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Physicochemical and Microbial Quality of Rainwater Treated with Mothballs and Elaeis Guineensis (Jacq) in Local Water Purification Practices in Kovié (Lomé / Togo)
 

ABSTRACT 

	Mothballs and Elaeis guineensis (Jacq) leaves are substances for the purification of runoff rainwater by the population of Kovié. The objective of this study is to evaluate the quality of water treated with mothballs and the aqueous extract of Elaeis guineensis (Jacq) leaves over a period of one month. The physicochemical parameters, the content of trace elements (TMEs) and polycyclic aromatic hydrocarbons (PAHs) were measured respectively using a multi-parameter, a GCMS MP-AES microwave plasma atomic absorption and atomic emission spectrophotometer. The microbiological analysis was carried out according to AFNOR standards. It appears that the treatment with Mothballs reduced turbidity by 97.14%, without the addition of potentially toxic TME. The concentrations of PAHs present decreased by 88.76% after one month, with a total disappearance of naphthalene. Mothballs (naphtalene) demonstrated progressive antimicrobial potential over time against total coliforms, Escherichia coli and anaerobic sulfite-reducing bacteria. Phytochemical screening of the aqueous extract of Elaeis guineensis (Jacq) leaves indicated the presence of tannins, polyphenols, flavonoids and alkaloids. It exhibits more effective antimicrobial activity than mothballs after 24 hours. It is concluded that immediate consumption of water treated with mothballs to 24 hours is a source of toxicity. Elaeis guineensis (Jacq) leaves could be an alternative to chemical disinfectants in water purification.
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1. INTRODUCTION

The importance of water for the survival and prosperity of all living beings is undeniable. It constitutes one of the cornerstones of life and sustainable development. The different sources of drinking water in the world include improved and unimproved sources such as rainwater (Ricardo et al., 2024). This rainwater collected directly from roofs and runoff is stored in cisterns. This is a sustainable method for water supplies, particularly in regions experiencing seasonal water shortages or geological structures whom difficult to access in water. Rainwater could cover approximately 50% of household water needs (Paul et al., 2025); or even 80 to 90% of household water consumption (Ali et al., 2015), (Anita et al., 2023). rainwater Collected can contain concentrations of chemical and microbiological pollutants that may require a treatment.
In Kovié, on the outskirts of the city of Lomé (Togo), where the geological structure is described as a dry wedge (Eyabane et al., 2023), rainwater is the main source of household water supply and consumption, particularly runoff rainwater (Ilyame et al., 2025). We recently published a study on Local Practices for Purification Rainwater in Kovié, a Rural Area of ​​Lomé (Togo): Characterization and Health Risks, which showed that 65.91% of households use chemical products for clarification, of which 41% favor mothballs and 3.41% plants.
Mothballs are very rich in naphthalene (Samara et al., 2012). Among the plants used for drinking water purification in Kovié, the young leaves of Elaeis guineensis Jacq. (palm oil) were notified. The leaves of Elaeis guineensis (Jacq) have been reported in the literature for their medicinal properties (Soundararajan et al., 2012), (Owoyele et al., 2014). However, the literature does not report the qualitative study of rainwater treated with mothballs and Elaeis guineensis (Jacq) leaves over a long period for conservation and consumption by the population of Kovié (Lomé / Togo).
As an extension of our work, we reported the phytochemistry of Elaeis guineensis (Jacq) leaves and the quality of water treated with mothballs and Elaeis guineensis (Jacq) leaves stored over a long period. We sought to assess the relevance of the use of mothballs and Elaeis guineensis (Jacq) leaves in the purification of rainwater by the population of Kovié.



2. material and methods

2.1 Water Collection and Sampling
Kovié Canton is located at 06°34′38″N–01°11′47″W. It is a suburb of the city of Lomé (Ilyame et al., 2025). The population uses cisterns as storage tanks for runoff rainwater. These cisterns with 3 m of diameter and 3 to 4 m deep, have an average capacity of 10 m3. Six (06) mothballs (naphthalene) are put in this full cistern for drinking water purification. These mothballs are marketed under the name “Blue Diamond” by Ulysses Nigeria Ltd.
The samples consist runoff rainwater of cistern, then treated with mothballs or the aqueous extract of young Elaeis guineensis (Jacq.) leaves. These samples were collected using sterilized bottles and rinsed three times with the water to be sampled. Once filled, it is closed at the bottom of the water and then labeled before being transported to the laboratory for the various analyses. This operation did after 24 hours, then 48 hours and finally 720 hours (1 month) of adding mothballs or 24 hours for the aqueous extract of Elaeis guineensis (Jacq) leaves.
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Photo 1: Cistern to intercept runoff water (Source: Ilyame, 2024)

2.2 Physicochemical Analysis of Water Samples
Physicochemical analyses and Trace Elements (TEMs) content did use AFNOR standardized analytical methods (AFNOR, 1997) and flame atomic absorption spectrophotometer (AAS), respectively, as reported by Ilyame et al. (2025). Polycyclic aromatic hydrocarbon (PAH) concentrations were measured using microwave plasma atomic emission spectrophotometry (GCMS MP-AES).

