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Abstract: The non-carcinogenic and carcinogenic health risks arising from potential exposure to heavy metals pose a negative threat to human health. In this
study, heavy metals (Hg, As, Cd, Cr, Pb, Ni, Cu, Zn) analyses were conducted in the waters of four creeks in the Mogan Lake Basin (Sukesen Creek, Baspinar
Creek, Yavrucak Creek, Golclik Creek) under anthropogenic pressure. In the water samples taken from the creeks that also contribute to Mogan Lake, which
has significant recreational importance in the basin: a) The non-carcinogenic health risks (HQ) of exposure to heavy metals through ingestion and dermal
routes were identified for adults and children, b) The total potential non-carcinogenic health risks for adults and children were determined using the hazard
index (HI). The total HI (THI) value was calculated as the sum of individual Hls (Hlingestion + Hlaemat), €) Carcinogenic health risk (CR) values were calculated
for three heavy metals (Cr, Ni and As). According to the findings: a) Ingestion HQ values were found to be higher in adults and children due to As compared
to dermal HQ values. According to the HI values, there was a high level of non-carcinogenic health risk in terms of heavy metals in Sukesen, Baspinar, and
Golcik Creeks, varying according to the month and age group. However, for Yavrucak Creek, there has not been appeared to be a non-carcinogenic health
risk for adults and children, b) According to the calculated HQqemal and Hlgemal values, there was no significant adverse health risk due to dermal exposure for
adults and children, c) Children hazard index values were found to be higher than adult hazard index values, highlighting that children were at higher health
risk most particularly when it comes to the considered heavy metals, d) The THI values for Sukesen and Baspinar Creeks indicated a significant non-
carcinogenic health risk possibility for both adults and children in all sampled months. In Gélciik Creek, a serious non-carcinogenic health risk probability was
observed for adults in April and for children during the sampling period, e) The calculated CR values for chromium, nickel, and arsenic indicated that the
ingestion pathway poses a higher risk compared to the dermal route, expressing the likelihood of cancer incidence in adults and children. In the context of
potential health hazards, to take administrative measures regarding heavy metal contamination, particularly in Bagpinar and Sukesen Creeks, is important not
only for the protection of public health but also for the sustainability of Mogan Lake.
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0z: Agir metallere potansiyel maruziyetten kaynaklanan kanserojenik olmayan ve kanserojenik saglik riskleri, insan sagligini olumsuz yonde tehdit etmektedir.
Bu galismada, antropojenik baski altindaki Mogan Golii Havzasi'ndaki dort dere (Sukesen Deresi, Bagpinar Deresi, Yavrucak Deresi, Golclik Deresi) sularinda
agir metal (Hg, As, Cd, Cr, Pb, Ni, Cu, Zn) analizleri yapilmistir. Havzadaki rekreaktif éneme sahip Mogan Géli'nii de besleyen derelerden alinan su
orneklerinde; a) Agir metallere sindirim ve deriden emilim yoluyla maruz kalmanin, insan sagligi izerindeki kanserojenik olmayan riskleri (HQ) yetiskinler ve
cocuklar bazinda saptanmis, b) Yetiskinler ve gocuklarda toplam potansiyel kanserojenik olmayan saglik riskleri tehlike katsayisi (HI) kullanarak belirlenmistir.
Toplam HI (THI) degeri; Hlsindiim ile Hlgermal degerlerinin toplamindan elde edilmistir, c) Kanserojenik saglik risk degerleri (CR) ise ti¢ agir metal (Cr, Ni ve As)
icin hesaplanmistir. Bulgular dogrultusunda; a) HQsindgiim degerleri, As nedeniyle yetiskinler-cocuklarda, HQqemar degerlerinden daha yiiksek bulunmustur. Hl
kanserojenik saglik degerine gore, Sukesen, Baspinar ve Golciik Derelerinde ay ve yas gruplarina gore degismek lzere, agir metaller agisindan yiiksek
diizeyde kanserojenik olmayan saglik riski s6z konusudur. Yavrucak Deresi icinse yetiskinler-cocuklar agisindan kanserojenik olmayan saglik riski olasi
goziikmemektedir, b) Hesaplanan HQuemal Ve Hleerma degerlerine gére, yetiskinler-cocuklar agisindan dermal yolla maruziyetten dolayi belirgin bir olumsuz
saglik riski bulunmamistir, ¢) Cocuklar icin tehlike katsayisi degerleri yetiskinler icin tehlike katsayisi degerlerinden daha yiiksek bulunmus olup, ozellikle
dikkate alinan agir metallere karsi gocuklarin daha fazla sagliksal riskle karsi karsiya kaldiklari belilenmistir, d) Sukesen ve Bagpinar Deresi'ne iligkin THI
degerleri; yetiskinler ve cocuklar igin drnekleme yapilan tiim aylarda, Golclk Deresi'nde, yetiskinler igin nisan ayinda, ¢ocuklar iginse érnekleme periyodu
esnasinda ciddi diizeyde kanserojenik-olmayan sagliksal risk olasili§ini ortaya koymustur, ) Krom, nikel ve arsenik igin hesaplanan CR degerleri, sindirim
yoluyla maruziyetin dermal yola gore daha riskli oldugunu ve yetiskinlerde-gocuklarda kansere yakalanma olasiligini ifade etmektedir. Potansiyel saglik
tehlikeleri baglaminda, 6zellikle Bagpinar ve Sukesen Dere'lerinde a§ir metal kontaminasyonunailiskin yonetsel tedbirlerin alinmasi, halk sagliginin korunmasi
yaninda Mogan Goli'niin sirdiirilebilirigi agisindan da 6nem tasimaktadir.

