cupressus arizonica (Greene) Bartel Cupressaceae Tree AE, G H
Cupressus macrocarpa (Hartw.) Bartel Cupressaceae Tree B,D,E,F,H
Cycas revoluta Thunb. Cycadaceae Treelet A,B,C,D,H
Elaeagnus angustifolia L. Elaeagnaceae Tree B,C
Euonymus japonicus Thunb. Celastraceae Bush C,E,H
Euryops pectinatus (L.) Cass. Asteraceae Bush B,D,E

Ground
Festuca arundinaceaVill. Poaceae Cover A,B,C,D,E F, G H
Ground

Festuca rubra L. Poaceae Cover A,B,C,D,E, F, G H
Ficus carica L. Moraceae Tree F
Fraxinus excelsior L. Oleaceae Tree E
Forsythia X intermedia Zabel Oleaceae Bush C
Gaura lindheimeri (Engelm. & A.Gray) W.L.Wagner & Hoch Onagraceae Bush C
Hedera helix L. Araliaceae Climber E,G
Jacobaea maritima (L.) Pelser & Meijden Asteraceae Bush F
Juglans regia L. Juglandaceae Tree D,E
Juniperus horizontalis Moench Cupressaceae Treelet A, B F
Juniperus sabina L. Cupressaceae Treelet C,D,E,H
Koelreuteria paniculata Laxm. Sapindaceae Tree C
Lavandula angustifolia L. Lamiaceae Bush A,D,E
Ligustrum ovalifolium Hassk. Oleaceae Treelet C,H
Ligustrum vulgare L. Oleaceae Treelet B,E,H
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Table 2. Continued

Liquidambar orientalis Mill. Altingiaceae Tree C,E
Ground
Lolium perenne L. Poaceae Cover A,B,C,D,E, F,G H
Lonicera japonica Thunb. Caprifoliaceae Climber E
Magnolia grandiflora L. Magnoliaceae Tree D,E
Malus floribunda Siebold ex Van Houtte Rosaceae Treelet D
Melia azedarach L. Meliaceae Tree C,E
Mirabilis jalapa L. Nyctaginaceae Herbaceous D,G
Morus alba L. Moraceae Tree E,G
Morus nigra L. var. pendula Moraceae Treelet A,C,D,E
Nandina domestica Thunb. Berberidaceae Bush C,E
Nerium oleander L. Apocynaceae Treelet D,E.F,G
Olea europaea L. Oleaceae Tree A,B,C E G
Parthenocissus quinquefolia (L.) Planch. Vitaceae Climber B
Pennisetum alopecuroides (L.) Spreng. Poaceae Herbaceous C,D
Phoenix canariensis H.Wildpret Arecaceae Tree A,C,D,E,H
Photinia X fraseri Dress Rosaceae Bush C,E
Phyllostachys aurea (André) Riviére & C.Riviére Poaceae Bush C
Pinus brutia Ten. Pinaceae Tree E.F, G, H
Pinus pinea L. Pinaceae Tree E,F, G, H
Pistacia lentiscus L. Anacardiaceae Treelet G
Pittosporum tobira (Thunb.) W.T.Aiton Pittosporaceae Bush B,C,G,H
Platanus orientalis L. Platanaceae Tree A,B,C,D,E,F,G H
Platycladus orientalis (L.) Franco Cupressaceae Treelet A,C,D,E,F,G H
Ground
Poa pratensis L. Poaceae Cover A,B,C,D,E, F, G H
Populus alba L. Salicaceae Tree D,E
Pyracantha coccinea M.Roem. Rosaceae Bush H
Quercus cerris L. Fagaceae Tree G
Robinia pseudoacacia L. Fabaceae Tree B,D,F,G
Rosa semperflorens W.M.Curtis Rosaceae Bush E,F
Rosmarinus officinalis L. Lamiaceae Bush A, B
Ruscus aculeatus L. Asparagaceae Bush B, D
Salix babylonica L. Salicaceae Tree C,E
Santolina chamaecyparissus L. Asteraceae Herbaceous C
Schinus molle L. Anacardiaceae Tree F,G
Styphnolobium japonicum (L.) Schott Fabaceae Tree E
Tagetes erecta L. Asteraceae Herbaceous E,F,G
Viburnum opulus L. Viburnaceae Bush AE,F,G H
Viburnum tinus L. Viburnaceae Bush A,E,F, G, H
Vitex agnus-castus L. Lamiaceae Treelet G
Washingtonia filifera (Rafarin) H.-Wendl. ex de Bary Arecaceae Tree A,B,C,D,H
Washingtonia robusta (H.Wendl.) Parish Arecaceae Tree A,B,C,D,H
Yucca filamentosa L. Asparagaceae Treelet A,B,C,D,H
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Table 3. Plant species with bioaccumulator and phytoremediation properties identified in the study areas, the heavy
metals they accumulate, and the organs where they accumulate heavy metals