2.3 Phytochemical Analysis of the Plant Extracts
The young leaves of Elaeis guineensis (Jacq) were collected at Kovié. The fresh leaves washed were used to obtain the aqueous extract by maceration.
Phytochemical screening which is differential color and precipitation reactions with the aqueous extract, did according to the method of Peter and Amala (1998) and described in Shaikh and Patil (2020) revised and supplemented.

2.4 Microbiological Analysis
Microbiological analysis was carried out on three (03) germs according to the routine standardized methods of the French Association for Standardization (AFNOR) as reported by Ilyame et al (2025).


3. results and discussion

[bookmark: _Toc179392230][bookmark: _Hlk181123080]Table 1: Physicochemical parameters of the samples
	Parameters
	
EPRu
	
EPR24
	Maximal Conc
O.M.S (*) – UE

	Turbidity – NTU
	28.4
	0.81
	5(*)

	Ph
	6.98
	6.83
	6.50 - 8.50

	Elec Cond 25°C - ms/cm
	112.8
	208
	400 (number guide)

	dissolved Solids -mg/L
	106.82
	159.95
	1000(*) – 1500

	Bicarbonates (HCO3-) - mg/L
	67.1
	97.6
	> 30 (number guide)

	TH (Total Hardness) - °F
	4.8
	9
	>15

	Calcium (Ca2+) - mg/L
	14.4
	32.8
	100 (number guide)

	Magnesium (Mg2+) -mg/L
	2.88
	1.92
	50

	Sodium (Na+) -mg/L
	6.1
	10
	150

	Potassium (K+) -mg/L
	4.7
	5.9
	12

	TotaI iron (Fe2+ et Fe3+) - mg/L
	0.0
	˂0.05
	0.3 (*) – 0.2

	Manganese (Mn2+) - mg/L
	0.0
	0.05
	0.4 (*) – 0.05

	Ammonium (NH4+) - mg/L
	0.11
	0.27
	1.5 (*) – 0.5

	Nitrate (NO3- ) - mg/L
	0.09
	0.01
	50(*) – 50

	Nitrite (NO2-) - mg/L
	0,23
	0,0
	3.0 (*) – 0.1

	Chloride (Cl-) - mg/L
	0.28
	0.56
	250(*) – 250

	Sulfate (SO42-) - mg/L
	1.08
	1.84
	400(*) – 250

	Fluoride (F-) – mg/L
	0.19
	˂1
	1.5 (*)

	Oxydability KMnO4 - mgO2/L
	0
	0.3
	1 (number guide)



EPRu : Runoff rainwater; EPR24: Runoff rainwater 24h after mothballs


Table 2: Content heavy metals in samples
	Metals (mg/L)
	Hg
	Pb
	Cd
	Zn
	Ni
	Cu
	Fe
	Mn

