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Background: DDT (Dichlorodiphenyltrichloroethane) is a synthetic organochlorine pesticide used in agriculture and mosquito control but later banned due to its harmful effects on humans. It persists in the environment, biomagnified through the food chain, and poses serious health risks, including reproductive defect, cancer, and nervous system disorders. DDT has a long half-life and potential of long-range transport and continuing to contaminate long after use and remains to pose a global environmental and health concern. Therefore, this review was designed to assess the concentration of DDT metabolites (p,p'-DDT, p,p'-DDD, and p,p'-DDE) in various food items and evaluate the health risk to consumers in the African.

Methods: The preferred reporting item for systematic reviews and meta-analysis (PRISMA) protocol was used to conduct this work. SCOPUS, PubMed, Web of Science, Google Scholar, DOAJ, national repository, and MedNar were used to retrieve articles from October 1, 2023, to January 20, 2024. Meta-analysis data visualized using a forest plot. A random-effects model was applied when heterogeneity existed in overall mean concentration of DDT metabolites. The subgroup analysis, meta-regression, and sensitivity analysis was conducted and the Joanna Briggs Institute Critical Assessment tool to assess the quality of the studies.

Results: The overall mean concentrations of p,p'-DDT, p,p'-DDD and p,p'-DDE, regardless of the types of food items, were 0.188, 0.22, and 0.0878 mg/kg, respectively. Based on the type of food items, The current study found that residue levels of DDT metabolites in vegetables, milk, and cereals exceeded the Maximum Residue Limits (MRLs) set by FAO/WHO/EU (0.05, 0.02, and 0.05 mg/kg, respectively), while residue levels in meat, khat, and fruit were below the MRLs (5, 0.5, and 0.05 mg/kg, respectively). The findings of the health risk assessment revealed that consumers are prone to both carcinogenic and non-carcinogenic risks from DDT metabolites. The persistence and bioaccumulation of these metabolites, along with multiple exposure routes and improper handling, may increase long-term health risks, even at low doses. DDT metabolite levels in most food categories exceed recommended limits, posing significant health risks to consumers. To reduce reliance on DDT, effective and cost-efficient alternative insecticides and vector-control strategies must be developed. Promoting environmental management, improving housing, and implementing farm-to-fork risk-based actions, such as Hazard Analysis and Critical Control Points (HACCP), across the food chain are crucial to mitigating the adverse effects of DDT exposure in the African region.
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1 Introduction

The organochlorine insecticide DDT is one of the persistent organic pollutants (POPs) exempted from production restrictions under the Stockholm convention and humans' exposure continued through dietary exposure, drinking water contamination, indoor and outdoor personal airborne exposure, dermal exposure, and dust ingestion specifically among children are the main exposure pathways (1). The WHO has recommended its use in developing countries for indoor spraying to control malaria mosquitoes, primarily due to the lack of cost-effective alternatives with equivalent long-lasting residual efficacy and efficiency. The main challenge is balancing the high burden of malaria cases in endemic countries with the adverse environmental and health effects of DDT (2).

DDT and its metabolites are lipophilic (fat-soluble), accumulating in fat tissues and biomagnified through the food chain. They are absorbed through ingestion, inhalation, or dermal exposure, stored in fatty tissues like the liver and brain, and metabolized into DDE and DDD, which are toxic. Excretion occurs mainly through bile and feces, but elimination can take years due to their slow breakdown. Its residues can be detected in nearly every human body, posing long-term toxicity and a potential threat to human health by accumulating in all tissues, with the highest levels found in adipose tissue. It also poses risks to both terrestrial and marine ecosystems (3, 4). The FAO/WHO has reviewed DDT safety levels determining a specific NOAEL for humans is challenging because of inconsistent study findings. In animal studies, the NOAEL is about 0.05 mg/kg body weight per day, and the FAO/WHO/EU has set a provisional Acceptable Daily Intake (ADI) of 0.01 mg/kg body weight (5).

Evidence indicates that exposure to DDT is associated with adverse health outcomes, including breast cancer, diabetes, decreased semen quality, spontaneous abortion, endocrine disruption, acute neurological damage, and impaired neurodevelopment in children (4–11). The primary mechanism of DDT's action is that alter the proper function of the central nervous system as well as endocrine disruption by altering the molecular circuitry and function of the endocrine system (12). High exposure to DDT can still cause neurological symptoms like dizziness, headaches, nausea, and seizures.