Anahtar kelimeler: Agir metaller, saglik risk degerlendirmesi, kirlilik, dereler, Mogan Golii

INTRODUCTION and agricultural wastewater as well as through natural sources

. and acid rain (Pulatst and Topcu, 2015; Bat and Arici, 2018).

Surface waters are among the water bodies most affected
by water pollution. Heavy metals, which constitute a significant Uptake metals in aquatic ecosystems by humans through
aspect of water pollution, are transported to water sources  the ingestion of water, contact with water through the skin, and
through various artificial means such as industrial, domestic, ~ the consumption of fish and/or agricultural products irrigated
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with contaminated water. From a human health perspective,
the estimation of risks arising from exposure to pollutants such
as heavy metals in surface waters is of significant importance
(Xiao et al., 2019; Joseph et al., 2022; Zhang et al., 2022). The
contamination of surface and groundwater with heavy metals
can result in cytotoxic, carcinogenic, and mutagenic effects of
the heavy metals that enter the human body, particularly
through ingestion. In more severe cases, it can lead to an
increased risk of cancer development as a result of alterations
in the expression patterns of various genes (Castresana et al.,
2019). Carcinogenic and non-carcinogenic health risk
assessments are based on methodologies that involve
determining the concentration of heavy metals and evaluating
the differences between groups, considering equations based
on chronic exposure. For this purpose, hazard quotient (HQ),
hazard index (HI), and carcinogenic risk (CR) data, which are
developed as tools based on equations recommended by the
United States Environmental Protection Agency (USEPA), are
widely used. Methods for predicting the risk are continuously
revised to characterize the accuracy and magnitude of the
mentioned risk. Health experts focus on evaluating all
pathways of exposure that humans experience after the
release of chemicals into receiving waters, with particular
emphasis on the ingestion of surface water when it is
appropriate, as well as dermal exposure to this water (ATSDR,
2018). Due to the pollutants that widely reach the soil, plants,
surface waters, and groundwater depending on the quality of
water used today, health risk assessment studies on surface
waters have gained momentum in our country, as well as
worldwide, in recent years.

Mogan Lake is located within the 'Gélbasi Special
Environmental Protection Area,’ which is one of the 15
designated protected areas in Tlrkiye. The lake is not only an
important wetland and recreational area in its geography but
also one of the significant natural habitats in the country in
terms of its flora and fauna. In order to control the external
pollution load on Mogan Lake, various rehabilitation and
improvement works have been carried out on Sukesen Creek,
which is the most important creek that passes through the town
center and feeds the lake, as well as Tathm, Kaldirm, and
Golclik Creeks located to the east. For the creeks that flow into
Cokek Marsh within the basin area, some purification
measures have been proposed as well. However, the
development of the capital city, Ankara, and particularly the
increasing population of Gélbagsi District located within the
Goélbasi Special Environmental Protection Area, have led to an
increase in urbanization and industrial activities around the
lake. Although agricultural areas are gradually shrinking due to
urbanization, the use of chemical fertilizers and agricultural
pesticides is still prevalent in the remaining agricultural lands.
In addition to that, the increasing number of allotment gardens,
especially in recent years, is among the factors that exert
pressure on the lake ecosystem. Furthermore, the presence of
numerous mining processing facilites around the lake,
particularly andesite processing plants, is another factor
contributing to the exposure of surface waters in the basin to

heavy metal pollution. In this context, inevitably that any
pollution that may occur in the water sources that feed the lake
would have a negative impact on the entire wetland ecosystem.

The aim of this research is to assess the health risks faced
by the population in the Mogan Lake Basin who are exposed
to heavy metals in the creeks that flow into the lake, using
various indices. For this purpose, two different groups, adults
and children, were considered. The following values were
determined: a) For the assessment of non-carcinogenic health
risk: The Average Daily Doses (ADD) through ingestion and
dermal absorption, hazard quotient (HQ), hazard index (HI), b)
For the assessment of carcinogenic health risk: Cancer risks
(CRs) and total cancer risks (TCR) values. It is believed that in
addition to contributing to the development of rational
strategies focused on heavy metal control about creeks in the
context of public health, the findings will also play a role in the
sustainability of the recreational Mogan Lake.

