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Assessment of Herbicide Contamination of Surface Waters: Levels, Compliance, and Risks in Cereal-Growing Areas of Western Burkina Faso


ABSTRACT
	Aims: This study aimed to assess the level of contamination of surface waters by herbicides used in cereal-growing areas of western Burkina Faso, and to evaluate the compliance of measured concentrations with international guideline values, as well as the associated environmental and potential health risks.
Study Design: Cross-sectional field study combining spatially distributed sampling of surface waters with multi-residue chemical analysis of selected herbicides.
Place and Duration of Study: The study was carried out in twelve localities located in four regions of western Burkina Faso (Hauts-Bassins, Boucle du Mouhoun, Sud-Ouest and Cascades). Two sampling campaigns were conducted in August and November 2020, and herbicide analyses were performed at the National Agency for Food, Environmental, Occupational and Health Product Safety (ANSSEAT), Ouagadougou, Burkina Faso.
Methodology: In each locality, five cereal fields were selected. Surface water samples were collected inside fields or within approximately 100 m of the fields, in small water bodies directly influenced by agricultural practices. Water samples from each field were combined to obtain a composite sample, and, at the locality scale, field composites were again homogenised to produce a single composite sample per locality and per sampling phase. Thirteen herbicidal active ingredients were selected from a previously documented list of 25 molecules commonly used in cereal production. Residues were extracted using an adapted QuEChERS method, purified, concentrated and quantified by high-performance liquid chromatography with UV detection (HPLC–UV). Measured concentrations were compared with guideline values from the World Health Organization (WHO) and maximum admissible concentrations defined in the European Drinking Water Directive 2020/2184.
Results: Herbicide residues were detected in most localities during both sampling periods, revealing widespread contamination of surface waters. In phase 1, corresponding to the peak period of herbicide use, almost all targeted substances were detected, with concentrations ranging from 0.013 µg/L for atrazine (Dano) to 1484.90 µg/L for nicosulfuron (Safané). In phase 2, conducted at the end of the rainy season, concentrations varied from 0.0103 µg/L for metolachlor (Douna) to 1531.68 µg/L for mesotrione (Kankalaba). Between phases, some molecules (such as atrazine, bensulfuron-methyl and haloxyfop-R-methyl) disappeared, while others, including terbuthylazine, showed marked increases, and metolachlor, absent in phase 1, appeared in several localities in phase 2. For more than 90% of the measurements, individual herbicide concentrations exceeded the European limit of 0.1 µg/L for a single pesticide in drinking water, and several concentrations also surpassed WHO guideline values, indicating a high ecotoxicological risk for aquatic organisms and raising concerns for rural populations using untreated surface waters.
Conclusion: Surface waters in cereal-growing areas of western Burkina Faso are heavily and persistently contaminated by herbicides, with concentrations frequently exceeding international guideline values. These findings underline the urgent need to strengthen water quality monitoring, to promote integrated and more rational pesticide management, and to raise awareness among farmers and local communities about the risks associated with herbicide misuse in cereal-based agroecosystems.
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1. INTRODUCTION
In the cereal-growing areas of western Burkina Faso, the massive use of herbicides for weed control has become a common practice. Most of these products are applied directly to the soil and represent the class of pesticides most widely used in intensive agriculture. While they contribute to securing yields and reducing labour constraints, their excessive and often inappropriate use raises increasing concern about their impacts on the environment and human health (De Souza et al., 2020; Baćmaga et al., 2024). The intensification of herbicide used, combined with the emergence of weeds resistant to them, often leads to increased application rates and a higher number of treatments per season, thereby amplifying pressure on agroecosystems (Moss et al., 2019; Ghanizadeh & Harrington, 2021). This pressure is expressed through contamination of soils and waters, especially small bodies of water that play a central role in agricultural landscapes and in domestic uses by rural communities (De Souza et al., 2020). Herbicide residues may persist, be transported over long distances and accumulate in environmental compartments, thus contributing to chronic exposure of non-target organisms. In addition, the role of agricultural pesticides, including herbicides, in selecting resistance in disease vectors has been documented in several contexts (Namountougou et al., 2019; Urio et al., 2022; Sadia et al., 2024), highlighting the broader implications of diffuse pesticide pollution. At the global scale, numerous studies have reported the presence of herbicide residues in aquatic environments, often at concentrations above ecotoxicological thresholds ( Stackpoole et al., 2021; Schwientek et al., 2024). Small bodies of water such as ponds, reservoirs and drainage channels are particularly vulnerable because of their low dilution capacity and their strong exposure to runoff and drift from surrounding fields (Lorenz et al., 2025). Contamination of these ecosystems can disrupt aquatic food webs, alter reproduction and growth of sensitive species and, in some cases, favour the emergence of biological resistance in target or non-target organisms (Pinheiro et al., 2023).
