LEVELS OF PESTICIDE RESIDUES AND PHYSICOCHEMICAL PROPERTIES OF WATER IN RIVER TARABA, TELLA, GASSOL LOCAL GOVERNMENT AREA, TARABA STATE, NIGERIA


[bookmark: _GoBack]Abstract
This study assessed the physicochemical properties and pesticide residues in water samples collected from six sampling stations (A–F) in Tella, Gassol L.G.A Taraba State to determine their safety based on World Health Organization (WHO) and Standards Organization of Nigeria (SON) guidelines. Parameters analyzed included pH, Total Dissolved Solids (TDS), Electrical Conductivity (EC), Biological Oxygen Demand (BOD), and Dissolved Oxygen (DO). The pH value at all stations was 8.80, slightly exceeding the recommended range (6.50–8.50), indicating potential alkalinity. TDS and EC levels were within acceptable limits, ranging from 53.00–56.00 mg/L and 108.00–112.00 μS/cm respectively, reflecting low mineral content and acceptable conductivity. BOD ranged from 1.03 to 4.33 mg/L, with Station E exceeding the SON limit (3.00 mg/L) but still within WHO’s acceptable range (5.00 mg/L). DO values (1.52–4.60 mg/L) were below the minimum 5.00 mg/L threshold in all stations, suggesting reduced oxygen availability for aquatic life. Pesticide residue analysis revealed the non-detection of several organochlorines including DDT, DDE, DDD, Endrin, Heptachlor, and Heptachlor epoxide, indicating limited contamination from these compounds. However, Aldrin was detected at extremely high levels (38.17–1050 μg/mL), far exceeding the WHO permissible limit of 0.001 μg/mL. Dieldrin was also detected at 90 μg/mL in Station E, above the allowed limit of 0.07 μg/mL. Despite relatively good physicochemical quality, the detection of hazardous pesticide residues renders the water unsafe for domestic or ecological use. Regular monitoring and stricter pesticide regulation are essential to protect public health and the environment.
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1. Introduction
Environmental component research (food, water, air, and waste) is a part of public health preventive activities with the aim of preserving the health of the population (Abera, 2011) The quality as well as the quantity of water in the public supply is important for public health. Care for the health of people through environmental monitoring is a state’s obligation and should when it comes to public health care, be funded from the budget, which will enable health professionals to work independently (Al-Bahry, 2011). Water is the most valuable natural substance, which is necessary for the survival of all living organisms. The quality as well as the quantity of water in the public supply is important for public health (Ayeloja et al. 2014). Fouling is the undesired deposition of material on surface drinking water within distribution systems (Chau, 2015). Reduction of the proliferation of pests and increase in food production, have made pesticide application in agriculture inevitable (Akoto et al., 2013).
Pesticides include herbicides for destroying weeds and unwanted vegetation, insecticides for controlling insects, fungicides used for preventing the growth of molds and mildew, and any other substances with similar usage (Jeyakumar et al., 2014). 
Abu-Hilal AH (1993) cited that various farming, fishing, and municipal activities are taking place near the band of river Tella year in and year out could bring about water quality problems and disruption in fish. Pesticides constitute one of the most hazardous groups of contaminants, posing potential risks to humans and other life forms. Thus, deaths and chronic diseases worldwide are sometimes reported to have resulted from pesticide poisoning. The occurrence of pesticide residue, especially organochlorines (OCs) in the environment is a great worry due to their tendency for long-range.
Chlorinated organic pesticides are very stable in both fresh and saltwater and are resistant to photodegradation (Azhani et al., 2012).
FAO/WHO (2010) Contamination of water bodies for example is a secondary contamination source after water in the ecosystem and are the principal reservoirs of environmental pesticides representing a source from which residues can be released to the atmosphere, groundwater, and taken up by living organisms.
2. Materials and Methods
2.1 Area of the Study
The study was carried out at River Taraba, Gassol Local Government Area of Taraba State, Nigeria. Gassol Local Government Area of Taraba State lies between latitude 8o32 N and 7o26 N of the equator and longitude 10o 26 E and 46o 14 E of the prime meridian (Topographic sheet, 1968). It is found in dry guinea savannah. It is amongst the largest local Government in Taraba State, with an estimated land area of 5,548 km2. Based on the results of the 2006 National Population Census, Gassol local Government had a population of about 244,749 persons (NPC, 2006). It has a tropical climate marked by two seasons; dry and rainy seasons. The rainy season starts around May and ends November occasionally, with 1300 – 1400mm rainfall annually. 
River Taraba is a river in Taraba State, Nigeria, a tributary of the River Benue. River Taraba is at latitude of 8° 34' 0" N and longitude of 10° 15' 0" E. River Taraba takes its source from the high altitude of the Alantica hills on the Nigeria-Cameroon border in the mid- eastern part of the State and flows westwards, covering a distance of about 265km before entering the River Benue (Akogun, 1999). The major economic activities along River Taraba are fishing and farming of rice, millet, guineacorn, groundnut. The major tribes on the River sides are Jukun, Osobo and Wurbo.


