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											Abstract

											
												
												The presence of pesticide residues in breast milk raises major public health concerns in Senegal, where biomonitoring studies in children remain limited. This pilot study aimed to document this mother-to-child exposure and to assess the associated health risks. The study analyzed 45 breast milk samples using GC and LC tandem mass spectrometry for pesticide screening. Organochlorine pesticide residues, particularly p,p’-DDE, were detected in 98% of the samples. These results suggest a widespread exposure of the senegalese population to pesticides.
												

												
												Health risk assessment revealed that for non-carcinogenic risks, the hazard quotients (HQ) of certain substances, such as coumaphos and HCH, exceeded the safety threshold of 0.8 in one and two infants, respectively, suggesting risks to the hepatic, neurological, and endocrine systems. The hazard index (HI), which cumulatively assesses exposures, also showed that 11.11% of infants are exposed to an unacceptable overall risk. A more detailed analysis of the HI, in particular, shows risks of diabetes, neurological, hepatic, and endocrine damage for 2.2% of the cohort. Additionally, 86.67% of infants have a carcinogenic risk above the safety threshold.
												

												
												The results of the regional risk distribution revealed that regional medians, while low, are above the safety threshold, with no statistically significant disparity. These findings highlight the vulnerability of newborns due to their limited metabolic capacity and call for the implementation of targeted measures to reduce the exposure of pregnant and breastfeeding women, as well as for further research to better understand the exposure factors.
												


												
										
										
											
												
												Graphical Abstract. 
													View Graphical Abstract
												
											

										

										

												  
										
										

										
										Introduction

										
											Breastfeeding is essential for child’s growth and development; but it can also unintentionally lead to chemical contamination, including pesticides. According to the WHO, breastfeeding provides invaluable benefits for infants physical and cognitive development [1]. However, increasing exposure to chemical pollutants through food, particularly among vulnerable populations such as children, has raised significant concern about potential adverse health outcomes. Key contaminants, including pesticides, heavy metals (lead, mercury), air pollutants (including polycyclic aromatic hydrocarbons), industrial chemicals (such as polychlorinated biphenyls), and pharmacological agents can be transferred from mother to child via trans placental passage during pregnancy or through breast milk after birth [2-4]. During pregnancy and breastfeeding, the maternal body mobilizes many endogenous substances, such as water, carbohydrates, proteins, vitamins, minerals, and lipids, which serve as energy reservoirs and structural components [5-7]. Hydrophobic contaminants, such as pesticides, dissolve in lipids and accumulate in adipose tissue, potentially impairing infant health by disrupting normal biological processes [8,9].
										

										
											The presence of pesticides in breast milk constitutes major public health concerns. These substances can lead to birth defects, growth retardation, neurological disorders, and cognitive development problems in infants [10-12]. Although low levels of pesticides are not always linked to immediate risks, chronic exposure underscores the need for strengthened monitoring [13]. Pesticide exposure is associated with an increased risk of leukemia, lymphoma, and brain tumors in infants [14,15]. In Senegal, several studies have reported the presence of hazardous and obsolete pesticides in environment and food [16-18], but biomonitoring studies, especially on children, remain limited [19,20].
										

										
											In this context, the PMETox (in french “Pesticides – Mere-Enfant-Toxique”) project is the first in Senegal to examine exposure of newborns to pesticide residues. This research is part of a global approach assessing human exposure to pesticides, by characterizing the pesticides present in breast milk. The goals of this pilot study are to document this mother-to-child transmission and to assess the associated health risks, to formulate informed public health recommendations.
										

										Methodology

										Study sites

										
											The study was conducted in six regions of Senegal: Dakar, Saint-Louis, Kaolack, Kaffrine, Fatick and Thies, selected for their intensive agricultural activities and correspondingly high pesticide usage. Dakar and Thies focus on fruit and vegetable cultivation, Kaolack, Kaffrine and Fatick comprise the groundnut basin, an area notable for cereal production
											
												.
											
											Saint-Louis, with vast arable lands, focuses on sugarcane and rice farming. In each region, three healthcare structures have been identified to ensure a representative sample accross the healthcare pyramid.
										

										Sociodemographic survey

										
											The participants were selected according to the United Nations protocol for POPs [21], based on strict inclusion criteria. Only healthy primiparous mothers with normal pregnancies and single live birth were eligible, able to provide samples between three and eight weeks after delivery. Conversely, mothers with multiple pregnancies, a history of miscarriage or stillbirth, a premature birth before 37 weeks, obstetric complications, mental disorders, or amniotic fluid contamination (meconium aspiration syndrome) were excluded from the study.
										

										
											Participant’s consent was obtained through a signed form. A structured questionnaire was administered during a semi-directive interview, aimed at collecting socio-demographic data as well as information on the professional environment, diet and place of residence during pregnancy. Participants consented to collection multiple biological matrices (cord blood, perinatal and postnatal urine, meconium and breast milk), with inclusion limited to those providing at least two out of five biological samples were included in the study.
										

										Breast milk samples collection

										
											Following United Nations guidelines for analysis of persistent organic pollutants [21], breast milk samples were collected between September and October 2022 from mothers three to eight weeks postpartum. The samples were obtained by manual expression, by the mothers or with midwife assistance. Each participant provided a minimum of 15 mL in sterile 60 mL containers. To prevent photo degradation, the samples were wrapped in a sheet of aluminum foil, transported at +4°C and then stored at -20°C. They were transported while maintaining the cold chain via a specialised carrier to the pharmacology, toxicology and pharmacovigilance laboratory at Limoges University Hospital.
										

