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Abstract Although fish consumption has positive health ef-
fects, metals accumulated in fish can cause human health
risks. In this study, the levels of ten metals in rainbow trout
(Oncorhynchus mykiss) farmed in the Keban Dam Reservoir,
which has the biggest rainbow trout production capacity in
Turkey, were determined and compared with the maximum
permissible levels (MPLs). Also, human health risks associat-
ed with rainbow trout consumption were assessed. The metal
concentrations in rainbow trout were found below the MPLs.
The estimated daily intake of each metal was much lower than
the respective tolerable daily intake. The target hazard quo-
tient (THQ) for individual metal and total THQ for combined
metals did not exceed 1, indicating no health risk for con-
sumers. The cancer risk (CR) value for inorganic arsenic
was within the acceptable lifetime risk range of 10−6 and
10−4. For carcinogenic and non-carcinogenic effects, the max-
imum allowable fish consumption rates were high enough to
ensure the human health. According to these results, the con-
sumption of rainbow trout farmed in the Keban Dam
Reservoir does not pose a risk on human health.
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Introduction

Fish consumption is a very important part of a healthy human
diet. It is rich in omega-3 polyunsaturated fatty acids,
liposoluble vitamins, and essential minerals and is a major
source of high-quality proteins [1, 2]. Nevertheless, fish can
also accumulate elevated levels of environmental contami-
nants, such as metals [2–5]. Anthropogenic activities are the
main source of metal pollution. In the aquatic ecosystems,
metals can be bioaccumulated via food web to hazardous
levels, and thus, they can pose potential health risk to humans
who consume fish. Therefore, metal contamination in fish has
become an important worldwide concern in recent years.
Somemetals, such as copper, zinc, iron, chromium, and cobalt
are considered as essential since they play an important role in
the metabolism of living organisms [5, 6]. Whereas, arsenic,
cadmium, mercury, and lead are non-essential elements, be-
cause they do not have beneficial properties and they are toxic
to humans and animals. Moreover, the essential metals can
also cause toxic effects at high concentrations [2, 3, 6].

Metals can be classified as either carcinogen or non-carcin-
ogen, which can cause carcinogenic and non-carcinogenic ef-
fects on humans. The USEPA [7, 8] has proposed some health
risk assessment methods for carcinogenic and non-
carcinogenic metals via fish consumption [2, 5, 9–11]. The
target hazard quotient (THQ) developed by USEPA [8, 11]
is used to determine the potential non-carcinogenic health
risks [2]. The USEPA [8] also provided cancer slope factors
for carcinogenic metals to determine lifetime cancer risk (CR)
[2, 10]. Finally, the USEPA [7] has suggested that the maxi-
mum allowable fish consumption rates should be calculated to
protect consumers from both the carcinogenic and non-
carcinogenic effects of metals [2, 9, 11].

Aquaculture is the fastest growing economic area in the
food industry. Aquaculture in Turkey began with the farming
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of rainbow trout (Oncorhynchus mykiss) in the late 1960s
[12]. Today, Turkey is one of the countries with the highest
trout production in Europe. The annual rainbow trout produc-
tion in Turkey is 108,038 tons, representing 45% of the
country’s total aquaculture production in 2015 [13].
Rainbow trout is the main freshwater fish species farmed in
Turkey, accounting for about 99% of total freshwater aquacul-
ture production in Turkey [13]. Trout cage culture has grown
significantly over the last decade in dam reservoirs of Turkey,
especially in Keban Dam Reservoir (KDR), which has the
biggest rainbow trout production capacity. Rainbow trout
have been cultured in net cages on the dam reservoir since
2000. While the annual production of rainbow trout in the
KDR was 523 tons in 2004, it reached 19,709 tons in 2013
[14]. Although some reports on trace metal levels in wild fish
from the KDR have been published, there has not been any
study on trace metal concentrations in farmed rainbow trout.