MATERIALS AND METHODS
Study area

The Mogan Lake, which is one of the important wetlands in
our country nominated for Ramsar Site, has a significantly low
groundwater supply, and the input of water mostly occurs
during summers through irregularly flowing creeks, which often
dry up. The most important of these creeks are Sukesen,
Baspinar, Gélova, Yavrucak, Colakpinar, Tatlim, Kaldirim, and
Golciik Creeks, located in the eastern and northwestern parts
of the basin (Figure 1). The waters of Mogan Lake flow into
Eymir Lake, which is entirely located within the Middle East
Technical University (METU) campus, under the control of the
regulator located in the northeast (Anonymous, 2017).
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Figure 1. Study area and selected creeks
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As shown in Figure 1, four creeks that contribute to the
inflow of Mogan Lake and transport both point and non-point
source pollutants to the lake. Wastewaters are broughtcome to
the lake from stone quarries and residential areas in Sukesen
Creek, from residential areas and agricultural activities in
Bagpinar Creek, from agricultural activities in Yavrucak Creek
and Golclk Creek.

Methods

Within the scope of the study, sampling was conducted
three times from the creeks that feed Mogan Lake, in
December 2022, February 2023, and April 2023. In
determining the sampling times, months with a high probability
of receiving heavy rainfall were taken into consideration based
on previous meteorological data. The water samples were
transported to the laboratory in a dark and cool environment.
The heavy metal analysis of the water samples (Hg, As, Cd,
Cr, Pb, Ni, Cu, Zn) was conducted in an accredited laboratory
following the TS EN 1SO 17294-1.24 standard. The analysis
was performed with four replicates. Within the scope of the
assessment of human health risk, the presence of a significant
difference between adult and child health risk indices was
determined using the non-parametric Wilcoxon test (Kolassa,
2020). The analysis was conducted using the SPSS 22
software package.

Assessment of human health risks
- Non-carcinogenic health risk

To calculate the potential non-cancer health risk through
ingestion and dermal exposure of surface water, child - adult
were considered as the target groups. Parameters and their
authoritative value used for exposure assessment of heavy
metals through ingestion and dermal adsorption of waters are
presented in Table 1. The Average Daily Doses (ug/ kg-day)
through ingestion (ADDi) and dermal (ADDa) absorption were
calculated using the following equation (1) and equation (2) as
outlined by the US Environmental Protection Agency (USEPA,
2004).

ADD= Cwx IR x EF x ED /BW x AT
ADDg=Cwx SAx Ko xETxEV X EF xED/BW x AT

(1)
(2)

HQ is the ratio between exposure through individual
pathways and the reference dose (RfD). The non-carcinogenic
health quotient (HQ) of heavy metals through ingestion and
dermal adsorption of water for the population in the area was
calculated using the following Eq. (3):

HQ i = ADD g / RD i1 (3)

Table 1. Input assumptions in used to calculate non-carcinogenic and carcinogenic human health risks due to metal exposure through ingestion

and dermal pathways

Values

Definitions Symbols Units - References
Ingestion Dermal

Measured metal concentration Cw pg/ L

Ingestion rate-adult IR L/day 2.2

Ingestion rate-child R Liday 0.64 . pochA 2004

Exposure time-adult ET. h /event 1 0.58 ang etal. (2017)

p Ime-ad § Saleem et al. (2019)

Exposure time-child ET. h /event 1

Exposure frequency EF days /year 350

Exposure duration-adult EDa year 70 30

Exposure duration-child EDc year 6

Conversion factor CF L/em3 0.001

Body weight-adult BW. kg 70 USEPA (2004)

Body weight-child BW. k 20

Averyage t?me-adult (365xED,) ATare da?/s 25550 Saleem etal. (2019)

Average time-child (365xED.) AT, days 2190

Skin surface area-adult SAa cm? 18000

Skin surface area-child SA. cm? 6600
Cd, As, Cu: 0.001; Pb: 0.0001;

Dermal permeability coefficient Kp cm/h Ni:0.0002; Zn: 0.0006; Cr:0.002; USEPA (2004)
Hg:0.001

Ingestion reference dose RO / ka-da Cr: 3; Ni: 20; Cu: 40; Zn: 300; As:0.3;  USEPA (2004)

9 ingeston Hgrkg-day Cd: 0.5, Hg: 0.3; Pb: 1.4 Qu etal. (2018)

Cr: 0.075; Ni: 0.8; Cu: 8; Zn: 60;

Dermal reference dose RiDdermal ug/ kg-day Cd: 0.025; As: 0.123 Elerigﬁe(tzz?logo 19)
Hg: 0.3; Pb: 0.42 '

Mohammadi et al.
Cancer slope factor CSF yg/ kg-day Cr: 0.0005; Ni: 0.0017; As: 0.0015 (2019)

Kumar et al. (2019)

The total potential non-carcinogenic risks were assessed
by hazard index (HI), which was the sum of the HQs for each
element in each exposure pathway (Eq. 4). Total HI (THI) for
each receptor was calculated by summing the HIs in each
exposure pathway (Eq. 5).