										Extraction and instrumental analysis

										
											Pesticide were extracted using an adapted method from the QUECHERS procedure [22], and quantified by liquid and gas chromatography coupled with tandem mass spectrometry (LC-MS/GC-MS). Milk samples were homogenized prior to analysis a test volume of 2 mL. Pesticide concentrations were normalized to lipid content, measured according to the method described by Nadal, et al. [23]. Detection limits ranged from 0.05 to 10 μg.L⁻¹, with calibration spanning 0.05 to 10 μg.L⁻¹ using internal standards mixture. The analytical libraries screened for 350 compounds, including parents and metabolites. The LOD of the detected molecules is detailed in the supplementary data.
										

										Risk assessment

										
											
												 Estimated daily intake (EDI)
											
											
												:
											
											Health risks from chronic pesticide exposure in infants were estimated by calculating the EDI, incorporating average Senegalese infant birth weight (3120 ± 405 g) [24], and mean daily intake of 735 ml for 0-3 months age [25]:
										

										
											 
										

										
											
												 Hazard Quotient (HQ):
											
											The HQ was calculated as the ratio of individual EDI values to toxicological reference doses (RfDs) per risks Codex Alimentarius guidelines.
										

										
											HQ values below 0.8 suggest negligible risk, whereas values above 0.8 indicates potential health concern:
										

										
											 
										

										
											
												 Cumulative risk (HI):
											
											The hazard index (HI), summing individual HQs for detected pesticides; enabled evaluation of combined exposure risks for each infant:
										

										
											 
										

										
											
												Carcinogenic risk:
											
											Carcinogenic risk assessment in infants exposed to pesticide residues through breast milk was conducted following a standardized methodology from the European Food Safety Authority (EFSA) [26] and United States Environmental Protection Agency (US EPA) [27]. Only pesticides for which an Oral Slope Factor (OSF) was available from US EPA [28] and Health Canada [29] were included in the analysis. For each selected compound, the Estimated Daily Intake (EDI) calculated in the preceding step was utilized.
										

										
											In accordance with the USEPA guidelines, Age-Dependent Adjustment Factors (ADAFs) were applied to account for the increased vulnerability of infants to carcinogens, due to their rapid physiological development and immature metabolism. Given that our study focuses on an exposure period from birth to three months, falling within the 0-2 years age bracket, a 10 × ADAF was applied to the calculated risk for each pesticide, ensuring a cautious and protective characterization.
										

										
											The total cumulative lifetime cancer risk for each infant was then determined by summing the product of the OSF, the EDI, and the ADAF for each individual pesticide. This cumulative risk was subsequently normalized to reflect the actual exposure duration by multiplying by the breastfeeding period (90 days) and dividing by the average human lifetime (25,550 days). This adjustment aligns with established risk assessment practices, allowing the expression of cancer risk as a lifetime probability.
										

										
											 
										

										
											
												 Target organ / system
											
											
												 risk assessment
											
										

										
											The Approach by effects on target organ / system was based on an assessment of risks associated with detected pesticides based on specific toxicological effects. The identification of target sites for the selected pesticides was performed using the Pesticides Properties database, hosted by the Agriculture and Environment Research Unit at the University of Hertfordshire [30]. This involved the aggregation of the individual hazard quotient (HQ) calculated in order to obtain an estimate of the risk by organ or system, taking into account potentially additive or synergistic effects of different molecules.
										

										Statistical analyses

										
											All statistical analyses were performed using Python 3.9.13 statistical software. For all analyses, only positive values, defined as concentrations above the analytical detection limit, were considered. Values below the LOD and null values were excluded to ensure statistical robustness. The distribution of all pesticides concentrations was examined using the Shapiro-Wilk suitability test. A logarithmic transformation was applied to the skewed data for further analysis. As the data showed a marked deviation from normality, comparisons between regions were conducted using the Kruskal-Wallis test, in line with non-parametric assumptions. In addition, a complementary approach was applied by setting a 10-6 risk threshold, discretizing the data, and evaluating regional differences using the Chi² independence test.
										

										Ethical consideration

										
											All participants received detailed information on study objectives, procedures, benefits, and their voluntary participation rights. The National Biomedical Ethics Committee approved the study protocol: AVIS SEN2225.
										

										Results

										Characteristics of the study population

										
											The 118 mothers included in this study were healthy, primiparous and from 6 different regions. The average age of the participants was 22-years, with extremes ranging from 16 to 31-years.
										

										
											Analysis of the questionnaire revealed that 75% of participants used insecticides at home. In addition, 38.64% of them lived with at least one person who used pesticides in the course of their work. Of these, 30% said they stored these products at home, and 21% were responsible for manually cleaning of their partner’s work clothes. In addition, 11.36% of mothers lived close to a site where pesticide was stored and/or used.
										

										Pesticide residue levels

										
											Concerning the 118 mothers included, 45 provided a breast milk sample. Analysis of these samples revealed the presence of pesticide residues, with more than 20 substances identified at individual level (Table 1). The most frequently detected compounds were organochlorines pesticides present in 98% of the samples, with concentrations values between 2.22 and 93.33%. Pyrethroids were detected in a third of the samples, while organophosphates were less represented, in 11.11% of cases.
										

										 
										
											
											
											Table 1: Pesticide residue levels in breast milk samples (ng/g lipid). View Table 1
											

										

										

										Hazard quotient and hazard index

										
											Table 2 highlights the active ingredients for which the hazard quotient is greater than 0.8 and the proportion of hazard index above the acceptable threshold. Detailed infant-specific risk profiles are available in Supplementary Data.
										

										 
										
											
											
											Table 2: Summary of hazard quotient and hazard index. View Table 2
											

										

										

										Cumulative assessment based on target organ/system

										
											Health risk assessments show low medians, but some infants show unacceptable levels of risk, including diabetes, developmental effects, endocrine disruption, reproductive toxicity and neurotoxicity. The nephrotoxic, thyroid and respiratory risks are negligible (Table 3).
										

