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Abstract: The aim of the present study was to investigate the potential risk to human
health from toxic/carcinogenic arsenic in ripe (RiTo) and unripe tomatoes (UnRiTo)
grown in the municipal wastewater treatment plant effluents exposure zone. The arsenic
concentrations were determined in each tissue of RiTo and UnRiTo tomatoes. Arsenic
values in tomatoes were root>leaf>unripe tomato>ripe tomato>stem. The maximum
ED (exposure dose) value in RiTos was 1.21E-02 mg.kg.day* for child, minimum ED
value was 4.80E-03 mg.kg™.day* for male. The ED value was calculated as 5.44E-03
mg.kgt.day! for female. The maximum ED value in UnRiTo was 2.12E-02
mg.kgt.day? for child, min ED value was 8.39-03 mg.kg*.day* for male. ED value
was calculated as 9.51E-03 mg.kg™t.day* for female. EDs in RiTo and UnRiTo were
child>female>male. When the HQs (hazard quotient) in RiTo and UnRiTo compared,
HQ values in UnRiTo were higher. All of the HQ values were higher than 1. As a result,
results of tomatoes analysis show that there was non-carcinogenic and carcinogenic
health risks.
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Kentsel Atiksu Aritma Tesisi Cikis Sularina Maruz Kalan Alanda Yetisen
Olgun ve Olgunlasmamis Domateslerde Toksik/Kanserojen Arsenigin
Potansiyel Insan Saghg: Riski

Ozet: Bu calismanin amaci, kentsel atiksu artima tesisi ¢ikis sularma maruz Kalan
bolgede yetistirilen olgun (Oldo) ve olgunlagmamis domateslerdeki (Hado)
toksik/karsinojenik arsenigin insan sagligina yonelik potansiyel riskini arastirmakti.
Arsenik konsantrasyonlar1 Oldo ve Hado domateslerinin her dokusunda belirlendi.
Domatesteki arsenik degerleri kok>yaprak>olgunlasmamis domates>olgun do-
mates>govde seklinde belirlendi. Oldos'ta maksimum ED (maruz kalma dozu) degeri
cocuk igin 1.21E-02 mg.kgl.gin?, minimum ED degeri ise erkek icin 4.80E-03
mg.kgt.giin? idi. Kadinlarda ED degeri 5,44E-03 mg.kg™.giin? olarak hesaplandi.
Hado'da maksimum ED degeri ¢ocuk igin 2,12E-02 mg.kg.giin"t, minimum ED degeri
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ise erkek igin 8,39-03 mg.kg*.giin idi. Kadmnlarda ED degeri 9,51E-03 mg.kg™.gin™
olarak hesaplandi. Oldo ve Hado'daki ED'ler ¢ocuk>kadin>erkekti. Oldo ve Hado'daki
HQ'lar (tehlike boliimii) karsilastirildiginda, Hado'daki HQ degerleri daha yiiksekti. HQ
degerlerinin tamami 1'den yiiksek ¢ikmistir. Sonug olarak domates analiz sonuglari
kanserojen olmayan ve kanserojen saglik risklerinin bulundugunu géstermektedir.

Anahtar Kelimeler: Arsenic; kanserojen; saglik riski; domates; atiksu

1. Introduction

Environmental pollution by toxic substance is a health concern [1]. The toxic elements can origi-
nate from anthropogenic sources such as municipal and sewage discharges [2]. Wastewater treatment
plants (WWTP) are established to treat contaminated water and to minimize the concentrations of
pollutants it contains and to protect the environment [3,4]. These plants receive used water from mu-
nicipality and industries, reuse and release effluents and by-products [4-6]. The consumption of food
plants contaminated with metal or metalloids is one of the toxic ways humans are exposed to these
pollutants [7]. People exposed to toxic metal or metalloids in contaminated areas have increased in
recent years, causing serious health problems. Examples of these health effects are disruption of en-
zyme, nucleic acid, and protein structures [7-9].