In West Africa, and Burkina Faso in particular, several studies have confirmed the recurrent presence of pesticides such as glyphosate, chlorpyrifos and dieldrin in surface waters, sometimes at concentrations exceeding maximum residue limits or environmental quality standards (Lehmann et al., 2017; Séré et al., 2025). In the Bama locality, contamination levels reported in local water bodies exceed environmental safety thresholds, with consequences both for human health and for aquatic biodiversity (Séré et al., 2025). However, few investigations have focused specifically on large cereal production areas, where application conditions and proximity of fields to water bodies favour diffuse and persistent pollution. Depending on the physicochemical properties of the molecules and the characteristics of soils and landscapes, it has been estimated that up to 99.7% of applied herbicides may reach the environment (van der Werf, 1997; Leu et al., 2004). In the context of Burkina Faso, such contamination raises both environmental and socio-economic challenges. Surface waters are widely used for irrigation, livestock watering and, in some cases, human consumption, directly exposing rural populations to hazards associated with pesticide residues (Elfikrie et al., 2020). Degradation of water quality may also affect fisheries, livestock and related agricultural activities, thereby threatening the livelihoods of local communities ( Bayili et al., 2019; Baćmaga et al., 2024).
This study therefore aims to assess the level of herbicide contamination in surface waters within cereal-growing areas of western Burkina Faso. By combining chromatographic analyses of water samples collected during two key periods of the rainy season with comparison to international guideline values, the work seeks to characterise the magnitude of contamination and to identify priority molecules and localities for risk management. The findings are intended to support more sustainable pesticide management policies and farmers practices in these cereal-based agroecosystems.
2. MATERIALS AND METHODS
2.1 Study Area and Setting
The study was conducted in four regions of western Burkina Faso: Hauts-Bassins, Boucle du Mouhoun, Sud-Ouest and Cascades (Fig. 1). In each of these regions, several cereal-growing localities were selected based on their accessibility, the presence of small bodies of water in or near fields, the importance of cereal-based production systems and the availability of basic logistical facilities. In total, twelve localities were retained for sampling. The climate in this part of the country is tropical, with a rainy season roughly from May/June to October and a dry season from November to April. Cereal production (mainly maize, sorghum and millet) is associated with intensive use of pre- and post-emergence herbicides (Toe et al., 2013). The water resources considered in this study were small bodies of water (ponds, backwaters, small reservoirs and channels) located in, or within about 100 m of, cereal fields, and therefore directly influenced by agricultural practices. All chemical analyses of herbicide residues in the water samples were carried out at the National Agency for Food, Environmental, Occupational and Health Product Safety (ANSSEAT) in Ouagadougou, Burkina Faso.
[image: ]
Fig. 1. Study area showing the sampling localities in the four cereal-growing regions of western Burkina Faso.
2.2 Water Sampling
Water sampling was carried out in two round during the 2020 rainy season:
· Phase 1 (P1): second half of August 2020, corresponding to the peak period of herbicide use;
· Phase 2 (P2): mid-November 2020, at the end of the rainy season.
In each of the twelve localities, five cereal fields were selected. Within each field, surface water was collected either inside the plot or within approximately 100 m of the plot boundary, in small water bodies (pools, depressions, channels) that receive runoff and drainage water from the cultivated areas. For each field, several grab samples were collected at different points of the water body and combined to obtain a 500 mL composite sample in a polyethylene bottle. The pH of each composite sample was measured on site. Bottles were labelled and wrapped in aluminium foil, which was then sealed with adhesive tape and marked with an indelible marker to protect the contents from light. Samples were transported to the laboratory inside cool boxes. For each locality and each sampling phase, the five composite samples (one per field) were homogenised again in the laboratory to obtain a single composite sample per locality and per phase, which was used for chemical analysis.
2.3 Herbicide Residue Analysis
2.3.1 Selection of Target Herbicides
The herbicidal active substances analysed were selected from a previous survey on herbicide use in cereal-based agroecosystems in western Burkina Faso (Bayili et al., 2024), which documented 25 active ingredients commonly applied in cereal production. From this list, 13 molecules for which analytical standards were available at ANSSEAT were retained. These 13 substances were: atrazine, terbuthylazine, metolachlor, pendimethalin, 2,4-D, diuron, mesotrione, nicosulfuron, bensulfuron-methyl, haloxyfop-R-methyl, prometryn, emamectin benzoate and bispyribac-sodium. For each compound, the maximum admissible concentration (MAC) in drinking water was recorded in the European Drinking Water Directive 2020/2184 (Union Européenne, 2020) and the WHO guidelines  (WHO, 2017). These values are presented in Table 1, which served as a reference framework for compliance assessment.
Table 1. Maximum admissible concentrations (MAC) of the investigated active substances in drinking water
	Active substances
	MAC (µg/L)
	References

