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ABSTRACT

The use of some pesticides has been banned worldwide due to their toxicities. However, some farmers still use them illegally because of their acclaimed
relevance. This practice may result to the prevalence of pesticide residues in the environment and agricultural produce which has been linked to several negative
health effects. The aim of this study was to estimate the concentrations of pesticide residues in soil samples obtained along river Gongola, Adamawa state. A total
of 10 soil samples of about 500g were collected and labeled as plotl to plot10. They were grouped in to five places with plot 1 and 2 forming groupl, and so on.
To 10 g of soil sample was added 30ml 1:20 Acetonitrile. The resulting mixture was covered with clean aluminium foils and kept at room temperature for about
48 hours. The extracts were filtered (Whatman no. 42) and concentrated to about 5 mL by exposing to atmosphere to allow evaporation. To the concentrated
filtrate, 1ml of n-hexane was added followed by separation of organic layer from the aqueous layer using separating funnel. This was then placed in sample
bottles. The samples were then analyzed using Gas chromatography-Mass Spectrometer equipped with an auto injector (10ul syringe). The analytical result
showed that aldrin, metalaxyl, trans-nonaclor, dicloran, 2,3,5,6-tetrachloroaniline, monolinuron, mecarbam, 2,3,4,5-tetrachloroanisole, ronnel, propham, cycluron,
clamazone, 2,5-dichloroaniline, methyl-parathion,clrorpyrifos, and nitrapyrin were detected in various concentrations. The residuals of the pesticides varied from
0.013+0.006mg/kg to 0.450+0.064mg/kg. The highest mean concentration of 0.450+0.064 mg/kg was recorded for aldrin which was detected in soils from all
locations. Methyl-parathion recorded the least mean concentration of 0.013+0.006mg/kg which was detected in soil samples from group 1 to 3. The pesticide
residue concentrations found in the studied soils were highly above maximum residue limits by Food and Agriculture Organization of the United Nations (FAO).
The findings of this study provided information on residue levels of pesticides in soils along river Gongola, Adamawa state. Routine monitoring of pesticide
residues in this study area is necessary for the prevention, control and reduction of environmental pollution, leading to minimize health risks.
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1. Introduction

As the world's population is growing rapidly, human societies benefit from or even rely on pesticides to ensure food safety and disease control.
Pesticide use, either in field or postharvest, has largely contributed to improved crop yield, with its attendant economic benefits [1]. However,
inappropriate use of pesticides may lead to the prevalence of pesticide residues in the environment and agricultural produce [2]. The global pesticide
expenditures from the production perspective are estimated to be $56 billion [3], and nearly 2.4 million tons and over 50,000 commercial formulations
of pesticides are being used annually in agriculture [4, 5].

The soil serves as a reservoir for persistent organic pollutants and plays an important role in their global distribution [6]. Soil not only has a large
retention capacity but also re-emits OCPs into the environment as a secondary source [7]. A significant proportion of hexachlorocyclohexanes (HCHs)
and dichlorodiphenyltrichloroethanes (DDTS), ranging from 20 to 70% of its degradation products, may remain in the soil after having been applied [8].
DDT and the rest of persistent OCPs have been found in soil samples and distributed throughout the environment [8]. The transfer of OCPs from the
soil surface layers to lower depths may impact their volatilization rates from surface soil
and thus impose potential risks for shallow groundwater [9, 10]. The application of these man-made chemicals to the environment has resulted in the
need for development of methods to assess, monitor and mitigate their impact distributed throughout the environment [11]. Pesticide ingestion either by
direct or indirect exposure may lead to generation of reactive oxygen species (ROS), which are detrimental to the health of humans and non-target
organisms such as domestic fowls and pets (distributed throughout the environment [11]. It has been reported that bioaccumulation of pesticides in the
food chain can lead to potentially adverse effect in humans and useful animals owning to their putative toxic action distributed throughout the
environment [11, 12]. This toxicity as reported by distributed throughout the environment [11] may occur directly as a result of pesticides being
converted to free radicals or via the formation of superoxide as by-product of their metabolism.