Arsenic (As) is an environmental toxicant with human health effects and ranked first on 2017 Pri-
ority List of Hazardous Substances [10]. Arsenic enters environmental media either for natural reasons
or because of human induced activities [11]. Inorganic arsenic compounds do not contain carbon
compared to organic arsenic compounds and are generally composed of simple molecules such as
arsenic trioxide. Therefore, inorganic arsenic is highly toxic. Exposure to inorganic arsenic, occurs
through arsenic contaminated waters and grains, foods, fruits, and vegetables [12]. Food consumption
has been considered as one of the major routes for human exposure to Arsenic, compared with inhala-
tion and dermal contact [13]. Arsenic poses potential human health risk through consumption of crop
exposed to water that is arsenic-rich [11]. Exposure of humans to inorganic arsenic can affect multiple
organ functions, resulting in different arsenic related diseases including cancer such as bladder, skin,
and lung cancer as well as non-cancer diseases, including cardiovascular and dermal lesions disease
[7,10,14,15].

Tomatoes are among foods consumed widely in Tirkiye. According to Turkish Statistical Institute
(TUIK) data, tomato production in 2023 is estimated to be 13.5 million/ton [16]. According to 2018
data, the per capita consumption of tomatoes is 116.9 kg [17]. Tomatoes have a wide variety of uses,
especially in the form of frozen foods, canned foods, tomato paste, ketchup, and pickles. However,
there is potential human health risk with consumption of the tomatoes contaminated by various pollu-
tants. Tomatoes exposed to the effluents of biological WWTP can pose risk when consumed by human.
Therefore, the importance and purpose of the study was to assess the potential health risk of arsenic in
tomatoes exposed to effluents from biological WWTP.
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2. Material and Method

2.1. Study Area

A study area that takes effluents of WWTP (Elazig, Tiirkiye) was selected. Wastewater exposed
zone is shown in Figure 1. Schematic flow diagram of WWTP is shown in Figure 2.

ELAZIG
Study area

Figure 1. Study zone

GRIT ;
SCREENING  pryrovay PRIMARY ~ AERATION SECONDARY
CLARIFIER TANKS CLARIFIER

R

:
INFLUENT— _ // — j — TR — — T

Tﬂ} — EFFLUENT

SLUDGE
THICKENING

Figure 2. Schematic flow diagram of WWTP

Wastewater from 383.975 people is treated at the plant. WWTP project flow is 1671 L/s for 2020.
The WWTP consists of screening, gritting, primary settling, aeration tanks and secondary settling. The
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WWTP was under revision in 2007 and was in operation in 2008 [18-21]. To determine the coordinate
values (X:4271832; Y:529401) were used Magellan eXplorist 510 (Santa Clara, USA).

2.2. Sample Analysis

The tomato samples (TS) (total=1250 g) grown in the wastewater exposed zone were collected
from 4 sites (n=12). Tomatoes were harvested by hand. The tomatoes were cleaned in the laboratory
with pure water. Separated tissues were dried at 25°C and powdered. Extraction process was imple-
mented as following: sample (1 g) was cold leached with nitric acid (HNO3z). After cooling a modified
Agua Regia solution of equal parts concentrated hydrochloric acid (HCI), HNOs and deionized water
(DI H20) were added to samples. The samples diluted with HCI, and then filtered and analyzed by
inductively coupled plasma/mass spectrometry. Quality assurance/certificate of analysis (QA/AC) was
given in Table 1. Besides, human health risk for arsenic detected in ripe and unripe tomatoes was cal-
culated. The physicochemical properties of arsenic are given in Table 2 [22].

Table 1. QA/AC Details

Tomatoes
Analyte As
QC Unit mg/kg
STD V16 Standard 1.6
Expected 1.6
Wastewater
Analyte As
QC Unit pa/L
STD TMDA-70.2  Standard 40.3
Expected 42.2

QA: quality assurance, AC: certificate of analysis, QC: quality control, STD V16 and STD TMDA-70.2: standards

Table 2. Arsenic properties

Atomic number 33

Atomic mass 74.9216 g.mol*
Density 5.7 g/cm® at 14°C
Melting point 814 °C (36 atm)
Boiling point 615 °C (sublimation)
Vanderwaals Radius 0.139 nm

Isotopes 8

Energy of first ionisation 947 kJ/mol
Energy of second ionisation 1798 kJ/mol
Energy of third ionisation 2736 kJ/mol
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2.3. Health Risk Assessment