The main objectives of this study were to (1) estimate
biomagnification factors from feed to fish muscle and
bioconcentration factors from water to fish muscle for trace
metals and (2) perform human health risk assessment for car-
cinogenic and non-carcinogenic metals ingested via consump-
tion of farmed rainbow trout in KDR. To achieve this, con-
centrations of ten elements (As, Cd, Co, Cr, Cu, Fe, Mn, Ni,
Pb, and Zn) were determined in the muscles of rainbow trout
(Oncorhynchus mykiss) from three fish cage facilities in the
KDR. In addition, the concentrations of these elements were
determined in water samples from cage sites and feeds used
for trout production.

Materials and Methods

Study Area

The KDR was formed on the Euphrates River in eastern
Anatolia. It is the second largest reservoir in Turkey.
Located between latitudes 35° 20′ and 38° 37′ N, and longi-
tudes 38° 15′ and 39°52′ E, the KDR has a surface area of
675 km2 and a volume of 30.6 km3 at 845 m above sea level
[14].

Sample Collection and Preparation

Between November 2014 and April 2015, rainbow trout
(Oncorhynchus mykiss) samples were collected from cage
farming facilities located in three different regions of the
KDR. Site-1 (the first facility) was located in Ağın region,
site-2 (the second facility) was located in Keban region, and
site-3 (the third facility) was located in Aydıncık region of the
dam reservoir (Fig. 1). A total of five fish for each month were
taken from each cage facility. Immediately after collection,
fish were transferred to the laboratory on ice boxes. Total

lengths and body weights of fish were measured. Trout sam-
ples were dissected using a precleaned stainless steel knife,
and approximately 25 g of muscle tissue was taken, packed in
labeled zip-lock bags, and stored at − 20 °C until analysis. In
addition, trout feed and water samples were collected from the
cage facilities. In KDR, extruded feeds are commonly used for
trout cage culture.

Water samples were filtered and acidified to pH < 2 and
then stored refrigerated until analysis. Feed samples were also
stored refrigerated until analysis. In this study, the sex differ-
ence was not considered. The total lengths and weights of fish
samples were 25–33.5 cm and 205–457 g at site-1, 24–27 cm
and 149–330 g at site-2, and 24–30.5 cm and 168–388 g at
site-3, respectively.

Chemical Analysis

Metal Analysis of Fish, Feed, and Water Samples

A composite sample for muscle tissue of five rainbow trout
individuals from each cage facility for each month was pre-
pared. For metal content determinations, 1.0 g fish muscle and
0.5 g feed samples were digested in Teflon vessels with 10 ml
HNO3 (65%):H2O2 (30%) (4:1) mixture in a microwave di-
gestion unit (MARSXpress, CEM) using a four-stage program
(Table 1). After cooling to room temperature, the digested
sample solutions were filtered and adjusted to 50 mL with
ultrapure water. The levels of Co, Cr, Cu, Fe, Mn, Ni, and
Zn in the fish and feed extracts were measured by a flame
atomic absorption spectrometry (Thermo Scientific iCE
3000), while As, Cd, and Pb levels were measured by using
a graphite furnace atomic absorption spectrometry (GFAAS)
(Thermo Scientific iCE 3000) [15, 16]. In water samples,
GFAAS was used to determine concentrations of ten metals.
Method accuracy was verified by analysis of certified refer-
ence material (CRM, TORT-3, lobster hepatopancreas). The
percentage recoveries ranged from 92% (Mn) to 110% (Co)
(Table 2).

Bioconcentration Factor

The bioconcentration factor (BCF) expresses the accumula-
tion in fish of metals from water. It was calculated as [17]:

BCF ¼ Cfish

.
Cwater ð1Þ

where Cfish is the metal concentration in the trout muscle and
Cwater is the metal concentration in water.

Biomagnification Factor

Biomagnification factor (BMF) is the ratio of the concentra-
tion of an element in fish relative to the concentration in its
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diet. BMF was calculated by using the following equation
[18]:

BMF ¼ Cfish

.
Cfeed ð2Þ

where Cfeed is the metal concentration in trout feed.

Human Health Risk Assessment

Comparison to Maximum Levels in Food Standards

Metal concentrations detected in rainbow trout samples were
compared with the maximum permissible levels (MPLs) rec-
ommended by Food Standards Australia and New Zealand
(FSANZ) [19], FAO [20], European Commission (EC) [21],
the Codex Alimentarius Commission (WHO/FAO) [22], and
Chinese Health Ministry (MHPRC) [23].

