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Abstract

potential toxicity in humans.

The concentrations of 16 pesticides residues (alpha BHC, gamma BHC (lindane), beta BHC, Heptachlor, Aldrin,
Heptachlor Epoxide, Endosulfan |, Dieldrin, Endrin, Endosulfan II, 4, 4 DDT, Endosulfan Aldehyde, Endosulfan
sulfate, Atrazine, Phosphomethylglycine and Carbofuran) in two fish species (Tilapia Zzilli and Clarias gariepinus)
from selected rivers (lllushi, Owan and Ogbesse) in Edo State, Nigeria was investigated and the associated
human health risks from the consumption of contaminated fishes was also determined. Fish species were
collected for a period of 18 months, and pesticides analyses was carried out using Gas Chromatography (GC)
equipped with Electron Capture Detector (GC-ECD). The distribution of pesticide residues was more in the
tissues of Clarias gariepinus (5.53-9.98 ug/g wet weight) than Tilapia zilli (3.49- 4.98 ug/g wet weight), while
the most dominant pesticide in all the stations and all fish species was the persistent organochlorine; YBHC.
Furthermore, the estimated dose for alpha BHC, beta BHC, Endosulfan Aldehyde, DDT, Endosulfan |,
Endosulfan Il, gamma BHC, Heptachlor, Endosulfan sulfate, Atrazine, Phosphomethylglycine and Carbofuran, do
not pose direct hazard to human health since values were lower than the reference dose and Hazard
quotient (HQ) were lower than toxic threshold of 1. However, estimated dose for, Heptachlor epoxide,
Dieldrin, Endrin and Aldrin exceeded the reference dose and were higher than toxic threshold indicating a
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Background

The need to produce a greater quantity and quality of food
by pest control has resulted in the intensive use of pesti-
cides (Chaverri et al., 2000). This has led to tremendous
benefits in the area of agriculture, forestry, public health,
and domestic sphere and has also resulted in an economic
boom. This scenario has made pesticide an indispensable
tool in agricultural production to the extent, one-third of
the agricultural products are produced using pesticides of
various sorts (Liu et al., 2002). Despite these overwhelm-
ing credits of pesticides use, there has been serious health
implications to man and his environment accrued from
the use of pesticides. These health implications range
from the potential risks to human health from both
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occupational and non-occupational exposures, the death
of farm animals and alteration of the local environment
(Hossain et al. 2013). Other effects include; immunologic,
teratogenic, carcinogenic, reproductive and neurological
problems (Babu et al., 2005). Because of these health im-
plications, the use of most classes of pesticides have
been banned in developed and some developing coun-
tries (including Nigeria) especially the organochlorines
(Ize-Iyamu et al., 2007). Inspite of this ban, pesticides espe-
cially organochlorines are still major pollutants in Nigerian
waters because of the weak enforcement program on the
usage of pesticides (Olatunbosun et al., 2011; Upadhi and
Wokoma, 2012; Williams, 2013; Ezemonye et al. 2008a,
Ezemonye et al., 2008b, Ezemonye et al., 2009; Ize-Iyamu
et al,, 2007; Adeboyejo et al., 2011; Okeniyia et al., 2009;
Adeyemi et al., 2011).

© 2015 Ezemonye et al,; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly credited.
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Food consumption has been identified as an important
route of human exposure to pesticides with concentra-
tions of pesticides in fish leading to several health con-
cerns, particularly for high-risk population groups, such as
pregnant women and children (USEPA, 1998; Jaing et al.
2005). Although the presence of trace levels of these pesti-
cides in food is considered as an indication that contamin-
ation has occurred, the risk of adverse health effects also
depends on their concentration, frequency of contact and
duration of exposure (Jiang et al., 2005). Therefore, asses-
sing the health risk of pesticide exposure involves the use
ecological risk assessment models (ERAs). ERA is a
process of assessing the ecological health of species,
populations, communities and ecosystems due to pesti-
cide exposure (Hoffman et al., 2003). This assessment is
necessary because of the tendency of pesticides to accu-
mulate and persist in body tissues, leading to acute or
chronic health effects (Pardio et al., 2012).