DDT has a half-life of 2–15 years in soil and up to 150 years in aquatic sediments, and potential of long-range transport and continuing to contaminate long after use and continues to pose a global environmental and health concern, The use of DDT for unintended purposes and improper handling has resulted in high concentrations and bioaccumulation in environmental compartments (water, food, air, soil, and biota), endangering both human health and ecosystems (3). Comprehensive guidance and legal frameworks regarding the use, management, trade, and proper storage of DDT are provided by international organizations and conventions. However, these measures have not been strictly implemented to minimize the negative impact of DDT and its metabolites, or to reduce the burden of malaria, which is transmitted by indoor-resting vectors (5). The impact of DDT is worsening in developing countries, particularly in the African region, where inadequate knowledge and poor handling practices among users require urgent attention (13, 14). The unsafe and unintended application of DDT is a significant concern, posing serious threats in various parts of Africa (3, 14–16).

Several studies focus on the parent chemical DDT rather than its metabolites (9, 10), exploring the association between DDT exposure and specific health outcomes (17–21). However, there are scant systematic reviews and meta-analyses that have examined the pooled mean concentration of DDT metabolites (p,p'-DDT, p,p'-DDD, and p,p'-DDE) in various food items and the potential health risks they pose to consumers in the African region. The findings highlight a clear opportunity to design appropriate interventions to reduce the health risks posed to humans, animals, and the environment, particularly in Africa, where DDT use practices and awareness are inadequate.



2 Materials and methods


2.1 Eligibility criteria

The Population, Exposure, Comparator, and Outcome (PECO) criteria are used for the systematic review, and a comprehensive overview of the inclusion and exclusion criteria is provided below:-


2.1.1 Types of population

We included quantitative studies on the concentration of DDT metabolites in various food items, such as vegetables, fruits, fish, meat, khat, milk, and cereals, without any restrictions on food types.



2.1.2 Types of exposure

We included quantitative studies that evaluated the concentration of DDT metabolites in food items. These DDT metabolites were selected because they are primarily identified in the chosen food items, and the FAO/WHO and EU have set Maximum Residue Limits (MRL) for them.



2.1.3 Type of comparator

The Maximum Residue Limits (MRLs) set by international standards (e.g., FAO/WHO and EU limits) or populations exposed to lower levels of DDT residues. This also considers the limits of quantification and detection, and to what extent food items contain DDT metabolites.



2.1.4 Types of outcomes

Health risks, including both carcinogenic and non-carcinogenic risks, associated with exposure to concentration of DDT metabolites from food consumption.



2.1.5 Types of studies

We included studies that assess the concentration of DDT metabolites in food items intended for human consumption. We excluded editorial papers, short communications, review articles, reports, preprints, qualitative studies, and articles with a high risk of bias. Articles published in English from 2010 to 2024 was included. The year 2010 was chosen as the starting point for the systematic review because those DDT metabolites of interest were extensively used in the African regions and we interested to investigate the recent concentrations of DDT metabolites in food items under reviewed.




2.2 Information sources and search strategy

The articles were retrieved from SCOPUS/Science Direct, PubMed/MEDLINE, Web of Science, Google Scholar, DOAJ, national repository and MedNar, from October 1, 2023, to January 20, 2024. A combination of Boolean logic operators (AND, OR, and NOT), Medical Subject Headings (MeSH) and main keywords were used to retrieve the articles from the included electronic databases. References within eligible studies were further screened for additional articles.



2.3 Study selection process

The study selection process was performed using the PRISMA flow chart, indicating the number of articles included in the study and excluded from the study with the major reasons of exclusion. Duplicate articles were removed using the ENDNOTE software version X5 (Thomson Reuters, USA). The authors independently screened the articles according to their titles and abstracts to determine their eligibility for the current study. The authors further independently evaluated the full texts of the relevant articles. Disagreements with respect to the inclusion and exclusion of articles were resolved by consensus. Finally, those studies that met the inclusion criteria were included in the current study.



