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Abstract

Mercury contamination in aquatic ecosystems is a worldwide issue due to the health risks
associated with eating contaminated fish. The present study was carried out to measure
the mercury (Hg) levels in different tissues of locally harvested fish and to assess the
potential human health risks associated with their consumption. Fifty-two fish samples
(northern pike (Esox lucius), walleye (Sander vitreus), and white bass (Morone chrysops))
were dissected, and tissue samples were individually homogenized and measured for
total mercury using a Milestone DMA-80 tri-cell analyzer. Among the species studied, the
highest mean Hg concentrations in the muscles and kidneys were observed in northern
pike, while the highest Hg concentrations in the livers and gills were noted in white
bass. The liver consistently showed the highest mercury accumulation across all species.
The Hg levels in almost 50% of the northern pike muscle tissue samples exceeded the
limit (0.5 µg/g) set by the European maximum permissible concentration for foodstuffs.
Correlation analysis revealed a strong positive correlation between the Hg concentration
in the muscles with both the weight and length of walleye and white bass. Human health
risk assessment was estimated by the maximum allowable daily fish consumption (CRlim),
maximum allowable monthly fish meal consumption (CRmm), individual risk assessment,
and the target hazard quotient (THQ). The average monthly consumption limit (CRmm)
ranged from two to four meals for adults and one to two meals for children. Individual
risk assessment showed potential health risks associated with the regular consumption of
northern pike and white bass, followed by walleye, for both adults and children. The mean
hazard quotient (THQ) values exceeded one for all species in both adults and children,
which indicates potential health risks associated with fish consumption. Across all species
studied, children experienced higher risk than adults, suggesting greater susceptibility
to potential health effects from the consumption of the studied fish. Lastly, the mercury
levels should be regularly monitored, especially in piscivorous fish like northern pike, for
pollution control and human health protection.

Keywords: mercury; fish; health risk assessment; THQ; individual risk assessment

1. Introduction
Fish are a good source of high-quality protein, essential fatty acids, vitamins, and

minerals for humans. They provide omega-3 fatty acids as well as important micronutrients
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such as iron, zinc, vitamin A, and vitamin D. Regular fish consumption has been associated
with several health benefits, including supporting brain function, cardiovascular health,
healthy growth and development, and a reduced risk of chronic conditions, such as heart
disease, diabetes, and age-related cognitive impairment [1]. In freshwater ecosystems,
fish also serve as indicators of trace metal contamination because they can accumulate
the contaminants present in aquatic environments. Fish obtain their food from a wide
range of sources in aquatic environments, including plankton, algae, insects, detritus, and
smaller fish. Trace metals and other contaminants can bioaccumulate in fish, especially as
larger predatory species eat smaller fish, enriching these substances up the food chain and
ultimately consumed by humans. Although fish provide significant nutritional benefits, the
accumulation of toxic contaminants may pose significant health risks to consumers [2–6].

Mercury is a naturally occurring trace element that exists in elemental mercury, inor-
ganic mercury compounds, and organic mercury compounds. Each form exhibits different
chemical behavior and toxicity. Mercury is a persistent and highly mobile contaminant
due to its volatile nature. Mercury enters the environment from both natural sources, such
as volcanoes and rock weathering, and anthropogenic sources, including coal burning,
mining, industrial processes, and waste disposal. Once released, mercury can move and
be recycled between the air, soil, and water before eventually settling in sediment and
soil where it can remain for decades [7,8]. In the environment, mercury moves between
soil, water, and air, changing between soluble and insoluble forms through methylation
and demethylation. This cycle is completed by precipitation, with mercury either con-
verted into volatile forms that return to the atmosphere or remaining in soluble forms that
bioaccumulate in organisms and increase in concentration up the food chain [9].

Mercury is a globally widespread pollutant and a major worldwide concern due to its
toxicity. Mercury can accumulate in fish and increase in concentration through the food
chain, making fish consumption an important pathway for mercury exposure in humans.
Human exposure to mercury through fish consumption poses adverse health effects. It
can damage vital organs such as the kidneys, liver, heart, and central nervous system. It is
also related to cardiovascular problems, including hypertension, coronary heart disease,
and myocardial infarction. Mercury exposure during pregnancy affects fetal development,
leading to lower birth weight, cognitive impairments, hearing loss, neurological problems,
and delayed growth in newborns [10,11]. Therefore, monitoring mercury concentrations in
locally harvested fish is important for evaluating potential health risks and ensuring food
safety in local communities.