										 
										
											
											
											Table 3: Analysis of cumulative risks by target. View Table 3
											

										

										
										Carcinogenic risk assessment

										
											39 (86.67%) of the 45 newborns in the evaluation had a lifetime cancer risk higher than the safety threshold set by the US EPA. Despite the fact that the total cancer risk exceeds the regulatory threshold, it remains within a relatively low range between 10-5 and 10-4.
										

										
											Analysis of carcinogenic risk revealed atypical values, which was confirmed by the Shapiro-Wilk test (p-value = 3.65 × 10
											
												
													-
												
											
											
												9
											
											), indicating a significant deviation from a normal data distribution. The Kruskal-Wallis test, applied to examine variations between regions, yielded a p-value of 0.45, demonstrating the absence of a statistically significant difference between the regions. Data discretization and a Chi-squared independence test, also showed no significant differences between the regions (p-value = 0.38).
										

										
											Figure 1 shows the contribution of different pesticides to the carcinogenic risk. The main drivers of cancer risk are DDT and its metabolites, as well as PCP.
										

										
										
											
												
												Figure 1: Contribution of major pesticides to carcinogenic risk. 
													View Figure 1
												
											

										

										
										
										
											Regional analysis results revealed that the medians for all regions are above the 10
											
												-6
											
											 threshold. However, marked disparities were observed. The medians for carcinogenic risk in Kaolack, Saint-Louis, and Fatick regions were the highest, while those for Dakar, Kaffrine, and Thiès were lower. This repartition indicates the existence of high-risk subgroups (Figure 2).
										

										
										
											
												
												Figure 2: Distribution of carcinogenic risk by region. 
													View Figure 2
												
											

										

										
										
										Discussion

										
											This study demonstrated the presence of pesticides in breast milk in Senegal, which constitutes a major public health alert, particularly in a context of strong agricultural intensification. The diverse yet overall high exposure environment in the six targeted regions increases the relevance of our conclusions. This issue is especially given the vulnerality of infants, whose detoxification systems, particularly cytochrome P450 enzymes, are stil immature [31].
										

										
											Detection of 7 to 20 pesticide compounds per sample indicates widespread and multi-source exposure. These finding is in line with Senegalese market data published in 2017, which report the importation of at least 12 unregistered pesticides, as well as the alarming presence of 95 other unregistered, at retailers [32]. Such practices contribute to environmental contamination and increase the likelihood of chronic exposure. Furthermore, the contamination of staple foods such as cabbage, salad, tomatoes, and fishery products by a wide variety of pesticides, lindane, parathion, pirimiphos-methyl, chlorpyrifos, is well-documented in Senegal, fueled by the growth of horticulture and its practice in home gardens [18,33-37]. Analysis attests to a high prevalence of organochlorine insecticides, due to their environmental persistence and high lipophilicity [38]. DDT metabolites, including p,p′-DDE and p,p′-DDT, were found to be the main contributors to this contamination, with median values of 38.5 ng/g and 18.5 ng/g lipids, respectively. Their ratio below 5 suggests passive exposure from historical use rather than recent application [39,40]. This supports the hypothesis of environmental persistence and gradual decline due to regulatory measures [20]. Our findings are consistent with international reports. Median levels observed in this study were lower than those reported in China [41,42], and Mexico [43,44], comparable to Ethiopia [40], and markedly below the high concentrations documented in Côte d’Ivoire, where DDT reached 491 ng/g lipid [45]. The literature shows a strong regional variability in pesticide residue levels, with high concentrations measured in Saudi Arabia, Egypt, India, and Colombia [39,46-49]. Consistent with findings in the present study, previous reports indicate presence of pyrethroid compounds in breast milk in regions heavily reliant on insecticides for intensive agriculture or large-scale vector control [50-53]. This observation is further supported by our data, as 75% of the mothers surveyed reported regular insecticide usage.
										

										
											Analysis of the questionnaires identified several behavioral factors that likely contribute to this contamination. These include indirect exposure from cohabiting with agricultural workers and handling their clothes, The storage of products within residences represents another exposure pathway for cohabitating family members.as they sometimes store pesticide products at home.
										

										
											The influence of modern and historical human activities, both residential and agricultural, is evident from the presence of legacy pollutants alongside currently used substances such as DEET (≈55%) and pyrethroids (up to 33% for cypermethrin). These modern active compounds are often applied without strict adherence to recommended guidelines, although they are promoted by pesticide manufacturers as safer alternatives [54]. The coexistence of legacy residues and currently applied substances, combined with multiple exposure pathways, results in a complex toxicological profile that may be specific to the senegalese context.
										

										
											The presence of organochlorines in breast milk is a major concern, especially since early exposure to these recognized neurotoxins and endocrine disruptors can cause long-term endocrine disruption in children [88]. They are associated with various neurodevelopmental and neurodegenerative disorders, including cognitive impairments, behavioral changes such as autism and ADHD [38,55,56] as Parkinson's disease [57].
										

										
											As powerful endocrine disruptors, OCs can alter hormonal balance, thereby affecting puberty, fertility, cardiovascular [58], bone [59,60], adrenal [61], and reproductive health [62-64]. Their role is also implicated in the onset of metabolic diseases, such as type 2 diabetes, for which insulin resistance and obesity [65,66] are known risk factors. Moreover, these substances are linked to several types of cancers: non-Hodgkin's lymphomas, breast and prostate cancers [67].
										

										
											Other detected organochlorines, trans nonachlor, PCP, and HCB are also a concern. PCP classified as carcinogenic by IARC (group 1), was found in over 40% of samples, just as 2,4,6 TCP. Their presence, even at low concentrations, warrants attention due to its association with non-Hodgkin lymphoma, diabetes and cardiovascular disease [68-71].
										