Plant Species Organs That Accumulate Heavy Metals Heavy Metals Accumulated Reference
Acacia dealbata Roots Cu [14]
Acer platanoides Leaves Ba ve Fe [15]
Ailanthus altissima Leaves Pb ve Cd [16]
Atriplex halimus Roots and Leaves Cd, Sr, Zn ve Cu [17]
Berberis thunbergii Leaves and Branches Cu, Ni, Pb, Cd, Ca ve Mn (18]
Bougainvillea spectabilis Leaves, Stems and Roots Cd [19]
Buxus sempervirens Leaves and Branches Cu, Ni, Pb, Cd, Ca ve Mn [18]
Casuarina equisetifolia Roots Pb, Fe ve Zn (20]
Elaeagnus angustifolia Leaves Ni, Fe, Mn, Cu ve Zn (21]
Euonymus japonicus Leaves and Branches Cu, Ni, Pb, Cd, Ca ve Mn (22]
Juniperus sabina Leaves and Branches Cu, Ni, Pb, Cd, Ca ve Mn (23]
Ligustrum ovalifolium Leaves Zn, Cr, Cd, Co, Ni, Pb ve Cu [22]
Ligustrum vulgare Leaves and Branches Cu, Ni, Pb, Cd, Ca ve Mn (24]
Melia azedarach Leaves, Roots and Stem Bark Pb, Zn ve Cu [16]
Nerium oleander Leaves Pb, Cd ve Ni [25]
Olea europaea Leaves and Fruits Cd ve Pb (25]
Photinia x fraserii Roots Zn [26]
Pittosporum tobira Leaves Cu, Ni, Pb ve Zn (27]
Platanus orientalis Leaves Pb ve Cd (23]
Pyracantha coccinea Seeds, Branches, and Leaves Pb ve Cd [25]
Robinia pseudoacacia Stem Bark Pb, Zn ve Cd (28]
Rosmarinus officinalis Leaves Ni, Pb ve Cd [29]
Salix babylonica Leaves Cd, Ni ve Pb (30]
Tagetes erecta Leaves Zn, Cu, Pb ve Cd [31]
Viburnum tinus Roots Zn (27]

Based on the data presented in Table 2 and Table 3, the number and proportional distribution of plant species
reported to have bioaccumulator and phytoremediation potential in recreational areas within the total plant species
diversity per area are shown in Table 4.

Table 4. Distribution of plant species reported in the literature to have bioaccumulation and phytoremediation potential
in recreation areas, based on area and total identified plant species

Area | Total Number of Plant Species in the Number of Bioaccumulator or Phytoremediation Effective Plant Ratio (%)
Area Species in the Area
A 28 7 25.00
B 28 11 39.29
C 42 14 33.33
D 31 5 16.13
E 51 17 33.33
F 26 9 34.62
G 30 10 33.33
H 31 10 32.26

The number of plant species reported in the literature to have bioaccumulation and phytoremediation potential
in the study areas, as well as the surface area covered by these species, is also quite important. The proportion of such
species alone may not fully reflect their actual ecological representation within the area. Even if the proportion of
potential bioaccumulator and phytoremediation species is high, the environmental relevance may remain quantitatively
limited if their population size is small. Conversely, ecological functionality can be enhanced when a larger number of
individuals of these species are present, even if species’ richness is lower. Therefore, assessments based on species
number, when considered together with individual counts and area size, provide a more comprehensive view of the
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potential ecological contribution of these species. The surface measurements of the study areas, the total plant
population, and the population of species reported to have bioaccumulation and phytoremediation potential in each area,
along with their representation ratio, are specified in Table 5.