Estimated Daily Intake of Trace Metals

The estimated daily intake (EDI) of trace metals depends on
the metal concentration in fish muscle and the amount of daily

fish consumption. EDI values of metals were compared with
tolerable daily intake (TDI) values proposed by the Joint FAO/
WHO Expert Committee on Food Additives [24–27],
European Food Safety Authority (EFSA) [28, 29], and
World Health Organization (WHO) [30] or reference dose
(RfD) values suggested by USEPA [31] and Finley et al.
[32]. The daily intake ofmetals for adults was calculated using
the following equation [2]:

EDI ¼ MC� IRdð Þ
.
BW ð3Þ

where MC is the metal concentration in fish muscle (mg/
kg wet weight), IRd is the daily average fish ingestion
rate (g/day), and BW is the average body weight (kg)
for an adult. EDI was expressed as μg/kg bw/day.

Fig. 1 Map showing study area
and sampling sites

Table 2 Concentrations of metals found in certified reference material
(TORT-3, lobster hepatopancreas, National Research Council of Canada)

Metal Certified value
(mg/kg)

Found value
(mg/kg)

Recovery (%)

As 59.5 57.8 97

Cd 42.3 43.6 103

Cr 1.95 2.12 109

Co 1.06 1.17 110

Cu 497 492 99

Fe 179 167 93

Mn 15.6 14.3 92

Ni 5.5 5.8 105

Pb 0.225 0.239 106

Zn 136 139 102

Table 1 Microwave digestion program

Stage 1 2 3 4

Temperature (°C) 100 140 160 180

Ramp time (min) 3 3 3 3

Hold time (min) 3 3 1 20

Power (%) 100 100 100 100

Maximum power (watt) 800 1600 1600 1600
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Non-carcinogenic and Carcinogenic Health Risk

The non-carcinogenic health risks via the consumption of fish
species by the consumers were calculated based on the THQ,
which is the ratio between the estimated dose of a contaminant
and the reference dose (RfD). The method of estimating risk
using THQ was developed by the USEPA [8], and it is calcu-
lated using the following equation:

THQ ¼ EF� ED� IRd�MCð Þ
.

RfD� BW� ATð Þ
h i

� 10−3 ð4Þ

where THQ is target hazard quotient, EF is exposure frequen-
cy (365 days/year), ED is the exposure duration (70 years),
RfD is the oral reference dose (mg/kg/day), and AT is averag-
ing time for non-carcinogens (365 days/year × number of
exposure years, assuming 70 years in this study). When the
THQ is below 1, it means that there is no potential health risk
[5].

In this study, the hazard index (HI) (also called total THQ)
was also performed. The HI was calculated by the sum of the
individual metal THQ values [17].

HI ¼ THQ Asð Þ þ THQ Cdð Þ þ THQ Coð Þ þ…

þTHQ Nið Þ þ THQ Pbð Þ þ THQ Znð Þ

ð5Þ

Cancer risk (CR) for inorganic arsenic was calculated using
the cancer slope factor, provided by USEPA [31] only for this
metal. The lifetime cancer risk is calculated using the follow-
ing equation [8]:

CR ¼ EF� ED� IRd�MC� CSFð Þ
.

BW� ATð Þ
h i

� 10−3

ð6Þ
where CSF is the oral carcinogenic slope factor from the
USEPA’s Integrated Risk Information System (IRIS) online
database [31]. CSF of inorganic As is 1.50 (mg/kg/d).

Maximum Allowable Consumption Rate

To calculate the maximum allowable daily fish consumption
rate for non-carcinogenic effects, the following equation was
used [7]:

CRlim ¼ RfD� BWð Þ
.
MC ð7Þ

where CRlim is the maximum allowable fish consumption rate
(kg/day).

CRlim represents the maximum lifetime daily fish con-
sumption rate (kg) that would not be expected to cause ad-
verse non-carcinogenic health effects [7].

For carcinogenic health effects, the maximum allowable
daily fish consumption limit was also determined by the fol-
lowing equation [7].

