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Abstract

This study investigated how carbamate and pyrethroid pesticide residues added to cocoa soil through agricultural
activities related to the concentrations of pesticide residues in Owena river, Ondo State, Nigeria. Extractions from
soil/sediment and water samples were obtained through ultrasonic bath extraction and liquid-liquid extraction
respectively. The samples were analyzed with a gas chromatograph coupled to a mass spectrometry detector. The total
mean carbamate pesticide residues level in dry season in the soil and sediment samples were 1.01+0.29ug/g and
2.45%2.38ug/g respectively. Their wet season level were 0.78+0.05ug/g and 0.76 +0.15ug/g. The dry season pyrethroid
pesticide residues level in the soil, sediment and water were 2.61 +1.87ug/g,1.20£1.33ug/g and < 0.01pg/L
respectively. Their wet season observation were 0.70 +0.25ug/g and  0.42 = 0.25ug/g for  soil and sediment
respectively. However, these pollutants were not found in the treated water.The mean level of these pollutants in the soil
and surface water were below the former Nigerian Federal Environment Protection Agency maximum residue limit
while their level in some of the sediment samples were higher than EU limit. This study, therefore, concluded that the
soil, sediment and surface water in the study area were contaminated with carbamate and pyrethroid pesticide residues
associated with cocoa farming around the river basin, although the treated water from the State water Works is safe for
drinking. Therefore,the study recommended proper legislation and enforcement of laws on the control of these
contaminants.
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INTRODUCTION since their introduction into the market in the 1950s [6].
They are used annually on a large scale worldwide. The
bioaccumulation potential of carbamates is very low
and their metabolism and excretion are fairly rapid.
They also exhibit short time toxicity [7]. They are
known as hazardous chemicals to the environment and
human health. They are included in the list of priority
chemicals released by the Environmental Protection
Agency in USA [9]. They are also included in
endocrine disrupting compounds list [7-9]. The
immediate toxic effect of carbamates is very similar to
that of organophosphates. The recovery is however,
comparatively rapid [9]. Spontaneous recovery without
medical treatment occurs generally within 4 hours of an
exposure which produced symptoms and signs of
headache, light- headedness, dizziness, weakness,
excessive salivation, nausea, and vomiting [8, 9].

Synthetic organic pesticides are groups of
chemicals that are hazardous to man [1]. They pose
serious health concern to humans and the environment
[2]. Diseases and deaths usually occur from exposure to
pesticide poisoning [3]. The residues of these pesticides
contaminate water bodies and this pollution has been an
important problem globally. Surface and ground water
are polluted as a result of pesticide residues from
agricultural activities [4]. Pesticides are applied
bycocoa farmers in Ondo state, Nigeria during the
raining season for effective pest control. Every part of
cocoa plant is sweet .The sweetness attracts mirids and
bugs to attack the cocoa plants. The effective chemical
application of pesticides could lead to incidences of
their residues on non -targeted substances which will
result in adverse effect on the health of human and the

environment [5]. Pyrethroid  pesticides  which  replaced

organophosphate pesticides recently are extremely toxic
to fish They are also toxic to other aquatic benthic
organisms [10]. They could also accumulate in aquatic
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plants and bioacumulate in fish [11]. The most toxic
pyrethroid pesticide for fishes is deltamethrin [12]. The
lethal effect of this pesticide damages their gills,
changes their behaviour, accelerate their respiration
processes, causes loss of coordination and convulsions
[12]. Chronic symptoms after exposure to
cypermethrinmay include brain and locomotory
disorders, polyneuropathy and immuno-suppression,
which resemble the multiple chemical sensitivity
syndromes [13-16]. Cypermethrin is a chemical which
is genotoxic in the spleen mouse and bone marrow cells
and carcinogenic [15-17].