Mercury enters the environment through both natural processes (volcanic activity,
forest fires, soil leaching) and anthropogenic sources (fossil fuel combustion, waste inciner-
ation). These release mercury to the atmosphere for subsequent wet and dry deposition or
mobilize it directly through watershed runoff and erosion [12]. In closed-basin systems like
Devils Lake, these inputs accumulate over time due to the absence of a continuous natural
outflow. Devils Lake is a popular spot for fishing; however, information regarding mercury
accumulation in fish species in this ecosystem remains limited. Therefore, this study was
conducted to assess the Hg levels in the three most popular fish species harvested from
Devils Lake. The main objectives of this study were (i) to assess mercury (Hg) concen-
trations in three locally harvested fish species, (ii) to compare Hg levels among different
tissues (the muscle, gill, liver, and kidney), and (iii) to evaluate the potential human health
risks associated with fish consumption using various risk assessment indices. Lastly, this
study will contribute to the limited baseline mercury monitoring data available for Devils
Lake and will offer a multi-tissue, multi-species assessment of Hg bioaccumulation and
associated human health risk in this closed-basin lake ecosystem. The study findings will
provide valuable insights into mercury bioaccumulation in local fish species and support
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the development of safer consumption guidelines to protect human health and aquatic
ecosystems locally.

2. Materials and Methods
2.1. Study Area

Devils Lake (48◦05′58′′ N, 98◦54′10′′ W), located in northeastern North Dakota, is the
state’s largest natural lake (Figure 1). It is a large, shallow lake mainly used for recreational
activities. The lake covers more than 160,000 acres and has hundreds of miles of shoreline.
It provides essential habitat for a diverse range of fish and wildlife species. It is known as
the “Perch Capital of the World” and is also full of walleye, northern pike, yellow perch,
and white bass, making it a popular spot for fishing, bird watching, and hunting. Due
to its closed basin, Devils Lake experiences fluctuating water levels. When there are dry
spells, the lake can shrink, and, when there is heavy rain, the lake rises and spreads for
miles. Since 1993, Devils Lake has risen about 9 m. This rise has flooded over 675 square
kilometers and caused more than 900 buildings to be moved or abandoned [13–16]. Because
the objective of this study was to evaluate mercury concentrations and potential human
health risks, sampling coordinates were not recorded. Spatial and temporal variations in
mercury accumulation in fish are planned for future research.

 

Figure 1. Study map of Devils Lake.

2.2. Collection, Pretreatment, and Storage of Fish Samples

In the summer of 2023, 52 fish samples of the three species were collected from Devils
Lake using standard methodology [17]. A total of 15 northern pike (Esox lucius), 16 walleye
(Sander vitreus), and 21 white bass (Morone chrysops) were collected by conventional angling
methods at a recreational fishing area. Fish were collected after capture, and no experiment
or procedures were conducted on live vertebrates. After collection, they were placed in
pre-cleaned plastic bags, transported in an ice cooler to the laboratory, and processed
immediately. After recording the length and weight of each fish, they were dissected into
different tissues (muscle, liver, gill, and kidney). These tissue samples were individually
homogenized and kept frozen at −20 ◦C for further analysis [10].
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2.3. Instrumentation

The mercury concentrations in the fish samples were determined from homogenized
and grounded samples using a Milestone DMA-80 Tri-Cell Direct Mercury Analyzer (Mile-
stone, Shelton, CT, USA) without any treatment. All analytical procedures followed EPA
Method 7473 (Revision D, February 2007) and the manufacturer’s operating guidelines to
ensure calibration and analysis requirements. The optimal instrument operating parame-
ters were as follows: oxygen carrier gas at 60 psig; drying for 70 s at 250 ◦C; decomposition
for 180 s at 250 ◦C; catalyst temperature of 565 ◦C; cell temperature of 120 ◦C; purge time of
60 s; amalgamator heating of 12 s; and data recording for 30 s. Liquid calibration standards
and solid samples, including standard reference materials, were weighed to about 0.1 mg in
quartz sample boats prior to analysis using an autosampler spindle. Calibration acceptance
required a minimum three-point curve with a regression coefficient (R2) ≥ 0.995 based
on either linear or quadratic fitting [18]. For quality control and quality assurance, blank,
blank spike, duplicate sample, sample spike, and certified reference material (DORM-4 fish
protein, Research Council Canada, Ottawa, ON, Canada) were used. The limit of detection
(LOD) and limit of quantification (LOQ) were 0.0022 µg/g and 0.0063 µg/g, respectively,
confirming that all reported mercury concentrations were within the quantifiable range
of the analytical method. Acceptable recovery of DORM-4 mercury was above 90%, and
acceptable relative percentage difference (RPD, %) of Hg level in duplicate samples was
less than 10%.

