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G.T.; Merdun, H. Determination of

the Risk on Human Health of Heavy

Metals Contained by Ship Source

Bilge and Wastewater Discharged to

the Sea on the Mediterranean by

Monte Carlo Simulation.

Sustainability 2022, 14, 8408.

https://doi.org/10.3390/su14148408

Academic Editor: Shervin Hashemi

Received: 13 May 2022

Accepted: 6 July 2022

Published: 8 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Determination of the Risk on Human Health of Heavy Metals
Contained by Ship Source Bilge and Wastewater Discharged to
the Sea on the Mediterranean by Monte Carlo Simulation
Ömer Harun Özkaynak * , Gönül Tuğrul İçemer and Hasan Merdun
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Abstract: Discharge of bilge and wastewater from ships into the sea poses a risk to human health
due to the heavy metals. In this study, shipborne bilgewater and wastewater carcinogenic and
non-carcinogenic human health risks determine by using the measured and literature values of heavy
metals copper, iron, vanadium, chromium, manganese, cobalt, nickel, zinc, arsenic, cadmium, and
mercury in the shipborne bilgewater and wastewater. The heavy metal contents of seawater were
selected from 11 points determined in Antalya Bay, wastewater, and bilge samples taken from two
ships. The human health risk was determined using the Monte Carlo Simulation (MCS) method using
these measured values and the heavy metal concentrations in the Mediterranean Sea in the literature.
The risk of carcinogenicity of heavy metals from wastewater by dermal route, ingestion, and from
bilge water by dermal way and ingestion were evaluated. The wastewater is dermal Ni > As > Cr,
the wastewater is Ni > Cr > As by ingestion, the dermal Ni > As > Cr in the bilge, and the risk of
ingestion is Ni > Cr > As. It has been determined that the non-carcinogenic Cr, Co, Hg, and As values
in the wastewater and bilge water are above the acceptable 1 and therefore expose a risk to human
health. The human health carcinogenic risk caused by heavy metals generating from the bilge and
wastewater is much higher than the standard values determined by the WHO. For the first time
in this study, it was determined that bilge water exposes a high risk for both swimmers and ship
personnel in the health risk assessment of shipborne wastewater and bilge water.

Keywords: heath risk; environment pollution; heavy metals; marine pollution; coast pollution; Monte
Carlo Simulation

1. Introduction

It is known that heavy metals have serious adverse effects on human health. As a result
of the discharge of bilge and wastewater generating from ships in the seas, the removal of
the heavy metal contained in these wastes by the marine species, or the exposure of people
to these heavy metals because of their activities in the sea poses a risk to human health.
Bilgewater may contain fuel, hydraulic oils, lubricating oils, volatile organic compounds,
metals, detergents, degreasers, other chemicals derived from activities on a ship [1].

Mediterranean coasts are among the marine areas where the risk of leakage of oil and
petroleum-derived wastes is high due to approximately 25% of the world’s ship traffic [2].
According to the Barcelona Convention, 22 Mediterranean countries have also attracted the
attention of the world tourism industry with their cultural diversity and natural beauties.
For this reason, it is estimated that the population in the coastal and urban areas of the
Mediterranean region will increase rapidly and reach 572 million by 2030 [3].

Considering the terrestrial, atmospheric and natural leakage inputs to the Mediter-
ranean, no consensus could be reached on the actual amount of oil. However, the annual
volumes (metric ton) of these inputs are reported to be 32,000 [4], between 400,000 and
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1,000,000 [5], and between 15,000 [6] and 63,500 t [7] Due to these high inputs, heavy met-
als from petroleum hydrocarbons have serious adverse effects on human and ecosystem
health [8,9]. As a result of the discharge of bilge and wastewater generating from ships
in the sea, marine species [10] or human exposure to heavy metals contained in these
wastes [11,12] activities in the sea expose a risk to human health.Heavy metal content may
be high in these chemicals with the contribution of ship activities. With these metals, some
parts of the Mediterranean coast are polluted by human activities in the sea and on the
coast [13–15]. Heavy metals such as lead, mercury, cadmium, zinc and copper are found
in coastal deposits in the Northern Mediterranean. This is explained by the fact that it is
associated with industrial and domestic waste discharges and activities in the Ports [16].

Marine animals can take heavy metals in seawater, transferring to lower levels in the
food chain with biomagnification through direct mouth or skin contact [17]. Even in small
amounts, heavy metals can harm marine species, so their access to seawater should be
controlled. Heavy metals are also called trace or trace elements. Generally, its commonly
found in seawater are Sb, Ag, As, Be, Cd, Cr, Pb, Mn, Hg, Ni, Se, T, U, V, Zn, Al, and Cu.
The severe increase of heavy metal accumulation in the seas due to human activities is
an important issue due to environmental pollution, risks to human health, sea fauna and
flora [18,19].

Heavy metals cause severe sea pollution [20] and can accumulate in large quantities
on the coasts. It has been determined that people on the beaches can be easily affected by
heavy metals by body contact with beach sand and swallowing seawater [21,22]. In the
study conducted by [23], in the Antalya Kemer region, it was determined that Ca, Cr, Fe, Ti,
and Pb were abnormally concentrated in the samples taken from 47 points and Cr, Pb, and
Cu showed high-risk levels as contaminants in some samples. In addition, it was stated
that the formation of high Cr concentration was caused by biological activities, while Pb
and Cu were formed due to human activities.

