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Abstract: This study was conducted to evaluate the effect of two distances: close
(0–10 m) and far (60 m) from the heavy traffic roadside, at three different culti-
vation sites (MS: Mevlanakapi–Silivrikapi, SB: Silivrikapi–Belgradkapi, and BY:
Belgradkapi–Yedikule kapi) along the road line. First, the phenolic compounds,
antioxidant activity, and physicochemical properties in kale and arugula veg-
etables were examined. Second, heavy metal concentrations in vegetables, soil,
and irrigated water were investigated. In both vegetables, the highest total phe-
nolic content was detected in samples obtained from far distance in SB site
(3880.3 mg/kg) for kale and in BY site (1459.9 mg/kg) for arugula, whereas
the lowest content was found at the close distance in MS site for both kale
(448.5 mg/kg) and arugula (586.4 mg/kg). The antioxidant activity values [mg
Trolox/kg (dw)] ranged from 366.74 to 586.10 and 2349.00 to 3757.4 for kale
and from 520.00 to 945.60 and 3323.00 to 5814.70 for arugula in 2,2′-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) and 2,2-diphenyl-1-picrylhydrazyl
methods, respectively. The levels of Cd and Hg in kale and arugula and Fe con-
tent in arugula exceeded FAO/WHO permissible limits, making them unsafe for
human consumption.Meanwhile, the Pb content in kale and arugula and Fe con-
tent in kale were observed to be within acceptable limits set by FAO/WHO. In
the irrigated water, the Pb value was below the permissible limit, whereas the Cd
value was above it and no Hg and Fe were detected. In the soil samples, the Pb
and Fe values were below the limit, whereas the Cd and Hg values were higher.
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1 INTRODUCTION

Vegetables are an important component of a healthy, bal-
anced, and sustainable diet (Pojer et al., 2013). Brassicaceae
(syn. Cruciferae) encompasses a substantial number of
plant species, involving several familiar vegetables. Kale
or black cabbage (Brassica oleracea L. var. acephala) and
Eruca sativa (Brassica eruca L.) commonly known as
rocket salad or arugula (roquette, rugula, rucoli, rucola,
and colewort) are both leafy green vegetables belong-
ing to the Brassicaceae family. According to the positive
effects of these leafy vegetables on human health and the
economical-agricultural income, they have recently been
focused on several scientific research interests. They are
a source of glucosinolates and contain several bioactive
compounds, such as polyphenols, minerals, and vitamins.
Moreover, minerals in vegetables have a positive influence
on human health. However, some of essential micronutri-
ents for daily consumption must not exceed more than a
fewmilligrams per day (Ajasa et al., 2004). In addition, the
consumption of some heavy metal-contaminated vegeta-
bles can also pose a threat to the humanhealth (Khan et al.,
2008).
Accelerated urbanization, industrial progress, rapid

population growth, and the increasing number of vehicles
in traffic are leading to environmental pollution, causing
contamination of soil, water, and air. Furthermore, people
are also entering urban farming to meet the ever-growing
demand for the fresh crops (Tomno et al., 2020). In fact,
the concentration of heavy metals in vegetables grown in
cities is related to the location where the plants are culti-
vated. When plants are grown near pollution sources such
as main roads, the risks of heavy metal accumulation may
increase (Antisari et al., 2015). Contact with heavy metals
may result in various adverse health impacts, includ-
ing chronic and sub-chronic effects such as shortness of
breath, neurotoxicity, mutagenicity, and teratogenicity as
well as various types of cancers, depending on the type of
the heavy metal. For instance, Cu, Pb, and Cd are associ-
ated with upper gastrointestinal cancer, which is responsi-
ble for almost 25% of all cancer-related deaths worldwide
(Sayo et al., 2020).
Regarding the improvement of functional foods, the

attention of researchers, consumers, and industrialists in
the raw plant materials rich in bioactive compounds has
risen. The beneficial impacts of Brassicaceae vegetables
on health development have been relatively ascribed to
their complex combination of phytochemicals that have
the potential for antioxidant capacity. Among phytochem-
icals possessing antioxidant activity, phenolic compounds
are one of the most significant classes. The varieties and
concentrations of phenolic compounds differ significantly

among vegetables. For the purpose of separation and quan-
tification of individual phenolic compounds, the high
performance liquid chromatography (HPLC) is most fre-
quently used, because of its high-separation capacity and
relative simplicity (Huang et al., 2007).
There is limited information in the literature regarding

the effect of the distance of kale and arugula cultiva-
tion sites from the road with the vehicular traffic on the
profile of phenolic compounds, antioxidant capacity, and
heavy metals accumulation in these vegetables. There-
fore, the aim of this study was to compare the effect of
the distance of the cultivation sites from the road with
vehicular traffic on the profile of phenolic compounds
by using the HPLC. Second, heavy metal accumulation
in fresh kale and arugula samples was assessed by using
atomic absorption spectrometry. Additionally, the antioxi-
dant activity was measured by two different methods (2,2′-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) [ABTS]
and 2,2-diphenyl-1-picrylhydrazyl [DPPH]) and physic-
ochemical properties of vegetable samples were also
evaluated.