Several studies have been published on
carbamates and pyrethroid pesticide residues globally.
Some of these studies include the determination of
pyrethroid insecticide and sediment toxicity in urban
creeks from California and Tennessee by Anweg et al.,
[9]. A reassessment of the neurotoxicity of pyrethroid
insecticides had also been reported by Ray et al., [10]
.Other studies on carbamate pesticide pollution include:
Analysis of carbamate and phenyl urea pesticide
residues in fruit juices by solid-phase micro extraction
and liquid chromatography—mass spectrometry by Paiga
et al., [7]. Analysis of carbamate and phenyl urea
pesticide residues in fruit juices by solid-phase
microextraction and liquid chromatography—mass
spectrometry was also reported bySagratini et al., [23].
Other studies includeexaminination of pyrethroids,
carbamates and neonicotenoids in fish, water and
sediments from the Indus River for potential health
risks Jabeen et al., [31].

ATEE20E

Previous studies on pesticide pollution in
Nigeria focused mainly on organochlorine and
organophosphate pesticide residues. There is little
information on the occurrence of carbamate and
pyrethroid residues in Owena river basin, Ondo state,
Nigeria. River Owena is located along the major coca
producing area of Ondo State where carbamates and
pyrethroid pesticides are used to control cocoa pests in
farms at the river basin. The residues discharged
through runoff into the Owenariver. This river is a
source of drinking water to the people of Ondo Central
Senatorial district. However, there is no much
information on the effects of these pesticide residues on
the treated water from the nearby Ondo State Water
Works at the river basin. The specific objectives of this
study are to: (i) investigate the presence and the type of
pesticide residues in the cocoa soil and monitor their
seepage into Owena river water and sediments through
runoff and other sources; (ii) assess the presence of the
pesticide residues in the raw and treated water from the
water works; and (iii) develop a baseline data on the
occurrence and levels of pesticides residues in river
Owena raw and treated water and hence the
environmental and health implication.

MATERIALS AND METHODS
Description of Study Area

The study area is the Owena River basin which
is located on geographical coordinates 7° 15" and 5° 5'E
in the Ondo East (Local Government Area) of Ondo
State, Nigeria.
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Fig-1: Map of the study area showing the Location of Owena River Basin in Ondo State, Nigeria

Collection, Handling, Preservation and Storage of
Samples

Twenty soil samples were collected under each
cocoa plant canopy from the depth of 0-5 cm using a
soil auger to form a composite sample. The collected
composite samples was ten and they were kept in a
polythene bag. The composite soil samples were dried

at room temperature and sieved through 2 mm stainless
sieve.

Twenty composite sediment samples were
collected from 0-5 cm depth from the same spot in
which the water samples were collected. The sediment
samples were taken from the bottom surface of the
river. The samples were wrapped up in aluminum foils,
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air dried and sieved through 2.0 mm stainless steel sieve
[19-20].

Twenty water samples comprising river raw
water, water under treatment and treated (drinking
water) using pretreated Winchester glass bottles with
Teflon lined screw caps using the method by Akinnifesi
et al., [19]. Sampling bottles were rinsed three times
with the sample river raw water and then filled to the
brim. The bottle stopper was removed with one hand
and with another hand the bottle was held at its base
and inserted by the mouth downward below the surface
of the water. River water from the treatment plant were
also collected in Winchester bottles from the reservoir
of the water treatment plant by rinsing the bottle thrice
with raw water before inserting it into the water surface
of the reservoir. The treated (drinking) water from the
Water Works was collected directly from the tap water
around the water processing plant. About 10mL of
HPLC grade extracting solvent (hexane) was added to
the water samples immediately after the collection to
start the extraction. Analytical grade concentrated
HNO; was also added to prevent microbial degradation
[24-28]. The water samples were stored at 4°C in the
laboratory prior to extraction.