The amounts of heavy metals (Cd, Fe, Cu, Pb, Zn, Co, Cr, Al, Mn, and Ni) in seawater
in the Iskenderun Bay were investigated by Turkmen (2011) [24]. Author found that
the concentrations of Al, Cr, Fe, Cu, and Se elements were found above the limit values.
Similary in the same region, Göycıncık et al. (2018) [25] measured the concentration of 8
heavy metals (B, Al, Cr, Fe, Ni, Cu, As, Se) in seawater samples. According to the results
obtained from their studies, it was determined that the concentrations of B, Al, Cr, Fe, Cu,
and Se elements were above the limit values, and Ni and As elements were below the limit
values. According to Yalcin et al. (2016) [26], in a study conducted in Mersin and Alanya,
sediments at 44 points were compared with literature data based on the examination of the
samples; It has been determined that the average heavy metal concentrations in Turkey are
large enough to be considered toxic and above acceptable value.Wastewater from ships
contains high concentrations of pollutants such as heavy metals, nutrients and suspended
solids [27]. It has been reported that wastewater from many ships contains heavy metals
and their discharge into the sea damages the marine ecosystem [28]. Heavy metals [29] and
heavy metal concentrations [30] were determined in studies on the content of bilge water.
In the western Mediterranean, [31] compared the amounts of heavy metals in summer and
winter seasons, and it was determined that the values measured in the winter months were
higher. In the Baltic Sea study conducted by Tiselius and Magnusson (2017) [32], the bilge
water’s oil and heavy metal content was estimated to be 4 to 8 times lower.

Environmental risk is the possibility that the activity carried out will adversely affect
human health or the environment directly or indirectly; the risk assessment for estimating
the magnitude of this risk. In 13 different reports containing data on pollutant concentra-
tions in gray waters formed on ships, it is stated that there are 44 (28 organic, 16 metal)
different pollutants in gray waters [33]. As a result of their studies, it has been determined
that zinc and copper metals pose the highest environmental risk in grey wastewater.

Regarding the evaluation of ecological risk with Monte Carlo analysis, Dang et al. [34]
determined the highest contamination risk in water with a value of Cd, 2.06 ± 0.78 mg L−1,
whereas Kuang et al. [35] determined the risk of heavy metals as, respectively, As > Cd > Cr
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in sediment and marine organisms. Soleimani et al. [36] estimated the risk of heavy metals
Cr, Pb, and Cd in drinking water with 10,000 iterations using the same method.

Arikibe and Prasad [37] was found heavy metal concentrations Ni 0.23–0.80 mg L−1,
Zn 0.08–1.45 mg L−1, Cd 0.15–0.25 mg at the sampling site in Suva Fiji Pb 0.88–1.77 mg L−1

and Cu 0.88–10.29 mg L−1 and no risk analysis was performed. According to the WHO
guideline, only the measured values were evaluated. It was determined that the Cd and Pb
values were above the accepted values [38].

Heavy metal concentrations were calculated using MCS to determine risk calculations
from 36 samples taken from Lake Nancy [39]. Risk analysis was performed using the
SPSS program and measuring seven heavy metals (Cr, Cu, Ni, Zn, As, Pb and Cd). It was
calculated with the potential ecological risk index (RI) formula. Cu and Cd values were
above the accepted values and posed a risk.

The spatial distribution, potential sources, and ecological risks of 8 heavy metals
(Zn, Cu, Cr, Ni, As, Cd, Hg, and Pb) in Meishan Bay, the Zhejiang coast of China with
a high pollution load, were investigated. It is accepted that Zn is mainly caused by ship
transportation; pesticides and Hg from sewage wastewater are considered the primary
sources. In contrast with the MCS, the Geo-accumulation index was used, and it was
determined that Cu, Zn, Cr, Pb, and As pollution was limited, while Cd and Hg caused
light to moderate pollution [40].

The Mining factory found that the potential health risk (through ingestion and skin
contact) calculated for lifetime exposure is cumulative for workers, tourists, and residents
(including children and adults) depending on the magnitude of heavy metal pollution in
the surrounding Qixia landscape site [21]. Carcinogenic and non-carcinogenic risks were
determined using the MCS method. The method selects the values of the parameters from
the distributions fitted to the input data and, as a result, calculates both the point value and
the exposure and risk distribution [41–43].

As seen in the reviewed literature, no study has been found on the human health
risk of wastewater and bilge water generating from ships. This study determines the
carcinogenic and non-carcinogenic risk to human health caused by the heavy metals in the
shipborne wastewater and bilge water mixing with the seawater in the short term through
the skin and ingestion for the first time.

There is no study evaluating the health risk from the bilge and wastewater of ships in
Antalya Bay. For this reason, the primary objective is to calculate the health risks of heavy
metals, the amount of which increases in seawater due to possible illegal discharges of
bilge and wastewater and other inputs. In this context, calculations were made using the
current measurement values and the literature values in the Mediterranean.