2 MATERIALS ANDMETHODS

2.1 Chemical and reagents

The chemicals used in the analyses, including methanol
(HPLC grade), formic acid, sodium carbonate, and
hydrochloric acid, were obtained from Merck, known
for their HPLC grade solvents. Standards for phenolic
compounds were provided by Sigma Chemical Co.

2.2 Sampling of vegetables, water, and
soil

The leaves of the studied vegetables, kale (B. oleracea L.
var. acephala) and arugula (B. eruca L.), were harvested
by local farmers from urban vegetable gardens located in
Zeytinburnu district of Istanbul, Türkiye, in 2021. After
harvesting, the leaves were immediately transported to the
laboratory and stored in a cold room at 5◦C in darkness.
This area is characterized by heavy traffic and urbaniza-
tion, stretching from Mevlanakapi to Yedikule kapi, near
the historical city walls (Figure 1). The vegetable gardens
were divided into three different sites: (1) Mevlanakapi to
Silivrikapi (MS), (2) Silivrikapi to Belgradkapi (SB), and
(3) Belgradkapi to Yedikule kapi (BY) along the coast-
line. Each of these three sites was further divided into two
sites based on the distance from the roadside: close (0–
10 m) and far (60 m). Soil samples were collected from
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3508 HEAVYMETALS AND PHENOLS IN VEGETABLES

F IGURE 1 Sampling sites adapted from Google Earth showing: (a) the location of Zeytinburnu district in Istanbul city of Türkiye and
(b) sampling site stations in the 10. Yil Street of Yedikule area in Zeytinburnu district.

sites where vegetable samples were taken, both from the
surface and at a depth of 25 cm. Soil samples were col-
lected from five different random points in each site and
mixed to form a single composite sample. Water samples
were obtained from wells and ponds associated with the
vegetable gardens. The vegetables were wrapped in card-
board and placed in plastic bags, whereas water samples
were collected in sterile containers and stored in dark
and cold conditions (4◦C) until analysis. Three replicates
were performed for samples collected from each site and
distance.

2.3 Physicochemical analysis

The dry matter (determined by oven drying method)
(Anonymous, 1990), pH (measured using a digital pH
meter, Mettler Toledo, Seven Compact TMS220, Schw-
erzenbach, Switzerland), and ash (determined using a
muffle furnace at 550◦C) (Ough & Amerine, 1988) in
vegetable samples were analyzed. The color parameters,
such as L* (lightness), a* (red/greenness), and b* (yel-

low/blueness) values, were measured by using a colorime-
ter (Konica Minolta, Chroma Meter CR-5) at six locations
on each vegetable sample (Cui et al., 2016).

2.4 RP-HPLC Analysis of phenolic
compounds and antioxidant capacity

2.4.1 Extraction of phenolic compounds

Fresh kale and arugula samples, each weighing 5 g in trip-
licate, were diced. To each vegetable sample, 20 mL of
methanol–water (85/15) mixture was added. The samples
were vortexed, placed in an ultrasonic bath for 30min, and
then stirred under nitrogen gas for 2 h. After mixing under
nitrogen gas, the samples were centrifuged at 4500 rpm
for 10 min. After centrifugation, the samples were filtered
through coarse filter paper. The vegetable extracts were
concentrated to approximately 4 mL by evaporating the
methanol using a rotary evaporator when reaching a tem-
perature of 8◦C (Amanpour et al., 2019). The obtained
extracts were passed through 0.45 µm membrane filters,
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HEAVY METALS AND PHENOLS IN VEGETABLES 3509

and the vegetable extracts were used for both antioxidant
activity and HPLC analysis.

2.4.2 Determination of phenolic compounds

The filtration of phenolic extractswas done using a 0.45 µm
pore size polyvinylidene fluoride membrane filter prior to
analyses.
The phenolic content of the vegetable extracts was deter-

mined using a Shimadzu LC 20 AD Prominence HPLC
system (Shimadzu Corporation). The HPLC system was
equipped with photodiode array detector model SPD-
M20A, a pump systemwith an autosamplermodel SIL-20A
HT, CTO-20A column heater, and DGU-20A5 degasser
units. The column used for separation was C18 ODS-3
(250 × 4.6 mm I.D.) with a 5 µm packing (GL Sciences).
The chromatographic conditions were arranged accord-
ing to our previously published paper (Kocabey et al.,
2016) for determination of phenolic compounds. Analyt-
ical standards (min 99% purity) [vanillic, syringic, 2,5-
dihydroxybenzoic, rutin, p-coumaric, ferulic, sinapic, caf-
taric, quercetin-3-O-glucoside, kaempferol-3-O-glucoside,
and hesperidin] were purchased from Sigma-Aldrich. The
phenolic compounds were quantified by comparison with
peak areas of each standard. All analyses were made in
triplicate.