										
											While the risks associated with OCPs are well-documented due to their long history of use and persistence, new classes of pesticides have emerged with different mechanisms of action and rising health concerns. Recent studies suggest potential links between succinate dehydrogenase inhibitors (SDHIs) and oxidative stress, as well as carcinogenesis, warranting precautionary monitoring [72-76].
										

										
											Risk assessment identified unacceptable hazard quotients (HQ) for Coumaphos and HCHs for respectively 2.2 and 4.4% of the cohort; indicating risk of unacceptable adverse effects.
										

										
											In addition to the HCHs already discussed, the analysis of coumaphos is essential. Classified as an organophosphate, it leads to neurological and cognitive impairments [43,44]. Its exposure is associated with memory deficits, concentration problems, and behavioral disturbances, and is suspected of having endocrine effects and disrupting neurological development. Hepatic and renal impairments have been raised. A genotoxic and carcinogenic potential is suspected, although current data remain limited and primarily stem from animal studies [77,78].
										

										
											The cumulative analysis of the hazard quotient justifies real concern because of an overall risk greater than 0.8 identified in 11.11% of newborns.
										

										
											Given these risks, a disease- and organ-specific assessment is essential to better understand pesticide-related health effects. The main target organs, pathologies, and outcomes are summarized in (Figure 3).
										

										
										
											
												
												Figure 3: Pesticides and associated health effects. 
													View Figure 3
												
											

										

										
										
											Regarding health outcomes: Diabetes, effects on development, hepatotoxicity, endocrine disruption, reproductive toxicity, and effects on the nervous system, approximately 2.2% of infants in the cohort had exposure indices (HI) greater than 0.8. This observation highlights the existence of a vulnerable subpopulation within the cohort, directly linked to the cocktail effect of pesticides. The analysis of the underlying mechanisms reveals that these damages result from the complex interactions between several pesticides and their effects on common biological targets [79]. The identification of HCH and DDT as contributors in several of these pathologies is particularly concerning and confirms their ability to interact with multiple biological pathways [80]. By disrupting the hormonal system, they can have cascading consequences. The alteration of thyroid hormones, crucial for neurological development, will result in effects on the nervous system [81,82]. Similarly, the dysregulation of sex hormones will have an effect on fertility [62,63,83]. The onset of diabetes is linked to interference with insulin signaling and the function of pancreatic β cells, in addition to oxidative stress and chronic inflammation [84-87].
										

										
											Regarding hepatotoxicity, several pesticides share the ability to promote oxidative stress and disrupt lipid homeostasis, leading to hepatocellular damage, steatosis, and impaired detoxification capacity [88-90]. By a domino effect, compromised hepatic metabolism can exacerbate the bioaccumulation of other xenobiotics, thereby amplifying systemic toxicity.
										

										
											The convergence of these pathways illustrates how cumulative exposures can influence complex systemic diseases beyond the classical toxicity of target organs.
										

										
											This reinforces the importance of considering the toxicity of mixtures in risk assessment and highlights that vulnerable subpopulations, such as infants, can be disproportionately affected even at exposure levels traditionally considered acceptable.
										

										
											Carcinogenic risk calculations revealed that 39 infants (86.67% of the cohort) had a lifetime risk above the acceptable threshold of 10
											
												-6
											
											. It is important to note that even in these cases, the absolute lifetime risk of developing cancer remains relatively low, ranging from 10
											
												-5
											
											 to 10
											
												-4
											
											.
										

										
											However, the existence of this overshoot in infants is a source of serious concern. While the individual risk may seem small, the cumulative risk for an entire population can be significant. This reduced safety margin indicates an increased potential for long-term health effects.
										

										
											The figure 1 shows that a limited number of pesticides, particularly p,p’-DDE, p,p’-DDT, HCH and PCP, account for the largest share of carcinogenic risk across infants. This highlights the predominance of a few key pesticides in driving cumulative risk.
										

										
											Regional analyses also revealed marked disparities. The regions of Thiès, Kaolack, and Saint-Louis showed medians above the threshold value. Conversely, Dakar, Fatick, and Kaffrine had levels generally below the threshold. These differences suggest that exposure is influenced by local factors, including household insecticide use, agricultural practices, and historical environmental contamination by persistent pesticides. The variability observed across regions, with some areas showing consistently higher median risks, likely correlates with the localized prevalence and concentration of these major contributing pesticides identified at the individual infant level (Figure 2).
										

										
											While all of our findings are worrisome, it is essential to interpret them with caution, as they may conceal realities more complex. The composition of breast milk is dynamic and complex, changing over time [69]. It varies greatly during breastfeeding, influenced by a variety of factors, including the mother's diet, genetics, and stage of lactation [7,91]. Therefore, these elements should be considered when assessing the risks associated with exposure to pesticide residues. It should also be taken into account that the reference values used for the assessment of the various risks associated with pesticides are not specific to children, let alone newborns. This approach could lead to an underestimation of the risks faced by this vulnerable population. Indeed, toxicological reference values are often establish based on data relating to adults, thus neglecting the particular physiological characteristics of children.
										

										Conclusion

										
											Assessing the risks associated with exposure to pesticide residues via breast milk is a highly complex exercise. The data presented in this pilot study clearly show that breast milk in Senegal contains pesticide residues, thus exposing infants to chemical mixtures during a critical developmental period. These findings highlight the urgency of implementing concrete public health recommendations. It is crucial to establish a national biomonitoring program to monitor exposure trends. At the same time, it is a priority to reduce maternal exposure by training on good practices at home, controlling use, and promoting the substitution of the most dangerous substances. To deepen our knowledge, it is necessary to launch complementary studies, including a longitudinal mother-infant follow-up with a larger sample size to better assess health effects and cocktail effects. Finally, a clear and nuanced public communication is essential: it must not discourage breastfeeding, whose benefits are proven, while informing families about ways to reduce pesticide exposure.
										