2. Material and Methods
2.1. Study Area

Antalya’s coastal length extends from Eşen Stream in the west to Kaledron (Kaldıran)
Stream in the east at 640 km. This coast length is 40% of the Mediterranean Region’s
coastal line. This region is the center of tourism with a population of close to 3 million and
natural beauties.

There is a “fisherman port” and a “harbor” that houses a “fisherman port” and a
“harbor” house cargo ships, cruise ships, and a marina among the coastal structures within
the area. The Antalya port is among the top 10 ports where the most cargo is handled [44].
When we examine the number of ships arriving at Antalya port in the last three years,
1109 ships in 2019, 728 in 2020, and 778 in 2021.

There is also a filling facility on the shore transported by oil pipelines. The world-
famous Konyaaltı beach (6.5 km.) is one of the recreational areas for public use in the
coastal region and the beach welcomes about 5000 people daily in high season [45].
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2.2. Sample Collection and Preparation

In this case, 44 seawater samples were taken from 11 selected points in the Antalya
Bay in February, April, July, and November, covering all four seasons. The sampled sea
area is given in Figure 1. Bilgewater and wastewater samples were taken from a daily
excursion boat larger than 12 m and a commercial vessel larger than 100 m in length.
The samples taken for heavy metal analysis were stored in the refrigerator at +4 ◦C by
adding nitric acid. Heavy metal analyzes were performed with an Energy dispersed NEX
CG X-ray fluorescence spectrometer (XRF) with a 50W artificial X-ray tube from Rigaku.
Approximately 50 mL of sample was put into the device for heavy metal analysis, and
measurements were made in mg L−1.
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The accuracy and precision of the heavy metal analysis results were checked with
standard reference material analysis [46]. Measurement limits were determined using the
reference standard value for each heavy metal.

Quality assurance and control measures were adopted. The accuracy of the measure-
ments was checked using the standard solution and heavy metal reference values. The
measurements were statistically controlled for each heavy metal measurement as maximum,
minimum, and standard deviation (S.D.).

2.3. Determination of Human Health Risk Caused by Bilge and Wastewater with MCS

Ideally, probability distributions of variables should be based on underlying physical
processes or mechanisms that are considered key in causing the observed variability. For
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example, if the exposure variable results from many other random variables, choose a
lognormal distribution for testing [47]. Since risk was calculated as a distribution using
MCS, the risk was calculated using the lognormal distribution in this study.

MCS is a common method used to evaluate uncertainty through probability distribu-
tion functions. In this study, the heavy metals Cu, Fe, S, V, Cr, Mn, Fe, Co, Ni, Zn, As, Cd,
Hg, and Pb in the contents of the bilges and wastewaters originating from the ships were
measured with MCS using the values in the literature and the concentration values in the
Mediterranean to determine human health risk.

Since it is known that people will be exposed to heavy metals in the sea by the risk
equation provided in RAGS (Risk Assessment Guidance for Superfund), Volume 3 [48],
the formula used to calculate this risk is [49–51]; and the carcinogenic risk was determined
using the following formulas;

Risk (ingestion) = CSF
C × IR × EF × ED

BW × AT
(1)

Risk (dermal) = CSF
C × SA × Kp × ET × EF × ED × 10

BW × AT
(2)

where C is the concentration of the chemical in an exposure environment mg L−1, SA
is the area of the exposed surface (m2), EF is the exposure frequency (days year−1), ED
is the exposure time (years), BW is the body weight (kg), AT is the meantime. (Ad-
mitted as 70 years for carcinogen and 30 years for others), ET exposure time (h day−1),
Kp, skin permeation coefficient through underwater exposure (cm h−1), IR, uptake rate
(L day−1), and CSF expresses the cancer slope factor (linear low dose cancer potential factor)
(mg kg−1day−1)−1 for the chemical.

In this study, CSF, AT, ED, and Kp values were entered into MCS as constant. Five
elements (Cr, Cd, As, Ni, and Co) are classified as possible carcinogens by the International
Agency for Research on Cancer [52]. The CSF values used in calculating heavy metals with
MCS are given in Table A1. The non-carcinogenic risk of heavy metals was determined
using the following formulas;

Risk (ingestion) =
C × IR × EF × ED

BW × AT
/R f D (3)

Risk (dermal) =
C × SA × Kp × ET × EF × ED × 10

BW × AT
/R f D (4)

where C is the concentration of the chemical in an exposure environment (mg L−1), IR is
the uptake rate (L day−1), EF exposure frequency (days year−1), ED exposure time (years),
BW is body weight. (kg), AT meantime (accepted as 70 years for carcinogens and 30 years
for others), SA area of exposed surface (m2), Kp, coefficient of permeability of skin through
underwater exposure (cm h−1), ET exposure time (h day−1), and RfD (mg kg−1day−1)−1

refer to the reference dose.
The lognormal distribution was chosen as the exposure variable for heavy metal

concentrations and is also the result of many other random variables [47]. In the study
conducted by Chen et. Al [53], it was determined that the distribution of V was close to
the normal distribution, while other potentially harmful elements showed non-normal
distribution characteristics. The constant values obtained from the literature and used in
the risk formula in this study are given in Table A2.