Assessing Human Health risk involves the use of food
consumption data that have been established for a coun-
try (Jiang et al., 2005), body weight estimates and accept-
able daily intake (ADI) or reference dose set by various
regulatory bodies. FAO defines “ADI” of a chemical as
the daily intake which, during an entire lifetime, appears
to be without appreciable risk to the health of the con-
sumer (WHO, 1997). In recent times, researchers have
begun to estimate the risk posed to humans via the con-
sumption of contaminated foods stuffs. Several studies
including; Jiang et al. (2005), Gavor et al. (2013),
Yohannes et al. (2013), Darko and Akoto (2007), Andoh
et al. (2013), Fianko et al. (2011) have reported potential
human health risk from the consumption of contami-
nated food. In Nigeria, there is the dearth of data on the
concentration of pesticide residues in various water bod-
ies, while information on the human health effects asso-
ciated with consumption of aquatic organisms from the
polluted water bodies is nonexistent to the best of the
author’s knowledge (Ize-Iyamu et al, 2007; Ezemonye
et al., 2008a,b and Okoya et al., 2013).

This study was conducted in order to assess the poten-
tial health risks associated with the consumption of two
common fish species contaminated with pesticide resi-
dues, obtained from three rivers in Edo State.

Methods

Study area and sample collection

The rivers selected were Illushi River (N: 06° 45" 40”; E:
005° 46’ 07.4”), Owan River (N: 06° 39’ 59.8”; E: 006° 36’
34.2”) and Ogbesse river (N: 06° 45" 3.7”; E: 005° 34’
03.2”) (Figure 1). A total of 54 samples of Clarias
gariepinus and Tilapia zilli each were simultaneously
collected for this study. Sampling period lasted for
18 months (January 2012 to June 2013).
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Extraction of pesticide residues in fish samples

A simple, rapid solvent extraction method was used to
determine total lipids in each fish tissue based on the
method described by Randall et al. 1998 and lipid nor-
malized concentrations were obtained using the ratio be-
tween pesticide concentration in tissue and lipid fraction
in the tissue.

The frozen composite edible portions of tissue samples
for each species (Clarias gariepinus and Tilapia zilli)
were used for extraction based on the method described
by Steinwandter (1992). 25 g of the samples was inserted
into a homogenizer cup, and 100 ml of acetone was
added. The sample was homogenized for 20 minutes at
100 rpm. The sample was further mixed with 5 g of an-
hydrous sodium sulphate. Extraction was done using a
soxhlet extraction for approximately 20—25 minutes using
dichloromethane and n hexane mixture. The resulting ex-
tract was dissolved with hexane and re-concentrated to 1
to 3 ml (USEPA, 2004).

Gas chromatographic (GC) analysis

The cleaned up extracts were analyzed for pesticides
(a BHC, y - BHC, B- BHC, Heptachlor, Heptachlor Ep-
oxide, Aldrin, Dieldrin, Endrin, 4,4 DDT, Endosulfan I,
Endosulfan II, Endosulfan aldehyde, Endosulfan sulfate,
Atrazine, Phosphomethylglycine and Carbofuran). Results
were obtained using a Hewlett-Packard (/p) 5890 Series II
equipped with 63Ni Electron Capture Detector (ECD) of ac-
tivity 15 mCi with an auto sampler. The chromatographic
separation was done using a VF-5 ms of 30 mm capillary
column with 0.25 mm internal diameter and 0.25 pm film
thicknesses and equipped with 1 m retention gap (0.53 mm,
deactivated). The GC conditions were as follows: The oven
temperature programme: Initial temperature was set at 60°C
for 2 min and ramped at 25°C/min to 300°C for 5mins and
allowed to stay for 15 min giving a total run time of 58 min.
The injector setting was a pulsed spit less mode with a
temperature of 250°C at a standard pressure. The injection
volume was 1.5 ml. The detector temperature was 320°C
(held for 5 minutes), Helium was used as a carrier gas while
Nitrogen gas (N,) was used as the makeup gas, maintained
at a constant flow rate of 29 ml/min.