Hlingestion/dermal =HQcrt HQni+ HQcut HQznt HQast HQcat HQHg+ HQep (4)
(%)

If the values of HI and THI > 1, indicates that there may be
a potential for adverse non-carcinogenic health effects to

THI = Hlingestiont Hldermal
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occur, while Hl and THI values < 1 indicate that non-
carcinogenic health effects are not expected (USEPA, 2004).

- Carcinogenic health risk

The carcinogenic health risk (CR) was calculated for three
metals (Cr, Ni and As) due to exposure to a potential
carcinogen in this study. Potential carcinogenic risk
possibilities that an individual may develop cancer over a
lifetime of exposure are calculated by multiplying the ADDjq
and cancer slope factor (CSF) together (USEPA 1989, 2004).
The slope factor (CSF) is a toxicity value that describes the
association between dose and response (Table 1). The ADD
of ingestion and dermal exposure of the above-mentioned
carcinogens was considered in the calculation of total CR
(TCR) for creeks. The CR and TCR were evaluated using the
following equations Egs. (6-8):

Avalue of CR > 1.0x10~*is considered unacceptable; 1.0x10-4
< CR <1.0x10-8is considered an acceptable range depending
on the exposure conditions; CR<1.0x10-6 is considered not to
have significant health effects (Mohammadi et al., 2019;
Custodio et al., 2020).

RESULTS

The potential non-carcinogenic risks (HQ) and the total
potential non-carcinogenic risks caused by different pathways
(HI) for each creek, for adults and children, during the periods
of December 2022, February 20023, and April 2023, were
presented in Table 2,3,4,5.

In Sukesen Creek, during the three months of sampling,
the values of the potential non-carcinogenic risks (HQ) related
to ingestion were found to be greater than the values of dermal
exposure (HQuermal) for both adults and children. Among the
risk values of HQingeston and HQaemal, As has the highest

CRingestion = ADDingestion X SF (6)  contribution. In adults, values exceeding 1, indicating non-
_ carcinogenic health risk, were observed for February and April.
CRdermal = ADD germai X SF (7) Similarly, in children, values above 1 were detected for all three
TCR= CRingestion * CR dermal (8) months, indicating non-carcinogenic health risk.
Table 2. Heavy metal concentrations and non-carcinogenic (HQ and HI) risks of adults and children for Sukesen Creek
Heavy | Concentration (ug/L) HQingestion HQdermal
Months
metals (mean%SD) . .
Adult Child Adult Child
Cr 0.36+0.02 3.62x10° 4.91x103 5.88x10+ 4.05x103
Ni 3.45+0.40 5.20x10° 7.06x10 5.29x10°% 3.64x10+
Cu - - - - -
Zn 0.21£0.07 2.11x10% 2.86x10°% 1.29x107 8.86x107
As 8.1610.63 8.20x10-" 1.11x100 4.07x103 2.80x102
December cd - - - - -
Hg - -
Pb - - - -
Hlingestion - Hldermal 8.20x10-1 1.12 x100 5x10° 3.20 x102
Adult 0.83 x100
THi Child 1.16 x10°
Cr 0.64+0.10 6.44x1073 8.73x10° 1.05x103 7.20x10°
Ni 3.5110.66 5.29x10° 7.18x10°3 5.38x10°% 3.70x10+4
Cu 0.87+0.09 6.55x104 8.90x10+4 6.67x10% 4.59x10%
Zn 0.710.04 7.13x10°% 9.68x10% 4.35x107 3.00x10®
As 11.18+£1.13 1.12 x100 1.52 x100 5.57x10° 3.83x102
February Cd 0.18+0.08 1.08x102 1.47x102 4.41x104 3.04x10°
Hg 0.02+0.01 2.01x10°3 2.73x10° 4.09x106 2.81x10%
Pb 0.08+0.03 1.72x103 2.34x103 1.17x106 8.04x10%
Hlingestion - Hlgermai 5.18x10- 1.56 x100 1.0x103 5.0 x102
THI Adult 0.52 x100
Child 1.61 x100
Cr 0.76+0.07 7.65x10° 1.04x10-2 1.24x103 4.62x10°3
Ni 2.3410.30 3.53x10° 4.79x103 3.59x10% 1.33x104
Cu 1.5410.0 1.16x103 1.58x1073 1.18x105 4.39x105
Zn 0.55+0.19 5.53x10% 7.50x10 3.37x107 1.25x106
As 14.14+0.0 1.42 x100 1.93 x100 7.05x10 2.62x102
April Cd 0.10£0.02 6.03x10-3 8.18x10° 2.45x10+ 9.11x10+4
Hg 0.03+0.02 3.01x10° 4.09x10-03 6.13x10¢ 2.28x10%
Pb 0.87+0.15 1.87x102 2.54x102 1.27x105 4.72x105
H|ingestion - Hlgermal 1.46 x10° 1.98 x100 9.0 x10-3 3.0 x102
THI Adult 1.47 x100
Child 2.01x100
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Table 3. Heavy metal concentrations and non-carcinogenic (HQ and HI) risks of adults and children for Bagpinar Creek