2.4 Data extraction process

All authors separately extracted all relevant data required for the current study from eligible articles. To extract the data, a predetermined Microsoft Excel format (developed by the authors) consisting of study characteristics, including survey and publication year, a region where the study was conducted, sample size, and primary outcomes, residue or concentration of DDT metabolites (p,p'-DDT, p,p'-DDE and p,p'-DDD) in different food items, in African regions. Disagreement made with respect to data extraction was resolved through discussion.



2.5 Quality assessment

The included articles were subjected to quality evaluation by the authors using Joanna Briggs Institute Critical Assessment Tools (JBI) for the prevalence studies (22). The JBI critical appraisal tools with nine evaluation criteria includes:—(1) appropriate sampling frame; (2) proper sampling technique; (3) adequate sample size; (4) description of the study subject and setting description; (5) sufficient data analysis; (6) use of valid methods for the identified conditions; (7) valid measurement for all participants; (8) use of appropriate statistical analysis; and (9) adequate response rate. The articles were then evaluated by the authors to determine their eligibility. JBI critical appraisal tools have nine evaluation criteria. Each parameter was assigned a value of 1 if “Yes” and 0 if “No.” Based on the total score, each article was classified as low risk of bias (85% and above), moderate (60–85% score), or high risk of bias (60% and blow score). Finally, articles with moderate and low risk of bias were included in the study. Disagreements made between the authors regarding quality assessment were resolved by discussion after repeating the same procedures.



2.6 Statistical procedures and data analysis

The pooled mean concentration of DDT metabolites (p,p'-DDT, p,p'-DDE, and p,p'-DDD) among various food items was determined using the statistical software Comprehensive Meta-Analysis version 3.0. The meta-analysis data were visualized using a forest plot and a random-effects model was used. The I-squared test (I2 statistics) was used to evaluate the heterogeneity between articles. The level of heterogeneity was classified as without heterogeneity (0.0–25%), low heterogeneity (25–50%), moderate heterogeneity (50–75%), and high heterogeneity (>75%) (23). The random-effects model was used when the I2 statistic value is greater 75%, and a fixed-effects model otherwise.

Subgroup analysis was performed based on food categories, countries, and publication year. Meta-regression was performed to examine potential source of heterogeneity for each DDT metabolites using random effects model. A sensitivity analysis was performed to determine differences in pooled effects by dropping studies with largest, and/or smallest outcomes that were found to influence the overall concentration of DDT metabolites. The publication bias was assessed using a funnel plot.



2.7 Human health risk assessment

Health risk assessment estimates the probability of adverse health effects in human populations exposed to chemicals in contaminated environmental media (water, soil, air, and food) and assesses the impact of harmful contaminants over time. This review focuses on dietary exposure to three DDT metabolites (p,p'-DDT, p,p'-DDD, and p,p'-DDE) through food consumption. Non-carcinogenic and carcinogenic risks were estimated using the health risk assessment model provided by the United States Environmental Protection Agency (24) to evaluate the human health risks of DDT metabolites among food consumers in African regions.


2.7.1 Non-carcinogenic risk estimation

The hazard quotient (HQ) and hazard index (HI or THQ) were used to estimate the non-carcinogenic effects of DDT metabolites. The estimated daily intake (EDI) was calculated using the following formula:

EDI = (Cm × EF × ED × AFC)/(ABW × ATE), where Cm represents the DDT metabolite concentration (mg/kg of dry weight), EF is the exposure frequency (365 days/year), ED is the exposure duration for carcinogenic risk (70 years), AFC is the average food consumption rate the per capita food consumption rate in Ethiopia is 0.887 kg/person/day (25), ABW is the average body weight of a consumer (70 kg), and ATE is the average time for carcinogenic exposure risk (life expectancy = 70 years × 365 days/year).

The hazard quotient (HQ) was estimated using the formula HQ = EDI/RfD, where EDI is the estimated daily intake of consumers in mg/day/kg of body weight, and RfD represents the oral reference dose (mg/kg/day) for each DDT metabolite (26).