2.4. Human Health Risk Assessment
2.4.1. Consumption Limits for Noncarcinogenic Effects

The maximum allowable daily fish consumption rate CRlim (kg/d) was determined
using the following calculation [19,20]:

CRlim = (RfD × BW)/C (1)

where RfD = reference dose (mg/kg/d), C = concentration in fish muscle (mg/kg), and
BW = mean body weights. The body weights used in this study were 70 kg for adults and
14.5 kg for children (<6 years). RfD for Hg was 0.0001 mg/kg/d [20].

The maximum daily fish consumption rates were converted into allowable fish meals
per month (CRmm) using the following calculation [19,20].

CRmm = (CRlim × Tap)/MS (2)

where Tap = average exposure time, MS = meal size. In this study, Tap was 30.44 days per
month, and MS was 0.227 kg for adults, 0.114 kg for children [19,20].

2.4.2. Individual Risk Assessment

To assess individual risk, the ratio between the estimated exposure to a contaminant
and its reference dose (RfD) was calculated using the following equation:

Ratio = Exposure/RfD (3)

where exposure = total exposure to a single contaminant (mg/kg-d); RfD = reference dose.
When the ratio is equal to or exceeds 1, the exposed population may be considered at
potential risk of adverse health effects.

Individual exposure assessment was calculated by the following equation:

Em = (Cm × CR)/BW (4)
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where Em = individual exposure to chemical contaminant (m) from ingesting fish (mg/kg-d);
Cm = concentration of chemical contaminant (m) in the edible portion of fish (mg/kg);
CR = mean daily consumption rate of fish (kg/d); BW = body weight of an individual
consumer (kg) [20]. CR = 0.032 kg/d for adults and 0.008 kg/d for children.; BW is 70 kg
for adults and 14.5 kg for children < 6 years.

2.4.3. Target Hazard Quotient (THQ)

The target hazard quotient (THQ) was used to estimate the risk of non-carcinogenic
effects from lifelong contaminant exposures and was calculated using the following equation:

THQ = (EF × ED × IR × C)/(RfD × BW × AT) (5)

where EF = exposure frequency (365 days/year), ED = exposure duration (70 years
for adults or 6 years for children), AT = average exposure time (EF × ED) [19], and
IR = 0.032 kg/d for adults and 0.008 kg/d for children. The IR values used in this study
were based on the FDA-recommended Dietary Guidelines for Americans for fish consump-
tion, which suggest 0.227 kg (8 ounces) per week for adults and 0.057 kg (2 ounces) per
week for children under 6 years of age. When THQ is <1, no long-term adverse effects on
human health are expected.

3. Results and Discussions
3.1. Determination of Mercury in Fish Samples

The descriptive analysis of the Hg concentration in the different tissues of northern
pike, walleye, and white bass is shown in Table 1. Mercury concentrations were measured
in 52 fish specimens, including northern pike (n = 15), walleye (n = 16), and white bass
(n = 21). Similar monitoring approaches have been used in previous studies to evaluate
mercury contamination in fish and assess the potential human health risks associated with
fish consumption [21,22]. Although the sample size in the present study was modest, the
analysis of multiple tissues provided valuable information on tissue-specific Hg accumula-
tion patterns and variability among the analyzed fish species. The present study showed
considerable variation in Hg levels in the different tissues of northern pike. The mean
Hg concentrations in the different tissues were in the following decreasing order: liver
(0.82 µg/g) > kidney (0.55 µg/g) > muscles (0.52 µg/g) > gills (0.29 µg/g). The maximum
Hg concentration was observed in liver tissue (4.43 µg/g), which was approximately two
times higher than in the kidney (1.91 µg/g) and four times higher than in the muscle
tissue (1.08 µg/g). Significant heterogeneity in mercury levels in tissue was observed,
with positive skewness and high kurtosis. Their values indicated the presence of a few
individuals with exceptionally elevated Hg concentrations [23,24]. This was confirmed
statistically using the Shapiro–Wilk test, which indicated a significant lack of normality
(p < 0.001) in the kidney and liver tissues of northern pike. The gill tissue of northern
pike also showed a significant deviation from normality at the p < 0.05 level. The mean
Hg concentration in northern pike muscle exceeded the European maximum permissible
concentration for foodstuffs (0.5 µg/g), with approximately 50% of the samples (Figure 2)
exceeding this threshold limit and indicating a potential risk for human health.