CRlim ¼ ARL� BWð Þ
.

MC� CSFð Þ ð8Þ

whereARL is themaximum acceptable risk level (10−5 unitless).
CRlim represents the amount of fish (kg) expected to gen-

erate a risk no greater than the maximum ARL used, based on
a lifetime of daily consumption at that consumption limit [7].

The maximum allowable daily consumption limits calcu-
lated in this study were converted to the number of allowable
meals per month [7]. It was calculated as:

CRmm ¼ CRlim � Tap

� �.
MS ð9Þ

where CRmm is the maximum allowable fish consumption rate
(meals/month), Tap is time averaging period (365.25 days/
12 months = 30.44 days per month), and MS is meal size
(0.227 kg fish/meal for adults).

In the present study, the average concentrations of ten metals
in the muscles of rainbow trout samples were used for the
calculations of EDI, THQ, CR, and CRlim. Calculations were
performed assuming body weight (BW) of 70 kg for adults and
a 20 g average daily consumption [13]. Furthermore, the risk
factors and consumption limits of As were estimated only for
inorganic arsenic. In the present study, we assumed that the
inorganic arsenic was 10% of the total arsenic.

Statistical Analysis

Analysis of variance (ANOVA) was performed to determine
significant differences in metal concentrations between sam-
pling sites (cage farming facilities) and between sampling
months (p < 0.05).

Results and Discussion

The descriptive statistics (mean, range, and standard devia-
tion) of ten metals measured during the sampling period at
three sampling sites are shown in Table 3. Among studied
metals, Fe, Zn, and Mn were the most abundant elements in
the trout samples taken from the three sites. Metal
concentrations in the samples followed the order
Fe > Zn > Mn > Ni > Cr > Co > Cu > As > Pb > Cd. Trace
metals studied except As, Cr, and Pb did not show significant
variations between sampling sites (p > 0.05) during the study
period. However, Co, Cu, Mn, Ni, and Zn showed significant
differences between months (p < 0.05).

According to spatial distribution of total mean concentra-
tions of ten metals, the highest total mean concentration was
measured at site-3 (16.15 mg/kg). Differences in total mean
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metal concentrations among sites may be attributed to the
metal content of fish feed, fish physiology, quantity of feed
consumed, fish age, and environmental conditions at each site,
because the main sources of metals in farmed fish are feed and
water. Kalantzi et al. [4] reported that local environmental
conditions and fish feed have important roles in metal bio-
availability and accumulation in fish tissues. Temporal distri-
bution of total mean metal concentrations showed an increas-
ing trend from November to April, and the highest total mean
metal concentration (16.18 mg/kg) was measured in April,
which is the last month of on-growing period. In the Keban
Dam Reservoir, rainbow trout are stocked into the cages in
November, fed with commercial extruded feeds, and harvest-
ed from cages in late April.

Metal Levels in Farmed Rainbow Trout

Excessive arsenic exposure may cause lung cancer, wart for-
mation, decreased nerve conduction velocity, dermatitis,
vasospasticity, mild pigmentation keratosis of the skin, and
gross pigmentation with hyperkeratinization of exposed areas
[33]. In the present study, the average As concentrations
ranged from 83.9 to 132.2 μg/kg (Table 3). The highest con-
centration of As (195.3 μg/kg) was determined at site-2 in
November, while the lowest concentration (54.1 μg/kg) was
recorded at site-1 in March (Fig. 2). These results were much
lower than those values reported by Svobodova et al. [34],
who found between 0.498 and 1.133 mg/kg (ww) from rain-
bow trout farmed in the Czech Republic. In addition, the av-
erage As concentration found in this study was lower than that
reported for farmed rainbow trout from Iran (0.934 mg/kg dw
or 0.243 mg/kg ww; assuming 74% moisture content) [1] and
China (0.605 mg/kg ww) [35], whereas it was higher than that
reported for farmed rainbow trout from the southern USA
(53 μg/kg ww for positive samples) [36]. According to

FSANZ [19] and MHPRC [23], the maximum permissible
levels (MPLs) for inorganic As were 2.0 and 0.10 mg/kg
wet weight, respectively. The results of this study showed that
inorganic arsenic concentrations (assuming inorganic As is
10% of total As) did not exceed MPLs established by
FSANZ and MHPRC.