2.4.3 Evaluation of antioxidant capacity

The antioxidant potential of the samples was evaluated
using the ABTS and DPPH methods. For the ABTS
assay, the antioxidant capacities of the vegetables were
assessed based on the decolorization of ABTS radical
cation through an analysis method (Amanpour et al.,
2019). The absorbance of the samples was measured at
734 nm and compared with the Trolox standard solu-
tions, with results expressed asmg Trolox/kg of vegetables.
DPPH radical scavenging activity was measured at 517 nm
over an analysis method (Amanpour et al., 2019), as
detailed in our previous research (Kocabey et al., 2016).
The DPPH results were expressed as mg Trolox/kg of
vegetables.

2.5 Heavy metal analysis

2.5.1 Heavy metal analysis in vegetables

After the samples were diced and dried in an oven, they
were ground in a mortar. The ground samples were then
burned in amuffle furnace at 550◦C for 2.5 h. To the burned

samples, 3 mL of a 1/3 HCl solution was added. The sam-
ples were washed with 27 mL of distilled water through
sieves and filtered using blue band filter paper. The fil-
tered samples underwent heavy metal analysis using a
Perkin Elmer Atomic Absorption Spectrometer AAnalyst
800 (AAS) (Uçar Sözmen et al., 2020).

2.5.2 Heavy metal analysis in soil

Air-dried soil samples were passed through a 2 mm sieve.
One gram of soil samples was weighed, and 15 mL of HCl
and 5mL of HNO3 were added. The solution was dissolved
at 300◦C using a mixer. The dissolved samples were then
filtered through blue band filter paper and transferred to
250 mL volumetric flasks. Ultrapure water was added to
reach a total volume of 250 mL (Akyildiz & Karataş, 2018).
After transferring the samples to 50 mL Falcon tubes, the
heavy metal analysis of the samples was conducted using
a Perkin Elmer AAS (Yaşar et al., 2016).

2.5.3 Heavy metal analysis in water

For water samples, 100 mL was taken, and 1 mL of 65%
HNO3 solution was added to prevent microbial activity.
After transferring the samples to 50 mL Falcon tubes, the
heavy metal analysis of the samples was conducted using
a Perkin Elmer AAS (Yaşar et al., 2016).

2.6 Statistical analysis

All analyses were performed at least three times, and
the mean values and standard deviations were calculated
usingMicrosoft Excel software. TheMann–WhitneyU test
was used to compare mean values between two groups.
Analysis of variance, Duncan’s multiple comparison test,
and hierarchical clustering analysis were used to find
any significant differences between samples. Differences
at both p < 0.05 and p < 0.01 were considered statisti-
cally significant. Statistical analysis was performed using
SPSS 22 software package and R software (version 3.6.2
(2019-12-12)-CRAN).

3 RESULTS AND DISCUSSION

3.1 Physicochemical properties of kale
and arugula vegetables

The mean values of physicochemical parameters, includ-
ing drymatter, ash, pH, and color, in both kale and arugula
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vegetable samples obtained from three different cultiva-
tion sites settled on the side of the road line (MS, SB, and
BY) and two different distances from the road (0–10 and
60 m) through the period of the survey period were pre-
sented in Table 1. The values of dry matter and ash in kale
samples ranged between 13.29%–19.11% and 2.17%–2.76%,
respectively. Sikora and Bodziarczyk (2012) reported a dry
matter value of 17.08% and an ash value of 2.11% in kale veg-
etables. In the case of arugula samples, the dry matter and
ash values were found to range between 10.75%–12.59% and
1.92%–2.84%, respectively. In some studies, the highest ash
value of 1.8% (Tassi et al., 2018) and the lowest ash value of
0.91% (da Silva Torres et al., 2006) in arugula (E. sativa L.)
samples were reported. In the context of this study, the dry
matter values in both kale and arugula vegetables aligned
with results from other literature studies, whereas their
ash values were slightly higher compared to other inves-
tigations. According to the analysis results, there was an
increasing trend in pH values of both kale and arugula
samples as the distance of the cultivation sites increased
from the road. The carbon dioxide in the exhaust gas of
vehicles in the traffic road may affect the metabolic activi-
ties in the vegetables, resulting in a rapid decrease in their
pH values (Daniels et al., 1985).
The green color of leafy vegetables is an important qual-