The hazard index (HI) was estimated by adding the hazard quotient of each metabolite: HI = THQ = HQ p,p′-DDT + HQ p,p′-DDT + HQ p,p′-DDT, where the total hazard quotient (THQ) or hazard index (HI) accounts for the cumulative non-carcinogenic risk. This approach estimates the additive effects of exposure to multiple DDT metabolites simultaneously through food ingestion. There is a possibility of non-carcinogenic risk to consumers when the HI is >1, while consumers are unlikely to experience non-carcinogenic risk when the HI is <1



2.7.2 Carcinogenic risk estimation

The risk of cancer to the consumer population from ingesting food items in the study area was evaluated using the Incremental Lifetime Cancer Risk (ILCR) model. The ILCR is calculated using the following formula:

ILCR = EDI × CSF, where EDI represents the estimated daily intake of DDT metabolites, and CSF represents the cancer slope factor for DDT metabolites in consumed food. The cancer slope factor (CSF) is a plausible upper-bound estimate of the probability that an individual will develop cancer from lifetime exposure to a chemical, typically over 70 years (26), and is expressed in units of mg/kg/day. Acceptable limits for carcinogenic health risks are within the range of 10−6 to 10−4, while a cancer risk (CR) >10−4 indicates a potential lifetime carcinogenic risk for consumers of the food items in Africa region.





3 Results


3.1 Study selection

A total of 2002 studies were retrieved from the included databases and manual searches through Google. After retrieval, 562 duplicate articles were excluded. Furthermore, 169 studies were excluded due to being non-eligible, 732 were due to their title and abstract, 495 were due to full-text screening, and 26 articles were due to a high risk of bias. Finally, 18 articles were included in the current study (Figure 1).
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FIGURE 1
 PRISMA flowchart of the study selection, 2024.




3.2 General characteristics of the included articles

In the current study, 18 articles conducted in different African regions and met eligibility criteria were included. The included articles addressed the concentration of dichlorodiphenyltrichloroethane (DDT) metabolites (p,p'-DDT, p,p'-DDD, and p,p'-DDE) in 1 528 food and Khat samples between different types of food items and Khat consumed in the African region.

Among the studies included in the current study, 8 (44.4%), 5 (27.8%), 1 (5.5%), 1 (5.5%), 1 (5.5%), 1 (5.5%), and 1 (5.5%) of the studies were conducted in Ethiopia (27–34), Nigeria (35–39), DRC (40), South Africa (40), Togo (41), Benin (42), and Ghana (43, 44), respectively. Among the studies that meet the eligibility criteria, 9 (50.0%), 5 (27.78%), 2 (11.1%), 2 (11.1%), 2 (11.1%), and 1 (5.5%) reported the concentration of DDT metabolites in vegetable (27, 30, 35, 36, 40–44), meat and fish (29, 33, 38–40), in fruit samples (35, 44), Milk (31, 32), Khat (34), and cereals (28), respectively (Supplementary Table 1). Relatively high average concentrations of DDT metabolites have been detected in Ethiopia, Nigeria, and South Africa (Figure 2).
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FIGURE 2
 Average concentration of DDT metabolites by location, food items, and publication year.




3.3 Pesticide residues in different food items
 
3.3.1 Concentration of p,p'-DDT residue in different food items

Figure 2 shows the overall mean concentration of p,p'-DDT. A random-effects model was used to compute the overall mean concentration of each metabolite due to significant heterogeneity (I2 = 89.20%, p < 0.001). The overall mean concentration of p,p'-DDT, regardless of the types of food items, was 0.188 mg/kg, with a 95% CI of 9.6 to 29.2% and a p < 0.001 (Figure 3).


[image: Figure 3]
FIGURE 3
 Overall mean concentration of p,p'-DDT residue regardless of the types of food items, in Africa.


Figure 4 illustrates the mean concentration of p,p'-DDT residue based on types of food items. A random-effects model was used to calculate the overall mean concentration of each metabolite due to significant heterogeneity (I2 = 87.30%, p < 0.001). The subgroup analysis of p,p'-DDT based on the types of food items indicated that the mean concentration of p,p'-DDT in cereals, fruit, khat, meat and fish, milk, and vegetables accounted for 0.056, 0.034, 0.043, 0.174, 0.165, and 0.193 mg/kg, respectively (Figure 4).