										Financing

										
											This work was carried out with the financial assistance of the International Development Research Centre (IDRC) and the Ministry of Higher Education, Research and Innovation (MESRI) through FIRST, as part of the SGCI funding program.
										

										Acknowledgement

										
											The authors would like to express their deep gratitude to Mr. Mohamed Traoré, Biological Engineer. His expertise in data processing, his rigor and his commitment were essential to carry out the statistical analysis of the data collected.
										

										
											We thank the mothers and their babies who participated in this study, as well as the entire medical profession and especially the midwives for their cooperation and help in interacting with breastfeeding women.
										


										References


										
										  
										  
											
											OMS,
											
												https://www.who.int/fr/health-topics/breastfeeding#tab=tab_1
											
											.
										


											
											
												Olanrewaju Olujimi, Sulaimon Ajakore, Damilola Abuganloye, Toyin Arowolo, Oliver Steiner, et al. (2023) Levels of toxic and trace metals in the breast milk of lactating mothers in Abeookuta, Ogun State, Nigeria. Toxicol Rep 11: 168-173.
											
										


											
											
												Goutelle A, Julian Viseur, Karim Zouaoui Boudjeltia, Vincent Nuyens, Eric Cavatorta, et al. (2024) Mass spectrometry analysis of environmental pollutants in breast and artificial milk for newborns. Heliyon 10: e32350.
											
										


											
											
												Fiedler H, Li X, Zhang J (2023) Persistent organic pollutants in human milk from primiparae-correlations, global, regional, and national time-trends. Chemosphere 313: 137484.
											
										


											
											
												Ning J, Mei Yang, Qing Zhu, Xiaoyu Liu, Mohan Li, et al. (2024) Revealing the diversity of endogenous peptides and parent proteins in human colostrum and mature milk through peptidomics analysis. Food Chem 445: 138651.
											
										


											
											
												Morán Victoria Hall (2023) Pregnancy and lactation.
											
										


											
											
												Ramiro Cortijo D, Pratibha Singh, Gloria Herranz Carrillo, Andrea Gila Díaz, María A Martín Cabrejas, et al. (2023) Association of maternal body composition and diet on breast milk hormones and neonatal growth during the first month of lactation. Front Endocrinol (Lausanne) 14: 1090499.
											
										


											
											
												Dwivedi N, Mahdi AA, Deo S (2023) Assessment of endocrine disrupting chemicals in breast milk: Association with dietary habits and duration of lactation. Environ Res 221: 115216.
											
										


											
											
												Jain D, Rohit Kumar Verma, Vaibhav Sharma, Anureet Kaur, Abhishek Rai R, et al. (2023) Materials today: Proceedings associations between high levels pesticide and adverse reproductive outcomes in females: A comprehensive review. Mater Today Proc 95: 50-60.
											
										


											
											
												Eskenazi B, Stephen Rauch A, Rachel Tenerelli, Karen Huen, Nina Holland T, et al. (2017) In utero and childhood DDT, DDE, PBDE and PCBs exposure and sex hormones in adolescent boys: The CHAMACOS study. Int J Hyg Environ Health 220: 364-372.
											
										


											
											
												Naksen W, Tippawan Prapamontol, Ampica Mangklabruks, Somporn Chantara, Prasak Thavornyutikarn, et al. (2015) Associations of maternal organophosphate pesticide exposure and PON1 activity with birth outcomes in SAWASDEE birth cohort, Thailand. Environ Res 142: 288-296.
											
										


											
										   
											INSERM (2013) Grossesse et développement de l’enfant. In Pesticides et effets sur la santé 583-650.
										  
										


											
										   
											Inserm (2021) Synthèse de l’expertise collective Pesticides et santé-Nouvelles données.
										  
										


											
										   
											Sulfone A, Trioxide A, Acid B, Alcohol B (2024) Slope factors (SF) for carcinogens from US EPA 1-11.
										  
										


											
										   
											Pah carcinogenic HC (2024) Slope factors for carcinogens from health Canada. 15-18.
										  
										


											
											
												Leonel Javeres MN, Rabia Habib, Ngondi Judith, Moaz Iqbal, Eugenie Nepovimova, et al. (2020) Analysis of PON1 gene polymorphisms (rs662 and rs854560) and inflammatory markers in organophosphate pesticides exposed cohorts from two distinct populations. Environ Res 191: 110210.
											
										


											
											
												Ingenbleek L, Renwei Hu, Lionel Lopes Pereira, Anaïs Paineau, Isabelle Colet, et al. (2019) Sub-saharan africa total diet study in benin, cameroon, mali and Nigeria: Pesticides occurrence in foods. Food Chem X 2: 100034.
											
										


											
										   
											Kadri Sambou, Mbaye I, Fall M, Thior M, KEY Words (2019) Agricultural practices and sanitary risks associated with the use of phytosanitary products in the rural area of Casamance: Cases of Diannah and Kabadio villages in health district of Diouloulou, Sénégal Pratiques agricoles et risques sanitaires associés. Public Health & Territorial Intelligence. Env Wat Sci pub H Ter Int J 3: 261-266. https://revues.imist.ma/index.php/ewash-ti/
										  
										


											
											
												Gueye PS, Labou B, Diatte M, Diarra K (2020) La mauvaise pratique phytosanitaire, principale source de contamination du chou au Sénégal. Int J Biol Chem Sci 14: 539-554.
											
										


											
											
												Cisse A, Mouhamadou C, Gueye LB, Dia S, A Kane, et al. (2021) Choix et utilisation des pesticides dans la zone des Niayes: Cas de Notto Gouye Diama 19: 55-67.
											