Pesticides are applied for both agricultural and residential purposes. They are transported and remain in the soil and sediment, depending on their
physicochemical properties, sediment and soil types, particle sizes, and other environmental conditions such as moisture, micro-organisms, pH, and
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groundwater levels [13]. Although many pesticides such as persistent organic pollutants have been banned for over decades owing to their severe
toxicity [14], excessive historical usage and environmental persistence still make them frequently detectable in the environment in high levels and can
threaten ecological and public health [2, 12, 14]. Exposure to pesticides through surface soil and sediment is one of the most common exposure routes,
which include direct ingestion of soil, inhalation of soil dust, and dermal contact with pesticide-contaminated soil [14, 15, 16]. Because of the exposure
frequency, behavior patterns, and physiological conditions, children are usually mainly exposed to pesticides via soil and are more vulnerable than
adults [16].

Among the variables used in risk assessment models, pesticide soil level is one of the most important ones as it directly determines the potential degree
of exposure dose and adverse health effect. Therefore, generating and exploring a robust and accurate model to describe the distribution of
pesticide residues in soil is essential; this might help risk scientists and regulatory agencies to better quantify population health risks [16]. This study wi
Il provide relevant information on the potential risks associated with the inappropriate use of pesticides along river Gongola, Adamawa State, Nigeria.

2. Methodology

2.1. Soil sampling

Topsoil samples from the sampling site were collected at 0-30 cm depth using a spiral auger and composited. A total of 10 soil samples of about 500g
were collected and labeled as plotl to plotl0. These were grouped in to five places with plot 1 and 2 forming groupl, and so on. The samples were
wrapped in clean plastic bags. They were then placed in clean zip lock bags. The soil samples, directly after collection, were kept in a refrigerator prior
to laboratory analysis.

2.2 Reagents and solvents

Analytical grade reagents and solvents were used. They were n-hexane and acetonitirle.

2.3 Soil preparation and extraction

To 10 g of soil sample was added 30ml 1:20 Acetonitrile. The resulting mixture was covered with clean aluminium foils and kept at room temperature
for about 48 hours. The extracts were filtered (Whatman no. 42) and concentrated to about 5 mL by exposing to atmosphere to allow evaporation. To
the concentrated filtrate, 1ml of n-hexane was added followed by separation of organic layer from the aqueous layer using separating funnel. This was
then placed in sample bottle.

2.4 Gas chromatography-mass spectrometer analysis

A gas chromatography from Agilent USA hypherated to a mass spectrophotometer (5975C) with triple axis detector equipped with an auto injector
(10ul syringe) was used. Helium gas was used as a carrier gas. All chromatographic separation was performed on capillary column having
specification: length; 30m, internal diameter; 0.2um, thickness; 250 pum, treated with phenyl methyl silox. Other GC-MS conditions are ion source
temperature (El), 250°C, interface temperature; 300°C, pressure; 16.2psia, out time; 1.8mm, 1l injector in split mode with split ratio 1:50 with
injection temperature of 300°C, the column temperature started at 35°C for 5mins and changed to 150°C at the rate of 4°C/min. The temperature rose to
250°C at the rate of 20°C/min and held for 5mins. The total elution was 47.7minutes. MS solution software provided by supplier was used to control
the system and to acquire the data; identification of the compounds was carried out by comparing the mass spectra obtained with those of the standard
mass spectra from NIST library (NIST11).

3. Results

Of the ten soil samples analysed, 16 different pesticide residues were detected, which includes aldrin, metalaxyl, trans-nonaclor, dicloran, 2,3,5,6-
tetrachloroaniline, monolinuron, mecarbam, 2,3,4,5-tetrachloroanisole, ronnel, propham, cycluron, clamazone, 2,5-dichloroaniline, methyl-
parathion,clrorpyrifos, and nitrapyrin. The concentrations of pesticide residues detected in the soil at different plots along river Gongola are presented
in table 3.1 below. The results show that the mean concentration of pesticide residues in the soils ranges from 0.013+0.006mg/kg to
0.450+0.064mg/kg. Plot3 has the least pesticide residue concentration while plot4 has the highest concentration.

Table 3.1 Pesticide residues detected in soil samples along river Gongola, and their concentrations (mg/kg).