In this study, some values were taken from the literature to calculate risk assess-
ment by skin and ingestion. Kp values (1 × 10−3 for Cd, Cr, As, Fe, Mn, Co, V, and Hg;
1 × 10−4 for Pb; 6 × 10−4 for Zn; 2 × 10−4 cm for Ni) are taken from the Exposure Factors
Handbook [54]. CSF is the pollution factor of an element calculated using values measured
in the past [55]. CSF values expressed as IR, and uptake rate (L day−1) were taken from
Javed and Usmani [56] and Chen [53]. For the AT value in this formula, 70 years for
carcinogenic substances were used as 30 years for non-carcinogenic substances [53]. Five of
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the heavy metals (Cr, Cd, As, Ni, and Co) were classified as possible carcinogens by the
International Agency for Research on Cancer [52]. Calculations were made by considering
the same metals as carcinogens in this study. Similarly, Custodio et al. [53,57] made cal-
culations with the acceptance of literature values in the studies of determining the risk to
human health.

3. Results and Discussion
3.1. Measured Values

According to the heavy metal analysis results of seawater samples taken from 11 selected
points in Antalya Bay in February, April, July, and November, covering four seasons, the
average values of heavy metals were Fe 5.78 mg L−1, Cu 2.67 mg L−1, and Zn 3.97 mg L−1.
Among other heavy metals, Cr could be measured in winter at station 2 and in summer at
station 11, while Hg was within the measurement limits at station 5 in winter and spring,
at station 10, and at stations 3 and 4 in summer. The results of the studies on heavy metal
concentrations of seawater in the Mediterranean and the comparison of the limit values of
these metals in Turkey and the World Health Organization [38] are given in Table 1.

Table 1. Results of studies on heavy metal concentrations in seawater in the Mediterranean.

Metal Türkmen [24]
mg L−1

Göycincik et al. [25]
mg L−1

Morley et al. [31]
mg L−1

Present Study
mg L−1

Standard Values (Surface Water Quality
Management Regulation (SWQMR))

Annual Average [58]
mg L−1

WHO ** [38]
mg L−1

Cr 0.17 0.24 n/d 0.69 0.042 0.05
Cu 0.07 0.36 n/d 2.67 0.013 NGL
Ni 0.28 0.09 0.013 n/d 0.086 0.5
Pb 0.62 n/d 0.01 n/d 0.013 0.01
Zn 0.07 n/d n/d 3.99 0.533 NGL ***
Fe 0.30 7.14 0.01 5.84 0.036 NGL
As * n/d 0.05 n/d n/d 0.01 0.01
V n/d n/d n/d n/d 0.016 NGL

Mn 0.11 n/d n/d n/d 0.1–0.5 NGL
Co 0.26 n/d 0.01 n/d 0.003 NGL
Cd 0.06 n/d n/d n/d 0.002 0.03
Hg n/d n/d n/d 15.11 0.007 0.06

* n/d = Not Detected, ** Converted from µg/L to mg/L, *** NGL = no guideline limit.

Measurement results in the literature and samples in bilge water are given in Table 2.
The measurement results in wastewater and in the literature are shown in Table 3.

When the Cu, V, and Zn values measured in the bilge water in this study are compared,
it is seen in Table 2 that the importance of other researchers is much higher.

The values of Cu, Fe, and Zn measured in this study in wastewater were higher than
those determined by Ytreberg [33], Onwuegbuchunam et al. [59], and Mearns et al. [60],
as it is shown in Table 3. In addition, the measurement method used in this study could
not determine S, V, Mn and Hg values in wastewater. Therefore, risk distributions were
also calculated.

In this study, the averages of heavy metal values measured based on stations are given
in Table A3. The values of Cu and Cr measured in this study in seawater were 2–3 times
higher than those determined by Türkmen [24] and Göycıncık et al. [25]. The Zn values
were 4 mg L−1, much higher than the value (0.0709 mg L−1) measured by Türkmen (2011).

Fe amount was measured as 5.84 mg L−1 in this study. Göycıncık et al. [25] (2018)
determined the Fe value as lower than 7.142 mg L−1 measured in this study.In addi-
tion, the amount of Fe measured in this study was found to be 0.29 mg L−1 measured
by Turkmen [24], and Morley et al. [31] were determined to be much higher than the
0.00088 mg L−1 measured. It was observed that the Hg value measured at four stations
was 15.11 mg L−1 and could not be determined or remained below the measurement limits
in the studies given in Table 1.
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Table 2. Heavy metal values measured in the bilge water in this study and the literature.

Studies on
Bilge Water

Tiselius and
Magnusson [32]

mg L−1

Olorunfemi et al. [30]
mg L−1

EPA [61]
mg L−1

Present Study
Passenger Boat

mg L−1

Present Study
Merchant Ship

mg L−1

Cu 0.0254 ± 0.0131 0.5 0.2775–0.426 2.85 3.87
Fe 3.204 ± 0.132 n/d * 0.432–0.531 n/d 81.8
V 0.0378 ± 0.0234 n/d n/d n/d 1.51
Cr 0.0192 ± 0.00853 1.4 n/d n/d n/d
Mn 0.161 ± 0.0588 3.9 n/d n/d n/d
Co 0.0897 ± 0.0604 n/d n/d n/d n/d
Ni 0.0754 ± 0.0192 0.3 0.09775–0.245 n/d n/d
Zn 0.310 ± 0.066 11.6 0.514–1.33 4.18 13.6
As 0.00191 ± 0.00034 n/d n/d n/d n/d
Cd <0.0002 0.1 n/d n/d n/d
Hg 0.00279 ± 0.00114 n/d 0.03205–0.0798 n/d n/d
Pb <0.004 n/d N/A n/d n/d

* n/d = Not Detected.