The efficiency of the analytical method (the extraction
and clean-up methods) was determined by recoveries of
an internal standard. Peak identifications were con-
ducted by comparing the retention time of standards
and those obtained from the extracts. Concentrations
were calculated using a four-point calibration curve.
Method detection limits (MDLs) ranged from 0.01 pg/g/
dw for pesticides in biota.

Health risk estimation
To assess the risk of pesticide contained in each fish spe-
cies on consumers, the guide- lines for potential risk
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assessment drawn up by the US EPA were used. The
reference dose (RfD) of each pesticides is the exposure
that is likely to be without an appreciable risk of deleteri-
ous effects and was provided by the US EPA (USEPA,
2006). Based on estimated average daily intake (EADI,
with Eq. (1)), hazard quotients (HQ, with Eq. (2)) were cal-
culated to estimate the non-cancer risks of pesticide
exposure.

Estimated average daily intake (EADI)

The estimated Average Daily intake (EADI) was found
by multiplying the average/ mean residual pesticide
concentration (ug/ww) by the fish consumption rate
(Kg/day).

Residual concentration x Food consumption/
Body weight.
(1)

EADI (pg/kg/day) =

(WHO, 1997; Fianko et al., 2011),

Hazard quotient (HQ)
Hazards quotients were obtained by dividing the EADI
by their corresponding reference dose (RfD)

Estimated Average Daily Intake
Hazard Quotient = g Y

Reference Dose

(2)
(WHO, 1997; Fianko et al., 2011),
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The food and agricultural organization (FAO 2011)
quotes the per capita consumption of fishes in Nigeria
as 9 kg. While body weight was set at 70 kg for adult
population group.

Results

Analyses showed levels of pesticides residues in 40 sam-
ples of Clarias gariepinus and 45 samples of Tilapia zilli
(Mlushi River), 49 samples of Clarias gariepinus and 48
samples of zilli (Owan River) in Edo State. These find-
ings are summarized in Tables 1 and 2 respectively. The
concentration profile of pesticides in each fish species is
also presented in Figure 2. It was observed that all pesti-
cides residues detected showed higher concentrations in
Clarias gariepinus than Tilapia zilli with beta BHC hav-
ing the highest concentration 1.67 & 0.93 pg/g ww re-
spectively. In all the rivers sampled, total pesticide
residues was observed to be more in the tissues of
Clarias gariepinus (5.53-9.98 pg/g ww) than Tilapia zilli
(3.49- 4.98 pg/g ww). However there was no significant
difference between concentrations of pesticide residues
in Clarias gariepinus and Tilapia zilli (p> 0.05; F =3.23)
in each of the river. Spatial variation showed that Ogbesse
River had the highest concentration of pesticide residues
in both fish species when compared with Owan and Illushi
Rivers (Figure 3). The Organochlorine pesticide beta BHC
was the most dominant pesticide, having the highest mean
concentration (0.93 pg/g ww and 1.67 pg/g ww) and per-
centage distribution (49% each) in Clarias gariepinus and
Tilapia zilli respectively (Figure 4 and 5).
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Dietary intake levels

The Estimated Acceptable Daily Intake (EADI) of pesti-
cides in Clarias gariepinus and Tilapia zilli for adult
population in Edo State is presented in Table 3. Consump-
tions rates of fishes in Nigeria were obtained from FAO
statistics book (FAO, 2011). Risk estimations in Tilapia
zilli showed that Heptachlor epoxide and Aldrin exceeded
the reference dose and toxicity threshold level (1). While
in Clarias gariepinus, Heptachlor epoxide, Aldrin, Dieldrin
and Endrin exceeded the reference dose and toxicity
threshold level (1) (Figure 6).