	EPRu
	0.000
	0.000
	0.000
	0.421
	0.001
	0.000
	0,390
	0.032

	EPN24
	0.000
	0.000
	0.000
	0.577
	0.127
	0.008
	0.093
	0.087


 
EPRu : Runoff rainwater; EPR24: Runoff rainwater 24h after mothballs


Table 3 : PAH content in samples
	[bookmark: _Toc179392231]
	EPN

	Samples
	24
	48
	720

	Naphthalene
	0.108
	0.138
	0.000

	Acenaphthylene
	0.180
	0.237
	0.227

	Acenaphthene
	0.166
	0.000
	0.000

	 Fluorene
	3.013
	0.187
	0.000

	Anthracene
	1.235
	0.000
	0.188

	Phenanthrene
	0.752
	0.000
	0.000

	Fluoranthene
	0.909
	0.000
	0.000

	Pyrene
	0.496
	0.000
	0,.00

	Benzo(c)phenanthrene
	0.240
	0.059
	0.082

	Benz(a)anthracene
	0.228
	0.359
	0.229

	Benzo(e)pyrene
	0.037
	0.016
	0.000

	Chrysene
	0.255
	0.255
	0.301

	Benzo(b)fluoranthene
	0.627
	0.539
	2.000

	Benzo(k)fluoranthene
	0.912
	0.000
	0.000

	Benzo(j)fluoranthene
	0.000
	0.185
	0.000

	Benzo(a)pyrene
	0.433
	2.469
	0.645

	7,12-Dimethylbenz(a)anthracene
	28.726
	0.402
	0.372

	Indo(1.2,3-cd)pyrene
	0.581
	0.251
	0.288

	Dibenz(a,h)anthracene
	0.585
	0.000
	0.000

	3-Methylcholanthrene
	0.838
	2.713
	0.000

	Benzo(g,h,i)perylene
	0.572
	0.682
	0.000

	Dibenzo(a,l)pyrene
	0.414
	0.000
	0.000

	Dibenzo(a,h)pyrene
	1.280
	0.570
	0.475

	Dibenzo(a,i)pyrene
	0.167
	0.000
	0.000

	PAH total (mg/L)

	42.756
	9.060 
	4.807 



[bookmark: _Hlk209026112] EPR24 : Runoff rainwater 24 h after mothballs, EPR48 : Runoff rainwater 48 h after mothballs, EPR720 : Runoff rainwater 720 h after mothballs; Norme: EU, 2020: European Directive 2020/2184 in drinking water: PAH < 0,1g/L.


Table 4: Microbiological analysis of samples
	Parameters
	EPRu
	EPN24
	EPN720
	EPEg
	EU criteria (2007)

	Total coliforms (30°C)
	700
	460
	98
	<1
	<1/250ml

	Escherichia coli (44°C)
	150
	14
	<1
	<1
	<1/250ml

	Anaerobes Sulfite-reducing (44°C)
	20
	<1
	[bookmark: _Hlk179554644]<1
	<1
	<1/250ml



EPRu : Runoff rainwater, EPR24 : Runoff rainwater 24h after mothballs, EPR720 : Runoff rainwater 720 h after mothballs, EPReg : Runoff rainwater after aqueous extract



Fig 1: Numbers of different germs in different samples

Table 5: Phytochemical screening of the aqueous extract of the leaves of Elaeis guineensis (Jacq.)
	Phytochemical 
composition
	Aqueous 
extract (Eaq)

	Alkaloids
	+

	Tannins
	+

	Flavonoids
	+

	polyphenol
	+



(+): Present; (–):  Absent; Eaq: Aqueous extract


Water treatment for consumption is essential for human life. Flocculation and coagulation are essential treatment methods used for many years in water treatment (Ang & Mohammad, 2020). This treatment process sometimes requires the use of chemicals products. The population of Kovié uses mothballs and plant extract for the treatment of rainwater. The physicochemical parameters and Trace Element (TME) content of different water samples (Runoff rainwater (EPRu) and Runoff rainwater treated with naphthalene balls for 24 hours (EPN24)) were measured for a comparative study. The results of these analyses are recorded in Tables 1 and 2. 
Turbidity values ​​measured 24 hours after the addition of mothballs have varied 28.4 to 0.81 NTU, a reduction of 97.14%. Furthermore, determination of the Trace Element (TMEs) content in the samples showed an absence of potentially toxic TMEs such as Hg, Pb, and Cd. 
Our study showed that the collected rainwater does not contain any potentially toxic trace metal elements and that treatment with mothballs improved turbidity without the addition of other trace elements. Turbidity reduction is one of the main reasons for the use of mothballs by the population of Kovié. The results of PAH determinations in water samples over time, i.e., 24 hours (EPN24), 48 hours (EPN48), and 720 hours (EPN720) after the introduction of mothballs, are resumed in Table 3. The PAH levels measured during this analysis period up to 720 hours are above the WHO regulatory limit (0,1g/L) (UE, 2020).
The traces of certain PAHs observed could be linked to the emission of exhaust gases during road transport, which contaminate runoff rainwater (Linsey et al., 1999), (Maria et al., 2014).
However, a decrease in this PAH content was observed over time, with solubility values ​​of 9.060 mg/L in 48 hours and 4.807 mg/L after one month, a decrease of 78.81% and 88.76% compared to the 24-hour value (42.756 mg/L). An absence of naphthalene was noted after one month, compared to 0.108 mg/L in 24 hours. Naphthalene, being a volatile molecule at room temperature, could evaporate over time, which would explain its complete disappearance after one month. 
Microbiological analysis allows for the analysis of hygiene conditions around drinking water and the prevention of waterborne diseases linked to the consumption of contaminated water. Germ counts did before and after the various treatments (mothballs and oil palm leaves). Table 4 summarizes the results of these analyses and illustrate by Fig 1. Mothballs in the treatment substantially reduced the microbial load, namely the number of total coliforms, E. coli and sulfite-reducing anaerobes. The antimicrobial capacity of mothballs is progressive over time, 700 to 98 CFU/ml after one month.
The use of naphthalene for water purification is not recommended due to its potential toxicity, carcinogenic effects, and mutagenicity (Dorine, 2011), (Guillemette, 2012), and (Albert et al., 2022). It is one of the polycyclic aromatic hydrocarbons (PAH) molecules cited among the wide variety of organic pollutants present in water as the most widespread, persistent, toxic contaminants and is used for the preparation of phthalic anhydride and methyl anthranilate (Abir, 2011), (Alshabib, 2022).
Our study showed that the microbiological quality of stored water improves over time with a gradual decrease in naphthalene levels. However, given the immediate consumption of the water 24 hours after the addition of the mothballs, this water could be toxic to the population. 
However, treatment with the aqueous extract of Elaeis guineensis (Jacq) leaves showed total effectiveness on the microbial load of runoff rainwater after 24 hours of action. The result of the phytochemical screening consigned in Table 5 indicated that the aqueous extract contains tannins, polyphenols, flavonoids and alkaloids. Among these metabolites, tannins are recognized for their antiparasitic and antimicrobial activity (Yin et al., 2013). Furthermore, in Malaysia, Elaeis guineensis (Jacq) leaves have also demonstrated their effectiveness of silver metal recovery in wastewater treatment (Arif et al., 2017), (Azmi et al., 2019). Our study then reveals that the aqueous extract of Elaeis guineensis (Jacq) leaves could be an alternative for water treatment in the quest to valorize bio disinfectants.