[image: Figure 4]
FIGURE 4
 Mean concentration of p,p'-DDT residue based on types of food items, in Africa.




3.3.2 Concentration of p,p'-DDD residue in different food items

Figure 5 depicts the overall mean concentration of p,p'-DDD residue, regardless of the types of food items. A random-effects model was used to compute the overall mean concentration of each metabolite due to significant heterogeneity (I2 = 91.30%, p < 0.001). The overall mean concentration of p,p'-DDD residue in different food items was 0.22 mg/kg, with a 95% CI of 7.2 to 36.8% and a p < 0.004 (Figure 5).


[image: Figure 5]
FIGURE 5
 Overall mean concentration of p,p'-DDD residue regardless of the types of food items, in Africa.


Figure 6 illustrates the pooled mean concentration of p,p'-DDD residue based on types of food items. A random-effects model was used to compute the overall mean concentration of each metabolite due to significant heterogeneity (I2 = 89.01%, p < 0.001). The subgroup analysis of p,p'-DDD based on the types of food items indicated that the mean concentration of p,p'-DDD was 0.011, 0.021, 0.225, 0.068, and 0.198 mg/kg in fruit, khat, meat and fish, milk, and vegetables, respectively (Figure 6).


[image: Figure 6]
FIGURE 6
 Pooled mean concentration of p,p'-DDD residue based on types of foods, in Africa.




3.3.3 Concentration of p,p'-DDE residue in different food items

Figure 7 reveals the overall mean concentration of p,p'-DDE residue, regardless of the types of food items. A random-effects model was used to compute the overall mean concentration of each metabolite due to significant heterogeneity (I2 = 89.51%, p < 0.001). The overall mean concentration of p,p'-DDE residue in different food items was 0.088 mg/kg, with a 95% CI of 7.8 to 9.8% and a p < 0.0001 (Figure 7).
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FIGURE 7
 Overall mean concentration of p,p'-DDE residue regardless of the types of food items, in Africa.


Figure 8 illustrates the pooled mean concentration of p,p'-DDE residue based on types of food items. A random-effects model was used to compute the overall mean concentration of each metabolite due to significant heterogeneity (I2 = 88.11%, p < 0.001). The subgroup analysis of p,p'-DDE based on the types of food items revealed that the mean concentration of p,p'-DDE was 0.057, 0.029, 0.038, 0.126, 0.089, and 0.12 mg/kg in cereals, fruit, khat, meat and fish, milk, and vegetables, respectively (Figure 8).
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FIGURE 8
 Mean concentration of pp DDE residue based on the types of food, in Africa.





3.4 Human health risk assessment

The current review findings indicates that consumers in the African region were exposed to higher health risks associated with the dietary intake of DDT metabolites through food consumption. The overall non-carcinogenic risk assessment from food items consumption was within unacceptable limits (HI = THQ > 1). Table 1 reveals that a THQ (HI) is ≥ 1 indicates a potential non-carcinogenic health risk and an ILCR value also >10−4 indicates potential lifetime carcinogenic risk. The ILCR value represents the likelihood of lifetime carcinogenic health risks from DDT metabolite through the consumption of food items (Table 1).


TABLE 1 Maximum concentrations (worst-case scenario) of DDT metabolites, along with non-carcinogenic and carcinogenic health risks associated with the dietary intake of DDT metabolites through food consumption in consumers in African regions.
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4 Discussion

The current study found that the residue of p,p'-DDT in milk (0.165 mg/kg) and cereals (0.056 mg/kg) exceeded the FAO/WHO MRL (0.02 mg/kg for milk) (45) and the EU MRL (0.04 mg/kg for milk; 0.05 mg/kg for cereals) (46). This indicates that consumers in African regions may be at high risk of exposure to p,p'-DDT through the consumption of contaminated food. In contrast, the residue of p,p'-DDT in meat (0.174 mg/kg) and khat (0.043 mg/kg) was lower than the FAO/WHO MRL (5 mg/kg for meat and 0.5 mg/kg for leaves and herbs) (45). This may be due to the limited number of studies providing data on these food categories.