Extraction of Pesticide Residues from the Water
Samples

Pesticides extraction from the soil and
sediment samples was performed with method 3550 as
described by US EPA [24]. A Super Scientific-
100005(50W, 45 KHz) ultrasonic bath was used. Ten
grams of the soil or sediment sample was weighed into
a 50 mL glass beaker containing 50g of Na,SO, mixed
and then covered with aluminum foil. About 20 mL of
the extracting solvent mixture (acetone/hexane 1:1v/v)
were used. The temperature of the ultrasonic bath was
set at 25°C and the extraction time was set at 30
minutes. The glass beaker was placed on the ultrasonic
bath and a sufficient water quantity was filled into the
bath in order to cover three quarters of the beaker (the
water in the bath was above the volume of the solvent
in the beaker). This condition was maintained constant
during all the experiments. The extraction was carried
out in triplicates and the extracts were combined and
filtered prior to the cleanup step.

Extraction of Pesticide Residues from the Water
Samples

Pesticide residues extraction from river, raw
and treated water samples were carried out with EPA
method 3510c [24]. Sixty mL of hexane were
introduced into a separating funnel containing 1000 mL
of the water samples and 5g of NaCl for phase
separation and shaken vigorously for about 30 minutes.
The samples were allowed to settle to ensure separation
of the phases. After separation, the organic layer was
filtered into a 250 ml amber glass bottles that has been
pre-washed with hexane and 5g Na,SO, added to
remove any residual water in the organic phase. The
extracts were filtered and extractions were repeated

thrice using a 60 mL portion of hexane and later
combined for cleanup.

Clean-Up of the Extracts

Extracts from each samples were concentrated
to 20mL with a gentle N, current and then added with
10ml of 0.ImL Na,CO; solution and shaken for 5
minutes. The free fatty acids containing aqueous phase
was discarded [19]. Sulphur, usually associated with
sediment samples was removed by adding 2 g of
activated powdered copper to the extracts and shaken
for 5 minutes [9]. The organic phase was separated by
chromatographic cleanup technique in which 10g of
alumina was placed in the chromatographic column.
The column was tapped to settle the alumina and 2g of
anhydrous Na,SO,4 was added to the top of the column.
The column was then pre- eluted with 40mL of hexane
at elution rate of 2mL/min. Twenty mL sample extracts
were quantitatively transferred into the column using
additional 2mLof hexane to complete the transfer and
then the column was finally eluted with 140mL ethyl
ether/hexane (1/4v/v). The eluate was concentrated to
2mL with a gentle stream of N, current and transferred
into amber glass vials for GC/MS analysis [29-32].

GC-MS Analysis

The cleaned extracts were analyzed on a gas
chromatograph in triplicates from Agilent USA
hyphenated to a mass spectrophotometer (5975C) with
triple axis detector equipped with an auto injector
Helium was wused as carrier gas. All the
chromatographic separations were performed on a
capillary column having specification: lenght; 30m,
internal diameter (0.2um) thickness; 250 pm, treated
with phenyl methyl siloxane. Other GC-MS conditions
are ion source temperature (El) 250°C , interface
temperature; 230°C,pressure;16.2 as well as 1 uL
injector in split mode with split ratio 1:50 with injection
temperature of 300°C. The column temperature started
with 35°C for 5 minutes and changed to 150°C at the
rate of 4°C/min. The temperature was raised to 250°C
at the rate of 20°C/min. and held for 5 minutes with
solvent delay of 5 minutes. The total elution was 47.5
minutes. The compounds were identified by comparing
the mass spectra obtained with those of the standard
mass spectra from NIST library [33-37]

Quantification

Cypermethrin  was used as the external
standard. Average calibration factor (CF) was used for
the calculation since the relative standard deviation of
the calibration standards at five different concentrations
was < 20%. Hence, the response of the detector to
analyte concentration was assumed to be linear and the
mean calibration factor was used for quantiation. A
detailed description of this method is given by US
Environmental Protection Agency method 8081B [38].

Calculation of the concentrations of fish samples
Concentration (ng/g) = (Ax) (Vt) (D)/ (CF) (Vi) (Ws)
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Where

Ax = Area (or height) of the peak for the analyte in the
sample.

Vt = Total volume of the concentrated extract (uL).

