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ABSTRACT
This study aimed to validate an analytical method and apply it to the determination of
organochlorine pesticide (OCP) residues in water and sediment samples collected from an
Ogun River tributary (Odo Ona River), Ibadan, Nigeria. Surface water and sediment samples
were collected, extracted, cleaned up, and analyzed using gas chromatography—mass
spectrometry (GC-MS). Method validation was performed by evaluating linearity, recovery,
limits of detection (LOD), and limits of quantification (LOQ). The developed method showed
satisfactory analytical performance with coefficient of determination (R?) ranging from 0.9572
to 1.0000. Percentage recoveries ranged from 72% to 105%, indicating acceptable accuracy.
The LOD values ranged from 0.0191 pg L' to 7.5387 ng L, while the LOQ values ranged
from 0.0579 pg L' to 22.8446 ng L'. Application of the validated method to environmental
samples revealed total OCP concentrations of 12.28 pg L™*, 1.39 pg L™*, and 0.90 pg kg™ in
upstream water, downstream water, and sediment samples, respectively. Endosulfan ether was
the predominant residue detected, particularly in upstream water samples. The study
demonstrated that the validated method is suitable for monitoring OCP residues in aquatic
environments. The concentrations detected exceeded recommended guideline values,
indicating potential environmental contamination and the need for continuous monitoring and
strengthened regulatory enforcement to protect aquatic ecosystems and public health.

Keywords: Organochlorine pesticides, tributaries, validation, sensitivity, environmental
monitoring.
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Introduction
Organochlorine pesticides (OCPs) are a group of chlorinated compounds that were extensively

used worldwide for agricultural and public health purposes because of their effectiveness, low
cost, and broad-spectrum activity against insect pests [1-3]. OCPs belong to the class of
persistent organic pollutants (POPs), which are characterized by their resistance to
environmental degradation, long-range transport potential, and tendency to bioaccumulate in
living organisms [4,5]. Although the production and use of many OCPs have been restricted or
banned under the Stockholm Convention, their persistence in environmental matrices and
continued application in some developing countries remain important environmental concerns
[6-9]. OCP residues can enter aquatic ecosystems through agricultural runoff, atmospheric
deposition, industrial discharges, and improper disposal practices, leading to contamination of
surface waters and sediments [10-14].

The presence of OCPs in the environment has attracted considerable attention because
of their potential adverse effects on both ecosystems and human health. Exposure to these
compounds has been associated with respiratory disorders, skin irritation, headaches, nausea,
and convulsions, while chronic exposure may result in endocrine disruption, reproductive
abnormalities, developmental disorders, neurological impairment, and increased cancer risk
[15-17]. Previous studies have also reported that exposure to Dieldrin during pregnancy may
interfere with hormonal regulation and fetal development, whereas Chlordane has been linked
to diabetes, respiratory infections, migraines, and neurological disorders [18-20]. Due to their
lipophilic nature, OCPs accumulate in aquatic organisms and may be transferred through the
food chain, thereby increasing the risk of exposure to humans and wildlife [21-26].

Many OCPs are among the so-called “dirty dozen,” a group of highly toxic and
environmentally persistent chemicals initially targeted for elimination under the Stockholm
Convention [27]. Despite international regulations, residues of these compounds are still
detected in environmental samples across many developing countries, including Nigeria, where
inadequate enforcement of pesticide regulations and the possible availability of banned
products under different trade names may contribute to their continued occurrence in the
environment [28,29].

Several studies have reported the occurrence of OCP residues in rivers, reservoirs,
sediments, fish, and agricultural soils in different parts of Nigeria [9,10,21]. However,
information regarding the occurrence, distribution, and contamination status of OCPs in Ogun

River tributaries, particularly Odo Ona River in Ibadan, remains limited.
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Consequently, there is insufficient information on the extent of contamination and the potential
environmental risks associated with these pesticides in this important water resource.
Addressing this knowledge gap is essential because the river serves domestic, agricultural, and
economic functions for surrounding communities.