ity characteristic perceived by consumers (Colonna et al.,
2016). In kale samples, the highest L* value was found in
the samples grown at a distance of 60 m in the MS site
(41.25), whereas the lowest value was found in the sam-
ples grown at a distance of 60 m in the BY site (34.87).
Although the highest a* value in the kale samples was
found in the samples grown at a distance of 0–10 m in the
BY site (−7.0), the lowest value was found in the samples
grown at a distance of 0–10 m in the MS site (−4.10). Simi-
larly, the highest b* value was found in the samples grown
at a distance of 0–10 m in the BY site (11.2) in the kale
samples, whereas the lowest value was found in the sam-
ples grown at a distance of 0–10 m in the MS site (9.13).
In a study carried out to analyze the color of kale, it was
determined that the L* value was between 36.48 and 45.44,
a* value between −8.26 and −7.54, and b* value between
13.93 and 20.32 (Nunes et al., 2009). The values of L*, a*,
and b* in kale samples under the study shown in Table 1
were in agreement with the literature results (Nunes et al.,
2009). In the case of arugula vegetable samples, the highest
L* value was determined in the samples grown at a dis-
tance of 0–10 m in the SB site (41.58), whereas the lowest
value was obtained in the samples grown at a distance of
0–10 m in the MS site (28.32). The highest a* value was
determined in the arugula samples grown at a distance of
60 m in the SB site (−9.36), whereas the lowest value was
determined in the samples grown at a distance of 0–10 m
in the MS site (−4.71). Similarly, the highest b* value was

found in the samples grown at a distance of 60 m in the SB
site (21.73), whereas the lowest valuewas found in the sam-
ples grown at a distance of 0–10 m in the MS site (10.98).
In a study conducted in Italy on 10 different kinds of leafy
vegetables, the average L*, a*, and b* values in arugula
were found to be 48.0,−2.2, and 26.5, respectively (Colonna
et al., 2016). In another study examining the color values in
arugula, it was reported that L* values ranged from 42.02
to 43.50, a* values from −15.05 to −19.90, b* values from
19.86 to 22.98 (Tuncay, 2011). It was determined that the L*
values in arugula were between 42.68 and 43.83, a* values
between −16.74 and −17.77, and b* values between 24.91
and 26.77 (Oztekin et al., 2019). Although the results for
arugula samples demonstrated in Table 1 in the current
study were similar to the literature (Colonna et al., 2016;
Oztekin et al., 2019) in terms of L* and b* values, it was
found that they were between the range of −2.2 (Colonna
et al., 2016) and −19.90 (Tuncay, 2011) in terms of a* value.

3.2 Characterization of phenolic
compounds in kale and arugula vegetables
and effect of distances from the traffic road
in different cultivation sites on these
compounds

Regarding the profile of the phenolic compounds in veg-
etable samples, a total of 12 and 11 compounds were
identified and quantified in kale and arugula samples,
respectively (Table 2). As can be seen in Table 2, the
most dominant phenolic compound quantitatively in kale
vegetables is trans-caffeic acid (1246.8–2797.5 mg/kg), fol-
lowed by rutin, 4-dihydroxybenzoic acid, and quercetin-3-
O-glucoside; and in arugula vegetables is quercetin-3-O-
glucoside (382.2–871.1 mg/kg), followed by vanillic acid,
caftaric acid, and hesperidin. Most of those compounds
have already been identified by former studies on both veg-
etables (Bianchi et al., 2024; Fusari et al., 2020; Li et al.,
2018; Seong et al., 2016). Total phenolic content in kale and
arugula vegetables ranged from 448.5 to 3880.3 mg/kg in
kale samples and from 586.4 to 1459.9 mg/kg in arugula
samples. According to the literature, these amounts are in
conformity with those affirmed in several former investi-
gations in kale and arugula (Korus, 2011; Seong et al., 2016;
Zappia et al., 2019). Although the outcomes demonstrated
that the amount of total phenolic compounds slightly
diminished as the distance of vegetable cultivation site
from the road in MS and SB sites decreased, whereas
it was slightly raised in BY site, the differences of the
total phenolic compounds in kale samples were not sig-
nificant depending on the distance from the vehicle road
(p < 0.05). On the contrary, the differences of the total
phenolic compounds in kale samples were found to be
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HEAVY METALS AND PHENOLS IN VEGETABLES 3515

significant depending on the different sites where the veg-
etables were cultivated (p < 0.05). In the case of arugula
samples, though the findings exhibited that the amount
of total phenolic compounds was slightly reduced as the
distance of vegetable cultivation site from the road in MS
and BY sites decreased, whereas it was slightly raised in
SB site, the differences of the total phenolic compounds
in arugula samples were not significant depending on the
distance from the vehicle road (p < 0.05). In contrast, the
differences of the total phenolic compounds in arugula
samples were found to be significant depending on the dif-
ferent sites where the vegetables were cultivated (p< 0.05).
The levels of phenolic compounds can be changed depend-
ing on environmental conditions and also availability of
pesticide content used during cultivation (Quan et al.,
2008). Moreover, it was reported that the amount of phe-
nolic compounds and phenylpropanoid metabolism may
increase under different environmental and stress con-
ditions (Quan et al., 2008). Although the results of a
study (Otles & Yalcin, 2012) were in-line with the present
study findings, the results of another study (Qayoom Mir
et al., 2009) were not. The difference between the results
of the current study and the literature can be related to
the decrease of the concentration of phenolic compounds
in vegetables after taking a role in defense mechanisms
against mechanical or biological stresses due to infec-
tions caused by bacteria, viruses, and fungi (Vermerris &
Nicholson, 2007).
Among the detected individual phenolic groups, phe-