The mean values for the length and weight of walleye were 43.0 cm and 900 g (Table 1).
The mean concentrations of Hg in the liver, kidney, muscles, and gill tissue of walleye were
0.73, 0.22, 0.37, and 0.19 µg/g, respectively. High standard deviations indicate significant
variability in Hg concentrations in walleye tissues. The liver tissue showed the highest SD
(0.64 µg/g), followed by the muscles (SD = 0.30), gills (SD = 0.17), and kidney (SD = 0.12).
The positive skewness values (0.70 in kidney to 3.15 in gills) and high kurtosis values (−0.37
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to 10.89) indicate non-normal, right-skewed distributions of Hg concentration in walleye
tissue. These results suggest that some individuals had high concentrations in tissues. Non-
Gaussian distributions were observed statistically in the muscle, gill, and liver tissues of
walleye based on the Shapiro–Wilk test (p < 0.001). The mean Hg level in level in the walleye
muscle was lower than the European maximum permissible concentration for foodstuffs
(0.5 µg/g). Approximately 80% of the samples analyzed showed Hg concentrations below
the maximum permissible level (Figure 2), indicating minimal health risk for consumers.
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Figure 2. Comparison of mercury concentration in fish muscles with maximum permissible concen-
tration limit.

Table 1. Statistical distribution of mercury level (µg/g, ww) in tissues of northern pike, walleye, and
white bass.

Length (cm) Weight (g) Muscles Gills Kidney Liver

N
or

th
er

n
Pi

ke

Minimum 53.3 984 0.19 0.05 0.19 0.18
Maximum 73.4 2132 1.08 0.86 1.91 4.43
Mean 64.0 1538 0.52 0.29 0.55 0.82
Median 63.5 1526 0.44 0.26 0.32 0.37
SD 5.29 271 0.25 0.21 0.47 1.06
Kurtosis 0.53 1.55 0.07 4.46 5.19 10.94
Skewness 0.18 0.40 0.76 1.85 2.12 3.16

W
al

le
ye

Minimum 33.5 324 0.13 0.09 0.05 0.28
Maximum 71.1 3339 1.09 0.76 0.45 2.59
Mean 43.0 900 0.37 0.19 0.22 0.73
Median 38.9 534 0.25 0.12 0.19 0.43
SD 10.4 819 0.30 0.17 0.12 0.64
Kurtosis 2.71 5.27 1.47 10.89 −0.37 4.72
Skewness 1.69 2.34 1.61 3.15 0.70 2.19
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Table 1. Cont.

Length (cm) Weight (g) Muscles Gills Kidney Liver

W
hi

te
Ba

ss

Minimum 24.1 198 0.19 0.12 0.12 0.43
Maximum 41.1 990 1.06 1.11 1.02 4.02
Mean 27.8 356 0.34 0.31 0.28 0.99
Median 25.9 256 0.25 0.24 0.20 0.70
SD 5.23 264 0.23 0.25 0.22 0.86
Kurtosis 2.93 2.99 4.68 5.89 7.96 8.88
Skewness 2.08 2.14 2.30 2.40 2.75 2.90

The basic statistical parameters (Table 1) indicate that the Hg concentrations in the
muscles, gills, kidneys, and liver of white bass were 0.34 µg/g, 0.31 µg/g, 0.28 µg/g, and
0.99 µg/g, respectively. The data indicates high variability in Hg concentrations among
white bass tissues. The distribution of Hg concentrations was non-Gaussian with high
SD, positive skewness, and elevated kurtosis values. This was confirmed statistically by
the Shapiro–Wilk test, which indicated a significant lack of normality (p < 0.001) in all
white bass tissues. These statistical patterns once again reflect the presence of a few outlier
samples with higher Hg concentrations than the overall mean [25]. The mean Hg level in
the white bass muscle remained under the European regulatory threshold limit of 0.5 µg/g
established for foodstuffs, with approximately 85% of the samples (Figure 2) well below
the threshold limit, which indicates minimal health concerns for consumers.