Therefore, this study was undertaken to determine the occurrence and concentration of
organochlorine pesticide residues in water and sediment samples collected from Odo Ona
River, a tributary of the Ogun River. The specific objectives were to identify possible sources
of OCP contamination within the study area, quantify their concentrations in surface water and
sediment samples, validate the analytical method for their determinations, and compare the
measured concentrations with relevant national and international guideline values. The
findings of this study will provide valuable information on the contamination status of OCPs
in the study area and contribute to ongoing efforts aimed at protecting aquatic ecosystems and

public health. The structures of some of the investigated OCPs are shown in Figure 1.
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Figure 1. Structures of investigated organochlorine pesticides (OCPs)
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Materials and Methods
Study Area
The study area is located along a tributary of the Ogun River at Idi-Ayunre, near the Cocoa
Research Institute of Nigeria (CRIN), lIbadan, Southwestern Nigeria. The area lies
approximately at latitude 07°29'16" N and longitude 03°54'44" E.

Idi-Ayunre is situated within the humid tropical zone characterized by distinct wet and
dry seasons, with the wet season typically occurring between April to October, while the dry
season extends from November to March. The region experiences relatively high annual
rainfall and moderate temperatures, which favour agricultural activities. The Ogun River and
its tributaries serve as important sources of water for domestic use, irrigation, and other
agricultural purposes in the surrounding communities. The area surrounding the sampling sites
is largely dominated by agricultural activities, particularly cocoa cultivation and experimental
farming conducted by the Cocoa Research Institute of Nigeria. As part of routine agricultural
management practices, pesticides are commonly applied to protect cocoa plants and other crops
from insect pests and diseases that may reduce crop yield and quality.

Runoff from agricultural fields, especially during rainfall events, can transport pesticide
residues into nearby water bodies and sediments. Consequently, tributaries of the Ogun River
in this area may serve as potential sinks for pesticide contaminants originating from agricultural
activities. In addition, human activities such as farming, irrigation, and occasional domestic
uses of the river may contribute to the introduction of various contaminants into the aquatic
environment. Given the agricultural importance of the area and the proximity of the river to
pesticide application zones, the study area provides a suitable environment for assessing the
occurrence and distribution of organochlorine pesticide residues in water and sediment

matrices.

Collection, Handling and Storage of Surface Water Samples
Twenty-five surface water samples were collected by grab sampling from upstream and downstream

locations of Odo Ona River using a 2.5 litres winchester amber bottles. The sampling was
performed at a surface depth. The surface water samples were collected according to the
procedure described by Adegun et al. [10]. To prevent the introduction of air into the samples,
the bottles were filled to the brim. This measure ensured that the collected water samples were
free from air bubbles, which could potentially affect the accuracy of subsequent analyses. Prior
to collecting the water samples, 5 mL of 1 mol dm™ HCI was added. This step was taken to

adjust the pH of the samples and prevent degradation.[11]. Upon arrival at the laboratory, the
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water samples were stored in a refrigerator set at 4°C until the day of extraction. This controlled
storage environment helped maintain the stability of the samples until further analysis [30].
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Figure 2: Map of River Ogun tributaries

Collection, Handling and Storage of Sediment Samples

. The sampling depth ranged from 0 to 5 cm. Sediment samples were collected and handled
according to Cheung et al. [31]. After collection, the sediment samples were thoroughly mixed
to ensure homogeneity. The sediments were air-dried naturally for a period of 3 to 4 days [32].
To ensure uniformity, the samples were passed through a 250 um stainless steel sieve. Before
undergoing subsequent processing, the samples were stored in pre-cleaned aluminium foil to
preserve their integrity. The samples were then stored in pre-cleaned aluminium foils and
transported in an ice-chest. The foils were specifically prepared to minimize contamination
[15,17,23]. In order to maintain the quality of the samples and prevent any potential
degradation, the foiled sediment samples were kept in a fridge at low temperatures until they

were ready to be analysed.
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Extraction of OCPs Residues from Surface Water Samples