Plotl Plot2 Plot3 Plot4 Plot5 Plot6 Plot7 Plot8 Plot9 Plot10

Pesticide residues

Aldrin 0.258 0.324 0.404 0.489 0.188 0.369 0.404 0.495 0.350 0.330
2,3,4,5-tetrachloroanisole 0.094 0.039 0.130 0.117 - 0.088 0.079 0.095 0.069 -
Cycluron 0.052 0.039 - 0.057 0.026 0.044 0.043 0.046 - -
Ronnel 0.025 - 0.021 - 0.076 - - - - -
Metalaxyl 0.207 - - - - - - - - -
Methyl-parathion 0.042 - 0.023 - 0.013 - - - - -
Trans-nonaclor 0.021 - - - - - - - - -
Dicloran - - 0.054 - - - - - - -
2,5-dichloroaniline - - - 0.312 0.105 0.228 0.217 0.251 0.203 0.193
Propham - - - - - 0.056 0.078 0.050 0.078 0.066
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Clamazone - - - 0.099 0.098 - 0.148 0.159

Monolinuron - - - 0.021 - - - -

Chlorpyrifos(-ethyl) - - - - 0.023 - 0.024 0.023

Nitrapyrin - - - - - 0.063 - -

2,3,5,6- tetrachloroaniline - - - - - - 0.029 -

Mecarbam 0.097 0.025 - - - - - -
Table 3.1 presents the pesticide residues concentrations in plotl to plot10.

Table 3.2 Mean of pesticide residues concentrations (mg/kg) in the soils along river Gongola

Pesticide residues Group 1 Group2 Group3 Group4 Group5

Aldrin 0.291+0.047 0.446+0.060 0.278+0.128 0.450+0.064 0.340+0.014

2,3,4,5- 0.067+0.039 0.124+0.009 0.088+0.028 0.087+0.011 0.069+0.028

tetrachloroanisole

Cycluron 0.046+0.009 0.057+0.010 0.035+0.013 0.045+0.002 -

Ronnel 0.025+0.013 0.021+0.012 0.076+0.013 - -

Methyl-parathion 0.042+0.007 0.023+0.007 0.013+0.006 - -

2,5-dichloroaniline - 0.312+0.087 0.167+0.024 0.234+0.007 0.198+0.063

Propham - - 0.056+0.013 0.064+0.020 0.072+0.008

Clamazone - - 0.099+0.032 0.098+0.032 0.154+0.008

Chlorpyrifos(-ethyl) - - - 0.023+0.001 0.0235+0.001

Mecarbam 0.049+0.024 0.025+0.013 - - -

Table 3.2 presents the meantstandard deviation (n=2) of pesticide residues concentrations in the soil samples. Aldrin shows the highest mean

concentrations across the groups.

Table 3.3 Pesticide class, type, and their maximum residue Levels.

Pesticide residues Type Class MLR (mg/kg)
Aldrin Organochlorine Insecticide 0.10
Clamazone Organochlorine Herbicide 0.01
Trans-nonaclor Organochlorine - 0.01
Dicloran Organochlorine Fungicide 0.01
Methyl-parathion Organophosphate Insecticide 0.01
Chlorpyrifos Organophosphate Insecticide 0.01
Mecarbam Organophosphate Insecticide 0.01
Ronnel organophosphate Insecticide 0.01
Propham Carbamate Herbicide 0.01
Monolinuron - Herbicide 0.01
Nitrapyrin - Bactericide 0.01
Metalaxyl - Fungicide 0.01
Tetrachloroaniline (-2,3,5,6) - Fungicide 0.01
Tetrachloroanisole (2,3,4,5) - - -
Cycluron - Herbicide 0.01

Table 3.3 presents the types of pesticides, class and their maximum residue levels [17].