Excessive Cd exposure may lead to cancer and hepatic,
renal, skeletal, pulmonary, and reproductive effects [37]. The
mean concentrations of Cd in muscles of rainbow trout in this
study ranged between 0.708 and 1.028 μg/kg (Table 3). The
highest and lowest Cd levels were found as 1.847 μg/kg at
site-1 in February and 0.084 μg/kg at site-2 in January, respec-
tively (Fig. 2). Cd levels in trout samples were below MPLs
recommended by MHPRC (0.1 mg/kg) [23] and by EC
(0.05 mg/kg) [21]. The average Cd concentration found in this
study was lower than that reported for farmed rainbow trout
from Iran (0.025 mg/kg ww) [1] and Portugal (0.013 mg/kg
ww) [38].

Cobalt is a component of vitamin B12; therefore, it is an
essential element. However, high oral doses of Co have result-
ed in adverse effects, such as cardiovascular, hematological,
immunological, neurological, reproductive, and endocrine re-
sponses [32]. In the present study, the highest concentration of
Co (0.697 mg/kg) was determined at site-2 in November,
while the lowest concentration (0.121 mg/kg) was recorded
at site-1 in April (Fig. 2). The mean concentrations of Co
ranged between 0.409 and 0.463 mg/kg (Table 3). The aver-
age Co concentration found in this study was higher than that
reported for farmed rainbow trout from Iran (0.048 mg/kg
ww) [1] and China (0.02 mg/kg ww) [35].

Chromium (III) is an essential element, while chromium
(VI) is carcinogenic for humans. In contrast, there is little
evidence that chromium (III) is toxic to humans [29]. In the
present study, the average Cr concentrations ranged from
0.713 to 0.877 mg/kg (Table 3). The lowest and highest Cr

Table 3 Descriptive statistics of metal concentrations in the muscles of the examined rainbow trout in this study (units μg/kg ww for As, Cd, and Pb,
mg/kg ww for other metals)

Site-1 Site-2 Site-3

Min Max Mean SD Min Max Mean SD Min Max Mean SD

As 54.1 110.7 83.9 19.1 97.6 195.3 132.2 45.6 70.7 110.6 89.7 16.9

Cd 0.500 1.847 1.028 0.522 0.084 1.346 0.708 0.425 0.185 1.244 0.726 0.367

Co 0.121 0.692 0.424 0.217 0.313 0.697 0.463 0.171 0.265 0.677 0.409 0.140

Cr 0.663 0.961 0.835 0.107 0.701 0.942 0.877 0.088 0.458 0.910 0.713 0.182

Cu 0.214 0.575 0.378 0.116 0.259 0.480 0.357 0.079 0.305 0.519 0.360 0.082

Fe 3.521 7.740 5.246 1.456 4.599 7.227 6.121 1.054 4.929 10.516 7.113 2.448

Mn 0.674 1.497 1.035 0.353 0.687 1.419 1.032 0.335 0.684 1.576 1.335 0.332

Ni 0.872 1.397 1.089 0.207 0.924 1.331 1.034 0.152 0.955 1.272 1.179 0.116

Pb 44.7 61.3 53.7 5.3 53.1 95.2 67.9 15.8 52.4 65.0 57.9 4.8

Zn 1.625 5.946 3.923 1.543 1.729 6.648 4.244 2.050 2.314 5.890 4.893 1.289
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levels were found as 0.458 mg/kg at site-3 in January and
0.961 mg/kg at site-1 in December, respectively (Fig. 2).
The maximum permissible limit for Cr in fish set by
MHPRC [23] is 2 mg/kg. Trout samples had Cr concentrations
below this limit. The average Cr concentration was higher
than that reported for farmed rainbow trout from Iran
(0.147 mg/kg ww) [1], China (0.059 mg/kg ww) [35],
Portugal (0.23 mg/kg ww) [38], and the southern USA
(0.313 mg/kg ww for positive samples) [36].