The determination of OCPs residue was performed using a liquid-liquid extraction as described
by Adegun et al. [10]. Debris and suspended materials were removed from the water samples
by pre-filtration. This involved passing the samples through 0.45 um fibre glass filters. The
filters effectively separated and retained the unwanted particles, ensuring a cleaner and clearer
sample for subsequent analysis. Twenty millilitres volume of a 1:1 mixture of n-hexane and
dichloromethane was added to 500 mL separating funnel containing 100 mL of the filtered
water sample. The mixture was vigorously shaken and then allowed to stand. As a result, two
distinct layers formed: an organic phase and an aqueous phase. Once complete separation of
the two layers was achieved, the organic phase (containing the target pesticide residues) was
carefully drained into 250 mL conical flask. The aqueous phase was subjected to re-extraction
once more in order to maximize the extraction efficiency. This was accomplished by repeating

the process with an additional 20 mL of the extracting solvent [2,4,10].

Extraction of OCPs Residues from Sediment Samples

A weight of 5 g of the dried and sieved sediment samples was measured and placed into a
previously cleaned extraction bottle, along with 30 mL of an extracting solvent consisting of a
1:1 ratio of n-hexane and dichloromethane (DCM). The samples were then subjected to
extraction using an ultrasonic bath system for 10 mins. The resulting extract was separated
from the sample and transferred to a new, pre-cleaned conical flask, where it was treated with
another solvent. For the second extraction, 10 mL of solvent was used, and this process was

repeated twice. The two extracts were combined for clean-up.

Clean-up of surface Water and Sediment Extracts

The extracts were purified by column chromatographic method using silica gel as adsorbent.
Twenty millilitres of the concentrated extract was placed into a column, which had been
prepared by plugging it with glass wool and the silica gel was subsequently topped with a 2.5¢
layer of anhydrous sodium sulphate. The purpose of the anhydrous sodium sulphate was to
eliminate any remnant water from the extract. The extracts containing the pesticides was
transferred onto the silica gel column. The extracts were eluted with 10 mL portions of hexane.
This elution process allowed for the separation and quantitative collection of the target
compounds. The eluate, containing the purified pesticides, was collected into a round bottom
flask for concentration. In order to concentrate the eluates, evaporation to dryness was carried

out using a rotary evaporator at very low temperature so as not to affect the analytes. This
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process involved removing the solvent until only the dry pesticide residues remained prior to
Gas chromatography-mass-spectrometry analysis (GC-MS) [32].

Optimized GC-MS condition

An Agilent gas chromatograph coupled to a mass spectrometer was used with triple axis
detector equipped with an auto injector (10 puL syringe) and helium as a carrier gas was used
for the analysis of the cleaned extracts in triplicates. All the chromatographic separations were
performed on capillary column having the specification: length; 30m, internal diameter (0.25
mm), thickness; 0.25um, treated with phenyl methyl siloxane [10]. Other optimised to Gas
chromatography-mass-spectrometry analysis conditions were ion source temperature 240 °C,
interface temperature; 200 °C, pressure: 15.2 psi in split mode with split ratio 1:50 with
injection temperature of 300 °C. The temperature was raised to 240 °C at the rate of 20 °C/min.
and held for 5 minutes with solvent delay of 5 minutes. The total elution time was 46.5 minutes
[31].

Recovery and Precision Studies (Method Accuracy and Repeatability Evaluation)
Recovery experiments were conducted to evaluate the accuracy and extraction efficiency of
the analytical method for the determination of selected organochlorine pesticides in the studied
matrices [3,6,9]. Analyte-free samples were spiked with known concentrations of pesticide
standards at different levels to cover the expected range of analytes in real samples. The spiked
samples were subjected to the same extraction, clean-up, and analytical procedures as the actual
samples [18].