3.2. Mercury Concentration Among Tissues in Fish Species

A comparison of the mean Hg levels among the tissues of northern pike, walleye, and
white bass is shown in Figure 3. In northern pike, the highest mean Hg level was found
in the liver, followed by the kidney, muscles, and gills. Similarly, the Hg concentrations
in walleye decreased in the following order: liver > muscles > kidney > gills. The mean
Hg level in white bass decreased in the following order: liver > muscles > gills > kidney.
Both northern pike and walleye exhibited the highest mean Hg accumulation in the liver
and the lowest in the gills, whereas white bass also showed maximum accumulation in the
liver but the lowest concentration in the kidney. Overall, among all three species, the liver
consistently displayed the highest Hg concentration in the analyzed tissues. Moiseenko
and Gashkina (2020) [26] reported the highest Hg accumulation in the liver in northern
pike and the lowest in gills, and Johnston et al, (2001) [27] observed that walleye from Clay
Lake had higher Hg levels in the liver compared to the muscle tissue. These findings are
consistent with the current study concerning the Hg bioaccumulation in the liver. It is
well-known that the liver serves as the primary site for heavy metal accumulation because
the liver is responsible for detoxification and transformation, and it tends to accumulate
metals at higher concentrations than less metabolically active tissues, such as the mus-
cles [28]. The broad concentration range observed in the liver (0.18–4.43 µg/g), kidney
(0.05–1.91 µg/g), muscles (0.13–1.09 µg/g), and gills (0.05–1.11 µg/g) suggests high inter-
individual variability in mercury bioaccumulation. Such variation is typically attributed to
differences in fish body size, age, trophic position, and dietary preferences [29,30]. Because
this study measured total mercury (THg) rather than methylmercury (MeHg), the higher
concentrations observed in the liver indicate greater THg accumulation in this tissue and
should not be interpreted as a direct measure of MeHg accumulation. Mercury can occur
in different chemical forms within fish tissues. Inorganic Hg and MeHg may have differ-
ent distributions among organs. The distribution of different chemical forms of mercury
among fish tissues varies depending on species, feeding habits, and trophic position [31].
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Future studies, including Hg speciation analysis, will provide further insight into MeHg
distribution and potential ecological and human health implications.
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Figure 3. Comparison of mercury concentration (µg/g ± SE) in fish tissues.

The muscle Hg concentrations observed in Devils Lake predatory fish species were
comparable with values reported in other water ecosystems. In the present study, Hg
concentrations ranged from 0.13 to 1.09 µg/g in all studied fish. Comparable Hg concentra-
tions have been reported in predatory fish in other lake systems. Walleye from Minnesota
lakes showed a median muscle Hg concentration of 0.174 µg/g, which is comparable to
the median walleye muscle Hg concentration observed in Devils Lake (0.25 µg/g) [32]. In
Wulungu Lake, Xinjiang, China, predatory fish perch showed measurable Hg concentra-
tions 0.05–0.12 µg/g in the muscle, demonstrating differences in Hg accumulation among
species and lake environments [21]. Similarly, a study related to human risk assessment
by fish consumption in Poland reported Hg accumulation in the muscle of northern pike
(0.0185–0.0255 µg/g), indicating significant variation among lake ecosystems [22]. Studies
of northern pike from subarctic lakes in Canada also demonstrated variability in muscle
Hg concentrations (0.16–0.69 µg/g) associated with fish characteristics and lake-specific
environmental conditions [33]. Overall, the Hg concentrations measured in Devils Lake
predatory fish are comparable to those reported in other freshwater lake ecosystems, al-
though the observed values are higher than some reported studies, likely due to differences
in lake characteristics, fish size, trophic structure, and environmental Hg availability. These
findings highlight the importance of continued Hg monitoring for ecological assessment
and fish consumption risk evaluation.

