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Abstract 

The profile of glyphosate residues in cowpea grains sold in the Federal Capital Territory Abuja (FCT), Nigeria was 
assessed using high performance liquid chromatography. 

Methods: Thirty-three cowpea grains samples of red and white morphotype were collected from some selected markets 
within the FCT, Abuja. Analytical methods on the pulverized cowpea grains included dispersive liquid-liquid 
microextraction using acetonitrile/water (55:45) as mobile phase, sample clean up and their quantification by HPLC/UV 
as described by AOAC - QuEChERS method.  

Results: The percentage recoveries of the GLY pesticide standard were found to be acceptable at 90.01-101% with 
limits of detection pesticides standard were 0.011mgkg-1 and limits of quantification from 0.022 mgkg-1 and regression 
correlation coefficient (r2) of 0.987332. 

The results showed that the mean concentration of glyphosate in the cowpea grains ranged from 0.11-44.32 ± 0.001 
mgkg_1 with a mean glyphosate concentration of 6.280 mgkg-1 was detected. Six samples representing 18.18% of the 
samples collected violated WHO/FAO CODEX standard of 15.0 mgkg-1. Comparative studies between municipal and 
satellite markets revealed that GLY concentration residue was highest and lowest in K’WB (44.32 mg/kg) and K’IB (0.11 
mg/kg) respectively while values recorded for Acceptable Daily Intake (ADI) for all the samples were within an 
acceptable limit of 0.1mgkg-1. Heath risk index values were <1 suggesting that the consumer populations were not at 
risk.  

Conclusion: The high profile of glyphosate residue in cowpea grains from Karimu and Abaji Area Councils of the FCT is 
of great concern and needed to be further investigated.  
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1. Introduction

Glyphosate is a commonly used herbicide in the production of many crops, including beans. There are increasing 
concerns about the potential health risks associated with glyphosate residues in foods. Currently, more than 1.4 billion 
pounds of glyphosate are applied to fields per year (Upasani  et al., 2019;Beckie et al., 2020; Larsen et al., 2021). Studies 
have shown that glyphosate residues can be found in a variety of food products and exposure to this herbicide has been 
linked to several health concerns (Bruce et al., 2016;Kalofiri et al., 2021). Some studies have suggested that glyphosate 
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exposure may increase the risk of cancer, while others have linked it to developmental problems and endocrine 
disruption (Davoren et al., 2018; Shaw, 2021; Antier et al., 2020; Rani et al., 2021). 

Glyphosate is the active ingredient of the world’s most commonly used herbicide (e.g., Roundup®). It was re-discovered 
by John Franz of Monsanto in the early-1970s (Dill et al., 2010; David et al., 2010; Benbrook, 2016; Nerozzi et al., 2020). 
Franz was investigating organophosphorous compounds and noted the plant toxicity of N-(phosphonomethyl) glycine 
which was later named ‘glyphosate’ by contraction of its chemical name.(Olajide et al., 2022; USA Patent, 1964). The use 
of Glyphosate herbicides is highly merited to improve crop yield and quality by reducing or inhibiting the growth of 
weeds as well as by working as a desiccant for various grain crops including pulses (beans, peas, chickpea, lentils, etc) 
(Salazar et al., 2020; ). Among many herbicides, glyphosate-based herbicides (GBHs) are globally famous and widely 
used for the control of perennial weeds such as quack grass and thistle as well as by acting as a harvesting aid 
accelerating crop dry down (Bresnahan et al., 2003; Benbrook, 2016;Richmond, 2018; UNEP,2019).  

Studies of glyphosate herbicidal activity revealed that it inhibit the regulatory enzyme 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS) involved in the synthesis of aromatic amino acids in the ‘shikimate pathway’, resulting in 
the physiological detriment or death of the plant, fungi or microorganism for which it is applied (Amrhein, et al., 1980; 
Kishore et al., 1988; Williams et al., 2000; Reynoso  et al., 2019; Olajide et al., 2022; Peillex et al., 2022). World Health 
Organization (WHO), Food and Agricultural organization (FAO) and CODEX Alimentarius Commission and United State 
Environmental Protection Agency (EPA) regulations set the tolerance levels for the occurrence of glyphosate in food 
commodities and according to data released by CODEX Alimentarius Commission on pesticides in 2021, the commission 
prescribed 15 mg/kg as the maximum concentration of GLY in dry bean. 