nolic acids were the dominant class of phenols, followed
by flavonoids in kale samples, whereas flavonoids were
the prevailing class, followed by phenolic acids in arugula
samples. Phenolic acid content changed from 97.7 to
3214 mg/kg in kale samples and from 99.6 to 394.5 mg/kg
in arugula samples. It has been determined that the kale
vegetables cultivated at a distance of 60 m in the SB site
were the richest one in terms of the content of total phe-
nolic acids (3214.1 mg/kg), whereas the samples cultivated
at a distance of 0–10 m in the MS site were the lowest one
(97.7 mg/kg). In the case of arugula vegetables, the total
content of phenolic acids collected from BY site with 0–
10 m distance possessed the highest amount (39.5 mg/kg),
whereas from MS site with 0–10 m distance possessed the
lowest amount (99.6 mg/kg). The differences of the con-
tent of the total content of phenolic acids like total phenolic
compounds in both vegetable samples were not significant
depending on the distance from the vehicle road (p< 0.05).
On the contrary, the differences of the total phenolic acids
in both vegetables were found to be significant depending
on the different sites where they were cultivated (p< 0.05).
The exposure of vegetables to biotic and abiotic stress and
the variety of seeds can change the amount of phenolic acid
(Rashmi & Negi, 2020).

The content of flavonoids was altered from 345.8 to
883.7mg/kg in kale samples and from486.8 to 1180.6mg/kg
in arugula samples. Although the highest total content of
flavonoids (883.7 mg/kg) was found in kale samples grown
at a distance of 0–10 m in the BY site, it was determined
that the samples grown at a distance of 0–10 m in the MS
site had the lowest content of flavonoids (345.8mg/kg). Sta-
tistically, there were no significant differences in the total
content of flavonoids obtained from kale vegetables cul-
tivated at a distance of 60 m from the road in all three
different sites settled on the side of the road line (MS,
SB, and BY), whereas there were significant differences in
samples cultivated at a distance of 0–10 m from the road
in all three different sites (p < 0.05). Although there was
a slight difference in the total flavonoids content of kale
vegetables collected from two different distances in all dif-
ferent sites, there were not significant differences between
them (p< 0.05). In the case of arugula vegetables, although
the highest total content of flavonoids (1180.6 mg/kg) was
found in samples cultivated at a distance of 60 m in the BY
site, it was determined that the samples cultivated at a dis-
tance of 0–10 m in the MS site showed the lowest content
of flavonoids (486.8 mg/kg). The differences of the total
content of flavonoids in arugula vegetables were not sig-
nificant depending on the distance from the vehicle road
(p< 0.05). On the contrary, the differences of the total con-
tent of flavonoids in arugula vegetables were statistically
found to be significant depending on the different sites
where they were cultivated (p< 0.05). Most of the detected
flavonoids under study have already been reported by for-
mer investigations on both vegetables (Ayaz et al., 2008;
Fusari et al., 2020; Li et al., 2018; Seong et al., 2016).
To evaluate the possibility of distinguishing the samples,

the hierarchical clustering heatmap analysis (Figure 2)was
carried out to elucidate the influence of two different dis-
tances including close (0–10 m) and far (60 m) from the
heavy traffic roadside in the three different cultivation
sites (MS, SB, and BY) stretched on the side of the road
line (Figure 1) on in the light of phenolic profile of veg-
etable samples. According to phenolic compounds, a total
of 12 and 11 variables (phenolic compounds) were selected
for the heatmap analysis in kale and arugula vegetables,
respectively. Raw data were used to build a heatmap and
the color-coding to represent the values taken by a vari-
able in a hierarchy (Figure 2). The data of both vegetable
samples from the different sites are indicated in the color
scale (class) in the heatmap (Figure 2): 0 (MS-10 m), 1
(MS-60 m), 2 (SB-10 m), 3 (SB-60 m), 4 (BY-10 m), and
5 (BY-60 m). Six classes for each type of vegetable, both
kale (Figure 2a) and arugula (Figure 2b), were generated
column wise and highlighted with hierarchical clustering.
Indeed, vegetable samples obtained fromdifferent growing
sites of the heavy traffic roadside were clearly divided into
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3516 HEAVYMETALS AND PHENOLS IN VEGETABLES

F IGURE 2 Hierarchical clustering heatmap of quantified phenolic compounds (mg/kg) in the kale (a) and arugula (b) vegetables.

six separate classes (from 0 to 5 classes shown in Figure 2)
based on the composition of their phenolic compounds. As
can be seen in the results of both kale and arugula samples
based on phenolic compounds in the heatmap (Figure 2),
vegetables grown in far (60 m) from the heavy traffic
roadside for the kale vegetables in the MS-60 m and SB-
60 m sites and for the arugula vegetables in BY-60 m and
MS-60msites stretched on the side of the road line, demon-
strated higher phenolic concentrations than in close (10m)
sites. Moreover, both kale and arugula vegetables grown in
all different six sites were classified in different classes in
the heatmap based on the concentrations of their phenolic
compounds.