D = Dilution factor is 1 since the sample or extracts
were not diluted prior to analysis.

CF= Mean calibration factor from the initial calibration
Vi = Volume of the extract injected (uL).

Quality assurance/quality control

Background phythalate ester contamination
were eliminated by exhaustive cleanup of reagents
solvents and thoroughly washing of glasswares with
detergent and rinsing with triply distilled water and
running of field and lab blanks.

RESULTS AND DISCUSSION
Carbamate Pesticide Residues in Soil Samples

The mean concentrations of carbamate
pesticide residues in the cocoa-producing soil samples
is presented in Tables 1 and 2 for dry and wet seasons
respectively. These values ranged from 0.69 to
1.38ug/g and 0.70-1.79ug/g for dry and wet seasons
respectively. Their total mean concentration values
were 1.01+0.29ug/g and 0.78+0.05ug/g for dry and wet
seasons respectively. Carbaryl, carbofuran and
isoprocarb were the frequently occurring carbamate
pesticide residues in the soil samples in dry seasons.
However, only carbaryl and isoprocarb were detected in
the raining season. Their mean level individually were:
1.03£0.61 pg/g, 0.71+0.350 pg/g and 1.26%1.39ug/g
respectively in dry season for Carbaryl, carbofuran and

isoprocarb respectively. The wet season values were:
0.82+0.05 ug/g and 0.73+0.04 ug/g for isoprocarb and
carbaryl respectively. The lower frequency of
occurrence of these contaminants in the raining season
could be due to dilution. Their distribution trend as
shown in  Table-1 in dry seasons is:
isoprocarb>carbaryl>carbofuran while the trend in
raining season is isoprocarb>carbary (Table-2). Their
presence indicated that pesticides containing
carbamates were also used in the study area but not as
frequently as the organohlorine, organophosphate and
pyrthroid insecticides. Isoprocarb had the highest level
of these contaminants in the soil samples in both
seasons. This could be that the farmers were using the
unapproved chemicals ignorantly under different trade
names for pesticide control. Isoprocarb was a
previously approved insecticide for cocoa pest control
in Nigeria [22]. This study reported a higher mean
concentration of 1.02+0.29ug/g and 0.78+0.05ug/g
(Tables 1 and 2) when compared to the 0.014mg kg™
reported in a previous study Wabel et al., [24] in a study
on the pesticide (carbamate) residues in soil samples
collected from 15 regions around Saudi Arabia.
However, the level of contamination in dry season was
higher than that of the raining season (Figure-2). This
could be as a result of leaching from the surface of the
soil during wet season. However, the levels of
carbamate pesticide residues in the two seasons were
still within the range of 0.1-8ug/g MRL for pesticide
pollution in agricultural soil by FAO [37].This indicated
that carbamate pesticide pollution level in the study area
is still within acceptable international limit.

Table-1: Mean Concentration of Carbamate Pesticide Residues in Cocoa-Producing Soil, Sediment, Surface

Water, Water Under Treatment and Treated Water Samples During Dry Season
Pesticide Soil Sediment Surface Water Treated
(Mg/g) (ng/g) water under water
(Mg/L) treatment (ug/L)
(Mg/L)
meantsd | Range | meantsd | Range | meantsd | Range | meantsd | Range | meant sd | Range

Aldicarb ND - ND - ND - ND - ND -
Fenoxycarb | ND - ND - ND - ND - ND -
Carbaryl 1.03+0.61 | 0.99- | 4.70+1.48 | 4.68- ND - ND - ND -

1.19 4.88
Methomyl | ND - ND - ND - ND - ND -
Carbofuran | 0.71+0.35 | 0.69- | 1.88+0.47 | 1.80- ND - ND - ND -

0.74 1.96
Isoprocarb | 1.28+1.84 | 1.26 - | 0.76+0.53 | 0.70- ND - ND - ND -

1.38 0.84
Fenobucarb | ND - ND - ND - ND - ND -
Oxamyl ND - ND - ND - ND - ND -
>CM 3.02 - 7.34 - ND - ND - ND -
Total Mean | 1.01 - 2.45 - - - - - - -
SD 0.29 - 2.38 - - - - - - -
CcVv 28.71 - 82.25 - - - - - - -
ANOVA P>0.05 |- P>0.05 |- - - - - - -
Remarks NS - NS - - - - - - -
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>'CM= Total carbamate pesticides residues; ND= Not detected; sd = Standard deviation, ANOVA=Analysis of variance;
ND = Not detected.