The mean concentrations of p,p'-DDD in milk (0.0683 mg/kg) and vegetables (0.198 mg/kg) exceed the maximum recommended levels set by FAO/WHO (0.02 mg/kg for milk) (27) and the EU (0.04 mg/kg for milk; 0.05 mg/kg for vegetables) (46). These food categories are among the most commonly consumed in African regions, making consumers in Africa vulnerable to high levels of p,p'-DDD residues, which could pose significant health risks.

The current study found that the mean concentrations of p,p'-DDE residues in cereals (0.57 mg/kg), milk (0.089 mg/kg), and vegetables (0.1184 mg/kg) exceeded the FAO/WHO limits (0.1 mg/kg for cereals; 0.02 mg/kg for milk) (45) and the EU MRL limits (0.05 mg/kg for cereals, 0.04 mg/kg for milk, and 0.05 mg/kg for vegetables) (46). In contrast, the concentrations in fruit (0.029 mg/kg) and khat (0.0385 mg/kg) were below the EU MRL limits (0.05 mg/kg for fruit and 0.5 mg/kg for khat) (46).

The health risk assessment findings revealed that the hazard quotient of the three investigated DDT metabolites exceeds acceptable standards for both carcinogenic and non-carcinogenic health risk estimations. A similar finding were reported from a disease specific (diabetes) systematic review and meta-analysis of 43 studies conducted across America, Europe, Asia, and Africa examined the relationship between p,p'-DDT and p,p'-DDE concentrations and the risk of developing diabetes (47). The current review evidence indicates that higher concentrations of p,p'-DDT and p,p'-DDE were found in the reviewed food items, and the consumption of these food items with long-term exposure may pose an increased risk of diabetes and other chronic diseases. Limited knowledge about DDT metabolites, misuse of DDT, and poor handling practices increase non-carcinogenic health risks through short-term, high-level exposure, which many African consumers faced. Regional variations were observed in the concentration of total DDT metabolites, with the highest concentration detected in the eastern region of Africa (Ethiopia) in fish meat with 4.36 mg/kg, followed by the western region (Nigeria), with concentrations of 2.73 ± 0.98 mg/kg in watermelon and 2.337 ± 0.5027 mg/kg in cowpea. Because of the persistence and bioaccumulation tendency of these metabolites, combined with their potential synergistic effects and multiple exposure routes such as oral, dermal, and inhalation make consumers across all regions of Africa particularly vulnerable to lifetime carcinogenic risks from long-term, low-level exposure.

The current study revealed that the residue levels of DDT metabolites in vegetables, milk and cereals exceed the Maximum Residue Limits (MRLs) set by FAO/WHO and the EU. This indicates potential carcinogenic and non-carcinogenic health risks from exposure to these metabolites through food consumption. This underscores the need for effective law enforcement, food safety monitoring and evaluation, strengthened public health education on the health risks of DDT metabolites, and the application of farm-to-fork, risk-based actions, including hazard analysis and critical control points (HACCP), across the entire food chain to mitigate the adverse effects of DDT metabolite exposure in the African region.

Moreover, limiting the use of DDT under strict regulation to public health malaria control and the fight against insect-borne human diseases is a crucial medium-term intervention. The African regions should make efforts to reduce and eventually eliminate the use of DDT while minimizing the burden of malaria, as this is a fundamental long-term intervention. Alternative insecticides with equivalent efficacy, along with cost-effective and efficient vector-control strategies, must be developed to decrease reliance on DDT. Non-chemical approaches, such as environmental management and housing improvements (e.g., the use of window screens), should also be actively promoted as part of sustainable strategies for preventing vector-borne diseases, ultimately reducing the adverse effects of DDT and its metabolites on human health. DDT metabolites, such as DDE and DDD, accumulate in the body, disrupting hormonal balance (48, 49) and leading to reproductive disorders, neurotoxicity, and an increased risk of breast and liver cancers (50). Prenatal and early childhood exposure is linked to neurodevelopmental delays and impaired immune function (50). The endocrine-disrupting properties of DDT also contribute to infertility and metabolic disorders (51, 52), highlighting the need for stricter regulations and safer alternatives to reduce long-term exposure.