3.3 Antioxidant activities of kale and
arugula

The results of antioxidant activities of vegetables are pre-
sented in Table 2. As can be seen in Table 2, the DPPH
method indicated better antioxidant activity of pheno-
lic compounds in all vegetable samples than the ABTS
method, as the former method provided higher values.
Significant differences were observed among the sam-
ples in terms of antioxidant activity determined by the
ABTS method, except for the samples of kale cultivated
in the SB site, depending on the distance to the road and
the site where they were cultivated (p < 0.05). Similarly,
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HEAVY METALS AND PHENOLS IN VEGETABLES 3517

significant differences were found among the samples in
terms of antioxidant activity determined by the DPPH
method, depending on the distance to the road and the
site where they were cultivated (p< 0.05). In arugula sam-
ples, significant differences were also observed among the
samples in terms of antioxidant activity determined by the
ABTS and DPPH methods, depending on the distance to
the road and the site where they were cultivated (p< 0.05).
The highest antioxidant capacity value determined by the
ABTS and DPPH methods in kale was found in samples
grown at a distance of 60m in the SB site, whereas the low-
est value was observed in samples grown at a distance of
60 m in the MS site. It was observed that the antioxidant
capacity increased as the distance to the road decreased in
kale samples from the BY and MS sites. In arugula sam-
ples, the highest antioxidant capacity value determined
by the ABTS and DPPH methods was found in samples
from the BY site at a distance of 0–10 m, whereas the low-
est value was observed in samples grown at a distance of
60 m in the BY site. Similarly, it was also observed that the
antioxidant capacity increased as the distance to the road
decreased in arugula samples from the BY and MS sites.
Additionally, another important finding is that while the
total phenolic compounds and antioxidant capacity values
of kale vegetables showed correlated changes, no correla-
tion was observed between the total phenolic compounds
and antioxidant activity values in arugula samples.

3.4 Heavy metal concentrations in kale
and arugula vegetables

The heavy metal concentrations in the leaf tissues of veg-
etables are shown in Table 3. Significant differences were
found among the Cd, Pb, Hg, and Fe values of kale sam-
ples for both distances from the road in all different sites,
except for Pb values of SB and BY sites as well as for Fe
values of BY site (p < 0.05). In the case of arugula sam-
ples, significant differences were found among the Cd,
Pb, Hg, and Fe values of arugula samples based on the
two different distances from the road and the three dif-
ferent cultivation sites settled on the side of the road line
(p < 0.05). In a study, examining the possible changes in
heavy metal pollution in soils surrounding the Antakya-
Cilvegözü international highway and the plants grown in
these soils based on the distance from the road in Hatay
province of Türkiye, it was found that the values of Fe,
Cu, Mn, and Zn in plant samples exhibited random vari-
ation, whereas the values of Pb, Cd, and Ni decreased as
the samples moved away from the road in both plant and
soil samples (Özkan, 2017). The similarity can be observed
between the random variation in Fe values of vegetable

samples and the decrease in Pb values of kale samples with
increasing distance from the road, as reported by Özkan
(2017). In another study, evaluating the effect of distance
from the road on the enrichment of pollutants in garden
plants, the heavy metal concentration in leaf tissues of
plants grown near the road (10 m away) was compared
with those grown in a more distant area (60 m away).
It was found that Ni, Sn, and Zn accumulated more in
pumpkin samples at a distance of 10 m from the road,
whereas the concentration of Ba was higher in pumpkin
samples at a distance of 60m from the road (Antisari et al.,
2015). The results obtained from this study do not corre-
spond to the findings of Antisari et al. (2015), where most
of the heavy metals in plants increased as the distance
from the road decreased. This discrepancy is believed to be
due to the difference in pesticide and fertilization practices
used in vegetables grown at different distances from the
road.
The Cd contents in the sampling sites ranged between