Table 5. Number of plant species reported in the literature to have bioaccumulation and phytoremediation potential

Research Surface Total Number of Bioaccumulator and Number of Population
Area Area (m?) Plants in the Area Phytoremediation Species Found in Plants (Units) Representation
(Units) the Area Ratio (%)
Acacia dealbata 14
Atriplex halimus 65
< Buxus sempervirens 150
§ 13905 1656 Olea europaea 7 21.68
< Platanus orientalis 33
Rosmarinus officinalis 70
Viburnum tinus 20
Acacia dealbata 7
Atriplex halimus 12
Bougainvillea spectabilis 6
Buxus sempervirens 120
m Elaeagnus angustifolia 2
§ 9165 492 Ligustrum vulgare 12 77.03
< Olea europaea 20
Pittosporum tobira 154
Platanus orientalis 20
Robinia pseudoacacia 6
Rosmarinus officinalis 20
Acer platanoides 192
Atriplex halimus 28
Berberis thunbergii 160
Buxus sempervirens 280
Elaeagnus angustifolia 19
Euonymus japonicus 300
O - -
8 65213 4466 Juniperus sabina 25 45.50
< Ligustrum ovalifolium 6
Melia azedarach 21
Olea europaea 67
Photinia x fraserii 400
Pittosporum tobira 500
Platanus orientalis 20
Salix babylonica 14
Atriplex halimus 5
] Juniperus sabina 24
§ 53775 273 Nerium oleander 16 30.77
< Platanus orientalis 3
Robinia pseudoacacia 36
Acer platanoides 14
Ailanthus altissima 20
Berberis thunbergii 170
Bougainvillea spectabilis 2
Buxus sempervirens 72
Casuarina equisetifolia 12
Euonymus japonicus 250
L:j Juniperus sabina 20
g T71s 3248 Ligustrum vulgare 14 48.95
Melia azedarach 6
Nerium oleander 151
Olea europaea 80
Photinia x fraserii 400
Platanus orientalis 20
Salix babylonica 2
Tagetes erecta 300
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Table 5. Continued

Viburnum tinus 57
Ailanthus altissima 12
Berberis thunbergii 36
Buxus sempervirens 72
=3 Casuarina equisetifolia 6
8 33229 369 Nerium oleander 6 56.37
< Platanus orientalis 14
Robinia pseudoacacia 20
Tagetes erecta 30
Viburnum tinus 12
Acer platanoides 1
Ailanthus altissima 7
Casuarina equisetifolia 1
o Nerium oleander 3
e Olea europaea 1
;‘3 2100 141 Pittosporum tobira 25 60.28
Platanus orientalis 2
Robinia pseudoacacia 5
Tagetes erecta 30
Viburnum tinus 10
Acer platanoides 16
Berberis thunbergii 30
FEuonymus japonicus 70
- Juniperus sabina 6
s 3000 320 Ll.gustmm ovalifolium 4 71.87
£ Ligustrum vulgare 2
Pittosporum tobira 30
Platanus orientalis 2
Pyracantha coccinea 50
Viburnum tinus 20

The data presented in Table 5 indicates that evaluating the representation of plant species reported in the
literature to have bioaccumulation and phytoremediation potential based solely on species diversity ratios may be
insufficient. For example, in Area H, although the proportion of such species is 32.26%, their individuals constitute
71.87% of the area’s total plant population. Similarly, in Area G, the species diversity ratio is 33.33%, while their
population representation reaches 60.28%. This situation shows that, even when the diversity ratio is moderate rather
than very low, these species can dominate the plant composition of the area due to their high population representation.
Therefore, considering both species number and individual representation provides a more comprehensive view of their
potential ecological contribution. In contrast, in some areas, the difference between species diversity ratio and
population representation is more limited. For example, in Area A, the diversity ratio of bioaccumulator and
phytoremediation effective species is 25%, while population representation is 21.68%. In Area C, these values are
33.33% and 45.50%, respectively; in Area D, 16.13% and 30.77%; in Area E, 33.33% and 48.95%; and in Area F,
34.62% and 56.37%. The data in Table 5 shows differences between species diversity ratios and population-based
representation of plant species reported in the literature to have bioaccumulation and phytoremediation potential. For
example, in Area H, the proportion of such species is 32.26%, while their individuals constitute 71.87% of the total
plant population. Similarly, in Area G, the species diversity ratio is 33.33%, whereas their population representation
reaches 60.28%. These results indicate that population-based representation values may differ substantially from
species-based ratios.