Cowpea (Vigna unguiculata . Walp)  Family Leguminosae is widely grown in tropics and subtropics for human as well 
as for animal food (Makun et al, 2012; Anjorin et al., 2015). More than 5.4 million tons of dried cowpeas are produced 
worldwide, with Africa producing nearly 5.2 million. Nigeria, the largest producer and consumer, accounts for 61% of 
production in Africa and 58% worldwide (FAOSTAT, 2012). Cowpeas cultivars in Nigeria vary in seed size, seed coat 
texture and colour. Majority of people have preference for brown beans as a pulse. The crop is grown primarily for its 
seeds locally called beans which are eaten fresh when semi-ripe and as a pulse when dry and mature, or ground into 
flour. Cowpeas provide a rich source of proteins and calories, as well as minerals and vitamins. A cowpea seed can 
consist of 25% protein and is low in anti-nutritional factors (Rangel et al., 2003).To provide safe food and ensure food 
security, there is a need to determine the hazardous compound in food sources such as pesticide residues (Beyer et al., 
2008; Carvalho et al., 2017; Kolakowski et al., 2020;Soares et al., 2021).  
Quantification of herbicide residues in crop produce and retailed food is one way of monitoring and determining the 
level of risk and potential health hazards to humans due to exposure to these chemicals. This study aimed at assessing 
the level of GLY residue in cowpea sold in Abuja, Nigeria and also its human risk assessment in the study area.  

2. Material and methods 

2.1. The study location 

The area of study is the FCT which is the administrative capital of Nigeria and situated in the geographical heartland of 
the country. It has a land area of 8,000 square kilometers and lies between Lat. 8.25° N and 9.21° N and Long. 6.45° E 
and 7.39° E and with an estimated population of 1.8 million It has a total area of 713 km2 (NBS, 2020). The territory’s 
borders are Kaduna State to the North, Kogi State to the South, Nasarawa State to the East, and Niger State to the West 
(Figure 1). FCT is one of Nigerian leading urbanized centers. Due to its centrality, the FCT is well-connected and 
accessible from the States and Federal highways. Abuja has savannah vegetation, giving it rich soil for agriculture and a 
favorable climate that is pleasant year-round and is neither overly hot nor under-cold. The FCT is divided into six area 
councils; Kuje, Abaji, Bwari, Gwagwalada, Kwali, and Municipal Area Council (AMAC).  

2.2. Sampling method  

A total of 33 dried cowpea samples morphotype were purchased randomly from several traders in the market from 
some selected markets located within the six area councils of the FCT for the assessment of GLY residue herbicide and 
human health risk assessment in 2021 (Table 1). In each market, 5 composite of different varieties of cowpea were 
collected and bulked together. The collected samples were labeled, placed into sterile polystyrene bags, and 
immediately transported under complete aseptic conditions in zip lock bags to Chemistry Advanced Research Centre, 
Sheda Science and Technology Complex Abuja and kept in a -20 oC refrigerator pending analytical determination.  
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Figure 1 FCTMap displaying the six area councils 

2.3. Chemicals and materials 

Table 1 Samples of cowpea collected from markets in the six areas councils of the FCT, Abuja 

S/N Area Council Location/Market Grain’s code 

1 Abaji Abaji  AWB, ARB 

2 Kwali 

 

Kwali KWB, KRB 

Sheda SWB, SRB 

3 Gwagwalada 

 

Gwagwalada  GIB, GRB,GSWB 

 Store Opposite teaching hospital THRB,THWB 

4 Bwari Bwari BWB, BRB 

5 Abuja Municipal 

 

Lugbe Babangida Mkt. 

Nyanya 

Wuse 

LWB,LRB,LDB 

RDBN,SWBN 

WIB,WSWB 

Karmu  K’WB,K’IB,K’SB, K’WSB,K'IB 

Kado fish Mkt FMWB, FMRB 

Utako  UWB,URB 

Garki village  G’WB,G’DB,G’OB,G’IB 

  Total number of samples collected 33 

RB= red beans, WB=white bean 

In this study, the chemicals used were GLY standard, formic acid concentration, acetonenitrile, acetone, Methanol, all 
solvents are 99.90 % HPLC grade and purchased from Sigma-Aldrich USA. Besides, Sodium sulphate (Na₂SO4), 
Magnesium sulphate anhydrous fine powder (MgSO4), graphitized carbon black (GCB), primary secondary amine (PSA), 
disodium hydrogen citrate sesquihydrate (C6H6Na2O71.5H2O), trisodium citrate dehydrate (C6H2Na3O7.2H2O), sodium 
chloride (NaCl) (to remove the remaining water in the solvent), Solid phase extraction tubes (SPE tubes), ceramic discs, 
purchased from Bioccomma LimitedHong Kong. 
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2.4. Sample Preparation  