4.39–55.11 and 11.11–32.90 mg/kg, respectively, for kale and
arugula, exceeding World Health Organization (WHO)
permissible limits (0.5mg/kg) (Food andAgricultureOrga-
nization/World Health Organization [FAO/WHO], 2003),
indicating that the both vegetables cultivated in these sites
were unsafe for human consumption concerning Cd. The
reason why the values obtained in the study are much
higher than the WHO set limit values can be due to the
traffic density, the pesticides used while growing vegeta-
bles, artificial fertilization, and the climatic conditions in
which the vegetables are grown (Seven et al., 2018). The
concentration of Pb in vegetable samples ranged between
0.14–0.24 and 0.07–0.32 mg/kg, respectively, for kale and
arugula, and were observed to be within WHO acceptable
limits (2 mg/kg) (FAO/WHO, 2003) for both vegetables.
These results demonstrated that both vegetables were safe
for human consumption regarding Pb content. The con-
centrations of Hg in vegetables were differed between
2.56–22.38 and 4.70–20.62 mg/kg, respectively, for kale and
arugula, exceeded WHO permissible limits (0.03 mg/kg),
(FAO/WHO, 2003), revealing that both vegetables culti-
vated in these sites were unsafe for human consumption
relating Hg content. The obtained values of Hg under the
study were found to be above the limit value reported by
WHO (Table 3). The highest Fe concentration revealed in
kale samples was 28.65 mg/kg, whereas the lowest was
1.10 mg/kg. These concentrations were observed to be
within WHO permissible limits (30 mg/kg) (FAO/WHO,
2003) for kale. Although it was observed that the Fe value
of kale increased in parallel with the increasing distance
from the road in the MS and BY sites, it was observed
that the Fe value increased as the distance to the vehicle
road decreased in the SB site (Table 3). It was deter-
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mined that the kale Fe values obtained in the study were
similar to some studies in the literature and were below
the limit value reported by WHO samples (FAO/WHO,
2003; Thavarajah et al., 2016; Yıldırım et al., 2019). In
the case of arugula vegetables, concentration of Fe was
changed between 25.20 and 333.2 mg/kg. These outcomes
demonstrated that all arugula samples exceededWHOper-
missible limits (30 mg/kg) (FAO/WHO, 2003) and were
unsafe for human consumption with regard to Fe content,
except for Fe level in the sample of the BY site at a 60mdis-
tance from the road (25.20 mg/kg). The arugula Fe values
obtained in the study overlap with some studies in the lit-
erature andwere found to be above the limit value reported
by WHO (FAO/WHO, 2003; Güven, 2019).

3.5 Heavy metal concentrations in the
soil and irrigation water

Themean concentrations of Cd, Pb, Hg, and Fe heavymet-
als in water used for irrigating cultivation sites of both
studied vegetables were displayed in Table 4. There was a
statistically significant difference in Cd and Pb values in
irrigation water samples from the vegetable growing sites
(p < 0.01). The Cd values in the irrigation water of the
vegetables obtained in the study were higher than those
reported in other studies (Ngweme et al., 2020; Tomno
et al., 2020). When comparing the heavy metal values in
the irrigationwater of the analyzed vegetable samples with
the FAO permissible heavy metal limits in water for the
vegetable irrigation (FAO, 1985) (Table 4), it was found that
the Pb value was below the limit, while the Cd values were
above the limit, and there were no Hg and Fe heavy metals
detected in the irrigation water under the study. Therefore,
the water was not contaminated with Pb, Hg, and Fe and
was safe for agricultural use.
The average heavymetal content in soil samples differed

in the order Fe>Cd>Hg> Pb (Table 4). In fact, there was
a significant difference in Cd, Pb, Hg, and Fe values in the
soil samples collected from the studied different vegetable
growing sites (p< 0.01). In a study, in the agricultural soils
of Zhejiang and Jiangsu provinces, the reported values of
heavymetals were ranged from 28.80 to 36.79mg/kg for Pb,
from 0.18 to 0.23mg/kg for Cd, and from 0.07 to 0.12mg/kg
forHg (Yang et al., 2020). The acquired outcomes for the Pb
and Fe heavymetals in soil samples were below acceptable
limits (Council of the EuropeanCommunities [CEC], 1986)
and were safe for agricultural use. However, the Cd and
Hg values were higher than those reported in the literature
(CEC, 1986).

T
A
B
L
E

4
H
ea
vy
m
et
al
co
nc
en
tr
at
io
ns
in
so
il
an
d
irr
ig
at
ed

w
at
er
.

H
ea
vy

m
et
al
s

So
il

a L
im

it
s
in

so
il
(C
EC

,
19
86
)

W
at
er

b L
im

it
s
in

w
at
er
(F
A
O
,

19
85
)

M
S

SB
BY

M
S

SB
BY

M
ea
n
±
SD

(m
g/
kg
)

p
M
ea
n
±
SD

(m
g/
L)

p
C
d

32
.3
75

±
0.
41

c
51
.17
5
±
0.
62

a
39
.5
10

±
0.
16

b
0.
00
1*
*

1–
3

0.
05
5
±
0.
0a

0.
02
2
±
0.
0c

0.
02
9
±
0.
0b

0.
00
1*
*

0.
01

Pb
4.
06
1
±
0.
38

c
17
.2
16

±
0.
02

a
13
.2
7
±
0.
16

b
0.
00
1*
*

50
–3
00

0.
00
6
±
0.
0b

0.
00
4
±
0.
0c

0.
00
7
±
0.
0a

0.
00
1*
*

5.
0

H
g

6.
93
2
±
0.
83

b
19
.4
5
±
0.
90

a
5.
08

±
0.
13
b

0.
00
1*
*

1.5
0

n.
d.

n.
d.

n.
d.