To enable a more accurate interpretation of the findings presented in Table 4 and Table 5 and to understand the
distribution of effective plants for phytoremediation within the study areas, the locations of recreational areas relative to
heavy industrial centers in the region must also be taken into account. In this context, the spatial locations of the study
areas relative to the PETKIM/SOCAR Refinery, Aliaga Port, and Aliaga Organized Industrial Zones were considered
an important evaluation criterion. These industrial facilities are areas where intensive industrial activities are carried out
in the region and are considered potential sources of environmental pollutant dispersion. Therefore, the location of
recreational areas relative to these industrial zones contributes to a more ecologically meaningful interpretation of the
use of plants with bioaccumulator and phytoremediation potential. The location of the study areas relative to heavy
industrial zones is shown in Figure 2.
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iaga Oranized Industrial
Zone

Figure 2. Locations of study areas relative to heavy industrial zones [12]

Figure 2 shows the spatial relationship between the study areas and the main heavy industry hubs in Aliaga,
namely the PETKIM/SOCAR Refinery, Aliaga Port, and Aliaga Organized Industrial Zone. Most of the study areas are
located within the urban settlement fabric close to the refinery and port area. Table 5 indicates that in some areas
located relatively closer to industrial activities, the population representation rates of plant species reported in the
literature to have bioaccumulation and phytoremediation potential exceed 50%, and in certain cases approach 80%. In
contrast, species diversity ratios remain lower in some areas, indicating that a limited number of species are represented
by a relatively high number of individuals.

The distribution of effective plants for biocumulation and phytoremediation according to their life forms has
also been evaluated. Within this scope, the distribution of all plant species identified in the study areas according to
their life form was compared with the life form distribution of species with bioaccumulator and phytoremediation
potential. This comparison aims to reveal the general plant composition in the study areas and the life forms in which
species with environmental remediation potential are concentrated (Table 6).

Table 6. Comparison of the distribution of all plant species identified in recreation areas, as well as bioaccumulator and
phytoremediation effective plant species, according to their life form

Life Form All Plant Species (%) | Plant Species with Bioaccumulator/Phytoremediation Effects (%)
Tree 40.70 40
Treelet 16.28 16
Bush 2791 36
Climber 5.81 4
Herbaceous 4.65 4
Ground Cover 4.65 0

When examining the comparative distribution presented in Table 6, a clear structural parallelism is observed
between the overall life form composition in recreational areas and the life form distribution of species effective for
biocumulation or phytoremediation. While the tree form represents 40.70% of the total species composition, this rate is
determined as 40% among species effective for bioaccumulation or phytoremediation. Similarly, while the bush form
accounts for 27.91% of the total species, this rate reaches 36% among species with potential environmental
improvement capacity. In the Treelet form, the ratios are seen to be quite close to each other (16.28%). In contrast, it
was found that herbaceous and climbing-creeping species are represented at a limited level in both groups, while no
ground cover species identified in the study areas were listed among the species reported in the literature to have
bioaccumulation or phytoremediation potential. These findings reveal that the existing plant composition in the study
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areas offers potential ecological improvement capacity, particularly through woody species, but that environmental
functionality remains relatively limited in understory vegetation. The dominance of the tree form in the life form
distribution of particularly bioaccumulative and species reported in the literature to have bioaccumulation and
phytoremediation potential can be attributed to these plants having large leaf surfaces, being long-lived, and having the
capacity to accumulate heavy metals from air and soil sources in both their leaves and woody tissues. Considering these
characteristics, the high representation of tree-form plants in recreational areas in cities with intensive industrial
activities and high environmental pollution pressure, such as Aliaga, can be considered a positive situation in terms of
environmental improvement potential.

The distribution of plant organs in which heavy metal accumulation occurs in bioaccumulator, and species
reported in the literature to have bioaccumulation and phytoremediation potential is presented in Figure 3. Based on the
reported heavy metal accumulation organs for bioaccumulator and phytoremediation-effective plants, the distribution
among organs was examined based on frequency (number). The main reason for this is that many plant species can
accumulate heavy metals in more than one organ. According to the findings, heavy metal accumulation is most
commonly found in leaf tissue (20). Leaves are followed by root (7) and stem (6) tissues. Accumulation in bark (2),
stem (1), fruit (1), and seed (1) tissues have been reported for a more limited number of species. The results reveal that
bioaccumulator and phytoremediation-effective plants can accumulate heavy metals in multiple organs, but according to
the literature, the most frequently reported organ of accumulation is leaves. This may be related to the large surface area
of leaves, their direct exposure to atmospheric pollutants, and their particle retention capacity [32].
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Figure 3. Distribution of heavy metal accumulation by organ (number) in plant species reported in the literature to have
bioaccumulation and phytoremediation potential

It has been observed that the plant compositions in the recreational areas of Aliaga city center exhibit varying
levels of ecological representation. The findings reveal that a high total number of plant species alone does not reflect
the representation level of species reported in the literature to have bioaccumulation and phytoremediation potential.
Table 5 shows that in some areas, the population representation rates of these species exceed 50%, and in certain cases
approach 80%, while species diversity ratios remain lower.