The percentage recovery for each analyte was calculated by comparing the measured

concentration with the corresponding spiked concentration. Acceptable recovery ranges were
considered within 70-120%, indicating good method accuracy [14,18,24].
Precision of the method was assessed in terms of repeatability (intra-day precision) and
reproducibility (inter-day precision). Repeatability was evaluated by analyzing multiple
replicates (n > 3-5) of spiked samples within the same day under identical experimental
conditions. Reproducibility was determined by analyzing similarly prepared samples on
different days. Precision was expressed as the relative standard deviation (RSD, %), calculated
from replicate measurements. RSD values below 15% were considered indicative of acceptable
precision [20,24,28].
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Determination of LOD and LOQ

The limit of detection (LOD) and limit of quantification (LOQ) were determined based on the
signal-to-noise ratio approach, where LOD was defined as the concentration corresponding to
a signal-to-noise ratio of 3:1, and LOQ as 10:1[22,24,28]. Alternatively, LOD and LOQ were
calculated from the standard deviation of the response and the slope of the calibration curve
using the expressions LOD = 3.30/S and LOQ = 100/S, where ¢ represents the standard

deviation of the response and S is the slope of the calibration curve [16-19].

Quality Assurance and Quality Control
Quality assurance and quality control measures included the analysis of procedural, method,
and solvent blanks to identify potential contamination and background interference. Instrument
performance was routinely verified using quality control standards to ensure analytical stability
and consistency. Method accuracy was evaluated through recovery studies using spiked
samples, while precision was assessed based on relative standard deviation from replicate
analyses under intra- and inter-day conditions [16-18]. All samples were analyzed in batches
alongside calibration standards, blanks, and spiked samples to maintain data reliability and
overall analytical quality throughout the study.

Results and Discussion
Method Validation
Table 1 presents some of the parameters for testing the performance of the developed method
for analysing organochlorine pesticides in the River Ogun tributary. The key performance
metrics for each pesticide, including correlation coefficient (R?), limit of detection (LOD), and
limit of quantification (LOQ). These metrics were crucial in evaluating the reliability and
sensitivity of the analytical method. The coefficient of determination, R? values ranged from
0.9572 to 1.0000, indicating that the method demonstrates excellent linearity for most of the
pesticides analysed.

A correlation coefficient close to 1 for Methoxychlor suggests a strong linear
relationship between the concentration and the instrument's response. This is crucial for
accuracy in quantifying pesticide levels. For instance, Endosulfan and p'p -DDE have slightly
lower R? values (0.9572 and 0.9714, respectively), indicating a somewhat weaker but still
acceptable linearity. Gao et al., analysed organochlorine pesticides in river water, also reported
high R-values typically exceeding 0.98, similar to this finding, thus affirming that the method
is well-validated in terms of linearity. The percentage recoveries obtained for the pesticides

ranged from 72% to 105%. The lowest recovery was observed for Endosulfan ether (72%),
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while the highest recovery was recorded for Aldrin (105%). Other pesticides showed
satisfactory recoveries, including Delta-lindane (87%), Heptachlor (96%), Heptachlor epoxide
(89%), p,p-DDE (99%), Dieldrin (97%), Endosulfan (102%), m,p'-DDD (94%), and
Methoxychlor (90%). These values fall within the generally acceptable range of 70-120% for
pesticide residue analysis, indicating good extraction efficiency and reliability of the analytical
procedure [6,8,12,18,20]. The results therefore confirm that the method is suitable for the
determination of organochlorine pesticides in environmental samples such as water and
sediments.