Heavy Concentration (|ng |_) HQingestion HQdermal
Months metals (mean2SD)
Adult Child Adult Child
Cr 0.29+0.04 2.92x10-3 3.95x10 4.74x104 3.26x10°
Ni 0.37+0.28 5.58x104 7.57x10+4 5.67x106 3.90x10%
Cu - - - - -
Zn 0.53+0.24 5.32x10% 7.23x10% 3.25x107 2.24x106
As 17.94+1.45 1.80x10° 2.45 x100 8.94x10 6.15x10-2
December Cd - - - - -
Hg - - - - -
Pb - - - - -
Hlingestion - Hlaermal 1.81 x10° 2.45 x100 9.03 x10-3 6.50 x10-2
Adult 1.82 x100
THI Child 2.52 x100
Cr 2.1840.23 2.19x102 2.97x102 3.57x10° 2.45x102
Ni 1.5740.0 2.37x10°3 3.21x10° 2.41x105 1.66x104
Cu 0.63+0.21 4.75x104 6.44x104 4.83x10 3.32x10°
Zn 1.6410.42 1.65x10+ 2.24x104 1.01x106 6.92x10-6
As 26.39+1.85 2.65x100 3.60x100 1.32x102 9.05x10-2
February Cd 0.3940.06 2.35x102 3.19x102 9.56x10-4 6.58x10-3
Hg 0.07+0.02 7.03x10° 9.55x10 1.43x105 9.84x105
Pb 0.08+0.03 1.72x103 2.34x10-3 1.17x106 8.04x106
Hlingestion - Hldermai 9.93x10-1 3.68 x100 2.0x103 1.20 x10-1
Adult 1.00 x100
THI Child 3.80 x100
Cr 2.41£0.18 2.43x102 3.29x10-2 3.95x10 1.46x10-2
Ni 2.00£0.68 3.01x10° 4.09x10-3 3.06x105 1.14x104
Cu 0.49+0.31 3.69x10+4 5.01x10+4 3.75x106 1.40x105
Zn 0.33+0.05 3.32x10% 4.50x105 2.02x107 7.52x107
As 27.41+2.13 2.75 x100 3.74 x100 1.37x102 5.08x10-2
April Cd 0.010.01 6.03x104 8.18x10+4 2.45x105 9.11x10*
Hg 0.04+0.04 4.02x10-3 5.46x10 8.17x10% 3.04x10%
Pb 0.55+0.19 1.18x102 1.61x102 8.03x10-6 2.98x105
Hlingestion - Hldermai 2.79 x100 3.80 x100 1.80 x103 7.0 x102
THI Adult 2.82 x100
Child 3.86 x100

Additionally, it was determined that regardless of the metal,
the children hazard index values (Hlingestion and Hldermal) were
higher than the adult hazard index values during all three
months. Statistically, a significant difference was found
between the children hazard index (HI) and adult hazard index
(HI) values (p < 0.05). The THI-adult value was found to be
above 1 in April, while the THI-child value was above 1
throughout all three months (Table 2). In this context,
considering the heavy metals involved, there appear to be
potential adverse health effects in terms of non-carcinogenic
risks for adults in April and for children throughout all the
sampled months.

As it can be seen in Table 3, in Bagpinar Creek,
considering the HQingeston and HQqemal values for adults and
children, the contribution of As is significant in the high non-
carcinogenic risk. In all months, the HQingeston values were
found to be higher than the HQqema values. Except for
February, the Hl-adult values were found to be above 1,
indicating non-carcinogenic health risk. Similarly, the HI-child

values were also above 1 throughout the three months,
indicating non-carcinogenic health risk. Indeed, this situation
indicates an emerging health concern. Regardless of the
specific metals, it was observed that the health risk values for
children every month basis were higher than the health risk
values for adults.