Previous studies conducted in Aliaga and its surroundings have reported that heavy metals such as Ni, Pb, Cr,
and Cd are found at levels close to or approaching limit values in soils, especially in areas with intensive industrial and
transportation activities, while heavy metal accumulation in plants mostly occurs in leaf tissue [33]. This finding is
consistent with the frequent reporting of heavy metal accumulation in leaf tissue in our study, suggesting that leaves
play an important role as biomonitoring tools and early indicators of environmental pressures in urban areas. However,
the accumulations observed in roots, branches, and other woody tissues indicate that phytoremediation processes
involve multidimensional soil-plant interactions. In this context, consciously choosing species with high
bioaccumulator and phytoremediation potential in the botanical design of recreational green spaces, rather than focusing
solely on aesthetic and usage criteria, may be an important strategy for supporting environmental quality in industrially
pressured urban areas.
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4. Conclusions and discussion

It has been determined that the plant species found in urban recreation areas in Aliaga district do not show a
homogeneous distribution within the study areas in terms of their bioaccumulator and phytoremediation potential. The
findings indicate that a high total number of species alone does not reflect environmental improvement capacity; this
capacity is largely related to the representation ratio and functional characteristics of species reported in the literature to
have bioaccumulation and phytoremediation potential within the area. Furthermore, heavy metal accumulation in such
plants has been reported to occur in multiple organs, with leaf tissue being the most frequently documented
accumulation site.

Previous research in Aliaga and its surroundings has shown that heavy metals such as Ni, Pb, Cr, and Cd are
present in soils at levels close to or approaching limit values, particularly in areas with intensive industrial and
transportation activities [33]. Our findings, which highlight the frequent reporting of accumulation in leaf tissue, are
consistent with these studies and support the role of leaves as biomonitoring tools. However, the observed
accumulations in roots, branches, and woody tissues indicate that phytoremediation processes involve multidimensional
soil-plant interactions rather than being limited to superficial mechanisms.

The heterogeneous distribution of species with bioaccumulation and phytoremediation potential among the
study areas may be explained by several factors:

e Industrial pressure: Proximity to refinery, port, and industrial zones likely influences planting choices and
ecological responses.

e Transportation activities: High-traffic corridors contribute to localized heavy metal deposition, affecting
species’ composition.

e Ecological functionality: Recreational areas may prioritize certain species for buffering and stabilization
functions, leading to uneven representation.

To improve readability, Aliaga-specific and general recommendations are consolidated below:

e Species selection: Priority should be given to species with documented bioaccumulator and phytoremediation
potential, alongside aesthetic and usage criteria.

e Tree preservation: Existing tree and treelet species should be preserved, and new plantings should emphasize
species with literature-reported bioaccumulator properties.

e  Monitoring: Periodic monitoring of species accumulating heavy metals in leaf tissue should be conducted to
track temporal changes in environmental pressures.

e Soil stabilization: Increasing the use of species capable of accumulating in roots and woody tissues can
contribute to heavy metal stabilization in soils.

e Integrated planning: Plant design decisions should be addressed holistically, considering environmental risk
maps and pollution potential.

This study serves as a preliminary assessment based on literature data rather than direct experimental analysis.
The absence of controlled sampling and laboratory measurements limits the ability to quantify heavy metal
concentrations in plant tissues. Future research should include experimental studies to directly determine accumulation
levels in different plant organs, thereby enabling a more concrete evaluation of phytoremediation capacity. In this
respect, the current study provides a preliminary framework and guide for subsequent experimental and monitoring-
based research.

Artificial Intelligence Statement
(X) This article did not use artificial intelligence.
() This article does use artificial intelligence.

Conflicts of interest: No Conflict of Interest

Author contributions: All authors contributed to the study conception and design. All authors read and approved the
final manuscript.

Funding: If you have received funding for your article, please state it. If you have not received funding, please state it.
(For example; "No Funding Received").

Ethical statement: This study does not require ethical approval

Data Availability Statement

() Option A (Public Repository): "The research data supporting this study are publicly available in [Name of
Repository: e.g., Zenodo, Figshare, Dryad] with the permanent DOI link [URL/DOI]."

(X) Option B (Upon Request): "The raw data supporting the findings of this study are available from the corresponding
author [Author Initials] upon reasonable request and within ethical boundaries."