The LOD values range from as low as 0.0191 pg/L (for Methoxychlor) to 6.1082 pg/L
(for p'p -DDE). The LOQ span from 0.0579 (for Methoxychlor) to 22.8446 pg/L (for
Endosulfan). Methoxychlor stands out with very low LOD and LOQ values, indicating that the
developed method is highly sensitive for detecting and quantifying this pesticide at very low
concentrations. In contrast, p'p -DDE and Endosulfan exhibit relatively high LOD and LOQ
values, which suggests lower sensitivity for these compounds. This could be due to the
chemical properties of these pesticides or the nature of the analysis method used.

Comparatively, the LOD and LOQ values for endosulfan in studies by Adir Cembranel
etal., [34], have LODs around 1.5 ng/mL and LOQs around 5 ng/mL respectively which aligns
with the levels obtained from this study. This supports the reliability of the validated method
for detecting pesticides in River Ogun tributary, though sensitivity could be improved for
certain compounds. Delta-Lindane, Aldrin, and Heptachlor have moderate LOD and LOQ
values, which are comparable to findings by Zhang et al., [33] where LOD values for similar
organochlorine pesticides were around 1-2 ng/mL.
This confirmed that the validated method was appropriate for environmental monitoring of
these pesticides. Methoxychlor's exceptionally low LOD and LOQ are notable. In a study by
Adir Cembranel et al.,[34]. LODs for similar pesticides were reported to be around 0.05 ng/mL,
which is in line with the values obtained in this study. This indicated that the developed method
was quite sensitive for Methoxychlor detection. p'p -DDE and Endosulfan ether show much
higher LOD and LOQ values, which may suggest that the method might require further
optimization to improve sensitivity for these pesticides, especially given that Adir Cembranel
et al., [34] reported lower LODs for similar compounds in river systems. The high R? values
and generally acceptable LOD and LOQ values indicated that the developed method is suitable

for monitoring organochlorine pesticide contamination in the River Ogun tributary.
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Table 1: Validation of Developed Method Parameters

Coefficient of

Determination | Recovery
Pesticides (R?) (%) LOD (ug/L) LOQ (ug/L)
Delta- Lindane 0.9984 87 1.4362 4.3522
Endosulfan Ether 0.9998 72 0.493 1.4940
Heptachlor 0.9978 96 1.6553 5.0162
Aldrin 0.9985 105 1.3902 4.2127
Heptachlor epoxide 0.9987 89 1.2968 3.9229
p'p -DDE 0.9714 99 6.1082 18.5096
Dieldrin 0.9983 97 1.4902 4.5157
Endosulfan 0.9572 102 7.5387 22.8446
m'p -DDD 0.9927 94 3.0610 9.2758
Methoxychlor 1.0000 90 0.0191 0.0579

However, the relatively high LOD and LOQ for compounds like endosulfan and p'p DDE
suggest that further method development or pre-concentration steps might be necessary to
improve the sensitivity, particularly in environments with low concentrations of these
contaminants [10,26].

Given the environmental context, it is important to also consider the potential matrix

effects which might contribute to higher LOD and LOQ values for certain compounds [2].

Concentration of Organochlorine Pesticides in Surface Water and Sediment

Table 2 shows results of the level of organochlorine pesticides (OCPs) residues in real surface
water and sediment samples collected from Ogun River tributary at I1di Ayunre, near Ibadan.
The concentrations are reported for upstream water, downstream water, and sediment at various
points, and for specific OCPs, including different isomers of Lindane, Endosulfan, Aldrin,
Heptachlor, and others. Alpha Lindane and Dichlorodiphenylchloroethylene (DDMU)
compounds were not detected (BDL, Below Detection Limit) in all samples (water and
sediment), which suggests they are either absent in the environment or below the detection
sensitivity of the analysis. Beta Lindane concentrations are low but detectable, with slightly
higher levels in downstream water. Gamma Lindane concentrations were almost the same in
both upstream and downstream waters. This suggests minimal variation in Lindane
contamination between these two points in the river. Delta Lindane shows higher
concentrations (0.13 pg/L) in the upstream water compared to the downstream water (0.10