Copper is also an essential element. However, excessive
Cu exposure can cause anemia, liver and kidney damage,
developmental toxicity, and immunotoxicity [39]. The highest
concentration of Cu (0.575 mg/kg) was determined at site-1 in
December 2014, while the lowest concentration (0.214 mg/kg)
was recorded at site-1 in March (Fig. 3). The average Cu
concentrations ranged from 0.357 to 0.378 mg/kg (Table 3).
The average Cu concentration found in this study was lower
than that reported for farmed rainbow trout from Iran
(5.671 mg/kg ww) [1], while it was comparable to that

Fig. 2 Spatial and seasonal variations of As, Cd, Co, and Cr elements in
rainbow trout

Fig. 3 Spatial and seasonal variations of Cu, Fe, Mn ve Ni elements in
rainbow trout
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reported for farmed rainbow trout from China (0.348 mg/kg
ww) [35], the southern USA (0.360 mg/kg ww for positive
samples) [36], Portugal (0.42 mg/kg ww) [38], and Turkey
(0.33 mg/kg ww) [40]. Themaximum permissible level in fish
for Cu was 30 mg/kg, established by FAO [20]. Cu concen-
trations found in trout samples were significantly below this
value.

Iron is an abundant element on earth and a biologically
essential component of every organism. However, high iron
intake may lead to increased risk of chronic diseases [41]. The
lowest and highest Fe levels were found as 3.521 mg/kg at
site-1 in January and 10.516 mg/kg at site-3 in December,
respectively (Fig. 3). The average Fe concentrations ranged
from 5.246 to 7.113 mg/kg (Table 3). The average Fe concen-
tration was higher than that reported for farmed rainbow trout
from Iran (4.022 mg/kg ww) [1], Portugal (4.5 mg/kg ww)
[38], and Turkey (2.1 mg/kg ww) [40], while it was compara-
ble to that reported for farmed rainbow trout from China
(6.964 mg/kg ww) [35].

High levels of manganese can be toxic to humans and can
cause adverse neurological effects [42]. In the present study,
the average Mn concentrations ranged from 1.032 to
1.335mg/kg (Table 3). The lowest and highest Mn levels were
found as 0.674 mg/kg at site-1 in March and 1.576 mg/kg at
site-3 in March, respectively (Fig. 3). The average Mn con-
centration was lower than that reported for farmed rainbow
trout from Iran (1.628mg/kg ww) [1], while it was higher than
that reported for farmed rainbow trout from China
(0.358 mg/kg ww) [35], Portugal (0.18 mg/kg ww) [38], and
Turkey (0.78 mg/kg ww) [40].

Nickel, which is found in abundance on earth, is an essen-
tial trace element for animals. However, its essentiality in
humans has not been established. Exposure to excess levels
of nickel can lead to reproductive toxicity, hepatotoxicity,
gene toxicity, neurotoxicity, nephrotoxicity, and increased risk
of cancer [43]. In the present study, the average Ni concentra-
tions ranged from 1.034 to 1.179 mg/kg (Table 3). The highest
concentration of Ni (1.397 mg/kg) was determined at site-1 in
January 2015, while the lowest concentration (0.872 mg/kg)
was recorded at site-1 in November (Fig. 3). The average Ni
concentration was higher than those values reported from
China (0.014 mg/kg ww) [35], Portugal (0.02 mg/kg ww)
[38], and Iran (0.0985 mg/kg ww) [1].

Exposure to excess levels of lead may result in nephrotox-
icity, neurotoxicity, and many other negative health effects
[37]. The highest concentration of Pb (95.2 μg/kg) was deter-
mined at site-2 in March 2015, while the lowest concentration
(54.1 μg/kg) was recorded at site-1 in November (Fig. 4). The
mean concentrations of Pb ranged between 53.7 and 67.9 μg/
kg (Table 3). The average Pb concentration was much lower
than those values reported from Iran (0.288 mg/kg ww) [1]
and the southern USA (0.724 mg/kg ww for positive samples)
[36], while it was higher than that reported from China

(0.009mg/kg ww) [35], and it was comparable to that reported
from Portugal (0.05 mg/kg ww) [38]. The maximum permis-
sible limits for Pb in fish set byMHPRC [23] and FSANZ [19]
are 0.5 mg/kg ww and 0.3 mg/kg ww for EC [21] and WHO/
FAO [22]. Pb levels in trout samples were below both MPLs.