[bookmark: _Hlk168846163]Map 1 : Gassol Local Government Area
2.2 Sample Collection and Preservation  
[bookmark: _Hlk168846429]Water sample was collected in 2.5 L plastic bottles (thoroughly cleaned with soap and rinsed with acetone) and covered with screwed caps from different locations at appropriate depth and turbulent midstream positions of water bodies. The sample was preserved after collection in ice to minimize degradation of pesticide, stored at 4 ºC until extraction (Ballesteros and Parrado, 2014)
2.3 Analytical Procedures for Physicochemical Parameters of Water
2.3.1 Determination of Dissolved Oxygen (DO)
It was carried out in accordance to the procedure described in the manual by the Society of Analytical Chemistry (SAC, 2022). Analysis of water sample for DO started from the sampling site where manganese sulphate solution, alkali-iodide-azide reagent had been used to fix the dissolved oxygen.1.0 mL of concentrated H2SO4 was added (De et al., 2012). The bottle was re-stoppered and reinverted several times until there was complete dissolution of the precipitate 200 mL of this mixture of sample was titrated with 0.0125N sodium thiosulphate to a pale straw colour and 2 mL of starch solution was added and titration was continued to the first disappearance of blue colour (Ccanccapa et al., 2016).           
2.3.2 Determination of Biochemical Oxygen Demand (BOD5)
2.5 L of distilled water was placed in 2.5-L Winchester bottle with a moderately wide mouth (it must be noted that although distilled water was not necessary required but was used).  To the water in the bottle was added 2.5 mL each of phosphate buffer, Mg SO4, CaCl2 and FeCl3, respectively.  The mouth of the bottle was cotton-plugged and left for 5 days in a well aerated place free from dust particles the distilled water used for the dilution water was also checked for oxygen depletion and this did not exceed 0.2 mg/L.
This was carried out by filling a 1 L graduated glass cylinder to half its capacity (i.e. 500 mL mark) with the dilution water, this was carefully done to exclude entrainment of air 400 mL of sample water was then carefully added (also without entrainment of air) and by the use of plunger-type glass-rod mixing was achieved without entrainment of air.  More dilution water was added to bring the volume to the 1-L mark.  This dilution water- sample mixture was siphoned into two 250 mL capacity brown bottles.
DO was determined on the content of one of the two bottles by using the method already described in section 
2.3.3 Determination of DO of Water Sample
This DO represent the initial DO (i.e. DO before incubational.  The other bottle was well stoppered with no air space left and water-sealed and incubated in a cooler of water maintained at a temperature of 20 0C.  A dilution water blank was also incubated along with each batch of BOD samples.  After 5 days DO was determined on the incubated sample and this represented final DO.      
                                       
Where:
DO1 	= 	initial DO (i.e. DO before incubation) mg
DO2	= 	final DO (DO after incubation) mg
P	=	the volume of sample used to divide by the volume of cylinder
2.3.4 Determination of pH  
pH can be carried out using pH meter, the following are procedures for determination of pH: The pH meter was calibrated using buffer 7.2 The glass electrode untied from the electrode maintenance. The electrode was rinsed with distilled water and wiped with a clean towel. The electrode was inverted into the sample then read. The results were recorded 
2.3.5 Determination of Electrical Conductivity 
The probe was rinsed with distilled water and wiped with a clean towel. The probe was placed into the sample and figures were displayed on the screen. Readings were taken when the figures were stable and results were recorded.
2.3.6 Determination of Total Dissolved Solid
Total dissolved solid was carried out using conductivity meter. The probe was rinsed with distilled water and wiped with a clean towel. The probe was placed into the sample and figures were displayed on the screen. Readings were taken when the figures were stable and results were recorded (Getenga et al., 2014).