Mg/L), though the difference is small.
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Endosulfan showed a very high concentration in the upstream water (10.24 pg/L) compared
to downstream water (0.99 pg/L). The high variability in upstream concentrations (indicated
by the high standard deviation) suggests sporadic contamination or the presence of a source
point of endosulfan in the upstream section [10]. Heptachlor concentrations are also higher in
the upstream water (0.04 pg/L) compared to the downstream (0.03 pg/L), but the difference is
very small, indicating little variation in contamination levels. Heptachlor epoxide showed no
detectable levels in the water and sediment samples, which could either mean these compounds
were not present in the environment or they were below the detection thresholds for the study.
Endrin is detectable in both upstream (0.04 pg/L) and downstream water (0.02 pg/L), with
slightly higher levels in the upstream water. Beta Endosulfan is present in both water samples,
with a slight decrease from upstream to downstream (0.06 pg/L to 0.05 pg/L). DDT metabolites
(m,p'-DDD, p,p'-DDE). These compounds show consistent concentrations in both upstream
and downstream waters, suggesting either widespread contamination or the persistence of
Dichlorodiphenyl trichloroethane (DDT) residues in the environment [12,18, 20]. p,p'-DDE
was not detected in any sample, suggesting limited occurrence within the study area.

Methoxychlor showed nearly identical concentrations in both water samples (0.07 pg/L
in upstream and downstream), indicating steady contamination levels across the river section.
The total concentrations of OCPs in the upstream water (12.28 pug/L) were significantly higher
compared to downstream water (1.39ug/L) and sediment (0.90 pg/kg). This could suggest a
point source pollution or higher pesticide use in the upstream area, which depletes downstream.
The standard deviations are quite high, especially in the upstream water, where the value of
2.92 is much larger than the mean (1.12). This indicates significant variability in pesticide
levels, which may point to irregular sources of contamination [35]. These findings established
that their contamination level was higher than the 0.5 pg/L total maximum residues limit
(MRL) by the World Health Organization [10]. The sediment levels were also above the 0.2
pa/kg MRL set by the European Union [2,4,10].
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Table 2: Mean Concentration of Organochlorine Pesticides Residues in Surface Water and

Sediment Samples

Organochlorine

Upstream water

Pesticides (Mg L)
Downstream Water Sediment
(ug L™ (ug kg™
BDL
Alpha Lindane BDL BDL
0.02+0.01
beta Lindane 0.01+0.00 0.02+0.01
) 0.03+0.01
gamma Lindane 0.03 +0.00 0.03+0.01
0.09 £ 0.00
delta Lindane 0.13 +0.01 0.10 £ 0.00
0.54 +£0.46
Endosulfan ether 10.24 £11.46 0.99+£0.80
0.03+£0.00
Heptachlor 0.04 +0.01 0.03+£0.00
BDL
Aldrin 1.58 +2.08 BDL
) 0.00 £ 0.00
Heptachlor epoxide 0.00 + 0.00 0.00 £0.00
BDL
DDMU BDL BDL
BDL
Alpha Endosulfan BDL BDL
BDL
p,p'—DDE BDL BDL
o BDL
Dieldrin BDL BDL
0.02+0.01
Endrin 0.04 +£0.02 0.02+0.01
0.03+0.01
Beta Endosulfan 0.06 +0.03 0.05+0.03
0.02+0.01
m,p'-DDD 0.02 +0.01 0.02+0.01
0.06 +0.04
m,p'-DDT 0.06 + 0.04 0.06 £0.01
0.06 £ 0.03
Methoxychlor 0.07 £0.03 0.07£0.01
Total 0.90
12.28 1.39
Mean 0.09
1.12 0.14
SD 0.15
2.92 0.28

OCPs = Organochlorine Pesticides; SD = Standard Deviation; BDL= Below Detection Limit