Zinc is an essential element. However, exposure to excess
levels of Zn may lead to severe neurological diseases attribut-
able to copper deficiency [44]. The mean concentrations of Zn
ranged between 3.923 and 4.893 mg/kg (Table 3). The lowest
and highest Mn levels were found as 1.625 mg/kg at site-1 in
December and 6.648 mg/kg at site-2 in April, respectively
(Fig. 4). The average Zn concentration was lower than those
values reported from Iran (5.453 mg/kg ww) [1], Portugal
(6.3 mg/kg ww) [38], and Turkey (9.68 mg/kg ww) [40],
whereas it was comparable to that reported from China
(4.185 mg/kg ww) [35]. The maximum permissible level in
fish for Zn was 30 mg/kg established by FAO [20]. Trout
samples had Zn concentrations below this limit.

Bioconcentration Factor

In this study, bioconcentration factor (BCF) values ranged be-
tween 18 and 672. If a metal has a BCF between 1000 and 5000,
it is considered bioaccumulative. If a metal has a BCF less than
1000, it is considered to be not bioaccumulative [45]. The calcu-
lated values of the BCF of the ten metals for trout are listed in
Table 4. Generally, BCF values of all metals were lower than
1000, indicating that farmed rainbow trout in the KDR has low
potential to accumulate these metals. Among metals, Zn had the

Fig. 4 Spatial and seasonal variations of Pb and Zn elements in rainbow
trout
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highest BCF value. Hogstrand [46] reported that because Zn is an
essential element, fish will take up asmuch of Zn as needed from
their environment. Therefore, BCF value of Zn can be higher
than that of other metals. In the present study, BCF values of ten
metals followed the order Zn > Mn > Ni > Co > Cr > Pb >
Fe > Cu > As > Cd (Table 4).

Biomagnification Factor (BMF)

Biomagnification factor (BMF) term is used to express the
ability of a contaminant to biomagnify. BMF value of a metal
is less than 1, suggesting that this metal is not biomagnifying
[18]. In this study, BMF values of all ten metals were < 1
(Table 4), indicating that these metals were not biomagnified
by rainbow trout from the diet. The fact that concentrations of
all metals in trout feeds were higher than concentrations in
cultured farmed rainbow. BMF values of ten metals followed
the order Cr > Ni > As > Pb > Co > Fe > Zn > Mn > Cu > Cd
(Table 4).

Human Health Risk Assessment

The estimated daily intake (EDI) values of ten metals from
fish consumption by adult people in Turkey are shown in
Table 5. The EDI values for the examined rainbow trout sam-
ples were far below the tolerable daily intake (TDI) limits.
This indicates that there is no health risk associated with the
intake of studied metals from trout consumption. Among
metals, Cu and Cd had the highest TDI/EDI ratio (> 4000),
whereas Ni and Pb had the lowest TDI/EDI ratio (< 90).

The target hazard quotient (THQ) values of individual
metals due to fish consumption are presented in Table 5. The
THQ value (< 0.02) of each metal did not exceed 1 (Table 5).
In this study, the value of HI or TTHQ (0.053) was also small-
er than 1 (Table 5). These THQ and TTHQ values indicated
that there was no health risk for the adults in Turkey due to the
intake of either individual metal or ten metals contained in
rainbow trout. Due to lower RfD values compared to their
concentrations, Ni, Pb, and As were the three major contribu-
tors to TTHQ, accounted for 29.73, 21.53, and 18.33%, re-
spectively. Whereas, Cr (0.28%) and Cd (0.43%) contributed
the least to TTHQ.

The carcinogenic risk (CR) value for inorganic As due to
exposure from trout consumption was 4.37 × 10−6. According
to USEPA [8], cancer risks between 10−6 and 10−4 are gener-
ally considered an acceptable range. In this study, the CR
value obtained for inorganic As was within the acceptable
range of 10−4 and 10−6.