2.4 Analytical Procedure for Determination of Pesticide
[bookmark: _Hlk168846215]2.4.1 Extraction of Pesticide Residue in Water Sample 
[bookmark: _Hlk168846238]About 15 mL of n-hexane in diethylether was introduced into a 500 mL separating funnel containing 100 mL of filtered water sample. The mixture was shaken vigorously for 2 mins and allowed to settle. After complete separation, the organic phase was drained into a 250 mL conical flask while the aqueous phase was re-extracted twice with 85 mL of n-hexane (Das et al., 2012). The extracted organic phase was combined and dried by passing through a glass funnel packed with activated anhydrous sodium sulfate. The organic fraction was then concentrated to near dryness using vacuum rotary evaporator at 40 °C (Ortiz-Hernández et al., 2013).
2.4.2 Procedure for Methylation 
The acid-methanol methylation method was used. 4 mL of the extract was transferred to a 20mL test tube containing 2 mL of 10% v/v H2SO4 in methanol; the test tube was capped with a screw-cap then heated for 30 min at 80 °C. The organic layer was evaporated to approximately 100 µL and 2 µL of the solution was injected into the GC system for analysis (Essumang and Chokky, 2019).
[bookmark: _Hlk168846260]
2.4.3 GC–MS Analysis
The GC–MS analysis of bioactive compounds from the different extracts of the leaves was done using Agilent Technologies GC systems with GC-7890A/MS-5975C model (Agilent Technologies, Santa Clara, CA, USA) equipped with HP-5MS column (30 m in length × 250 μm in diameter × 0.25 μm in thickness of film). Spectroscopic detection by GC–MS involved an electron ionization system which utilized high energy electrons (70 eV). Pure helium gas (99.995%) was used as the carrier gas with flow rate of 1 mL/min (Cox, 2012). The initial temperature was set at 50 –150 °C with increasing rate of 3 °C/min and holding time of about 10 min. Finally, the temperature was increased to 300 °C at 10 °C/min. One microliter of the prepared 1% of the extracts diluted with respective solvents was injected in an splitless mode (Fianko et al., 2011). Relative quantity of the chemical compounds present in each of the extracts of B. luzonica was expressed as percentage based on peak area produced in the chromatogram (Guo et al., 2018).
Bioactive compounds extracted from different sample were identified based on GC retention time on HP-5MS column and matching of the spectra with computer software data of standards (Replib and Mainlab data of GC–MS systems)


3. Results and Discussion
[bookmark: _Hlk168846594]3.1 Physicochemical Parameters and Pesticides Residues in Different Sampling Stations                                                       
Table 1. Comparison of values of the Physico-chemical Parameters of the Water Samples with WHO and SON guideline.
	S/N
	Parameters
	A
	B
	C
	D
	E
	F
	WHO Maximum permitted Limit
	Water guideline values of SON

	1
	pH
	8.80
	8.80
	8.80
	8.80
	8.80
	8.80
	6.50-8.50
	6.50-8.50

	2
	TDS (mg/L)
	54.00
	56.00
	56.00
	56.00
	53.00
	53.00
	500.00
	500.00

	3
	E.C (μs/cm)
	108.00
	112.00
	112.00
	111.00
	111.00
	111.00
	1000.00
	1000.00

	4
	BOD (mg/L)
	1.80
	2.58
	1.03
	1.55
	4.33
	2.80
	5.00
	3.00

	5
	DO (mg/L)
	2.13
	2.13
	1.52
	2.84
	4.60
	4.10
	5.00
	5.00




Figure 1. Bar Chart Showing the Physicochemical Parameters of the Water Sample in Different Sampling Stations                                                       