Table 3. Heavy metal values measured in the wastewater in this study and the literature.

Studies on Heavy
Metal in

Wastewater

Ytreberg et al. [33]
mg L−1

Onwuegbuchunam
et al. [59]
mg L−1

Mearns et al. [60]
mg L−1

Present Study
Passenger Boat

mg L−1

Present Study
Merchant Ship

mg L−1

Cu 0.267 0.0012 0.0829 2.47 1.68
Fe n/d * 0.00202 n/d n/d 8.7
V n/d n/d n/d n/d n/d
Cr 0.0073 n/d 0.00342 n/d n/d
Mn n/d n/d n/d n/d n/d
Co n/d n/d n/d n/d n/d
Ni 0.025 n/d n/d n/d n/d
Zn 0.517 0.00004 0.13 4.63 4.64
As 0.006 n/d 0.0092 n/d n/d
Cd 0.00016 0.00025 n/d n/d n/d
Hg 0.00016 n/d n/d n/d n/d
Pb 0.0256 n/d 0.00296 n/d n/d

* n/d = Not Detected.

3.2. Determination of Human Health Risk Caused by Bilge and Wastewater with MCS

In this study, the heavy metal data of Cu, Fe, S, V, Cr, Mn, Fe, Co, Ni, Zn, As, Cd, Hg
and Pb in seawater and ship-sourced bilge and wastewater to determine the health risk
with MSC, measured in Antalya Bay concentrations and values measured in the literature.

The human health risk of each heavy metal was determined by using the values
in the risk formula specified in the Materials and Methods section and the values were
given in Tables A2–A4. In this study’s highest and lowest risk values of carcinogenic and
non-carcinogenic heavy metals calculated using MCS are shown in Table 4. The RfD values
used in calculating the heavy metals analyzed and obtained from the literature data with
MCS are given in Table A1.

Al, Ba, Cu, Fe, Sr, and Zn metals were determined as a result of the study on the inte-
grated environmental assessment of the bioaccumulation of heavy metals in invertebrates
and seaweeds from different marine coastal regions of Sardinia inthe Mediterranean [62].
It has been determined that this may affect human health, but the source of heavy metals
has not been investigated.

In a study, the total exposure index and cumulative risk resulting from exposure to
only trihalomethanes in drinking water were calculated using MCS [63].

When we examine the literature, it is seen that only heavy metal amounts in bilge
and wastewater originating from ships are investigated (Tables 1–3). In this study, in
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contrast with the literature, the human health risk of heavy metal amounts was determined
using MCS.

Table 4. The highest and lowest risk values of carcinogenic and non-carcinogenic heavy metals were
calculated using MCS.

Statistics Wastewater
Ingestion

Bilge Water
Ingestion

Wastewater
Ingestion

Bilge Water
Ingestion

Carcinogenic Risk Non-Carcinogenic Risk

Cr 0.3 0.38 1.69 2.85
Ni 0.59 0.81 n/c n/c *
As 0.12 0.11 3.06 0.03
Co n/c n/c 2.56 1.7
Hg n/c n/c n/d ** 3.4

* n/c: not calculated, ** n/d = not detected.

3.3. Determination of Carcinogenic Risk Distribution

The human health carcinogenic risk values calculated by the MCS method originating
from heavy metals in the bilge and wastewater contents are given in Table A4.Our results
showed Table A4 that the highest carcinogenic risk to human health was Ni in the bilge
water taken by swallowing with 8.06 × 10−1 and the lowest risk was determined the Cr
in wastewater with 5.32 × 10−4 by ingestion. Considering that the limit value defined by
WHO for Ni from these values is 0.5 mg L−1, it is seen that the 0.81 mg L−1 value calculated
by MCS using the values in the literature poses a significant risk for human health as a
carcinogen. For Cr, the risk of ingestion of wastewater ingestion is 0.29 mg L−1, and the
risk of ingestion through the skin from the bilge water is 0.38 mg L−1, which is above the
limit value of 0.05 mg L−1 determined by WHO.

It was determined that all of the calculated risk values for Ni were above 0.5 mg L−1,
which is the limit value determined by the WHO. The limit value As determined by the
WHO is 0.01 mg L−1, the wastewater ingestion risk is 0.13 mg L−1, and the risk of ingestion
of bilge water is calculated as 0.11 mg L−1. It is seen that these values are well above
the limit value. The MSC risk distribution of the contamination of Ni in the bilge water
by ingestion is given in Figure 2. MCS risk distribution graphs of other heavy metals
are shown in Figure A1. The carcinogenic risk distributions of Cd and Co could not be
calculated since they did not have CSF values.
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In the study using MCS, non-carcinogenic oral (1.10 × 10−4) and dermal (1.47 × 10−4)
and carcinogenic oral (1.88 × 10−6) and dermal (1.41 × 10−6) children exposed to arsenic
in petroleum-derived oils on beaches, it was determined that the risk of carcinogen by
the dermal route is higher in the risk assessment. The overall risk estimates are highest
(2.88 × 10−5) for the dermal exposure route [64].