Table-2: Mean Concentration of Carbamate Pesticide Residues in Cocoa-Producing Soil, Sediment, Surface
Water, Water Under Treatment and Treated Water Samples During Wet Season

Pesticide Soil Sediment Surface Water Treated
(Mg/g) (Mg/g) water under water
(ng/L) treatment (ng/L)
(Mg/L)
meantsd | Range | meantsd | Range | meantsd | Range | meantsd | Range | meant sd | Range
Aldicarb ND - ND - ND - NS - NS -
Fenoxycarb | ND - ND - ND - NS - NS -
Carbaryl 0.82+0.05 | 0.78- | 0.91+0.08 | 0.88- | ND - NS - NS -
0.91 1.08
Methomyl | ND - ND - ND - NS - NS -
Carbofuran | ND - ND - ND - NS - NS -
Isoprocarb | 0.73+0.04 | 0.70 - | 0.61+0.05 | 0.59- | ND - NS - NS -
1.79 0.71

Fenobucarb | ND - ND - ND - NS - NS -
Oxamyl ND - ND - ND - NS - NS -
>CM 1.55 - 1.52 - ND - NS - NS -
Total Mean | 0.78 - 0.76 - - - - - - -
SD 0.05 - 0.15 - - - - - - -
CVv 6.41 - 19.74 - - - - - - -
ANOVA P>0.05 P>0.05 |- - - - - - -
Remarks NS NS

> CM= Total carbamate pesticides residues; ND= Not detected; sd = Standard deviation; ANOVA=Analysis of variance;
ND = Not detected; NS = No sample

Carbamate Pesticide Residues in Sediment Samples
The mean concentration of carbamate pesticide
residues from the sediment samples is contained in
Tables 3 and 4. These values ranged from 0.70 to
4.88ug/g and 0.59-1.08ug/g respectively for dry and
wet seasons. Their total mean concentration values were
2.45+2.38 pg/g and 0.76+0.15ug/g for dry and wet
seasons respectively. Sediments accumulate these
chemicals as they are washed into river Owena. The
higher specific gravities of these pollutants could be
attributed to their accumulation of in the sediments. The
mean level of Carbaryl, carbofuran and isoprocarb were
4.70+1.484pg/g, 1.88+0.47ug/g and 0.77+0.53ug/g
respectively. Their low concentrations could be
attributed to their molecular structures which are
somewhat similar to the structures of some natural
organics which degrade naturally without polluting the
environment  [23].The dry season trend of
contamination in the sediment as shown in Table 1 is
carbaryl>carbofuran>isoprocarbwhilee their distribution
in wet seasons is: carbaryl>isoprocarb (Table-2). The
pollution level of these contaminants is higher in dry
season than wet period (Figure-2). These contaminants
tend to sink into the sediments since they are heavier
than water. Their non - polar nature due to their low
dielectric constants could also attest to that behavior.
Thus, they accumulate easily on the sediments than
water [17, 21, 30]. Interestingly the carbamate
insecticide residues found in the soil matricewere also
found in the sediment in both seasons. However,