In Yavrucak Creek, during the sampled months, the
HQingeston Values were determined to be higher than the
HQqemal Values. For this creek, both the Hl-adult and HI-child
values were found to be below 1 (Table 4). Since the THI
values for all months were found to be below 1 in comparison
to the other three creeks, there is no significant adverse health
effect on adults and children due to exposure to heavy metals
through ingestion and dermal contact pathways. When
considering the three-month period regardless of the specific
metals, there is a significant difference (p < 0.05) in the health
risk values between adults and children. However, no
significant difference was observed (p > 0.05) between the
measurements of Hl-adult and Hl-child.
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Table 4. Heavy metal concentrations and non-carcinogenic (HQ and HI) risks of adult and child for Yavrucak Creek

Months Heavy Concentration (|ng |_) HQingestion HQdermal
metals (meanSD) - -
Adult Child Adult Child
Cr 0.58+0.00 - - - -
Ni 0.71+0.21 1.07x103 1.45x103 1.09x105 7.49x105
Cu - - - - -
Zn - 0 0 - -
As 1.2810.31 1.29x10-! 1.75x10-! 6.38x104 4.39x10-3
December Cd - - - - -
Hg - - - - -
Pb - - - - -
Hlingestion - Hlaermal 1.30x10-! 1.76 x10-1 1.0 x103 4.0 x103
Adult 1.30 x10-1
THI Child 1.80 x10-1
Cr 0.16+0.03 1.61x103 2.18x10°3 2.62x104 1.80x103
Ni 0.45+0.16 6.78x104 9.21x10+4 6.90x10-6 4.75x105
Cu 0.40+0.09 3.01x10+4 4.09x104 3.06x10-6 2.11x105
Zn 0.360.11 3.62x10% 4.91x105 2.21x107 1.52x106
As 1.90+0.29 1.91x10- 2.59x10-1 9.47x10+4 6.52x10-3
February Cd 0.05+0.03 3.01x10° 4.09x10-3 1.23x104 8.44x10+4
Hg 0.02+0.01 2.01x10°3 2.73x103 4.09x106 2.81x105
Pb 0.02+0.02 4.31x104 5.84x10+4 2.92x10-7 2.01x106
Hlingestion - Hldermai 1.0 x10- 2.70 x10- 1.0 x104 1.0 x10-2
Adult 1.0 x10-
THI Child 2.80 x101
Cr 0.58+0.06 5.83x10° 7.91x10° 9.48x10+4 3.52x10°
Ni 2.50£0.11 3.77x10° 5.11x10° 3.83x10° 1.42x104
Cu 0.05+0.02 3.77x10°5 5.11x10*% 3.83x107 1.42x106
Zn 0.18+0.04 1.81x105 2.45x105 1.10x107 4.10x107
As 2.00£0.17 2.01x101 2.73x101 9.97x10+4 3.70x10°
April Cd 0.02+0.01 1.21x103 1.64x103 4.90x105 1.82x104
Hg 0.02+0.01 2.01x1073 2.73x10°3 4.09x106 1.52x105
Pb 0.95+0.12 2.05x102 2.78x102 1.39x105 5.15x105
Hlingestion - Hldermai 2.34x101 3.20 x10- 2.0x103 1.0 x10-2
THI Adglt 2.40 x10-1
Child 3.20 x101

As presented in Table 5, in Golclk Creek, similar to the
other three creeks, As holds significant importance when
considering the ingestion and dermal exposure pathways.
Although the HQingestion values were found to be higher than the
HQqermal values, the HQingestion Values for both children and
adults, except for April, were below the non-carcinogenic
health risk level of 1. Similar to the above three creeks, the
health risk values for children were relatively higher compared
to the health risk values for adults. Regardless of the specific
metals, similar to the other creeks, no significant difference was
found between the measurements of Hl-adult and HI-child in
Golcik Creek (p > 0.05). According to the THI values, except
for April, the heavy metals do not pose a significant non-
carcinogenic health risk in terms of potential adverse effects.

In the scope of the study, it was determined that the
carcinogenic risk values ranged from 1.0x10+ to 1.38x10- for
adults and from 1.30x10+ to 1.88x10-3 for children. CR and
TCR values ranging from 106 to 10 represent the probability
of developing cancer within a lifespan of 70 years. Especially
for Bagpinar Creek, the data for the month of April were found

to be significantly above the acceptable carcinogenic risk
range. As shown in Figure 2, during the sampling months, the
> CR child values in all four creeks were found to be higher
than the 3 CR adult values. This finding indicates that children
are more vulnerable to carcinogenic risks compared to adults
when exposed to heavy metals in creek waters.

TCR walues.

December Febuay Apel  Decembir Febmsy  Apil  December Febery  Aped  December Febmay  Apdl

Sukesen Creek Bagpinar Creek Yavwucak Creek Golclik Creek

Figure 2. Total carcinogenic values for adults and children at each creek
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Table 5. Heavy metal concentrations and non-carcinogenic (HQ and Hl) risks of adult and child for Gélctik Creek