Identification and ecological assessment of plant species with reported bioaccumulation and phytoremediation potential in recreation areas of Aliaga
(Izmir) industrial districts
Necmettin GUR, Ozgiir KAHRAMAN



Biological Diversity and Conservation — 19/ 3 (2026) 323

( ) Option C (Third-Party Data): "The data used in this study were obtained from [Name of Institution/Source] and are
subject to third-party restrictions regarding redistribution."

() Option D (No Data): "No new data were created or analysed in this study. Data sharing is not applicable to this
article.”

References

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Morkoyunlu Yiice, A., Ozmen, A., & Yildirim, M. Z. (2016). A lake restoration project carried out in Tuzla
Kamil Abdus Lake, Istanbul/Turkey. Biological Diversity and Conservation, 9(1), 1-4.

Hu, Y., Liu, X., Bai, J., Shih, K., Zeng, E. Y., & Cheng, H. (2013). Assessing heavy metal pollution in the
surface soils of a region that had undergone three decades of intense industrialization and urbanization.
Environmental Science and Pollution Research, 20(9), 6150-6159.

Swain, C. K. (2024). Environmental pollution indices: a review on concentration of heavy metals in air, water,
and soil near industrialization and urbanization. Discover Environment, 2(1), 5. https://doi.org/10.1007/s44274-
024-00030-8

Inci, Y., Bozkaya, G. C., & Bozkaya, A. (2025). Heavy metal pollution in urban park soils and risks to children's
health: A review based on findings from Turkey. MEHES JOURNAL, 3(4), 77-88.
https://doi.org/10.5281/zenodo.18103972

Aslan, M. M. (2024). Akilli kent uygulamalarinin kentlerde yasanan trafik sorununun ve ulasima bagl olarak
ortaya c¢ikan g¢evre kirliliginin azaltilmasina etkisi: Akilli ulasim uygulamalari. JOEEP: Journal of Emerging
Economies and Policy, 9(2), 388-399.

Nnaji, N. D., Onyeaka, H., Miri, T., & Ugwa, C. (2023). Bioaccumulation for heavy metal removal: a review. SN
Applied Sciences, 5(5), 125. https://doi.org/10.1007/s42452-023-05351-6

Pang, Y. L., Quek, Y. Y., Lim, S., & Shuit, S. H. (2023). Review on phytoremediation potential of floating
aquatic  plants for heavy metals: a promising approach.  Sustainability, 15(2), 1290.
https://doi.org/10.3390/su15021290

Parihar, J. K., Parihar, P. K., Pakade, Y. B., & Katnoria, J. K. (2021). Bioaccumulation potential of indigenous
plants for heavy metal phytoremediation in rural areas of Shaheed Bhagat Singh Nagar, Punjab (India).
Environmental Science and Pollution Research, 28(2), 2426-2442. https://doi.org/10.1007/s11356-020-10454-3
Andrade, G. C., Santana, B. V. N, Rinaldi, M. C. S., Ferreira, S. O., da Silva, R. C., & da Silva, L. C. (2024).
Using native plants to evaluate urban metal pollution and appoint emission sources in the Brazilian Steel Valley
region. Environmental Science and Pollution Research, 31(21), 30427-30439. https://doi.org/10.1007/s11356-
024-33021-6

Zhang, W., Du, C., Shi, Y., & Liu, X. (2025). Study on the evolution of landscape patterns in industrial cities
based on the evaluation of ecological security levels-A case study of Haining City. Sustainability, 17(21), 9539.
https://doi.org/10.3390/su17219539

Neser, G., Kontas, A., Unsalan, D., Uluturhan, E., Altay, O., Darilmaz, E., Kiiciiksezgin, F., Tekoglu, N. &
Yercan, F. (2012). Heavy metals contamination levels at the Coast of Aliaga (Turkey) ship recycling zone.
Marine Pollution Bulletin, 64(4), 882-887. https://doi.org/10.1016/j.marpolbul.2012.02.006

Google Earth Pro (2025). Aliaga. Retrieved December 29, 2025 from
https://earth.google.com/web/@38.77939333,26.99474265,20202.45124815a,0d,35y,-
0.4437h,8.8037t,0.0077r/data=CgRCAggBOgMKATBCAggASg0l ARAA?utm_source=earth7&utm_campaign
=vine&hl=tr

Giir, N. & Kahraman, O. (2024). Evaluation of woody plant species in recreation areas in industrial cities within
the scope of ecological tolerance criteria: The case of Aliaga (Izmir). International Journal of Landscape
Architecture Research, 8(1), 34-46.