carbamate pesticide residues were not found in the
water samples due to their low persistence and easy
degradability. They could have been degraded by
hydrolysis in water. They have very short half live as
they degrade within one to two days depending on their
environment [9-12, 23, 25]. The 1.88+0.470ug/g
(Table-1) observed in this study for carbamates
(carbofuran), in sediment is higher than 0.069-
0.081pg/g value for carbofuran in sediments as reported
by Jabeen et al., [40] in a study on the examination of
pyrethroids, carbamates and neonicotenoids in fish,
water and sediments from the Indus River for potential
health risks because carbamates with carbaryl active
ingredients could frequently be used in the study area.
The higher level of carbaryl in the sediment than the
soil matrix could be due to their introduction through
other sources such as fishing in the river. My interaction
with some of the farmers and fishermen at the river
basin during the sampling revealed that some of these
fishermen were using some of these chemicals in killing
fishes by direct application into the river. This study
revealed that the accumulation of carbamate pesticide
residues in the sediment is more than the major source
of pollution (soil) suggesting that the carbamate
pollution of the water body is from different sources.
This might include the direct application of the
pesticides to the water by fishermen. The occurrence
level of thecarbamate pesticide residues in all the
investigated matrices are sediment > soil (Figure-2).
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Fig-2: Level of occurrence of compounds of carbamate
pesticide residues in cocoa-producing soil, sediment and
surface water during dry and wet seasons

Pyrethroid Pesticide Residues in Soil Samples

The mean concentration of pyrethroid pesticide
residues from the cocoa-producing soil samples is
shown in Tables 3 and 4. These values ranged from
0.50 to 4.19ug/g and 0. 32-1.29ug/g respectively for
dry and wet seasons. Their total mean concentration
values were 2.61+1.87ug/g and 0.70£0.25ug/g for dry
and wet seasons respectively. Their distribution trend as
shown in indicates that cypermethin had the highest
frequency of occurrence in the studied matrices. Hence,
it is probably the most commonly used insecticide in
the study area. This observation was not surprising
since pesticides containing its active ingredients are

openly sold in major markets in Nigeria under different
trade names. Deltamethrin with the trade name of
Proteus 1 O-TE is a currently approved pesticide for
cocoa farms in Nigeria [22]. FosuMensah et al., [12]
reported the presence of cypermethrin (0.04mg/kg) and
deltamethrin (0.06 mg/kg) in soils and drinking water
from cocoa farms in Dorma West District of Ghana
which were higher than 4.21 + 2.74ug/g and 0.56 +
0.010 pg/g (Table-3) reported in this study for
cypermethrin and deltamethrin respectively in dry
season. Pesticides residues in soils are toxic to plants
and their products [5, 14]. These pollutants get into the
food chain through runoff, leaching and other source [9]
[18] [20] .Cypermethrin concentration range of 0.012-
0.205 mg kg-1 reported in a study by Wabel, et al., [24]
on pesticide residues in Saudi Arabia soil indicated
higher contamination level than the 4.21+2.74 ug/g
reported in this study. This could be as a result of the
heavy use of these chemicals in Saudi Arabia than the
study area. The seasonal contamination trend in the soil
as shown in Table 3 and Table 4 is cypermethrin>cis-
permethrin>deltamethrinfor both seasons. The mean
level of pyrethroid in this study was lower than the
0.05mg/kg US maximum residue limit for slightly
polluted soil, and 8ug/g limit by the Food Agricultural
Organization of United Nations. Dry season
contamination was higher than wet season (Figure-3).

Table-3: Mean Concentration of Pyrethroid Pesticide Residues in Cocoa-Producing Soil, Sediment, Surface
Water, Water under Treatment and Treated Water Samples During Dry Season