4. Conclusion

The use of mothballs and young leaves of Elaeis guineensis for the purification of rainwater by the population of Kovié is relevant. The results of this study showed that mothballs have an interesting antimicrobial activity with an improvement in turbidity. However, this antimicrobial activity is progressive over time with a not negligible PAH rate and a disappearance of naphthalene after one month of storage. Nevertheless, the immediate consumption of water treated with mothballs makes this water a source of health risk. Elaeis guineensis, with the effective antimicrobial activity of its young leaves, is an alternative to chemical disinfectants in water treatment.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declares that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of this manuscript



References

[bookmark: _Hlk181191206]Abir, K. (2011). Développement des méthodes analytiques pour la détection et la quantification de traces des HAP et de pesticides dans l’eau. Application à l’évaluation de la qualité des eaux libanaises. (PhD thesis). Université Sciences et Technologies - Bordeaux I.

AFNOR. (1997). Water quality. Compendium of French environmental standards (Vols. 1, 2, 3 and 4)

Albert, N. K., Honoré, T. B., Joseph, B.  K., Martin, B. M., Abel, B. B., René, B. T. (2022). Impact sanitaire de la pollution atmosphérique sur la population de la zone de sante de Bobozo, Kasaï Central, Rd Congo. Int. J. Soc. Sci. Sci. Stud., 2, 2077–2093.

Ali, G. H., John, T., Amirhosein, G. H., Safiah, M. Y., Norhaslina, B. H. (2015). State of the art of rainwater harvesting systems towards promoting green built environments: A review. Desalination and Water Treatment, 57, 95–104.

Alshabib, M. (2022). Removal of naphthalene from wastewaters by adsorption: a review of recent studies. International Journal of Environmental Science and Technology, 19(5), 4555-4586


Ang, L. W., Mohammad, B. A. W. (2020). State of the art and sustainability of natural coagulants in water and wastewater treatment. Journal of Cleaner production, 262, 121267

Anita, R., Ruth, Q., Gopinathan, R. A., Gianfranco, B., Avi, O. (2023). Rainwater harvesting and treatment: State of the art and perspectives. Water, 15, 1518. https://doi.org/10.3390/w15081518

Arif, A., Jai, J., Zamanhuri, A. N. (2017). Bio-recovery of silver from simulated silver electroplating wastewater using palm (Elaeis Guineensis) leaves extract. J Mech Eng, 1, 113–125

Azmi, I. A., Jai, J., Alias B. A., Idris, A. S., Yusof, M. N. (2019). Response surface methodology (RSM) for optimization of silver biorecovery process from simulated silver electroplating wastewater using oil palm (Elaeis guineensis) leaves extract as the reducing and stabilizing agents. Journal of Physics: Conference Series. IOP Publishing, p. 012075

Dorine, D. (2011). Contamination atmosphérique par les hydrocarbures aromatiques polycycliques : toxicité et devenir du phénanthrène dans des systèmes sol plante microorganismes (phd thesis). Université de Franche-Comté.