Tomatoes are among foods commonly consumed by humans. Therefore, it is very important to
determine the pollutants in the tissues of tomatoes and to evaluate the carcinogenic risk of the pollutants.
In our study, human health risk was evaluated with some calculations in terms of arsenic in RiTo and
UnRiTo. The non-carcinogenic risk (HQ) [23];

cDI
T
2.1)
CDIk
HQ = Z£=1m (2-2)

where HQ is the expression for non-carcinogenic risk. RFD = reference dose (mg/kg.day) Daily
exposure dose (CDI) was obtained as following [24,25]:

IintakeXEFXED

x1073 (2.3)
BWxAT

CDlgjetary = Cripex

_ IintakeXEFXED -3
CDlgietary = CunripeX BwaxAT % 10 (2.4)

where CDlgietary: dietary. Crige : arsenic ripe tomatoes (mg.kg™), Cunripe is arsenic value in unripe
tomatoes (mg.kg?), linwke : intake (g/day), EF and ED: exposure frequency and duration, AT: time
(days), BW is weight (kg). Cancer risk (CR) was determined as below [26]:

CR = CDIxSF (2.5)
SF: slope factor (mg/kg.day)™.

2.4. Statistical Analysis

IBM SPSS Statistics 21 was used to investigate correlation among arsenic in both ripe and unripe
tomatoes (n=12). If the p-value is less than the significance level (p = 0.05), the relationship between
arsenic values in ripe and unripe tomatoes are insignificant. The closer the r value is to 1, the greater the
relationship.

3. Results and Discussions

3.1. Characteristics of Effluents
pH of the effluents was 7.0-8.3, EC was 1.11-1.22 mS/cm. The arsenic concentrations in WWTP
effluents were determined as 5.1+0.2 pg/L.
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3.2. Arsenic Values in Tomatoes

The arsenic values determined in tomatoes grown in wastewater exposed zone given in Fig. 3
(n=12).
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Figure 3. The Arsenic Values

When as was examined, max. As was 1.5+0.08 mg.kg? in root and min. As: 0.3+0.01 mg.kg* in stem.
As values in leaf: 1£0.01 mg/kg. When the arsenic values in RiTo and UnRiTo were compared, the
arsenic values in UnRiTo were higher. Arsenic in UnRiTo: 0.7£0.03 mg/kg. As values in tomatoes were
root>leaf>unripe tomato>ripe tomato>stem. The arsenic values in RiTo and UnRiTo were compared
with reference (As: 0.1 mg/kg) given by Markert [27]. The level of arsenic accumulated by RiTo was
determined to be 32 times higher. The arsenic value accumulated by UnRiTo was determined as 35. As
can be seen, there was difference in arsenic accumulation between RiTo and UnRiTo.

3.3. Statistics of the Arsenic Values in Tomatoes

Correlations showing the relationship between arsenic values in ripe and unripe tomatoes given in
Table 2.

Table 2. Relationship Between Arsenic in Ripe and Unripe Tomatoes

Ripe Unripe
. Pearson Correlation 1
Ripe
. Pearson Correlation ,965” 1
Unripe
,035

*. Correlation is significant at the 0.05 level (2-tailed).
The correlations between RiTo and UnRiTo were determined as positive and significant. The cor-

relation between ripe and unripe tomatoes was calculated as r=0.965. The correlation is significant at the
0.05 levels. As a result, a strong relationship was determined between ripe and unripe tomatoes.
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3.4. Potential Health Risk in terms of Arsenic in Ripe and Unripe Tomatoes

Arsenic pollution is a serious threat to environmental quality and public health in general due to its
persistence and toxicity in the environment [28,29]. ED of arsenic in RiTo and UnRiTo are given in
Table 3.

Table 3. Estimated Daily Exposure Doses (mg/kg.day)

Ripe tomatoes Unripe tomatoes

Value (mg/kg.day) Value (mg/kg.day)
Male 4.80E-03 Male 8.39E-03
Female 5.44E-03 Female 9.51E-03
Children 1.21E-02 Children 2.12E-02
Total 2.24E-02 Total 3.91E-02

Max. ED value in RiTo was 1.21E-02 mg.kg.day? for child, minimum ED value was 4.80E-03
mg.kgt.day?® for male. The ED was 5.44E-03 mg/kg.day for female. EDs for humans in RiTo
child>female>male, respectively. Total ED in RiTo was calculated as 2.24E-02. The maximum ED
value in UnRiTo was 2.12E-02 mg.kg.day™* for child, minimum ED value was 8.39-03 mg.kg™.day™*
for male. ED value was calculated as 9.51E-03 mg/kg.day for Female. EDs for humans in UnRiTo
child>female>male, respectively. Total estimated daily exposure dose in UnRiTo was 3.91E-02. When
the ED values in RiTo and UnRiTo were compared, ED values in UnRiTo were higher. Similar to ED
values, total estimated daily exposure dose values were also higher in UnRiTo.