Months Heavy Concentration (ug/L) HQingestion HQdermal
metals (meanSD) - -
Adult Child Adult Child
Cr - - - - -
Ni 0.80+0.14 1.21x103 1.64x103 1.23x105 8.44x10
Cu - - - - -
Zn - - - - -
As 5.110.10 5.13x10-1 6.97x101 2.55x10° 1.75x102
December Cd 0 - - - -
Hg 0
Pb 0 - - - -
Hlingeston - Hlderma 3.0x10¢ 6.90x10-1 3.0x10¢ 2.0x102
Adult 6.0 103
I Child 0.72x10°
Cr 0.25+0.0 2.51x10° 3.41x10° 4.00x104 2.81x10°
Ni 3.06+0.0 4.61x10° 6.26x10° 4.69x10% 3.23x10+4
Cu 0.75+0.07 5.65x10+ 7.67x10+4 5.75x10 3.96x10
Zn 0.500.07 5.02x10% 6.82x10% 3.06x107 2.11x10%
As 4.22+0.38 4.24x10 5.76x10-1 2.10x10° 1.45x102
February Cd 0.210.07 1.27x102 1.72x102 5.15x10+4 3.54x103
Hg 0.02+0.01 2.01x10° 2.73x10° 4.00x10 2.81x10°%
Pb 0.06+0.04 1.29x10% 1.75x10% 8.76x107 6.03x10
Hlingestion - Hlgerna 2.70x10" 6.10 x10" 4.0 x10° 2.0x102
T Adult 2.70 x10-
Child 0.63 x10°
Cr 0.06+0.02 6.03x10+4 8.18x10+4 9.81x10% 3.65x10+4
Ni 2.98+0.15 4.49x10° 6.10x103 4.57x10% 1.70x104
Cu 0.04+0.01 3.01x10° 4.09x10 3.06x107 1.14x106
Zn 0.02+0.01 2.01x10% 2.73x10% 1.23x10% 4.56x10°
As 12.020.91 1.21 100 1.64 x100 5.99x103 2.23x102
April Cd 0.31+0.07 1.87x102 2.54x102 7.60x10 2.83x10°
Hg 0.010.01 1.00x10% 1.36x103 2.04x10% 7.59x10
Pb 0.610.19 1.31x102 1.78x102 8.90x10% 3.31x10%
Hlingestion - Hlgerna 1.24x10° 1.69x100 7.0x103 3.0x102
THI Adul 1.25x10°
Child 1.72x10°
DISCUSSION pathway, which is in line with similar findings reported in

In this study, the hazard index (HI) value was obtained by
summing up the total potential health risks (HQs from ingestion
and dermal contact exposure pathways) caused by heavy
metals. Within the scope of the study, ingestion hazard quotient
(HQingestion) Vvalues were found to be higher than dermal
absorption hazard quotient (HQuema) values. In different
studies, it was reported that the non-carcinogenic health risk
values associated with metal ingestion were higher than the
risk values associated with dermal exposure (Wu et al., 2009;
Wang et al., 2017; Qu et al., 2018; Castresana et al., 2019;
Mohammadi et al., 2019; Varol and Tokatli, 2023). According
to our findings, non-carcinogenic risks associated with water
ingestion were identified in the other creeks, particularly in
April, for both children and adults, except for Yavrucak Creek.
It is possible that individuals exposed to the water of these
creeks may experience adverse health effects However, Kutlu
and Sarigul (2023) reported that they found all HQ and HI
values to be below 1 in surface water samples taken from the
Munzur River area (Ramsar Site) in Turkiye for both adults and
children.

According to our study, As has been determined as the
heavy metal with the highest contribution in the HI ingestion

different research studies. For example, Wu et al. (2009)
reported that in surface water samples from the Yangtze River
in China, all metals except As were found to have Hazard
Quotient values below 1. Xiao et al. (2019) on the other hand,
indicated a potential hazard by finding high HQingeston and
Hlingestion values for As in a river water sample from the Los
Plateau in China. In their study, Kumar et al. (2019), examined
the heavy metal content of surface waters worldwide and found
that As was the main pollutant in terms of ingestion-dermal
exposure hazard quotients for both adults and children.
According to Custodio et al. (2020), the waters from rivers
exposed to mining impacts in the Central Andes of Peru
showed higher hazard indexes, determined by the ingestion of
heavy metals, including As, exceeding the threshold value
(Hlingeston > 1). The findings of the present study align with the
results reported by Li and Zhang (2010) in their study on
surface water samples from the Upper Han River. They found
that As posed a greater risk to human health, with a hazard
quotient (HQ) exceeding the threshold value of 1, and identified
it as the most significant pollutant causing non-carcinogenic
and carcinogenic concerns, especially in children, with a
carcinogenic risk greater than 10-4. Our findings parallel the
results reported by Varol (2019) for Keban Dam Lake, where
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he found that As contributed to approximately 70% of the
hazard index (HI) through the ingestion pathway for both
residential and recreational receptors. Additionally, our findings
align with the study conducted by Tokatli and Ustaoglu (2020)
on the Meric River Delta, where they identified As as the most
hazardous toxicant.