										


											
										   
											Touré (2018) Etude du niveau d’exposition aux pesticides des maraichers dans la zone des Niayes par la détermination de l’activité cholinestérasique érythocytaire. Université Cheikh Anta Diop de Dakar, Sénégal.
										  
										


											
										   
											Touré, et al. (2021) Persistent organic pollutants (POP) concentrations in human breast milk: Evolution of concentrations over time in Senegal. Toxicologie Analytique et Clinique 33: 91-100.
										  
										


											
											
												Malisch K, Malisch R, Fiedler H (2017) Guidelines for organization, sampling and analysis of human milk on persistent organic pollutants. Chemicals branch division of technology, Industry and Economics (DTIE) United Nations Environment Programme (UNEP) 39.
											
										


											
											
												Dulaurent S, Moesch C, Marquet P, Gaulier JM, Lachâtre G (2010) Screening of pesticides in blood with liquid chromatography-linear ion trap mass spectrometry. Anal Bioanal Chem 396: 2235-2249.
											
										


											
											
												Romeu Nadal M, Morera Pons S, Castellote AI, López Sabater MC (2004) Comparison of two methods for the extraction of fat from human milk. Anal Chim Acta 513: 457-461.
											
										


											
											
											
												Diarra, Diallo B (2017) Feed the future innovation lab for food security policy. foodsecuritylab.msu.edu
											
											.
										


											
											
												Ndiaye O, Sylla A, Diouf S, Mo Guèye, Ma Guèye, et al. (2004) Paramètres anthropométriques du nouveau-né à terme au Sénégal. Résultats préliminaires. Archives de Pediatrie 11: 259-260.
											
										


											
											
												Rios Leyvraz M, Yao Q (2023) The volume of breast milk intake in infants and young children: A systematic review and meta-analysis. Breastfeeding Medicine 18: 188-197.
											
										


											
											
												More SJ, et al. (2021) Guidance document on scientific criteria for grouping chemicals into assessment groups for human risk assessment of combined exposure to multiple chemicals. EFSA Journal 19: e07033.
											
										


											
											
												Epa U, O. of Pesticide Programs (2002) Guidance on cumulative risk assessment of pesticide chemicals that have a common mechansim of toxicity. US EPA.
											
										


											
											
												Lewis A, Tzilivakis J, Warner DJ, Green A (2016) An international database for pesticide risk assessments and management. Human and Ecological Risk Assessment 22: 1050-1064.
											
										


											
											
												Shaik N, Vishwakarma SK, Khan AA (2016) Metabolism of six CYP probe substrates in fetal hepatocytes. ADMET DMPK 4: 84-90.
											
										


											
											
												Diop A, Yérim Mbagnick Diop, Serigne Omar Sarr, Bara Ndiaye, Rokhaya Gueye, et al. (2019) Pesticide contamination of soil and groundwater in the vulnerable agricultural zone of the niayes (Dakar, Senegal). Anal Chem Lett 9: 168-181.
											
										


											
											
												Diop A, Yérim Diop M, Diène Thiaré D, Fabrice Cazier, Serigne Sarr O, et al. (2016) Monitoring survey of the use patterns and pesticide residues on vegetables in the Niayes zone, Senegal. Chemosphere 144: 1715-1721.
											
										


											
										   
											Mbaye Tall NN (2014) Gestion des risques liés à l’utilisation des pesticides de synthèse dans la conservation des produits halieutiques transformés. Université Cheikh Anta Diop de Dakar.
										  
										


											
											
												Tamgno R, Vatsou J, Zidiko G, Goudoum A, Tinkeu LSN (2021) Protection des stocks de poissons secs en Afrique sub-saharienne 9: 755-766.
											
										


											
										   
											Dieng B, Mame Samba Mbaye, Macoumba Diouf, Jules Diouf (2020) Aperçu sur les produits phytosanitaires de la floriculture à dakar Senegal. Journal of Development Research. doi: 10.37118/ijdr.18879.05.2020.
										  
										


											
											
												Pirsaheb M, Limoee M, Namdari F, Khamutian R (2015) Organochlorine pesticides residue in breast milk: A systematic review. Med J Islam Repub Iran 29: 228.
											
										


											
											
												Rojas Squella X, et al. (2013) Presence of organochlorine pesticides in breast milk samples from Colombian women. Chemosphere 91: 733-739.
											
										


											
											
												Mekonen S, Ambelu A, Wondafrash M, Kolsteren P, Spanoghe P (2021) Exposure of infants to organochlorine pesticides from breast milk consumption in southwestern Ethiopia. Sci Rep 11: 22053.
											
										


											
											
												Kuang L, Yizhong Hou, Fangqu Huang, Aidi Guo, Wenjing Deng, et al. (2020) Pesticides in human milk collected from Jinhua, China: Levels, influencing factors and health risk assessment. Ecotoxicol Environ Saf 205: 111331.
											
										


											
											
												Fujii Y, Ito Y, Harada KH, Hitomi T, Koizumi A, et al. (2012) Comparative survey of levels of chlorinated cyclodiene pesticides in breast milk from some cities of China, Korea and Japan. Chemosphere 89: 452-457.
											
										


											
											
												Caba M, Laura A, Mora A, Gavil A, Zenteno E, Carmen Martínez, et al. (2022) Persistent organic compounds in human milk and evaluation of the effectiveness of the Stockholm convention in Mexico. Adv Environ Res 8: 100190.
											
										


											
											
												Limon Miro T, Aldana Madrid ML, Alvarez Hernandez G, Antunez Roman LE, Rodriguez Olibarria G, et al. (2017) Breast milk intake and mother to infant pesticide transfer measured by deuterium oxide dilution in agricultural and urban areas of Mexico. Chemosphere 181: 682-689.
											