The study determined the health risk that may occur only by swallowing drinking
water. In addition, carcinogenic and non-carcinogenic risk has not been examined [65].

When the risk of dermal uptake of heavy metals from wastewater is evaluated, it is
determined that the order is Ni > As > Cr, and the risk of ingestion from wastewater is
Ni > Cr > As. The risk of dermal ingestion of heavy metals in the bilge is Ni > As > Cr, and
the risk of ingestion is Ni > Cr > As.

3.4. Determination of Non-Carcinogenic Risk Distribution

Non-carcinogenic risk values for human health calculated by the MCS method origi-
nating from heavy metals in bilgewater, wastewater, and seawater are given in Table A5.
This study found that the heavy metal, which constitutes the highest non-carcinogenic risk
for human health, was 3.39 and Hg in the bilge water content, and the lowest risk was
5.12 × 10−5 and Zn in the wastewater content. It has been determined that there is a risk
of transmission through the skin. If the calculated heavy metal non-carcinogenic risk is
greater than 1, it indicates the probability of adverse health effects, and less than 1 shows
no adverse health effects [54]. It was determined that the Cu, Fe, V, Mn, Ni, Cd, and Pb
values were below one and did not have a negative effect on human health.

It has been determined that the human health risk caused by ingestion of Cr in the
wastewater content is 1.69 mg L−1, and the human health risk caused by ingestion in the
bilge content is 2.85. Similarly, it has been determined that the human health risk caused
by ingestion of Co in the wastewater content is 2.56, and the human health risk caused by
ingestion in the bilge content is 1.7. In addition, it has been determined that the human
health risk caused by ingestion of As in the wastewater content is 3.06 mg L−1, and the
human health risk caused by ingestion of Hg in the bilge content is 3.4, which is the highest
risk. It has been determined that the order of the non-carcinogenic total risk values in
the bilge and wastewater content is As > Cr > Co > Hg. Since the values are above the
acceptable value of 1, it has been determined that it poses a human health risk.

3.5. Results Analysis

The study conducted in Meishan Bay in 2020 determined that the leading cause of Zn
was shipborne, and Hg was caused by wastewater [40]. Similarly, in this study, as given
in Table 1, the Zn value was measured as 3.99 mg L−1 and the Hg value as 15.11 mg L−1.
Therefore, it is considered that ship activities may cause heavy metal pollution in the
Mediterranean. It has been determined that Zn in wastewater from ships poses a severe
environmental risk. Similarly, this study measured 4.63 mg L−1 and 4.64 mg L−1 values in
wastewater samples taken from ships [33].

Several studies evaluated that human activities cause heavy metal pollution in the
seas [13,18,19]. However, these studies did not examine heavy metals at sea from which
human activity originates.

In the study conducted the Northern Mediterranean, heavy metal pollution of Hg,
Zn, Cd, and Cu was determined [16]. It was determined that this could be due to the ship
activities in the ports. Similarly, in this study, as seen in Table 1, Hg, Zn, and Cu values
were measured above the acceptable limits [38,58]. Therefore, it has been evaluated that
the heavy metal pollution values obtained in this study may be caused by ships.

As stated above, this environmental risk caused by heavy metals can also pose a severe
risk to human health. This study determined that there may be a health risk if people are
exposed to heavy metals that may originate from ships in the Mediterranean. However, the
effects of these wastes on heavy metals in sea water were not investigated in the studies
given in Tables 2 and 3 about heavy metals in sea water and the bilge and wastewater
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from ships. Therefore, the study is the first to examine the human health risk of bilge and
wastewater discharged into sea water. To better understand the results of this study, more
detailed studies should be carried out by taking these results as a reference.

4. Conclusions

Based on the European Parliament’s Water Framework Directive (WFD) (Directive
2000/60/EC), the heavy metal concentrations that should be in seawater have been deter-
mined according to the “Surface waters management regulation” issued within the scope
of the European Union harmonization in the formation of water policy in our country.
According to this legislation, the heavy metal concentrations measured in seawater were
evaluated, chromium was 16 times higher, zinc 7.5 times higher, and iron 162 times higher.

In the carcinogenic risk calculation, the dermal ingestion of heavy metals from wastew-
ater is listed as Ni > As > Cr from the highest to the lowest, and the risk of ingestion from
the wastewater as Ni > Cr > As from the highest to the lowest. The dermal ingestion
of heavy metals in the bilge is determined as Ni > As > Cr from highest to lowest and
Ni > Cr > As for ingestion risk.