Discussion

The presence of pesticide residues in Clarias gariepinus
and Tilapia zilli obtained from Illushi, Owan and
Ogbesse rivers is an evidence of bioconcentration (from
water via gills and epithelial tissues) and bioaccumilation
(through water and food, leading to biomagnification in
different organisms) of pesticides from the surrounding
environment (Murty 1986). The levels and occurrence of
residues in fish samples seem to be governed by feeding
mode, age and mobility of the biota, consequently,
higher concentrations of pesticide residues oberved in
Clarias gariepinus may be attributed to the feeding
mode of the fish (Mwevura et al., 2002). Furthermore,
Biego et al. (2010), states that Claris gariepinus habitates
the level of sediments where it gets most of its food,
hence the likely hood of exposure to pesticides. Apart
from the entry of pesticides through bioconcentration
(via water) in to Clarias gariepinus, they are bottom

Table 1 Mean concentration (ug/gww) of pesticide residues in Clarias gariepinus

ILLUSHI OGBESSE OWAN

Pesticides Mean + Std. D. Range Mean + Std. D. Range Mean + Std. D. Range

alpha - BHC 148 +2.71 0 8.90 1.86 +1.85 0 7.30 1.16 +2.05 0 6.50
gamma-BHC 0.68 +1.35 0 5.60 0.66 +0.64 0 2.10 0.66 +1.10 0 3.70
beta — BHC 1.58 +248 0 6.40 234 +2.89 0 830 1.09 +1.20 0 430
Heptachlor 0.20 +0.37 0 1.50 043 +0.79 0 3.00 0.17 +0.46 0 1.90
Heptachlor epoxide 0.21 +048 0 1.80 0.25 +043 0 1.10 0.39 +0.62 0 2.00
Aldrin 0.82 +1.62 0 6.50 063 +0.80 0 215 0.12 +0.24 0 0.80
Dieldrin 044 +1.57 0 6.70 0.53 +0.90 0 2.50 038 +1.10 0 4.70
Endrin 0.31 +0.53 0 1.90 045 +1.17 0 4.90 039 +0.64 0 2.20
DDT 0.03 +0.10 0 040 0.04 +0.15 0 0.60 0.09 +0.20 0 0.70
Endosulfan | 0.25 +0.57 0 240 0.13 +040 0 1.70 039 +0.96 0 4.10
Endosulfan 11 0.11 +0.25 0 0.80 038 +1.25 0 530 0.05 +0.21 0 0.90
Endosulfan aldehyde 038 +1.24 0 530 0.27 +0.52 0 140 0.06 +0.19 0 0.70
Endosulfan sulfate 042 +1.72 0 7.30 0.26 +0.99 0 4.20 0.02 +0.07 0 0.30
Phosphomethylglycine 0.31 +0.74 0 3.10 091 +2.18 0 7.20 0.10 +0.18 0 0.60
Atrazine 0.11 +0.21 0 0.60 0.73 +1.22 0 3.50 0.13 +045 0 1.90
Carbofuran 0.78 +2.13 0 7.80 0.22 +0.92 0 3.90 032 +0.57 0 2.10




Ezemonye et al. International Journal of Food Contamination (2015) 2:3

Page 5 of 10

Table 2 Mean concentration (ug/gww) of pesticide residues in Tilapia zilli

ILLUSHI OGBESSE OWAN

Pesticides Mean + Std. D. Range Mean + Std. D. Range Mean + Std. D. Range

alpha - BHC 038 +0.90 0 3.80 0.88 +1.36 0 4.00 059 +141 0 550
gamma - BHC 0.85 +2.04 0 8.80 0.13 +0.21 0 0.70 0.34 +0.68 0 240
beta — BHC 0.29 +0.35 0 1.00 173 +2.57 0 8.00 0.77 +1.69 0 6.00
Heptachlor 0.60 +0.98 0 290 0.74 +1.51 0 6.00 022 +046 0 1.90
Heptachlor epoxide 0.12 +0.27 0 1.00 0.17 +0.25 0 0.60 0.06 +0.13 0 0.50
Aldrin 073 +1.64 0 5.20 0.12 +0.24 0 0.70 0.13 +0.16 0 0.50
Dieldrin 0.08 +0.18 0 0.60 0.08 +0.15 0 050 0.17 +0.24 0 0.80
Endrin 0.02 +0.07 0 0.30 0.07 +0.16 0 0.60 0.06 +0.11 0 040
DDT 0.00 +0.00 0 0.00 0.08 +0.23 0 0.80 0.03 +0.12 0 0.50
Endosulfan | 0.17 +0.34 0 140 0.22 +0.32 0 1.10 0.19 +0.28 0 1.00
Endosulfan 11 0.03 +0.10 0 0.30 0.03 +0.14 0 0.60 0.02 +0.07 0 0.30
Endosulfan aldehyde 0.12 +0.29 0 0.90 0.02 +0.06 0 0.20 0.16 +0.34 0 1.20
Endosulfan sulfate 0.03 +0.12 0 0.50 0.16 +043 0 1.70 0.09 +0.29 0 1.20
Phosphomethylglycine 0.15 +0.25 0 0.90 042 +0.89 0 3.00 0.54 +1.25 0 5.00
Atrazine 0.18 +0.29 0 1.00 0.09 +0.14 0 040 0.09 +0.21 0 0.60
Carbofuran 0.09 +0.24 0 0.90 0.02 0.09 0 040 0.03 +0.08 0 030