For non-carcinogen effects, the maximum allowable daily
consumption limits (CRlim) of trout for all metals were calcu-
lated and found to be quite high enough to ensure the human
health (Table 6). Ni, Pb, and As had the lowest CRlim values,
whereas Cr and Cd had the highest CRlim values. In addition,
monthly consumption limits (CRmm) were calculated to deter-
mine how many meals of rainbow trout from Keban Dam
Reservoir can safely be eaten per month with no adverse

Table 4 Bioconcentrati-
on factors (BCF) and
biomagnification factors
(BMF) of ten metals

BCF BMF

As 30 0.711

Cd 18 0.012

Co 386 0.225

Cr 306 0.959

Cu 85 0.02

Fe 213 0.026

Mn 540 0.022

Ni 414 0.933

Pb 273 0.552

Zn 672 0.024

Table 5 Estimated daily intakes
(EDI), target hazard quotient
(THQ) for individual metals, and
total THQ (TTHQ) due to fish
consumption

Mean

(μg/kg ww)

EDI

(μg/kg bw/day)

TDI

(μg/kg/ bw/day)

Rfd

(μg/kg/ bw/day)

THQ

As 10.19a 0.0029 2.14 [26] 0.3 [31] 0.00970

Cd 0.82 0.0002 0.8 [27] 1 [31] 0.00023

Co 432 0.1234 30 [32] 30 [32] 0.00411

Cr 808 0.2309 300 [29] 1500 [31] 0.00015

Cu 365 0.1043 500 [24] 40 [4, 6] 0.00261

Fe 6160 1.7600 800 [25] 700 [4, 6] 0.00251

Mn 1134 0.3240 140 [31] 140 [31] 0.00231

Ni 1101 0.3146 12 [30] 20 [4, 6] 0.01573

Pb 59.83 0.0171 1.50 [28] 1.50 [28] 0.01139

Zn 4353 1.2437 300 [24] 300 [31] 0.00415

TTHQ 0.05291

a The mean concentration of inorganic As was calculated as 10% of total As concentration
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non-carcinogenic health effects. CRmm was > 170 meals/
month for all analyzed metals (Table 6). According to
USEPA [7], this is categorized as safe fish consumption (rep-
resented by > 16 meals/month). Thus, an adult can safely con-
sume 170 meals of rainbow trout from the KDR per month.

With regard to carcinogenic effects of inorganic As, the
maximum allowable daily consumption limit (CRlim) for in-
organic As content of trout was 46 g/day (Table 6). Because
the average per adult consumption of fish in Turkey is 20 g/
day [13], no carcinogenic health effects to adult people in
Turkey are expected. Monthly consumption limit (CRmm)
for inorganic As was also calculated to determine how many
meals of rainbow trout can safely be eaten per month with no
adverse carcinogenic health effects. CRmm value of inorganic
As for adults was six meals per month (Table 6). In the present
study, we tested the worst-case scenario by assuming that
toxic inorganic arsenic is 10% of total arsenic. Other studies
reported that inorganic arsenic accounted for only 3% of total
arsenic in fish [2]. By assuming inorganic As to constitute 3%
of the total As, the calculated CRlim and CRmm values of As
would be 153 g/day and 20 meals/month, respectively
(Table 6). Thus, this CRmm value (20 meals/month) is catego-
rized as safe fish consumption because it is > 16 meals/month.

Conclusions

In this study, trace metal concentrations in rainbow trout farmed
in cages in the Keban Dam Reservoir were determined. BCF
results of ten metals indicated that no metals were
bioaccumulative. According to BMF values, none of the metals
were biomagnified by rainbow trout. The levels of metals in fish
muscle were below the maximum permissible levels for human

consumption set by various international food standards. From
the human health perspective, the EDI of each metal was much
lower than the respective TDI. THQ values of individual metals
and TTHQ value of combined metals showed that there was no
human health risk for consumption. The cancer risk (CR) value
for inorganic As was within the acceptable lifetime risk range of
10−6 and 10−4. For non-carcinogenic effects, the maximum al-
lowable fish consumption rates were high enough to ensure the
human health. The results of this study revealed that the con-
sumption of rainbow trout farmed in the Keban Dam Reservoir
is safe for consumers.
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