The non-carcinogenic risk assessment calculated that the Cu, Fe, V, Mn, Ni, Cd, and
Pb values were below 1 and did not harm human health. However, it can be predicted
that it can cause other diseases. Non-carcinogenic risk calculations of the specified heavy
metals in the bilge and wastewater were totally evaluated by skin and ingestion.It has
been determined that the order of the non-carcinogenic total risk values in the bilge and
wastewater content is As > Cr > Co > Hg. Since the values are above the acceptable value
of 1, it has been determined that it poses a human health risk.

It has been calculated that the human health risk of Cr, Ni and As is much higher than
the values determined by WHO and that the bilge and wastewater have carcinogenic risks
for human health. It is thought that this risk will be pretty high for the personnel working
as technical personnel on the ship and the swimmers due to illegal discharges. This study
recommended taking and controlling protective measures to reduce the risk of carcinogens
in dermal and inhalation.

Since the human health risk of heavy metals in the contents of wastewater and bilge
waste from ships was evaluated with the MCS method for the first time in the study, the
results of the current research should be assessed as a basis. When the results obtained
from this study were evaluated, it was seen that the bilge and wastewater wastes from
ships on our seas and coasts pose a serious human health risk. It is considered that this
risk can only be avoided by taking adequate measures and carrying out strict controls.
It has emerged that there is a need for research, including measures such as prevention
of wastewater and bilge water leakage discharges and re-examination of waste reception
systems in ports and marinas.
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Appendix A

Table A1. The CSF values used in calculating heavy metals with MCS.

Contaminant of
Potential Concern

Oral CSF
(Chen, 2019)

Dermal CSF
(Chen, 2019)

Oral CSF
(Soleimani vd. 2020)

Oral RfD
(Chen, 2019)

Dermal RfD
(Chen, 2019)

(mgkg−1day−1)−1 (mgkg−1day−1)−1 (mgkg−1day−1)−1 (mgkg−1day−1)−1 (mgkg−1day−1)−1

Pb n/d n/d 0.002 1.40 × 10−3 5.25 × 10−4

Cr 5.01 × 10−1 2.00 × 101 n/d 3.00 × 10−3 3.00 × 10−3

Cd n/d n/d 0.005 5.00 × 10−4 1.00 × 10−5

Mn n/d n/d n/d 1.40 × 10−1 2.33 × 10−2

Co n/d n/d n/d 3.00 × 10−4 6.00 × 10−5

Ni 1.70 4.25 × 101 n/d 2.00 × 10−2 5.40 × 10−3

Zn n/d n/d n/d 3.00 × 10−1 6.00 × 10−2

V n/d n/d n/d 9.00 × 10−3 9.00 × 10−3

Fe n/d n/d n/d 7.00 × 10−1 1.40 × 10−1

As 1.50 3.66 n/d 3.00 × 10−4 1.23 × 10−4

Hg n/d n/d n/d 3.00 × 10−4 2.10 × 10−5

Cu n/d n/d n/d 4.00 × 10−2 1.20 × 10−2

n/d (not detected).

Table A2. The constant values obtained from the literature and used in the risk formula.

Parameters Distribution (Saha vd. 2017) Mean SD Unit Uncertainty
Range

IR (daily intake rate)
(L/day) Log-normal 2.20 0.34 L −30% to 10%

BW (body weight) (kg) Log-normal 70 10.71 kg −30% to 20%

SA (surface area of the
skin (m2) Log-normal 1.8 0.092 m2 −10% to 10%

EF (exposure frequency)
(day/year) Triangular - - day 350 (180–365)

ET (exposure time) Triangular - - h 0.58 (0.4–0.7)

Kp (cm h−1)

Cd, Cr, As, Fe, Mn, Cu, V ve
Hg 1 × 10−3 cm h−1;
Pb 1 × 10−4 cm h−1;
Zn 6 × 10−4 cm h−1;
Ni 2 × 10−4 cm h−1;
Co 4 × 10−4 cm h−1

USEPA, 2011. Risk assessment guidance for superfund. In: Part A:
Human Health Evaluation Manual; Part E, Supplemental Guidance
for Dermal Risk Assessment; Part F, Supplemental Guidance for
Inhalation Risk Assessment, vol. 1.

ED (Exposure Duration)
(year)

considered 70 years for
carcinogen and 30 years
for others

Cr, Cd, As, Ni and Co are carcinogenic.

AT (Average Time) AT = 365 × ED
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Table A3. The averages of heavy metal values measured on a station basis.

Metals
Cr Fe Cu Zn Hg

Stations

1 n/d * 6.5 2.69 4.19 n/d

2 0.901 6.01 2.43 3.99 n/d

3 n/d 5.57 3.04 4.05 15

4 n/d 5.61 2.975 3.63 17.9

5 n/d 5.59 2.23 3.66 13.95

6 n/d 5.9 2.78 4.02 n/d

7 n/d 6.17 2.89 4.18 n/d

8 n/d 5.47 2.76 3.73 n/d

9 n/d 6.46 2.9 4.67 n/d

10 n/d 5.17 2.06 4.06 13.6

11 n/d 5.81 2.61 3.77 n/d
* n/d (not detected): It could not be measured because it was below the limit values of the measuring device. V,
Mn, Co, Ni, As, Cd and Pb values could not be measured as they were below the limit values at all stations.

Table A4. The human health carcinogenic risk values.