feeders hence they are in close proximity to contami-
nated sediments. Mwevura et al. (2002) reported that
biota in close proximity to sediments pick up residues
from the sediment and this occurs by passive equilibra-
tion process through their membranes. Murano et al.
(1997) and Kidwell et al. (1990) equally adds that pesti-
cide accumulation in fish was due to their lipid content,
this implies that the high lipid content in Clarias gariepinus,
allows more pesticide residues tend to be trapped in

their lipid stores compared to Tilapia zilli. Romanic
et al,, (2014) have observed a positive correlation between
the lipd content of fish muscles and the concentration of
organochlorine pesticides.

This study also corroborates with Deribe et al., (2014)
who reports that variation in the accumulation of POPs
in different fish species is attributed to trophic position,
age, and fat content. The levels of pesticide contamin-
ation in fish species observerd in this study were higher
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Figure 2 Mean + SE concentration of pesticide residues in Clarias gariepinus and Tilapia zilli.
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than concentrations obtained in earlier studies in
Nigeria. Some of these studies include: Upadhi and
Wokoma (2012), Unyimadu and Udochu, (2002);
Ize-Iyamu et al., (2007); Williams (2013). However
concentrations observed in this study was lower than
the concentrations reoprted by Ezemonye et al,
(2009); Adeboyejo et al., (2011).

The presence of pesticides in fishes is a major concern
because pesticides have a number of adverse effects on
the aquatic organism such as reproductive impairment and

suppression of the immune system (Aguilar et al, 2002),
which can have long-term consequences for population
viability. Furthermore, consumption of each fish species,
especially species with more fat content (Clarias gariepinus),
and from high trophic levels, may expose consumers to
possible health hazard because the consumption of
contaminated food (including fish) has been established as
a major route of human exposure to pesticides and other
contaminants (Biego et al., 2010; Ni et al., 2012; Barnhoorn
et al,, 2015).

Endosulfan aldehyde
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Health risk estimations

Assessment of the human health risk to estimate the
negative and non-carcinogenic impact associated with
the consumption of Clarias gariepinus and Tilapia zilli,
reveals potential hazard to humans. Clarias gariepinus
and Tilapia zilli are commercial aquatic products in Edo

state and are a readily available and cheap source of pro-
tein for most families. Hence assessing the potential hu-
man health risk from the consumption of these fishes is
an extremely important step towards public health
safety. EADI for Heptachlor and Aldrin in Tilapia zilli
were higher than their recommended reference dose

Table 3 Health risk assessment of pesticide residues in fishes from rivers in Edo State