Quiroz, I. A., Espinoza, S. E., Yafiez, M. A., Martinez, E. E., Magni, C. R., & Faiundez, A.F. (2024). Potential of
Pinus radiata, Eucalyptus globulus and Acacia dealbata for the long-term phytostabilization of copper mine
tailings. International Journal of Phytoremediation, 26(10), 1537-1544.
https://doi.org/10.1080/15226514.2024.2331716

Cetin, M., Sevik, H., Aricak, B., Ozturk, A., Genc, C. O., Aisha, A. E. S. A., Jawed A. A., Aljama, A. M. O. &
Alrabiti, O. B. M. (2019). The investigation of the changing in conccentration of some heavy metals in seeds,

Identification and ecological assessment of plant species with reported bioaccumulation and phytoremediation potential in recreation areas of Aliaga

(Izmir) industrial districts
Necmettin GUR, Ozgiir KAHRAMAN


https://doi.org/10.1007/s44274-024-00030-8
https://doi.org/10.1007/s44274-024-00030-8
https://doi.org/10.5281/zenodo.18103972
https://doi.org/10.1007/s42452-023-05351-6
https://doi.org/10.3390/su15021290
https://doi.org/10.1007/s11356-020-10454-3
https://doi.org/10.1007/s11356-024-33021-6
https://doi.org/10.1007/s11356-024-33021-6
https://doi.org/10.3390/su17219539
https://doi.org/10.1016/j.marpolbul.2012.02.006
https://earth.google.com/web/@38.77939333,26.99474265,20202.45124815a,0d,35y,-0.4437h,8.8037t,0.0077r/data=CgRCAggBOgMKATBCAggASg0I_ARAA?utm_source=earth7&utm_campaign=vine&hl=tr
https://earth.google.com/web/@38.77939333,26.99474265,20202.45124815a,0d,35y,-0.4437h,8.8037t,0.0077r/data=CgRCAggBOgMKATBCAggASg0I_ARAA?utm_source=earth7&utm_campaign=vine&hl=tr
https://earth.google.com/web/@38.77939333,26.99474265,20202.45124815a,0d,35y,-0.4437h,8.8037t,0.0077r/data=CgRCAggBOgMKATBCAggASg0I_ARAA?utm_source=earth7&utm_campaign=vine&hl=tr
https://doi.org/10.1080/15226514.2024.2331716

324

[16]

[17]

[18]

[19]

(20]

(21]

[22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

[30]
[31]

[32]

(33]

Biological Diversity and Conservation — 19/ 3 (2026)

leaves, and branches because of traffic density: A case study of Acer platanoides. Kastamonu University Journal
of Engineering and Sciences, 5(2), 83-92.

Oujdi, M., Chafik, Y., Boukroute, A., Morabito, D., & Addi, M. (2024). Phytoremediation Potential of Melia
azedarach and Ailanthus altissima for Pb, Zn, and Cu from Aqueous Solution. Stresses, 4(4), 923-934.
https://doi.org/10.3390/stresses4040062

Zaghdoudi, R., Sghayar, S., Necib, M., Dekaezmacker, P., Dailly, H., Zorrig, W., .Abdelly, C., Debe, A. &
Lutts, S. (2025). Screening for Heavy Metal-Resistant Clones in the Xero-Halophyte Atriplex halimus L.: A
Prerequisite for Phytoremediation of Polymetallic Mining Pollution in Arid Areas. International Journal of
Environmental Research, 19(3), 72. https://doi.org/10.1007/s41742-025-00738-2

Blanusa, T., Garratt, M., Cathcart-James, M., Hunt, L., & Cameron, R. W. (2019). Urban hedges: A review of
plant species and cultivars for ecosystem service delivery in north-west Europe. Urban Forestry & Urban
Greening, 44, 126391. https://doi.org/10.1016/j.ufug.2019.126391

Zou, Z., Zhang, S., Tao, Z., & Luo, S. (2025). Bioremediation Potential of Flowering Treelets Against Soil Cd
Pollution: Enrichment Characteristics and Plant Response Mechanisms. Applied Sciences, 15(4), 1728.
https://doi.org/10.3390/app15041728

Rungwa, S., Harakuwe, A., & Woje, K. (2024). Casuarina equisetifolia as a Potential Phytoremediation Plant
Species for Heavy Metal Removal on Porgera Mine Environment: A Prospect for Mitigation and Rehabilitation.
Paper presented at the 7% PNG Conference on Science and Technology, Papua New Gine.