Statistics
Wastewater
Ingestion

Wastewater
Dermal

Bilge Water Bilge Water
Sum of Row

Ingestion Dermal

Cr

MEAN 2.78 × 10−1 5.07 × 10−4 3.51 × 10−1 6.35 × 10−4 9.80 × 10−1

SD 3.89 × 10−1 6.97 × 10−4 3.98 × 10−1 7.36 × 10−4 7.89 × 10−1

95% 2.95 × 10−1 5.32 × 10−4 3.77 × 10−1 6.80 × 10−4 6.47 × 10−1

Ni

MEAN 5.53 × 10−1 1.26 × 10−2 7.64 × 10−1 1.76 × 10−2 1.39 × 100

SD 6.27 × 10−1 1.39 × 10−2 5.16 × 10−1 1.17 × 10−2 1.17 × 100

95% 5.92 × 10−1 1.33 × 10−2 8.06 × 10−1 1.86 × 10−2 1.43 × 100

As

MEAN 1.12 × 10−1 1.29 × 10−3 1.06 × 10−1 1.20 × 10−3 2.21 × 10−1

SD 1.45 × 10−1 1.61 × 10−3 1.53 × 10−1 1.73 × 10−3 3.02 × 10−1

95% 1.21 × 10−1 1.36 × 10−3 1.13 × 10−1 1.27 × 10−3 2.37 × 10−1

Sum of mean 9.82 × 10−1 1.44 × 10−2 1.22 × 100 1.95 × 10−2 2.24 × 100

Sum of 95% 1.01 × 100 1.51 × 10−2 1.27 × 100 2.06 × 10−2 2.31 × 100

Table A5. Non-carcinogenic risk values for human health.

Statistics
Wastewater
Ingestion

Wastewater
Dermal

Bilge Water Bilge Water
Sum of Row

Ingestion Dermal

Cu

MEAN 0.0137676 0.0002062 0.0132393 0.000201 0.0274141

SD 0.023401 0.0003501 0.0213641 0.0003258 0.045441

95% 0.0147042 0.0002186 0.0139733 0.0002122 0.0291083

Fe

MEAN 0.0048907 0.0001108 0.0035096 0.000083721 0.0085947

SD 0.0089712 0.0002109 0.0082978 0.0001897 0.0176696

95% 0.0052676 0.0001161 0.0036923 0.000087992 0.009164
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Table A5. Cont.

Statistics
Wastewater
Ingestion

Wastewater
Dermal

Bilge Water Bilge Water
Sum of Row

Ingestion Dermal

V

MEAN n/d n/d 0.8832509 0.0040042 0.8872551

SD n/d n/d 1.5450067 0.0070964 1.5521031

95% n/d n/d 0.9503096 0.0043296 0.9546392

Cr

MEAN 1.5938608 0.0071553 2.5847651 0.0121605 4.1979417

SD 4.188305 0.0191794 4.7227134 0.0216054 8.9518031

95% 1.6869873 0.0074531 2.8437182 0.0130773 4.5512359

Mn

MEAN n/d n/d 0.0595795 0.0016197 0.0611993

SD n/d n/d 0.1261246 0.0034331 0.1295577

95% n/d n/d 0.0627949 0.0017668 0.0645617

Co

MEAN 2.3599987 0.0281829 1.5710246 0.0149318 3.974138

SD 3.4128698 0.0251617 2.8270833 0.0256707 6.2907855

95% 2.5563837 0.0299013 1.6919398 0.0156585 4.2938832

Ni

MEAN 0.0594741 0.0001952 0.0335937 0.0001138 0.0933768

SD 0.1267451 0.00043 0.0948059 0.0003226 0.2223036

95% 0.0642419 0.0002052 0.0354411 0.0001242 0.1000124

Zn

MEAN 0.0037113 0.000048516 0.0057477 0,000083186 0.0095908

SD 0.0066415 0.000090762 0.0071425 0,000096470 0.0139712

95% 0.0039896 0.00005116 0.0062195 0,000086554 0.0103468

As

MEAN 2.7818464 0.0341568 2.9126479 0.0326103 5.7612614

SD 5.6162113 0.0622389 5.5312011 0.0622638 11.271915

95% 3.0538807 0.0357044 3.0963149 0.0344657 6.2203658

Cd

MEAN 0.0241106 0.0056022 0.0357484 0.0082488 0.07371

SD 0.035465 0.0080373 0.0334968 0.0076138 0.0846128

95% 0.0254578 0.0058554 0.0381872 0.0088543 0.0783547

Hg

MEAN n/d n/d 3.2346663 0.2038807 3.438547

SD n/d n/d 6.8524151 0.4456866 7.2981017

95% n/d n/d 3.3915152 0.2157773 3.6072926

Pb

MEAN 0.3546892 0.0004249 0.4727835 0.001375 0.8292725

SD 0.7098101 0.0008595 0.8127913 0.0023161 1.525777

95% 0.3761364 0.0004584 0.5045601 0.0014653 0.8826202

Sum of mean 7.1963494 0.07608275 11.81055 0.27931269 19.36230

Sum of 95% 7.7870493 0.07996371 12.638666 0.29590572 20.801585

n/d (not detected).
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