0.0001

Note: Standard deviation was provided as the measure of dispersion in this; however, precision

assessment using %RSD was not appropriate due to values falling near or below the limit of

quantification. The mean values are of triplicate analyses.
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This study is in agreement with the study by Adehuga et al., [23] on determination of
organochlorine pesticide residues and trace metal concentration in well and stream waters from
agricultural farm settlement in lle-Oluji, Ondo State, where upstream water showed elevated
pesticide levels due to the proximity of agricultural activities. This was particularly evident
with endosulfan and methoxychlor, both of which showed concentrations as high as 20 pg/L
in upstream waters and much lower levels downstream. Moreso, the study findings were also
in agreement with the study on by Fosu -Mensah [36] where total pesticide concentrations were
higher in regions with intensive agricultural runoff, with similar trends of elevated upstream
contamination due to direct pesticide discharge into the waterway [30,33].

However, this study differs in findings from the study by Akoto et al., [35] in a study
of pesticide residues in water, sediment and fish from Tono Reservoir and their health risks
implications; where total OCP concentrations were significantly higher in agricultural regions,
ranging from 20-40 pg/L in water samples. This contrasts with the findings from this study,
where the total pesticide concentration in upstream water was much higher (12.28 pg/L). The
difference could be attributed to the use of larger quantities of OCPs in agriculture in the Ogun
River, compared to the Tono Reservoir, which may have less intense agricultural pesticide use
or more effective environmental controls.

Therefore, it is worthy to note that these contaminants were still present in the
environment despite their global banning [37]. This could be as a result of their persistence or
their being sold under different trade names especially in developing countries. The general
trend of the distribution of these pollutants in upstream samples followed by downstream water
and sediment is (upstream > downstream > sediment) (Figure 3) while Figure 4 gives the
representative chromatographic peaks of the investigated matrices.

14

12
10

Concentration

o N b OO

Upstream Downstream Sediment
Samples

Figure 3: Total OCP compounds in upstream, downstream and sediments of Ogun River Tributary

Note: The upstream and downstream water samples concentration levels were expressed in
pg/L while the sediment samples were expressed in pg/kg.

Journal of Advances in Chemical Sciences http://www.unn.edu.ng/jacs/



http://www.unn.edu.ng/jacs/

Adegun, A. O., Okesesan, J. O., Amoo, P. O., Adewuyi, G.O., Ayorinde, G.O., Akande, O.0.and
Adediran K.O.: Assessment of Organochlorine Pesticide Contamination in Ogun River
Tributary, Ibadan, Nigeria

Statistical Analysis

One-way analysis of variance (ANOVA) was used to evaluate differences in organochlorine
pesticide (OCP) concentrations among upstream water, downstream water, and sediment
samples. The analysis showed that the mean concentrations of OCPs did not differ significantly
among the three sampling locations. Although the total OCP concentration was highest in
upstream water (12.28 pg L") compared with downstream water (1.39 ug L) and sediment
(0.90 ug kg), the observed variation was largely influenced by the high concentration of
endosulfan ether in the upstream samples and was not statistically significant at the 95%
confidence level. Statistical significance was set at p < 0.05.
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Figure 4: Representative Chromatographic peaks of the investigated matrices

Conclusion
The validated analytical method demonstrated satisfactory linearity, accuracy, and sensitivity
for the determination of organochlorine pesticide residues in environmental samples.
Detectable concentrations of several OCPs were found in water and sediment samples from
Odo Ona River, with upstream locations exhibiting higher contamination levels. The
concentrations exceeded recommended guideline values, indicating potential environmental

and public health concerns.
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Recommendations

The findings highlight the need for continuous monitoring and strengthened regulatory
measures to minimize organochlorine pesticides (OCPs) contamination and protect aquatic
ecosystems and public health. Regular water quality assessments, public awareness initiatives,
and the adoption of sustainable agricultural practices should be encouraged to reduce their input

and prevent further environmental contamination.
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