The body of research on DDT exposure highlights its detrimental effects on both neuro-degeneration and reproductive health. A study by Richardson et al. (53) found that elevated serum p,p'-DDE levels were linked to an increased risk of Alzheimer's disease (AD), suggesting that chronic exposure to DDT may contribute to cognitive decline. Additionally, a longitudinal study analyzing DDT levels in stored blood samples from 1959 to 1967 revealed that higher exposure during adolescence was associated with a 5fold increase in breast cancer risk later in life (54). This emphasizes DDT's role as an endocrine disruptor, contributing to hormone-related cancers. Furthermore, a comprehensive review conducted from 2003 to 2008 found that DDT exposure was linked to preterm birth and early weaning (11), while also providing evidence of its endocrine-disrupting effects on reproductive health.

DDT exposure also has a significant impact on fetal and male reproductive health. A study analyzing blood samples from pregnant women (1959–1966) found that higher maternal DDT levels were associated with preterm birth and lower birth weights (55), further supporting the harmful effects of DDT on fetal development. Additionally, a study examining sperm quality and hormone levels in men with high occupational and environmental DDT exposure (56) revealed a decline in sperm quality and potential infertility, confirming the negative effects of DDT on male fertility. Together, these findings highlight the widespread and harmful consequences of DDT exposure on human health.

DDT exerts its neurotoxic effects by targeting voltage-gated sodium channels in nerve cells, which are crucial for the transmission of electrical signals. When DDT binds to these channels, it prolongs their opening, leading to an excessive influx of sodium ions into the cells. This disruption prevents the channels from closing properly, resulting in uncontrolled neuronal firing and overstimulation, which underlies DDT's neurotoxicity. The activation and detoxification of DDT involve key enzymes such as Cytochrome P450 enzymes, Aryl hydrocarbon hydroxylase, and Acetylcholinesterase (AChE). The primary tissues affected by DDT include the nervous system, liver, fat tissue, and the reproductive, endocrine, and immune systems.

The mechanism of DDT metabolite toxicity through food consumption begins with DDT accumulating in the environment, which then bioaccumulates in animals across the food chain. When humans consume DDT-contaminated food, the liver metabolizes DDT into metabolites like p,p'-DDD and p,p'-DDE. These metabolites can cause harmful effects, including endocrine disruption, neurological issues, and liver damage (Figure 9; Table 2). As a future direction, FAO/WHO and UNEP support the transition to safer pesticide alternatives, encouraging governments to phase out DDT in favor of integrated vector management (IVM) and adopt more sustainable methods for malaria control.


[image: Figure 9]
FIGURE 9
 Diagram illustrate exposure and principal mechanism related to DDT toxicity.



TABLE 2 Summary of DDT toxicity and mechanisms.

[image: Table 2]



5 Strength and limitations

This study used multiple electronic databases with their applicable search strategies. Furthermore, the quality of the articles was evaluated using standard tools for quality assessment. Additionally, this work was done on the basis of the PRISMA guidelines or protocols. However, there was an unequal distribution of articles across African countries because a limited number of studies met eligible criteria. The DDT residue in different foods in many countries in the African Region was not included due to the limited number of studies that meet the eligibility criteria. Furthermore, due to a limited number of studies; systematic reviews and meta-analysis conducted on DDT residues in Africa and other regions, we are unable to adequately compare the findings of the current study with the findings of other studies. However, we have compared the pooled mean residue of DDT in different food types with a recommended maximum limit of FAO and WHO and the European Union to determine the health risk.



6 Conclusions

The concentration of DDT metabolites in fruits, meat and khat were not exceeded the maximum recommended levels set by FAO/WHO and the EU, while in vegetables, milk, and cereals exceeded, posing a potential health risk to consumers because of the synergistic effects of those metabolites and bioaccumulate tendency over the food chain. The health risk assessment revealed that consumers are prone to both carcinogenic and non-carcinogenic health risks from DDT metabolites.

Therefore, reducing reliance on DDT by using alternative insecticides with equivalent efficacy, along with cost-effective and efficient vector-control strategies is essential. Moreover, non-chemical approaches including environmental management and housing improvements, along with food safety interventions including public education and applying farm-to-fork risk-based actions, as well as monitoring and evaluation, to mitigate the adverse effects of DDT metabolite exposure from food consumption in the African region is recommended.
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