Pesticides Tilapia zilli Clarias gariepinus
Rfd (ug/kg/day) Residual conc EADI HQ Residual conc EADI HQ

alpha - BHC 8 062 0.08 0.01 1.50 0.19 0.02
gamma - BHC 03 044 0.06 0.19 0.67 0.09 0.29
beta - BHC 8 0.93 0.12 0.01 1.67 0.21 0.03
Heptachlor 5 0.52 0.07 0.01 0.27 0.03 0.01
Heptachlor epoxide 0.013 0.11 0.01 1.09 0.28 0.04 2.77
Aldrin 0.03 0.33 0.04 1.41 0.52 0.07 2.23
Dieldrin 0.05 0.11 0.01 0.28 045 0.06 1.16
Endrin 0.03 0.05 0.01 021 038 0.05 1.63
DDT 0.5 0.04 0.01 0.01 0.05 0.01 0.01
Endosulfan 1 6 0.19 0.02 0.00 026 0.03 0.01
Endosulfan 11 6 0.03 0.00 0.00 0.18 0.02 0.00
Endosulfan aldehyde 6 0.10 0.01 0.00 0.24 003 0.01
Endosulfan sulfate 6 0.10 0.01 0.00 023 0.03 0.00
Phosphomethylglycine 300 037 0.05 0.00 042 0.05 0.00
Atrazine 35 0.12 0.02 0.00 0.29 0.04 0.00
Carbofuran 5 0.05 0.01 0.00 044 0.06 0.01

Rfd = (Reference Dose). HQ = Hazard quotient, EADI = Estimated Average Daily Intake. Bold figures are above the thresh hold limit.
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Figure 6 hazard quotient estimates for pesticide residues in fish species from rivers in Edo state.

while Hazard Quotient (HQ) values were above one
(1) suggesting that the potential health risks associated
with intake of Heptachlor and Aldrin, through the
consumption of Tilapia zilli was high. On the other
hand, EADI for Heptachlor epoxide, Endrin, Aldrin
and Dieldrin in Clarias gariepinus were higher than
their recommended reference dose while estimated
HQ were greater than 1 suggesting potential health
risk through the consumption of Clarias gariepinus.
For Clarias gariepinus and Tilapia zilli the hazard
index estimations showed that mixtures of organo-
chlorine pesticides (3.863 and 9.592 respectively) were
above one (1) for adult population group, suggesting
that toxicity to humans from exposure could be sig-
nificant. However, hazard estimates for Organophos-
phate, Triazine and Carbamate pesticides were below one.
It has been reported that if the hazard index >1, the mixture
has exceeded the maximum acceptable level (Tsakiris et al.
2011) and there might thus be risk. Therefore, results from
this study suggest a great potential for chronic toxicity
through the consumption of pesticide contaminated. The
results of Human Health Risk estimations obtained from
this study, conforms with studies by Darko and Akoto
(2008), on pesticides in eggplant and tomatoes from Kumasi
market, Sohair et al. (2013) on the Estimated Daly Intake
and corresponding Health hazard of pesticide residues
present in fruits from Egypt, Fianko et al. (2011) on pesti-
cides in fish species from Densu River basin in Ghana and
Andoh et al. (2013) pesticides in maize and cowpea from
Ghana.

Conclusion
The concentrations of 16 pesticides residues (« BHC,
y - BHC (lindane), B- BHC, Heptachlor, Aldrin,

Heptachlor Epoxide, Endosulfan I, Dieldrin, Endrin, En-
dosulfan II, 4, 4 DDT, Endosulfan Aldehyde, Endosulfan
sulfate, Atrazine, Phosphomethylglycine and Carbamate)
in two common fish species in Edo State, Nigeria have
been determined. From the results obtained, Clarias
gariepinus had significantly higher concentrations of
pesticide residues compared with Tilapia zilli. Levels of
pesticide observed in both Clarias gariepinus and Tilapia
zilli were lower than the recommended Reference dose
except, Heptachlor epoxide, Dieldrin, Endrin and Aldrin.
Risk assessment showed that Hazard quotients for Hepta-
chlor epoxide, Dieldrin, Endrin and Aldrin were above the
toxic threshold of 1. These results indicate that human ex-
posure (adults) to pesticides via consumption of contami-
nated fishes could lead to potential health risk. It also
substantiate the fact that the long term accumulation of
pesticide residues in the human body via dietary intake of
fish is a source of concern.

This calls for more stringent regulations on the use of
pesticides by farmers and also a rigorous and frequent
monitoring of pesticides in various environmental matrix
especially food should be encouraged so as to safe guard
the health of consumers.
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