										


											
											
												Manda P, Adepo AJB, Dano DS (2018) Organochlorine pesticides contamination in human milk in Abidan (Côte d’Ivoire). J Toxicol Environ Health Sci 10: 10-14.
											
										


											
											
												EL-Saeid H, Hassanin AS, Bazeyad AY (2021) Levels of pesticide residues in breast milk and the associated risk assessment. Saudi J Biol Sci 28: 3741-3744.
											
										


											
											
												Issa B, Yassin K, Loutfy N, Ahmed MT (2018) Risk assessment of some organic contaminants: A case study based on food consumption in Tanta and Ismailia cities, Egypt. Environ Sci Pollut Res Int 25: 34212-34220.
											
										


											
										   
											Prashant V, K Vijayakumar, Sanket M (2022) Evaluation of persistent organochlorine pollutants in mother’s milk from Kalaburagi district, Karnataka, India. International Journal of Ecology and Environmental Sciences 49: 321-324.
										  
										


											
											
												Mehta RV, Sreenivasa MA, Mathen Mathew, Amy Webb Girard, Sunita Taneja, et al. (2020) A mixed-methods study of pesticide exposures in Breastmilk and Community & Lactating Women’s perspectives from Haryana, India. BMC Public Health 20: 1-14.
											
										


											
											
												Turan S (2021) Endocrine disrupting chemicals and bone. Best Pract Res Clin Endocrinol Metab 35: 101495.
											
										


											
										   
											Wang, Xu S, Lv Z, Li Y, Wang Y, et al. (2010) Exposure to persistent organic pollutants as potential risk factors for developing diabetes. Sci China Chem 53: 980-994.
										  
										


											
											
												Sanguos L, Olalla López Suárez, Elena Martínez Carballo, María Luz Couce, et al. (2023) Postnatal exposure to organic pollutants in maternal milk in north-western Spain. Environ Pollut 318: 120903.
											
										


											
											
												Pedersen TL, Jennifer T Smilowitz, Carl K Winter, Shiva Emami, Rebecca Schmidt J, et al. (2021) Quantification of nonpersistent pesticides in small volumes of human breast milk with ultrahigh performance liquid chromatography coupled to tandem mass spectrometry. J Agric Food Chem 69: 6676-6689.
											
										


											
											
												Anand N, Chakraborty P, Ray S (2021) Human exposure to organochlorine, pyrethroid and neonicotinoid pesticides: Comparison between urban and semi-urban regions of India. Environmental Pollution 270: 116156.
											
										


											
											
												Corcellas C, Maria Luisa Feo, Joao Paulo Torres, Olaf Malm, William Ocampo Duque, et al. (2012) Pyrethroids in human breast milk: Occurrence and nursing daily intake estimation. Environ Int 47: 17-22.
											
										


											
											
												Dos Santos J, Lino Lourenço R, Rosa P, Adams AIH (2022) Evaluation of quality and safety parameters of DEET commercial repellents: Photostability, penetration/permeation and eye irritation studies. Drug Analytical Research 6: 21-26.
											
										


											
											
												Qi SY, Xu XL, Ma WZ, Deng SL, ZX Lian, et al. (2022) Effects of organochlorine pesticide residues in maternal body on infants. Front Endocrinol (Lausanne) 13: 890307.
											
										


											
											
												Grieco M, Alessandra Giorgi, Giacomo Giacovazzo, Anna Maggiore, Serena Ficchì, et al. (2024) β-Hexachlorocyclohexane triggers neuroinflammatory activity, epigenetic histone post-translational modifications and cognitive dysfunction. Ecotoxicol Environ Saf 279: 116487.
											
										


											
											
												Mostafalou S, Abdollahi M (2013) Pesticides and human chronic diseases: Evidences, mechanisms, and perspectives. Toxicol Appl Pharmacol 268: 157-177.
											
										


											
											
												Fu X, Xu J, Zhang R, Yu J (2020) The association between environmental endocrine disruptors and cardiovascular diseases: A systematic review and meta-analysis. Environ Res 187: 109464.
											
										


											
											
												Iwobi N, Sparks NR (2023) Endocrine disruptor-induced bone damage due to hormone dysregulation: A review. Int J Mol Sci 24: 8263.
											
										


											
											
												Pötzl B, Kürzinger L, Stopper H, Fassnacht M, Kurlbaum M, et al. (2023) Endocrine disruptors: Focus on the adrenal cortex. Horm Metab Res 56: 78-90.
											
										


											
											
												Inman ZC, Flaws JA (2024) Impact of real-life environmental exposures on reproduction: Endocrine-disrupting chemicals, reproductive aging, and menopause. Reproduction 168: e240113.
											
										


											
											
												Martinez V, Yen IH, Alvarez C, Williams AD, Ha S (2024) Exposure to environmental chemicals and infertility among us reproductive-aged women. Int J Environ Res Public Health 21: 1541.
											
										


											
											
												John McLachlan A, Erica Simpson, Melvenia Martin (2023) Endocrine disruptors and female reproductive health. One Health 255-272.
											
										


											
											
												Tang Péronard JL, Andersen HR, Jensen TK, Heitmann BL (2011) Endocrine-disrupting chemicals and obesity development in humans: A review. Obesity Reviews 12: 622-636.
											
										


											
											
												Xiao X, Clark IM, Park Y (2017) Potential contribution of insecticide exposure and development of obesity and type 2 diabetes. Food Chem Toxicol 105: 456.
											
										


											
											
												Edwards D, Voronina A, Attwood K, Grand’Maison A (2021) Association between occupational exposures and sarcoma incidence and mortality: Systematic review and meta-analysis. Syst Rev 10: 1-19.
											