In this study, dermal contact hazard quotient
(HQqermar)values were found to be <1 in all the creeks and
sampling months, which is consistent with the findings of Mazel
et al. (2022) for Loutété River in Southeast Congo, where they
reported @ HQgemal lower than 1 for all heavy metals. Varol
(2019) indicated in his study conducted in Keban Dam Lake
that Cr contributed approximately 79% to the HI for both
residential and recreational receptors through the dermal
contact pathway. In our study, Cr was identified as the second
heavy metal contributing to the HQqema value, following
arsenic, including the December.

In this study, it was determined that regardless of the metal,
the hazard index values (Hlingestion and Hlgermai) for children were
higher than those for adults in all three sampling months. This
result is consistent with the findings of a study (Varol 2019;
Canpolat et al., 2020) that reported higher health risks for
children compared to adults based on the HQ, HI, and THI
values determined for Keban Dam Lake (Turkiye). In the study
conducted by Saleem et al. (2019) in three freshwater
reservoirs in Pakistan during three seasons (pre-monsoon,
monsoon, and post-monsoon), it was indicated that Cr, Cd, Co,
Pb, and Ni were associated with particularly high risks (Hlingestion
> 1) for children. In a study conducted by Castresana et al.
(2019) evaluating the health risks of the local population
exposed to pollution in the Atoyac River (Mexico), the hazard
index (HI) results were found to be higher in children due to the
consumption of drinking water during the dry season, which is
consistent with our research findings.

Different countries have reported carcinogenic risk (CR)
values above the acceptable level of 10+ for potential cancer
risks associated with arsenic in surface waters (Qu et al., 2018;
Shil and Singh 2019; Zhang et al., 2022; Selvam et al., 2022).
In some studies conducted in our country, specifically in dam
lakes and rivers, the carcinogenic risk values for As and Cr are
below the target risk level of 1x10-4 (Canpolat et al., 2020;
Varol et al., 2021; Kutlu and Sarigil 2023). In our study, the
cancer index values for Cr, Ni, and As were found to be higher
than the range of 1x10-6and 1x10recommended by USEPA
(1989, 2004) for both adults and children in all months and
creeks. In this context, it has been determined that Cr, Ni, and
As are potential heavy metals that have negative effects on
health. Kumar et al. (2019) and Mohammadi et al. (2019) have
also reported that heavy metals such as Cr, Ni, and Cd, in
addition to As, exhibit values that can be considered as high
risk for cancer formation through ingestion compared to dermal
exposure. In addition, our finding that the carcinogenic risk
values arising from oral exposure in children are higher than
those in adults is consistent with the findings reported by
Castresana et al. (2019), Custodio et al. (2020) and Joseph et
al. (2022).

CONCLUSION

Water pollution caused by heavy metals as a result of
intense anthropogenic pressure poses a threat to aquatic

environments and consequently human health. Heavy metals
can cause significant adverse effects on human health by
serving as both non-carcinogenic and carcinogenic risk factors.
In this study, hazard quotient (HQ) values were determined
through ingestion and dermal pathways in four major streams
that feed Lake Mogan, for both adults and children. The
potential positive and negative health effects of heavy metals
were evaluated based on exposure through these two
pathways. Based on the findings, it was determined that As
was the primary contaminant posing the highest risk to human
health. According to the HQ-ingestion pathway values, while
the heavy metals posing the highest risk after As vary among
the creeks and months, it has been observed that Cr has a
significant contribution in the HQ-dermal pathway after As,
specifically in Sukesen, Bagpinar, and Yavrucak Creeks.
According to the Hlingestion and Hlgermai values, the children
hazard index values were found to be higher than the adults
hazard index values, indicating that children are exposed to
higher health risks, particularly related to the considered heavy
metals. The total hazard index (THI) values, considering the
selected heavy metals in Sukesen and Bagpinar Creeks for all
sampled months in both adults and children, as well as in
Golcik Creek specifically for children in April, revealed that
heavy metals pose a significant risk to the health of both adults
and children. Based on the THI data, the ranking of the studied
creeks in terms of potential adverse health effects is as follows:
Sukesen Creek > Bagpinar Creek > Gélcik Creek > Yavrucak
Creek. The possible reason why Yavrucak Creek is ranked last
may be that it is under less pressure than other creeks in terms
of residential areas. The carcinogenic risk values determined
for Cr, Ni, and As reflect a high risk of cancer for adults and
particularly for children, indicating that the ingestion pathway is
more risky compared to the dermal route.

Based on the study findings, it was determined that the
heavy metals in Sukesen, Bagpinar, and Golclik Creeks in the
Mogan Lake Basin pose a risk to human health and may
contribute to the emergence of adverse health effects. In this
context, considering the necessity of protecting public health,
measures should be developed to reduce heavy metal
contamination in the surface waters of the basin, especially in
the mentioned creeks. Administrative measures regarding the
sources of pollution in the lake basin are not only important for
protecting human health but also for the sustainability of the
lake ecosystem.
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