The HQs were given in Figure 3.

Ripe tomatoes (a)

Male Female Children

Unripe tomatoes (b)

Male Female Children

Figure 3. Non-Carcinogenic Risk Values in Tomatoes
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Maximum HQ value in RiTo was determined as 40.4 for Child, lowest HQ was 15.99 for male. The
HQ was 18.12 for Female. EDs for humans in RiTo were child > female > male, respectively (Fig 3a).
Highest HQ in UnRiTo was determined as 70.7 for child, lowest HQ was 27.98 for male. The HQ was
31.71 for Female. EDs for humans in UnRiTo were observed as child>female>male, respectively (Fig
3b). When the HQ values in RiTo and UnRiTo were compared, HQ values in UnRiTo were higher. All
the HQ values were higher than 1. HQ values derived from tomatoes dietary exposure reveals that
humans consuming these tomatoes is characterized by non-carcinogenic risk.

There is non-carcinogenic human health risk of arsenic in RiTo and UnRiTo grown in wastewater
exposure zone. Arsenic accumulated in human may induce neuro behavioral abnormalities during
puberty and neuro behavioral changes as adult; other effects for child include intellectual deficiencies,
immune suppression, and cognitive [12].

Carcinogenic risk was calculated as 8.46E-03. United States Environmental Protection Agency
(USEPA) adopt a risk between 1076 -10~* to suggest point at which risk management decisions should be
taken [30]. The value determined in our study is greater than the ones given. Therefore, there is car-
cinogenic health risk. The potential carcinogenic risk found is not surprising because of the exposure of
the tomatoes to the effluents of the wastewater treatment plant. Inorganic arsenic is considered a car-
cinogen by the International Agency for Research on Cancer (IARC), causing skin and lung cancers
[11]. High arsenic concentrations taken into the body results in decreased arsenic methylation capacity
and/or methylarsonic acid in urine. A decreased arsenic methylation capacity with greater proportions of
inorganic arsenic and/ or methylarsonic acid in urine is related to increased non-cancer and cancer
diseases [12,31].

4. Conclusions

Discharge of effluents from the wastewater treatment plants to the environment can result in ex-
cessive accumulation of toxic elements in edible parts of plants grown in this discharge area. Accord-
ingly, consumption of these plants could pose potential health risk to humans consuming them. Tomato
plant was chosen in our study since it is grown for agricultural purposes in the region exposed to
wastewater. In present research, investigation of human health risk by studying arsenic in tomatoes
provides useful information on the status of vegetables exposed to wastewater effluent discharge zone.
Human health risk was investigated by assessing arsenic. Results of tomatoes analysis show that there
were non-carcinogenic and carcinogenic health risks. The arsenic concentrations were determined in
each tissue of RiTo and UnRiTo. Arsenic values in tomatoes were root>leaf>unripe tomato>ripe to-
mato>stem. The maximum ED value in RiTo was 1.21E-02 mg.kg*.day for child. The ED value was
calculated as 5.44E-03 mg/kg.day for female. The max.ED value in UnRiTo was 2.12E-02 mg.kg*.day™*
for child. ED value was calculated as 9.51E-03 mg/kg.day for female. EDs for humans in RiTo and
UnRiTo were child>female>male. When the HQs in RiTo and UnRiTo were compared, HQ values in
UnRiTo were higher. All of the HQ values were higher than 1. As a result, results of tomatoes analysis
show that there was non-carcinogenic and carcinogenic health risks. We hope that present research
contributes to the health risk assessments, which not only lights today’s important problems, but will
also give new motivation to attempts that aim to preserve the human and environment health. The
limitation of this study is the determination of heavy metal contents and health risks in different plant
species in different agricultural areas where wastewater is discharged.
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