	Atrazine
	100
	WHO, 2017

	Terbuthylazine
	7
	WHO, 2017

	Metolachlor
	10
	WHO, 2017

	Pendimethaline
	20
	WHO, 2017

	2,4-D
	30
	WHO, 2017

	Diuron
	0.10
	UE Directive 2020/2184

	Mesotrione
	0.10
	UE Directive 2020/2184

	Nicosulfuron
	0.10
	UE Directive 2020/2184

	Bensulfuron-methyl
	0.10
	UE Directive 2020/2184

	Haloxyfop-R-methyl
	0.10
	UE Directive 2020/2184

	Prometryn
	0.10
	UE Directive 2020/2184

	Emamectin benzoate
	0.10
	UE Directive 2020/2184

	Bispyribac-sodium
	0.10
	UE Directive 2020/2184


Source: EU Directive 2020/2184; WHO, 2017. 
2.3.2 Preparation of Analytical Standards
An external calibration method was used. For each active substance, 25 mg of analytical standard (purity ≥ 99.9%) were weighed into a 25 mL volumetric flask and brought to volume with HPLC-grade acetonitrile. The mixture was vigorously shaken and homogenised by ultrasonication, yielding stock solutions at 1000 mg/L (1000 ppm). From each stock solution, six secondary standard solutions were prepared at concentrations of 5, 2.5, 1.25, 0.625, 0.3125 and 0.15625 mg/L (ppm). These solutions were injected into the HPLC system, and calibration curves (peak area as a function of concentration) were constructed using the six calibration points for each herbicide.
2.3.3 Extraction (QuEChERS Method)
The extraction procedure was adapted from the QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method described by Anastassiades et al. (2003) and Beaumont, (2012), corresponding to the AOAC Official Method 2007.01. A commercial extraction salt mixture was used, containing 1 g trisodium citrate dihydrate, 0.5 g disodium hydrogen citrate sesquihydrate, 1 g sodium chloride (NaCl) and 4 g anhydrous magnesium sulfate (MgSO4). For clean-up, a second mixture containing 0.15 g primary–secondary amine (PSA) and 0.9 g MgSO₄ was used. Aliquots of 10 mL of each water sample were transferred into 50 mL polypropylene centrifuge tubes. A liquid–liquid extraction was carried out by adding 10 mL dichloromethane and the QuEChERS extraction salt mixture. Tubes were shaken vigorously on a vortex mixer for 1 minute and then centrifuged at 3000 rpm for 5 minutes.
2.3.4 Clean-up and Concentration
For clean-up, 10 mL of the organic supernatant were transferred into 15 mL centrifuge tubes containing the PSA + MgSO₄ mixture. The tubes were shaken vigorously for 1 minute and centrifuged at 3000 rpm for 5 minutes. For concentration, a 5 mL aliquot of the purified organic phase was placed in a haemolysis tube and evaporated to dryness under a gentle stream of nitrogen. The dry residue was then reconstituted with 50 µL of HPLC-grade acetonitrile, transferred into vials and stored at low temperature until HPLC analysis.
2.3.5 Chromatographic Conditions
Herbicide residues were quantified using an HP 1100 series HPLC system (Hewlett-Packard) equipped with four solvent pumps, a diode-array UV detector (DAD) and an automatic injector, controlled by ChemStation software for data acquisition and processing. The injection volume was 10 µL. Separation was achieved on a ZORBAX® C18 reverse-phase column (4.6 × 250 mm) maintained at 34°C. The mobile phase consisted of a mixture of acetonitrile and water in equal volumes, delivered in isocratic mode at a flow rate of 1 mL·min⁻¹. Chromatographic peaks were identified based on their retention times and confirmed by comparing their UV spectra with those of the corresponding standards. Quantification was then performed using the calibration curves specific to each substance.
2.4 Calculation of Herbicide Concentrations
The extraction and concentration procedures yielded an overall concentration factor (f) of 100. The concentration of each herbicide in the original water sample (T, µg/L) was derived from the concentration measured by HPLC in the final extract (Tm, µg/µL) according to:

where f is the concentration factor (f = 100), Vs is the extraction solvent volume (10 mL), PE is the extracted water volume (10 mL), and 1000 is the unit conversion factor from µg/mL to µg/L.
Since Vs = PE = 10 mL, the equation simplifies to:

All herbicide concentrations reported in this study were calculated using this relationship.
3. RESULTS AND DISCUSSION
3.1 Occurrence and levels of herbicide residues in surface waters
The results of herbicide analyses in surface water samples from the twelve localities and the two sampling phases (P1 and P2) are presented in Table 2. Overall, the thirteen targeted herbicidal active substances were diversely detected and quantified across the sites, reflecting heterogeneous contamination patterns in space and time. Across all localities and both phases, residue concentrations ranged from 0.013 µg/L for atrazine at Dano (Sud-Ouest region) to 1531.68 µg/L for mesotrione at Kankalaba (Hauts-Bassins region). Maximum concentrations for phase 1 (P1) reached 1484.90 µg/L for nicosulfuron at Safané, whereas in phase 2 (P2), the highest value was 1531.68 µg/L for mesotrione at Kankalaba. All substances were not detected in every locality. Some molecules, such as mesotrione, nicosulfuron or terbuthylazine, were found at high concentrations in a limited number of sites, while others occurred at lower levels but in more localities. Certain localities, notably Ouarkoye and Safané (Boucle du Mouhoun region), did not show any measurable residues of the thirteen herbicides during the sampling period, indicating either limited use of these molecules or the influence of hydro-climatic and landscape factors favouring dilution and/or degradation. These results confirm that small bodies of water located in cereal fields or in their immediate surroundings act as receptacles for herbicide inputs from agricultural plots, through runoff, drainage and possibly spray drift, as reported in other agroecosystems (De Souza et al., 2020; Stackpoole et al., 2021; Lorenz et al., 2025).
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Table 2. Herbicide concentrations (µg/L) of the 13 analyzed compounds in surface-water samples from the 12 localities during the two sampling phases (P1 and P2)
	Localities
	Douna
	Kankalaba
	Loumana
	Koumbia
	Founzan
	Banzon
	Ouarkoye
	Safané
	Fara
	Dano
	Diébougou
	Bouroum Bouroum

	Molecules
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2
	P1
	P2

	Atrazine
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	0.02
	ND
	ND
	ND
	0.013
	ND
	0.08
	ND
	0.02
	ND

	Diuron
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	3.67
	0.25
	9.48

	Bensulfuron-methyl
	ND
	ND
	15.88
	ND
	0.55
	ND
	ND
	ND
	6.55
	ND
	20.79
	ND
	11.29
	ND
	0.98
	ND
	8.14
	ND
	19.01
	ND
	ND
	ND
	7.44
	ND

	Terbuthylazine
	17.84
	ND
	ND
	ND
	18.01
	64.66
	ND
	127.22
	ND
	17.55
	10.22
	7.73
	49.82
	ND
	15.19
	ND
	ND
	ND
	ND
	ND
	ND
	8.57
	ND
	ND

	Haloxyfop-R-miethyl
	9.17
	ND
	4.40
	ND
	2.80
	ND
	1.46
	ND
	3.78
	ND
	2.49
	ND
	3.16
	ND
	23.27
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	Mesotrione
	163.70
	1.19
	912.39
	1531.68
	ND
	ND
	ND
	115.03
	ND
	1.53
	ND
	ND
	983.15
	209.73
	ND
	ND
	ND
	135.89
	ND
	ND
	ND
	ND
	75.19
	ND

	Pendimethalin
	4.15
	ND
	62.53
	ND
	6.63
	ND
	ND
	ND
	6.33
	ND
	7.71
	0.67
	9.53
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	3.23
	ND

	Metolachlor
	ND
	1.03e−2
	ND
	ND
	ND
	ND
	ND
	0.82
	ND
	2.07e−2
	ND
	0.76
	ND
	ND
	ND
	ND
	ND
	1.34
	ND
	1.09
	ND
	0.79
	ND
	ND

	2,4-D
	ND
	ND
	2.67
	1.26
	ND
	ND
	96.99
	ND
	ND
	1.82
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	7.52e−2
	ND
	4.17
	0.47
	ND
	4.49