Zengin, M., & Yildiz, N. (2019). Heavy metal accumulation in leaf samples of “Elaeagnus angustifolia L.”” used
in urban spaces: The Erzurum example.. Kahramanmaras Siit¢ii Imam University Journal of Agriculture and
Nature, 22(4), 517-525.

Mansour, R. S. (2014). The pollution of tree leaves with heavy metal in Syria. Infernational Journal of
ChemTech Research, 6(4), 2283-2290.

Sevik, H., Ozel, H. B., Cetin, M., Ozel, H. U., & Erdem, T. (2019). Determination of changes in heavy metal
accumulation depending on plant species, plant organism, and traffic density in some landscape plants. Air
Quality, Atmosphere & Health, 12(2), 189-195. https://doi.org/10.1007/s11869-018-0641-x

Ataabadi, M., Hoodaji, M., & Najafi, P. (2011). Biomonitoring of some heavy metal contaminations from a steel
plant by above ground plants tissue. African Journal of Biotechnology, 10(20), 4127-4132.

Akgiic, N., Ozyigit, 1., Yasar, U., Leblebici, Z., & Yarci, C. (2010). Use of Pyracantha coccinea Roem. as a
possible biomonitor for the selected heavy metals. International Journal of Environmental Science &
Technology, 7(3), 427-434.

Mori, J., Saebe, A., Hanslin, H. M., Teani, A., Ferrini, F., Fini, A., & Burchi, G. (2015). Deposition of traffic-
related air pollutants on leaves of six evergreen Treelet species during the Mediterranean summer season. Urban
Forestry & Urban Greening, 14(2), 264-273. http://dx.doi.org/10.1016/j.ufug.2015.02.008

Giorgioni, M., & Quitadamo, L. (2012). Ornamental Treelet capacity for absorption and accumulation of heavy
metals from urban polluted soil. Paper presented at the II International Symposium on Woody Ornamentals of
the Temperate Zone 990, 501-508.

Filipovié-Trajkovié, R., Ili¢, Z. S., Suni¢, L., & Andjelkovié, S. (2012). The potential of different plant species
for heavy metals accumulation and distribution. Journal of Food, Agriculture & Environment, 10(1), 959-964.
Mishra, B., & Chandra, M. (2022). Evaluation of phytoremediation potential of aromatic plants: A systematic
review. Journal of Applied Research on Medicinal and Aromatic Plants, 31, 100405.
https://doi.org/10.1016/j.jarmap.2022.100405

Borisev, M., Pajevi¢, S., Nikoli¢, N., Pilipovié¢, A., Krstié, B., & Orlovi¢, S. (2009). Phytoextraction of Cd, Ni,
and Pb using four willow clones (Salix spp.). Polish Journal of Environmental Studies, 18(4), 553-561.

Sinhal, V. K., Srivastava, A., & Singh, V. P. (2010). EDTA and citric acid mediated phytoextraction of Zn, Cu,
Pb and Cd through marigold (Tagetes erecta). Journal of Environmental Biology, 31(3), 255-259.

Sawidis, T., Breuste, J., Mitrovic, M., Pavlovic, P., & Tsigaridas, K. (2011). Trees as bioindicator of heavy metal
pollution in  three  European  cities.  Environmental  Pollution, 159 (12), 3560-3570.
https://doi.org/10.1016/j.envpol.2011.08.008

Esetlili, B. C., Pekcan, T., Aydogdu, E., Turan, S., & Anag, D. (2019). Kuzeybati Anadolu’daki bazi zeytin
(Olea europaea L.) bahgelerinin agir metal ve dogal radyoniiklit icerikleri. Tekirdag Ziraat Fakiiltesi Dergisi,
16(2), 260-269. https://doi.org/10.33462/jotaf.421004

Identification and ecological assessment of plant species with reported bioaccumulation and phytoremediation potential in recreation areas of Aliaga

(Izmir) industrial districts
Necmettin GUR, Ozgiir KAHRAMAN


https://doi.org/10.3390/stresses4040062
https://doi.org/10.1007/s41742-025-00738-2
https://doi.org/10.1016/j.ufug.2019.126391
https://doi.org/10.3390/app15041728
https://doi.org/10.1007/s11869-018-0641-x
http://dx.doi.org/10.1016/j.ufug.2015.02.008
https://doi.org/10.1016/j.jarmap.2022.100405
https://doi.org/10.1016/j.envpol.2011.08.008
https://doi.org/10.33462/jotaf.421004