										


											
											
												Maheshwari N, Khan FH, Mahmood R (2019) Pentachlorophenol-induced cytotoxicity in human erythrocytes: enhanced generation of ROS and RNS, lowered antioxidant power, inhibition of glucose metabolism, and morphological changes. Environ Sci Pollut Res Int 26: 12985-13001.
											
										


											
											
												Zheng R, Zhang Q, Zhang Q, Yang L, Zhang Z, et al. (2013) Occupational exposure to pentachlorophenol causing lymphoma and hematopoietic malignancy for two generations. Toxicol Ind Health 31: 328-342.
											
										


											
											
												Huo Y, Yanjian Wan, Qingzhu Huang, Aizhen Wang, Gaga Mahai, et al. (2022) Pentachlorophenol exposure in early pregnancy and gestational diabetes mellitus: A nested case-control study. Science of The Total Environment 831: 154889.
											
										


											
											
												Kent JD, Klug LR, Heinrich MC (2024) A novel human sdha-knockout cell line model for the functional analysis of clinically relevant SDHA variants. Clinical Cancer Research 30: 5399-5412.
											
										


											
											
												Duarte Hospital C, Arnaud Tête, Kloé Debizet, Jules Imler, Céline Tomkiewicz-Raulet, et al. (2023) SDHi fungicides: An example of mitotoxic pesticides targeting the succinate dehydrogenase complex. Environ Int 180: 108219.
											
										


											
											
												Kent J, Heinrich MC (2024) Novel models for the functional characterization of SDHA germline variants to predict cancer risk. J Clin Oncol 42: 11532-11532.
											
										


											
											
												Sarkis LM, Clifton-Bligh R, Veivers D, Gill AJ (2023) SDH deficiency is very common in carotid body paragangliomas: Genetic counseling and testing should be offered to all patients. Head Neck 45: 1497-1502.
											
										


											
										
											(2022) Fongicides SDHI: Les travaux de l’Anses. Anses - Agence nationale de sécurité sanitaire de l’alimentation, de l’environnement et du travail.
											
												https://www.anses.fr/fr/content/fongicides-sdhi-les-travaux-de-lanses
											
										


											
											
												Sánchez Santed, Colomina MT, Herrero Hernández E (2016) Organophosphate pesticide exposure and neurodegeneration. Cortex 74: 417-426.
											
										


											
											
												Yousefi F, Gholamreza Asadikaram, Saeid Karamouzian, Moslem Abolhassani, Hossein Pourghadamyari, et al. (2022) Organochlorine and organophosphorus pesticides may induce brain cancer through oxidative stress. Toxicol Ind Health 38: 717-732.
											
										


											
											
												Caldas D (2023) Approaches for cumulative dietary risk assessment of pesticides. Curr Opin Food Sci 53: 101079.
											
										


											
											
												Bocedi A, Olga Lai, Giada Cattani, Cristina Roncoroni, Giorgia Gambardella, et al. (2022) Animal biomonitoring for the surveillance of environment affected by the presence of slight contamination by β-HCH. Antioxidants 11: 527.
											
										


											
											
												Faivre Defrance (2003) La thyroïde aux différents âges de la vie. In Les maladies de la thyroid 641-667.
											
										


											
											
												Flamant F, Pesticides FF (2020) Pesticides, perturbateurs endocriniens de la glande thyroïde ? Thyroid Hormone Action and Energy Expenditure 23-25.
											
										


											
											
												Orta R, Amelia Wesselink K, Traci Bethea N, Birgit Claus Henn, Andreas Sjödin, et al. (2020) Correlates of organochlorine pesticide plasma concentrations among reproductive-aged black women. Environ Res 184: 109352.
											
										


											
											
												Miranda A, Silva BS, De Moura EG, Lisboa PC (2022) Pesticides as endocrine disruptors: Programming for obesity and diabetes. Endocrine 79: 437-447.
											
										


											
											
												Jiang F, Peng Y, Sun Q (2022) Pesticides exposure induced obesity and its associated diseases: Recent progress and challenges. Journal of Future Foods 2: 119-124.
											
										


											
											
												Tawar N, Basu Dev Banerjee, Brijesh Kumar Mishra, Tusha Sharma, Shipra Tyagi, et al. (2021) Adipose tissue levels of DDT as risk factor for obesity and type 2 diabetes mellitus. Indian J Endocrinol Metab 25: 160-165.
											
										


											
											
												Ramírez V, Patricia González Palacios, Miguel Baca A, Pablo José González Domenech, María Fernández Cabezas, et al. (2022) Effect of exposure to endocrine disrupting chemicals in obesity and neurodevelopment: The genetic and microbiota link. Sci Total Environ 852: 158219.
											
										


											
											
												Zhang Z, Wang Z, QX Li, Hua R, Wu X (2021) Enantioselective metabolism of phenylpyrazole insecticides by rat liver microsomal CYP3A1, CYP2E1 and CYP2D2. Pestic Biochem Phys 176: 104861.
											
										


											
											
												Huang T, Huang Y, Huang Y, Yang Y, Zhao Y, et al. (2020) Toxicity assessment of the herbicide acetochlor in the human liver carcinoma (HepG2) cell line. Chemosphere 243: 125345.
											
										


											
											
												Bryant Javier, Uday Patel, Zachary Brodie, Anuj Vyas, Jimmy DO (023) N-Diethyl-Meta-Toluamide insect repellent induced acute liver failure: a rare case among a common chemical ER. Am J Gastroenterol 118: S2447.
											
										


											
											
												Mosca F, Maria Lorella G (2017) Human milk: composition and health benefits. La Pedratria Medica e Chirurgica 39: 47-52.
											
										



										



							

										

	