	Nicosulfuron
	95.29
	ND
	ND
	ND
	ND
	ND
	147.84
	ND
	ND
	1120.68
	ND
	ND
	ND
	ND
	1484.90
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	733.14

	Prometryn
	ND
	ND
	ND
	ND
	ND
	ND
	2.00
	ND
	ND
	ND
	ND
	1.46
	ND
	ND
	1.08
	ND
	ND
	8.71
	0.80
	ND
	1.80
	2.69
	ND
	ND

	Emamectin benzoate
	ND
	14.27
	50.00
	ND
	12.00
	ND
	23.21
	19.12
	ND
	ND
	16.04
	ND
	21.19
	ND
	ND
	ND
	39.88
	ND
	ND
	ND
	33.52
	ND
	4.62
	13.16

	Byspiribac-sodium
	ND
	ND
	ND
	1.03
	ND
	ND
	2.44
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND


ND = Not Detected
3.2 Temporal patterns between sampling phases
The comparison of concentrations between phases P1 (peak period of herbicide applications) and P2 (end of rainy season) revealed contrasting temporal trends among the different molecules and localities. In several localities, seven molecules concentration showed clear decreases between P1 and P2, reflecting progressive dissipation through degradation, sorption or dilution processes. For example, nicosulfuron concentrations decreased: from 36.89 to 1.86 µg/L at Diébougou, and from 2.67 to 1.26 µg/L at Kankalaba. At Diébougou, terbuthylazine decreased from 10.22 to 7.73 µg/L, and pendimethalin from 7.71 to 0.67 µg/L. For 2,4-D, concentrations decreased from 14.77 to 7.75 µg/L at Kankalaba and from 23.21 to 19.12 µg/L at Koumbia. These decreases are consistent with the known dissipation pathways of these herbicides in aquatic environments and with the reduction of direct inputs as the rainy season ends (Calvet, 2005; Stipičević et al., 2015). In contrast, other substances increased between P1 and P2, suggesting additional inputs later in the season, remobilisation from soils and sediments, or delayed transport via runoff. For example, at Diébougou: diuron increased from 0.25 to 9.48 µg/L, and mesotrione from 83.69 to 265.16 µg/L. At Kankalaba, 2,4-D increased from 4.62 to 13.16 µg/L, and bispyribac-sodium from 1.80 to 2.69 µg/L. At Loumana, terbuthylazine rose from 18.01 to 64.66 µg/L, while at Kankalaba, mesotrione increased dramatically from 912.39 to 1531.68 µg/L between P1 and P2. Moreover, metolachlor was detected only during P2, which is compatible with delayed application schedules or later transport from fields to water bodies. Such temporal dynamics illustrate the complexity of herbicide transfer and persistence under Sahelian conditions, where rainfall variability, soil characteristics and agricultural practices interact (Lehmann et al., 2017; Lorenz et al., 2025).
3.3 Compliance with guideline values and implications for water quality
The measured concentrations were compared with maximum admissible concentrations (MAC) for drinking water, taken from WHO guidelines (WHO, 2017) and the European Drinking Water Directive 2020/2184 (Union Européenne, 2020). These references set a limit of 0.10 µg/L per individual pesticide and 0.50 µg/L for the sum of all pesticides in drinking water. This comparison showed frequent and substantial exceedances of these thresholds. Only a very small proportion of measurements complied with the guideline values: compliance rates were on the order of 8.33% for the individual pesticide limit (0.10 µg/L) and 6.06% for the total pesticide limit (0.50 µg/L). In other words, more than 90% of the situations documented in this study correspond to herbicide levels above at least one of the reference values, indicating almost systematic contamination of surface waters. Among the most problematic molecules, triazines (atrazine, terbuthylazine) and diuron frequently exceeded guideline values by several orders of magnitude. For example, mesotrione reached 983.15 µg/L at Ouarkoye in P1, i.e. nearly 10,000 times higher than the 0.10 µg/L limit for individual pesticides. Such exceedances are particularly concerning in a Sahelian context characterised by water scarcity and by the frequent use of untreated surface waters for domestic and agricultural purposes by rural populations (Bayili et al., 2019; Elfikrie et al., 2020; Séré et al., 2025). These observations are consistent with findings from other tropical and temperate regions, where intensive herbicide use in agriculture has been associated with widespread contamination of rivers, streams and ponds (De Souza et al., 2020; Stackpoole et al., 2021; Schwientek et al., 2024).
3.4 Ecotoxicological risks for aquatic ecosystems