4. Discussion

Inappropriate use of pesticides may lead to the prevalence of pesticide residues in the environment and agricultural produce [2]. Soils are known to
serve as sinks for pesticides. Soils do not only have large retention capacity but also re-emit OCPs into the environment as a secondary source [7]. In
this study, the detected pesticide residues reflect the types of pesticides that have been used in the respective plots, particularly aldrin which was
detected in almost all the samples. The differences in the concentrations of these residues in the soil samples may be due to the substantial inter-farm

variation in intensive use of pesticide as well as the differences in their degradation rate [18].
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The result from this study also showed the presence of four OCPs (aldrin, trans-nonacor, dicloran, and clamazone) from the soil samples obtained from
the ten plots along river Gogola in Varian concentrations. The levels of aldrin ranged from 0.278+0.128mg/kg to 0.450+0.064mg/kg. Aldrin was
detected in soil samples from all locations. The highest concentrations of aldrin were found in soil from Group 4, while the least concentration was
detected in group3. Contrary to this result, the lower residues have been reported by [19], where aldrin was found in agricultural soil from région des
plateaux in togo, with concentrations of 0.04 + 0.01pg/kg to 0.93 + 0.03pg/kg.

Organochlorines can be highly toxic to the ecosystem through bioaccumulation. Most were banned from use [2, 12]. Aldrin was detected above the
FAO maximum residues limit; hence the result indicates that the soil samples within the studied area were contaminated by organochlorines. This
observation is in tandem with the findings of [2]. Trans-nonaclor and dicloran were detected only in groupl and 2 respectively, and concentrations of
0.021+0.013mg/kg and 0.054+0.024mg/kg respectively. The highest concentration was recorded in group5 with clamazone whose concentration was
0.154+0.008. The least concentration of clamazone was detected in group4 (0.098+0.032). The levels of organochlorine pesticides detected from all
locations were far greater than the FAO maximum residue limits (MRL).

Four organophosphates (methyl-parathion, chlorpyrifos, mecarbam and ronnel) were also detected in soil samples analyzed. The level of methyl-
parathion ranged from 0.013+0.015mg/kg to 0.042+0.015mg/kg. Methyl-parathion was present in groupl, 2 and 3 only, but not present in other groups.
Groupl shows the highest mean concentration of methyl-parathion. Methyl parathion is highly toxic by inhalation and ingestion, and moderately toxic
by dermal adsorption. As with all organophosphates, methyl parathion is readily absorbed through the skin. Skin which has come in contact with this
material should be washed immediately with soap and water and all contaminated clothing should be removed. Accidental skin and inhalation exposure
to methyl parathion have caused human fatalities [11]. Chlorpyrifos was present in group4 and 5, but absent in other groups. Group5 show the highest
concentrations of chlorpyrifos. Mecarbam was detected in groupl and 2 only. Groupl have the highest mean concentrations of mecarbam, while ronnel
was present in groupl, 2, and 3 only with concentrations ranging from 0.021+0.012mg/kg to 0.076+0.013mg/kg. The highest concentration of ronnel
was found in group3. Again, the levels of these pesticide residues which were detected from the 10 locations were unusually higher than the FAO
maximum residue limit.

One carmate (proham) was detected in the soil samples analyzed with concentrations ranging from 0.056+0.013mg/kg to 0.072+0.008mg/kg. Propham
was present in group3, 4, and 5, but was not present in other groups. Group5 and group3 shows the highest and the least mean concentration of
propham respectively.

Nitrapyrin, monolinuron, 2, 5-dichloroaniline, 2, 3, 4, 5-tetrachloroanisole, metalaxyl and cycluron were also present in soil samples analysed from the
sampling site. Tetrachloroanisole (-2, 3, 4, 5) was found in all the groups with concentrations ranging from 0.067+0.039mg/kg to 0.124+0.009. The
highest concentrations of tetrachloroanisole (-2, 3, 4, 5) was found in groupl while the least concentration was found in group2. Cycluron was detected
in groupl-4 with concentrations ranging from 0.035+£0.013mg/kg to 0.046+0.009mg/kg. The highest and the lowest concentration of cycluron were
recorded in Groupl and 3 respectively.

5. Conclusion

The levels of pesticides detected in all the soil samples analyzed from different locations in this study were found to be highly greater than the
maximum permissible concentrations of the pesticide residues in contaminated soils in which vegetables and tubers are cultivated. This study indicated
that the presence of high concentrations of these pesticide residues is a sign of recent use of these pesticides by farmers and continuous consumption or
exposure of vegetables or any other crop cultivated on this contaminated soils may present health risk to individuals.
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