European Union (EU). (2020). DIRECTIVE (EU) 2020/2184 of the European Parliament and of the Council of 16 December 2020 on the quality of water intended for human consumption. Official Journal of the European Union L 435/1 of 23 December 2020

Eyabane, M. G., Afeina, B., Essodina, P., Malibida, S. A. K., & Masamaéya, D. T. G. (2023). Highlighting the linear structures of the dry wedge of the Coastal Sedimentary Basin of Togo (BSCT) using GIS and remote sensing: Application to water resources. International Journal of Engineering and Science Invention (IJESI), 12(10), 114–118.

Guillemette, C. (2012). Exposition périnatale à un mélange d’Hydrocarbures Aromatiques Polycycliques chez le rat : évaluation des effets neurotoxiques à court et à long terme (PhD Thesis). Université de Lorraine

Ilyame, O. L., Finagnon, H. A., Egbéola, N. C., William, O., Bienvenu, G., Ibrahim, T., Bouraima, D., Kéwouyèmi, W. C., Dossou, S. S. K. (2025). Local Practices for Purification Rainwater in Kovié, a Rural Area of Lomé (Togo): Characterization and Health Risks. Chemical Science International Journal, 34 (5), 10–17. https://doi.org/10.9734/CSJI/2025/v34i5986.). 

Linsey C. Marr, Thomas W. Kirchstetter, Robert A. Harley, Antonio H. Miguel, Susanne V. Hering, S. Katharine Hammond. (1999). Characterization of Polycyclic Aromatic Hydrocarbons in Motor Vehicle Fuels and Exhaust Emissions. Environmental Science & Technology, 33 (18) 3091–3099

Maria, G. P., Claudio, C., Davide, F., Luca, F., Angela, M., Giorgia, S., Ezio, B. (2014). Exhaust emissions of polycyclic aromatic hydrocarbons, n-alkanes and phenols from vehicles coming within different European classes. Atmospheric Environment, 82, 391-400

Owoyele, V. B. and Owolabi, O. G. (2012). Traditional oil palm (Elaeis guineensis jacq.) and its medicinal uses: A review. TANG, 4 (3) e16

Paul, A. S., Alam, M. I., Kumar, A., Chaudhary, V., Singh, N. K., Maurya, A. P., & Dixit, S. (2025). A Review of Standard and Advanced Water Treatment Methods for Safe Drinking Water. International Journal of Environment and Climate Change, 15(7), 69–83. https://doi.org/10.9734/ijecc/2025/v15i74914

Peter, J. Houghton and Amala, R. (1998). Laboratory Handbook for the Fractionation of Natural Extracts. First edition 1998. Thomson Science is a division of International Thomson Publishing. ISBN 978-1-4613-7662-0

Ricardo, S. M., Lucía, O., Polona, V., Klara, Ž., Suprina, S., Charity, K., Germain, E. H., Christian, B., Giovanny, M. M., Patricio, C., Darío, X. Z., Aurel, P., Renata, F., … Miller, J. (2024). Tracing Urban Drinking Water Sources: Global State of the Art and Insights From anIAEA‐Coordinated Research Project. Hydrological Processes, 38(10), e15312.). 

Samara, S., Caesar, N, Ed, B. N., EK, E. C., Robert, S.  H. (2012).  Health risks of using mothballs in Greater Accra, Ghana. Tropical Medicine and International Health., 17(1), pp 135–138

Shaikh, R. J. and Patil, K. M. (2020).  Qualitative tests for preliminary phytochemical screening: An overview. International Journal of Chemical Studies. 8(2): 603-608

Soundararajan, V. and Sreenivasan, S. (2012). Antioxidant Activity of Elaeis guineensis Leaf Extract: An Alternative Nutraceutical Approach in Impeding Aging. APCBEE Procedia. 2, 153 – 159

Yin, S. G., Abdullah, S., PHIN, K. C. (2013). Phytochemical constituents from leaves of Elaeis Guineensis and their antioxidant and antimicrobial activities. Int J Pharm Pharm Sci, Vol 5, Suppl 4, 137-140






Variations in microbial load

Total coliforms (30°C)	
EPRu	EPN24	EPN720	EPEg24	700	460	98	0	Escherichia coli (44°C)	
EPRu	EPN24	EPN720	EPEg24	150	14	0	0	Anaerobes Sulfite-reducing (44°C)	
EPRu	EPN24	EPN720	EPEg24	20	0	0	0	Differents smples
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