From an ecotoxicological perspective, the concentrations measured in this study may pose severe risks to aquatic organisms, particularly algae, macrophytes and invertebrates. Triazines such as atrazine and terbuthylazine, as well as diuron, are known to inhibit photosynthesis by blocking electron transport in photosystem II. At concentrations far above environmental quality standards, these substances can strongly reduce primary productivity, alter phytoplankton and periphyton communities and consequently affect the entire aquatic food web (De Souza et al., 2020; Pinheiro et al., 2023; US-EPA, 2023). Sulfonylurea herbicides (nicosulfuron, bensulfuron-methyl) also exhibit high toxicity at low concentrations for certain aquatic plants and algae, due to their mode of action on acetolactate synthase (ALS). Although used at relatively low application rates, their persistence and mobility may lead to chronic exposure of non-target organisms (Yang et al., 2023). The behaviour of 2,4-D and pendimethalin differs: 2,4-D is generally considered to degrade relatively rapidly in aquatic media under favourable conditions, whereas pendimethalin can be more persistent, especially in sediments, with potential long-term impacts on benthic communities (Calvet, 2005; Le Person et al., 2016). Other compounds, such as mesotrione or bispyribac-sodium, have been associated with effects on aquatic plants and microbial communities when present at elevated levels (Pinheiro et al., 2023). The very high concentrations of certain herbicides observed in this study (notably mesotrione, nicosulfuron, terbuthylazine and diuron) suggest a high probability of harmful effects on aquatic organisms, even when considering dilution and possible temporal fluctuations.
3.5 Dynamics of molecules and regulatory context
The disappearance of some molecules between P1 and P2, such as atrazine and bensulfuron-methyl, likely reflects relatively rapid degradation under local environmental conditions, influenced by temperature, sunlight and microbial activity (Calvet, 2005; Lehmann et al., 2017). In contrast, the appearance or increase of diuron during P2 in some sites may result from delayed applications, remobilisation from soils or sediments during later rainfall events, or changes in farmers’ herbicide use strategies. The regulatory context also plays a role. Atrazine, for example, is now banned in the countries of the Permanent Inter-State Committee for Drought Control in the Sahel (CILSS, 2015). Its limited detection in the present study is therefore consistent with its withdrawal from the market, even though historical contamination cannot be excluded. For metolachlor, which appeared only in P2, previous work has highlighted issues related to its environmental fate and toxicity, leading to restrictions or tighter conditions of use in several jurisdictions (US-EPA, 2009; Zemolin et al., 2014). In many cereal systems, metolachlor has been partially or totally replaced by other herbicides, which may explain its sporadic occurrence. A major limitation of this study is the inability to quantify glyphosate and its metabolite AMPA, which are widely used in cereal production in Burkina Faso. This limitation is directly linked to the lack of suitable analytical methods in the local context for such polar and highly soluble compounds (Kocadal et al., 2023). Consequently, the contamination levels reported here for the thirteen target herbicides probably underestimate the overall pesticide burden in surface waters. The patterns observed in western Burkina Faso are in line with those reported in other West African and European contexts, where the combination of intensive herbicide use, hydrological variability and limited treatment of surface waters leads to recurrent exceedances of environmental quality standards (Djédjé et al., 2022; Schwientek et al., 2024; Lorenz et al., 2025).
CONCLUSION
This study, conducted in twelve localities of western Burkina Faso, reveals generalised and alarming contamination of surface waters by herbicides in cereal-growing areas. Among the thirteen targeted molecules, several were detected at very high concentrations, with maximum values reaching 1531.68 µg/L for mesotrione and 1484.90 µg/L for nicosulfuron, far above international guideline values for drinking water. The considerable spatial and temporal variability observed between localities and between the two sampling phases reflects the differentiated persistence of the molecules, the influence of agricultural practices (application dates, doses, combinations) and the role of hydrological conditions in controlling transfers to surface waters. Given the frequent use of untreated surface waters in rural areas for domestic, agricultural and livestock purposes, these contamination levels represent a major environmental and potential health issue.
The results underline the urgent need to:
· strengthen monitoring of pesticide residues in water resources;
· promote integrated pesticide management, including the rational use of herbicides, adoption of good agricultural practices and alternative weed management strategies;
· reinforce regulatory control over the marketing and use of herbicides, and;
· implement awareness-raising programmes for farmers and rural communities about the risks associated with intensive and sometimes inappropriate herbicide use.
Such measures are essential to protect aquatic ecosystems, preserve water resources and contribute to more sustainable cereal production systems in western Burkina Faso.
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