Muscle tissue plays a primary role in metabolism and overall energy balance. Under-
standing how muscle concentration varies with body size is important because muscle
represents the main edible portion of the organism and a key source of nutrients for hu-
man consumption. In this study, we looked at the Hg concentration in the muscles with
length and weight of three species. Pearson correlation analysis was performed to eval-
uate the relationship between fish size parameters (length and weight) and muscle Hg
concentrations. The Hg concentrations in the muscle positively correlated with both length
and body weight in all three species. In northern pike, the Hg concentration moderately
correlated with length (r = 0.56, p < 0.05) and weakly with weight (r = 0.36, p > 0.05). In
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walleye, strong positive correlations were observed between mercury concentration and
both length (r = 0.90, p < 0.05) and weight (r = 0.89, p < 0.05). Similarly, in white bass, the
mercury levels strongly correlated with length (r = 0.92, p < 0.05) and weight (r = 0.94,
p < 0.05). In general, mercury levels increase with fish size and weight. In this study, a 984 g
northern pike contained 0.44 µg/g of mercury, while a 2132 g individual had 0.82 µg/g. A
general increasing pattern was also observed with body length, with larger northern pike
exhibiting higher mercury concentrations (Figure 4). Almost similar trends were also found
for walleye and white bass, indicating that mercury accumulation increases with both
size and weight across all three species. This suggests that larger and heavier individuals
tend to bioaccumulate more mercury, likely due to longer exposure and their position at
higher trophic levels. In addition to fish length and weight, age is an important factor
influencing Hg bioaccumulation. Age determination was not conducted in the present
study. Future studies incorporating age analysis along with Hg assessment will provide
a more comprehensive understanding of the relationship between fish age and mercury
accumulation in Devils Lake fish populations.

 

Figure 4. Trend between muscle mercury levels with length and weight of northern pike.
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3.3. Health Risk Assessment

Human health risk was estimated by assessing the maximum allowable daily fish
consumption (CRlim), maximum allowable monthly fish meal consumption (CRmm),
individual risk assessment, and the target hazard quotient (THQ). In this study, human
health risk assessment was based on THg concentrations measured in fish muscle. Although
MeHg was not directly analyzed, THg is commonly used as an indicator of MeHg exposure
in fish muscle because MeHg generally represents the major fraction of mercury present
in edible fish tissue; however, the lack of direct MeHg measurement introduces some
uncertainty [34]. The values of CRlim, CRmm, and THQ for Hg are presented in Table 2.
The CRlim for northern pike ranged from 0.006 to 0.037 kg/day for adults, with a mean of
0.017 kg/day, while children had lower limits, ranging from 0.001 to 0.008 kg/day, with a
mean of 0.004 kg/day. Walleye showed a wider range for adults (mean value in bracket),
with CRlim 0.006–0.054 (0.028) kg/day, whereas children’s CRlim ranged from 0.001 to
0.011 (0.006) kg/day. For white bass, adults had CRlim values of 0.007 to 0.036 kg/day,
with a mean of 0.026 kg/day, and children had a range of 0.001 to 0.008 kg/day, with a
mean of 0.005 kg/day. The monthly consumption limit (CRmm) showed an average of
two, four, and three meals per month for adults for northern pike, walleye, and white bass
consumption, respectively, while children’s averages were one meal per month for northern
pike and white bass and two meals per month for walleye. The highest CRmm value was
observed for walleye, which was seven meals per month for adults and three meals per
month for children. Both the CRlim and CRmm values for adults and children differed
within the studied fish species and between consumer ages. For all species, children had
consistently lower CRlim and CRmm compared to adults. The North Dakota Department
of Health fish consumption advisory recommends limiting larger walleye, northern pike,
and white bass from Devils Lake to one meal per month, whereas smaller fish may be
consumed more under the advisory [12].

Table 2. Consumption limits (CRlim, CRmm), individual risk assessment, and target hazard quotient
(THQ) of fish muscles for adults and children.

CRlim CRmm Individual Risk
Assessment THQ

Adult Children Adult Children Adult Children Adult Children

N
or

th
er

n
Pi

ke

Min 0.006 0.001 0.87 0.36 0.86 1.04 0.86 1.04
Max 0.037 0.008 4.99 2.06 4.94 5.96 4.94 5.96

Mean 0.017 0.004 2.28 0.94 2.36 2.84 2.36 2.84

W
al

le
ye Min 0.006 0.001 0.86 0.36 0.59 0.71 0.59 0.71

Max 0.054 0.011 7.28 3.00 4.98 6.01 4.98 6.01
Mean 0.028 0.006 3.76 1.55 1.69 2.04 1.69 2.04

W
hi

te
Ba

ss

Min 0.007 0.001 0.89 0.37 0.88 1.06 0.88 1.06
Max 0.036 0.008 4.89 2.02 4.85 5.85 4.85 5.85

Mean 0.026 0.005 3.45 1.42 1.56 1.88 1.56 1.88
CRlim: maximum allowable daily fish consumption; CRmm: allowable monthly fish meal consumption.