Table 2. Comparison of the Concentration of Pesticides Residues in Different Sampling Stations. 
	Parameters
	                    Sampling Stations

A                 B              C                D                 E             F
	Maximum Residue
Limits (MRLs)

	DDT (μg/mL)
	ND
	ND
	ND
	ND
	ND
	ND
	NS

	Aldrin (μg/mL)
	1050
	160
	829
	38.17
	363.36
	363.36
	0.001

	Endrin (μg/mL)
	ND
	ND
	ND
	ND
	ND
	ND
	0.10

	Heptachlor (μg/mL)
	ND
	ND
	ND
	ND
	ND
	ND
	0.05

	DDD (μg/mL)
	ND
	ND
	ND
	ND
	ND
	ND
	0.10

	DDE (μg/mL)
	ND
	ND
	ND
	ND
	ND
	ND
	0.10

	Heptachlor
Epoxide (μg/mL)
	ND
	ND
	ND
	ND
	ND
	ND
	0.10

	Dieldrin (μg/mL)
	ND
	ND
	ND
	ND
	90
	ND
	0.07

	 Endrin aldehyde (μg/mL)
	ND
	ND
	ND
	ND
	ND 
	ND
	NS



NS = Not Specified, ND = Not Detected
3.2 Discussion
Table 1. above presents a comparative analysis of the physico chemical parameters of water across five different sampling stations. The PH valve remains consistent at 8.8 across all stations, indicating a uniformly alkaline nature of the water. Total Dissolved Solids (TDS) show minor variations, ranging from 53 ppm to 56 ppm, suggesting relatively low mineral content. Electrical Conductivity (E.C) shows a slight fluctuation, with valves mostly around 112 μS/cm, except for station A at 108 μS/cm, indicating minor differences in ionic concentration (Sharma et al., 2019). The Biochemical Oxygen Demand (BOD) varies significantly, from 1.03 mg/L at station C to 4.33 mg/L at station E, reflecting diverse organic pollution levels. Dissolved Oxygen (DO) ranges from 1.52 mg/L at station C to 4.6 mg/L at station E, highlighting variations in water aeration and potential biological activity across the stations. These findings reveal significant spatial differences in water quality parameters, which could be attributed to local environmental factors and anthropogenic activities (Kouzayha et al., 2012). The water quality at all stations shows some deviations from ideal standards particularly in pH and DO levels, which are slightly outside the recommended limits. However, TDS, E.C, and BOD valves remain within permissible limits, indicating generally good water quality. Continuous monitoring and management are essential to ensure water remains within safe limits for all uses. It was observed from the result of experiment obtained, that pH exceeds the maximum permitted limit because of introduction of pesticides into the water, causing contamination to water bodies and aquatic organisms in the water (Mahmood et al., 2016). Most of the parameters shows variation in many sampling stations. According to WHO, DO exceeds maximum permitted limit causing contamination to aquatic organisms in the water which human beings are affected when consumed, e.g: Cough, Diarrhea, Typhoid etc.
The concentration of pesticide residues and most toxic degradation product show that aldrin and dieldrin exceed the maximum residues limit which causes alteration or contamination to the water because of their higher concentration in the water. Result of pesticides concentration shows that aldrin and dieldrin are in higher concentration while other pesticides were not detected. 

Conclusion 
The comparison of physicochemical parameters of water across different sampling stations provides valuable insight into the overall water quality and adherence to maximum permitted, despite the slide deviations from ideal standards in PH and dissolved oxygen level, the consistent PH values across all stations indicates slightly alkaline water while some stations shows slightly lower DO levels than ideal, they are still within permissible limits, suggesting overall suitability for aquatic life and water quality and TDS and EC values remains well below the maximum permitted limits, signifying low levels of dissolve solid and ions. Biochemical oxygen demand levels, although varying across stations are all within acceptable ranges, indicating minimal organic pollution. The results of pesticides concentration indicate the higher concentration of aldrin and dieldrin in the sampling stations, i.e the water is contaminated.        
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