Pesticide Soil Sediment Surface Water Treated
(ng/g) (Mg/g) water under water
(Mg/L) treatment (ug/L)
(ug/L)
meanzsd Range meantsd | Range | meantsd | Range meanzsd Range | meant Range
sd
Bifenthrin ND - ND - ND - ND - ND -
Cis- 3.06+0.93 | 2.98- 0.44+0.08 | 0.40- | ND - ND - ND -
permethrin 3.16 0.51
Cypermethrin | 4.21+2.74 | 4.19- 2.73+2.28 | 2.68- | 0.01 0.00- 0.01 0.00- | ND -
4.31 2.84 0.02 0.01
Trans- ND - ND - ND - ND - ND -
permethrin
Talomethrin ND ND ND ND ND - ND - ND -
Deltamethrin | 0.56+£0.10 | 0.50- 0.43+0.09 | 0.41 - | ND - ND - ND -
0.65 0.52
Resmethrin ND - ND - ND - ND - ND -
Fenpropathrin | ND - ND - ND - ND - ND -
>PP 7.83 - 3.60 - ND - ND - ND -
Total Mean 2.61 - 1.20 - <0.01 - <0.01 - ND -
SD 1.87 - 1.33 - - - - - - -
CcVv 71.65 - 110.83 - - - - - - -
ANOVA P >0.05 - P >0.05 - - - - - - -
Remarks NS - NS -

> PP = Total Pyrethroid pesticides residues; ND= Not detected; sd = Standard deviation; ANOVA=Analysis of variance;

ND = Not detected.
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Table-4: Mean Concentration of Pyrethroid Pesticide Residues in Cocoa-Producing Soil, Sediment, Surface

Water, Water under Treatment and Treated Water Samples during Wet Season
Pesticide Soil Sediment Surface Water Treated
(no/9) (ng/g) water under water
(ng/L) treatment (ng/L)
(Hg/L)
meantsd | Range | meanzsd Range | meanz Range | meantsd Range | meantsd | Range
sd

Bifenthrin ND - ND - ND - NS - NS -
Cis- 0.74- 0.27+0.03 0.20- ND - NS - NS -
permethrin 0.79+0.05 | 0.85 0.34
Cypermethrin | 0.96+0.03 | 0.92- 0.77+0.02 0.72- ND - NS - NS -

1.29 0.85
Trans- ND - ND - ND - NS - NS -
permethrin
Talomethrin ND - ND - ND - NS - NS -
Deltamethrin 0.36+£0.03 | 0.32- 0.22+0.3 0.19- ND - NS - NS -

0.40 0.28
Resmethrin ND - ND - ND - NS - NS -
Fenpropathrin | ND - ND - ND - NS - NS -
>PP 211 - 1.26 - ND - NS - NS -
Total Mean 0.70 - 0.42 - ND - NS - NS -
SD 0.25 - 0.25 - - - - - - -
CVv 35.71 - 59.52 - - - - - - -
ANOVA P>0.05 - P>0.05 - - - - - - -
Remarks NS - NS - - - - - - -

> PP = Total Pyrethroid pesticides residues; ND= Not detected; sd = Standard deviation; ANOV A=Analysis of variance; ND = Not
detected; NS = No sample.

Pyrethroid Pesticide Residues in Sediment Samples
Tables 3 and 4 contain the concentration of
pyrehroid pesticide residues Sediment samples. These
values ranged from 0.40 to 2.84ug/g and 0.19 to
0.85ug/g respectively for dry and wet seasons. Their
total mean concentration values were 1.20 £1.33 ug /g
and 0.42+0.25ug/g for dry and wet seasons
respectively. The frequently occurring pyrethroids in
both seasons in the sediment were cypermethrin, cis-
permethrin and deltamethrin. Pyrethroids are easily
biodegradable in the environment [12]. Their presence
in the sediments could be due to recent usage.
Sediments are heterogeneous and the uptake of these
pollutants by benthic organisms is at different
concentrations. In comparism to 1.20 + 1.33 ug /g and
0.42+0.25ug/g mean level obtained in both seasons
from this study. Akan et al.[4] reported a higher
concentration of pyrethroid (11.93+2.13 pg/g) in a
study on pyrethroid determination in sediments of River
Benue in Vinikilang, Yola, and Adamawa State. Jabeen
et al., [40] reported mean concentration of 0.214-
0.318ug/g for deltamathrin and 0.183-0.197ug/g for
cypermethrin in a study of the examination of
pyrethroids, carbamatesand neonicotenoids in fish,