–
–

Fe
41
37
.5
±
65

a
30
22
.5
±
22
.5
b

27
60

±
17
.5
a

0.
00
1*
*

50
,0
00

n.
d.

n.
d.

n.
d.

–
5.
0

N
ot
e:
It
re
fe
rs
to
th
e
ar
ea

be
tw
ee
n
M
ev
la
na
ka
pi
an
d
Si
liv
rik
ap
i(
M
S)
,b
et
w
ee
n
Si
liv
rik
ap
ia
nd

Be
lg
ra
dk
ap
i(
SB
),
an
d
be
tw
ee
n
Be
lg
ra
dk
ap
ia
nd

Ye
di
ku
le
ka
pi
(B
Y)

co
as
tli
ne
.T
he

st
at
is
tic
so
ft
he

re
su
lts

in
th
e
0–
10
an
d

60
m
di
st
an
ce
sf
ro
m
th
e
ro
ad

lin
e
on

th
e
si
te
sa
re
th
e
re
su
lts

of
th
e
M
an
n–
W
hi
tn
ey
U
te
st
.A
na
ly
si
so
fv
ar
ia
nc
e
an
d
D
un
ca
n’
sm

ul
tip
le
co
m
pa
ris
on

te
st
w
er
e
us
ed

to
fin
d
si
gn
ifi
ca
nt
di
ffe
re
nc
es
in
th
e
re
su
lts

of
th
e
th
re
e

di
ffe
re
nt
si
te
s(
M
S,
SB
,a
nd

BY
).
X̅
±
SD

:X
̅ R
es
ul
ts
ar
e
th
e
m
ea
ns
of
th
re
e
re
pe
tit
io
ns
pe
rf
or
m
ed

in
th
e
la
bo
ra
to
ry
;S
D
st
an
da
rd
de
vi
at
io
n.
D
iff
er
en
tl
et
te
rs
on

th
e
sa
m
e
lin
e
ar
e
st
at
is
tic
al
ly
di
ffe
re
nt
:*
si
gn
ifi
ca
nt
di
ffe
re
nc
es

at
p

≤
0.
05
;*
*s
ig
ni
fic
an
td
iff
er
en
ce
sa
tp

≤
0.
01
.

A
bb
re
vi
at
io
n:
n.
d.
,n
ot
de
te
ct
ed
.

a G
ui
de
lin
es
va
lu
es
fr
om

th
e
86
/2
78
/E
EC

D
ire
ct
iv
e
fo
ra
gr
ic
ul
tu
ra
ls
oi
ls
w
ith

pH
6−
7
(C
EC

,1
98
6)
.

b A
cc
ep
ta
bl
e
lim

its
by

Fo
od

an
d
A
gr
ic
ul
tu
re
O
rg
an
iz
at
io
n
(F
A
O
,1
98
5)
.

 17503841, 2024, 6, D
ow

nloaded from
 https://ift.onlinelibrary.w

iley.com
/doi/10.1111/1750-3841.17076 by A

L
A

N
Y

A
 A

L
A

A
D

D
IN

 K
E

Y
K

U
B

A
T

 U
N

I, W
iley O

nline L
ibrary on [30/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



3520 HEAVYMETALS AND PHENOLS IN VEGETABLES

4 CONCLUSION

This research studied, for the first time, the concentrations
of micronutrients such as beneficial bioactive compounds
and harmful heavy metal contaminations in kale and
arugula vegetable samples grown in very heavy traffic
roadside of Istanbul, Türkiye. The site where kale and
arugula vegetables were grown and the distance from vehi-
cle traffic had a significant impact on the phenols in the
studied vegetables. Additionally, the findings showed that
the Cd and Hg contents in both kale and arugula, and Fe
content in arugula exceeded FAO/WHO permissible lim-
its, indicating that these vegetables cultivated in these sites
were unsafe for human consumption, whereas Pb con-
tent in both kale and arugula and Fe content in kale were
observed to be within FAO/WHO acceptable limits. The
results of the heavy metal analyses in the irrigation water
samples showed that the water was not contaminated with
Pb, Hg, and Fe and was safe for agricultural use, whereas
the Cd value was above the permissible FAO limit. In the
soil samples taken as part of the current study, the Pb
and Fe levels were below the permissible limit and were
safe for agricultural use, whereas the Cd and Hg levels
were above. Regarding these findings, consumers of these
vegetables from these sites may be exposed to possible
heavy metal adverse impacts on human health. The veg-
etable heavy metal contamination can be clarified by the
vehicle and motorcycle emissions around. Therefore, the
outcomes from this investigation deeply advise the reloca-
tion of such sites to decline the pollution accumulations of
vehicles and motorcycles on vegetables.
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