The individual risk assessment was evaluated for northern pike, walleye, and white
bass consumption, which showed variation between adults and children. For northern
pike, the ratio values for adults ranged from 0.86 to 4.94 with a mean of 2.36, while children
revealed higher values ranging from 1.04 to 5.96, with a mean of 2.84. Similarly, walleye
showed adult risk ratio values between 0.59 to 4.98 (mean 1.69), and children had a range of
0.71– 6.01 (mean 2.04). For white bass, values were noted between 0.88 to 4.85 (mean 1.56)
for adults, whereas children’s values ranged from 1.06 to 5.85, averaging 1.88. When the
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risk ratio is equal to or exceeds one, consumers may be considered at potential risk of
adverse health effects. In this study, 56% of walleye, 85% of white bass, and 93% of northern
pike samples showed values higher than one for adults, while 81% of walleye and 100%
of both northern pike and white bass samples were greater than one for children. These
results show that a higher potential health risk is associated with the regular consumption
of northern pike and white bass, followed by walleye, for both adults and children.

The target hazard quotient (THQ) values indicated varying levels of potential noncar-
cinogenic health risk with consumption of these fish. For northern pike, adult THQ values
ranged from 0.86 to 4.94, with a mean of 2.36, while children showed higher values ranging
from 1.04 to 5.96, averaging 2.84. Walleye THQ values for adults varied between 0.59 and
4.98, with a mean of 1.69, and for children, from 0.71 to 6.01, with a mean of 2.04. White
bass THQ values for adults ranged from 0.88 to 4.85, averaging 1.56, whereas children’s
values ranged from 1.06 to 5.85, with a mean of 1.88. In all cases, children exhibited higher
THQ values compared to adults, highlighting their increased vulnerability to potential
health risks from consuming these fish species. A THQ greater than one suggests a health
concern for consumers. The mean THQ values for all species were higher than one for
both adults and children, which indicates a risk associated with fish consumption. Among
all species, children constantly experienced a higher risk than adults, suggesting greater
susceptibility to health effects from the consumption of the studied fish.

4. Conclusions
In this study, we evaluated the Hg levels in different tissues of northern pike, walleye,

and white bass and assessed the possible human health risks associated with their consump-
tion. The Hg concentrations varied significantly among tissues, with the highest accumula-
tion observed in the liver in all species. In the northern pike, the highest Hg level was found
in the liver, followed by the kidney, muscles, and gills. Similarly, the Hg concentrations
in walleye decreased in the following order: liver > muscles > kidney > gills. The mean
Hg level in white bass decreased in the following order: liver > muscles > gills > kidney.
The mean Hg concentration in northern pike muscle exceeded the European maximum per-
missible limit (0.5 µg/g), with approximately 50% of the samples exceeding this threshold
limit, which indicates higher health risks. In contrast, the Hg levels in walleye and white
bass muscle tissues largely remained below regulatory thresholds, indicating lower health
risks. The mercury concentrations in the muscles positively correlated with length and
body weight in all three species. In northern pike, the Hg concentration in the muscles
moderately correlated with length and weakly correlated with weight. In walleye and
white bass, strong positive correlations were observed between mercury concentration and
both length and weight, highlighting that larger and older individuals bioaccumulate more
mercury. In general, the mercury levels in the muscles were observed to increase with fish
size and weight. Human health risk assessment based on CRlim, CRmm, individual risk
assessment, and THQ revealed that children are more susceptible than adults. The mean
THQ values for northern pike, walleye, and white bass were higher than one for both adults
and children, highlighting the increased potential noncarcinogenic health risks associated
with long-term consumption of these species. This study reveals significant species- and
tissue-specific differences in Hg accumulation. Overall, regular consumption of northern
pike and white bass poses a higher potential health risk, followed by walleye. Lastly, these
findings highlight the importance of monitoring the Hg levels in commonly consumed
freshwater fish to safeguard public health. Future studies incorporating temporal and
spatial sampling, larger sample sizes, and age-based analysis would help improve these
baseline findings and clarify the seasonal and biological factors affecting Hg accumulation
in this system.
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