water and sediments from the Indus River for potential
health risks. However, the mean levels of 0.43+0.09
pg/g and 2.73+£2.28 pg/g in dry season observed in this
study for deltamathrin andcypermethrin were higher
than the reported values in the study by Jabeen et al.,
[40]. The distribution trend of the pyrethroids in the
sediments as shown in Table 3 and Table-4 is
cypermethrin>cis- cypermethrin>deltamathrin in both
seasons. However, dry season pollution was higher than
the wet season (Figure-3). Interestingly, all Pyrethroids
pesticides detected in the soil samples were also found
in the sediments. This could be a proof that pesticides
with pyrethroids active ingredients are frequently used
in cocoa farms in the study area and they are washed
into the Owenariver. Cypermethrin is a currently
approved Pesticide for cocoa farming in Nigeria [22]
The order of contamination as shown in Figure 3 in the
investigated matrices are soil > sediment > surface
water. The mean concentrations of some of the
carbamate and pyrethroid residues in the sediment
samples were higher than 0.3ug/g EU maximum
residue limit but less than 2ug/g allowable level by
FAO-WHO.
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Fig-3: Levels of compounds of pyrethroid pesticide residue in cocoa-producing soil, sediment and surface water during dry
and wet seasons
Note: The soil, sediment and fish samples were expressed in pug/g while the surface water samples were expressed in pg/L

Pyrethroid Pesticide Residues in Water Samples
Tables 3 and 4 showed the values for the mean
concentrations of cypermethrin, the only detected
pyrethroid pesticide residues in the water samples in dry
season which ranged from 0.00-0.02ug/L,0.00-
0.01pg/L for surface water and water under treatment
respectively for dry season. Their mean concentration
values were < 0.01pg/L.However, these pollutants were
not detected in the treated water samples in dry season.
There was no contaminant found in the surface water
samples during the wet season. Pyrethroid compounds
are hydrophobic and lipophilic as they accumulate more
in sediment and bioaccumulate in fatty tissues. The low
frequency of occurrence and concentrations in the water
samples could be due to their hydrophobic nature [4,
23, 25]. They could also be present below the detection
limit of the gas chromatograph. Moreover, the higher
specific gravities of these pollutants could also be
responsible for their very trace level in the water
matrice. The mean concentration of cypermethrin of
0.01pg/L in surface water samples in dry season (Table-
3) was lower than the EU, FAO/WHO, 0.1ug/L[35]
limits for pesticide residues in drinking water. It was
also less than 10 pg/L limit set by Federal
Environmental Protection Agency now Ministry of
Environment in Nigeria[36].These pollutants were not
detected in surface water samples in wet season.This
could be due to dilution of aquatic ecosystem. In
addition,water under treatment and treated water
samples were not collected during wet season sampling
due to the shutdown of the water treatment plant. The
level of cypermethrin in this present study was lower
than the mean concentrations range of 0. 48 pg/L to
0.93pug/L reported by Akan et al., [4] on the
determination of pyrethroid residues in water samples
from river Benue in Vinikilang, Yola, Adamawa State,
Nigeria. However, this study is in agreement with
0.005-0.021pug/L reported by Ensminger et al., [41] on
pyrethroid residues in water samples from Delpueto and

Orestimba Creeks in California, USA. The
contamination trend of pyrethroid pesticide residues as
shown in Table-3 revealed that surface water > water
under treatment > treated water. This shows that the
effectiveness of the water treatment plant was efficient.

CONCLUSION

This study concluded that the soil, sediment
and surface water of the study area were contaminated
with carbamate and pyrethroid pesticide residues from
agricultural practices around the river basin. The treated
water from the Ondo State Water Works is however,
safe for drinking due to the effectiveness of the State
Water Works treatment plant. The data obtained from
this study could form a baseline data for future
monitoring studies at the river basin.The Federal
government of Nigeria should continue to strictly
enforce the laws on the safe handling and use of these
chemicals for the control of pests in cocoa farms.
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