Foreign matters such as stone and admixtures were sorted out. And the samples were later pulverized with a laboratory 
blender (MasterChef) and then extracted and analyzed for the presence of glyphosate residue in bean samples. Quick, 
Easy, Cheap, Efficient, rapid and safe (QuEChERS) method and dispersive liquid-liquid micro-extraction (DLLME) was 
used for sample extraction. 

2.5. Sample preparation procedure 

A QuEChERS-DLLME method previously described by Anastassiades et al., 2003; Abhilash et al., 2009; AOAC Official 
method, 2007-01; Payá et al., 2007; Bi et al., 2011) were used for extraction of the samples. Ten grams of finely ground 
sub-sample was placed in a polypropylene centrifuge tube (50 mL) and 10mL water was added. Followed by the 
addition of 15mL acetonitrile and the mixture vortex vigorously for 5 min. Further, 0.5 g disodium hydrogencitrate 
sesquehydrate, 1g trisodium citrate dihydrate, 4 g anhydrous magnesium sulphate, and 1 g sodium chloride were added, 
and the mixture was immediately vortex for another five minutes, then centrifuged at 4500rpm for 5 min. At this stage, 
an optional low-temperature clean step was performed before dispersive-SPE for the most complex matrices such as 
bean. For this, an aliquot of the supernatant was transferred into a glass test tube and stored for at least 2 hours in a 
freezer (−20 oC). The extract was then separated from the precipitates by simple decantation. An aliquot of the extract 
was transferred into a polypropylene centrifuge tube containing 100mg anhydrous magnesium sulphate, 75mg 
graphitized carbon black (GCB) , and 20mg PSA per mL acetonitrile extract. The tube was vortexed for 0.5 min and 
centrifuged at 4500rpm for 2 min. 1ml of aliquot of the supernatant was transferred into a glass test tube and acidified 
by adding 15µL of 5 % (v/v) formic acid in acetonitrile per mL of extract and analysed using HPLC.  

2.6. Preparation of glyphosate standard solutions 

Individual stock solutions containing 1000mg L-1 were prepared by accurately weighing 10mg of GLY standard in 5 ml 
beaker and dissolved in 5 ml acetonitrile and later transferred quantitatively into 10 ml standard volumetric flask and 
makeup to the mark with acetonitrile to prepare 1000ppm. An intermediate standard solution containing 200 mg L-1 of 
glyphosate standard was also prepared from the stock solutions by diluting with acetonitrile using the dilution formula. 
Working standard solutions (ranging from 5 – 40 mg/ml) were prepared from the intermediate standard solution by 
diluting with deionized water and then used for the optimization of the parameters affecting the QuEChERS-DLLME 
procedure as well method validation. All solutions were stored under refrigeration below -4 oC pending analysis (Halim 
et al., 2013). 

2.7. Instruments and equipment 

Chromatographic analyses were performed using CECIL 3500 High Performance Liquid Chromatography (HPLC) 
equipped with a binary pump, and UV-visible wavelength detector (VWD) all purchased from CECIL, England. 
Chromatographic separation was carried out using Eclipse plus C18 column (150 x 4.6 mm I.D., 3.5 µM particle sizes) 
obtained from CECIL CECIL Technologies. Data acquisition and processing were accomplished with Chemstation 
software Adept CECIL Technologies. The d-SPE tubes, supel QuE PSA (EN) tubes, containing 150 mgsuperclean PSA, 150 
mg. Discoverydsc-18 and 900 mg MgSO4, used for sample clean-up in QuEChERS extraction procedure were purchased 
from Bioccomma Limited(Hong Kong). The centrifuge used is (England) and vortex mixer scientific industries (USA). 

2.8. Analytical Method Validations 

2.8.1. Linearity of the Standard Curves 

A calibration curve has been produced for quantification. Linearity has been observed all along the area of concentration 
studied. These ranges of concentrations were selected in function of the sensitivity of the HPLC towards GLY herbicide 
from the correlation coefficient (r2) of the linear regression. The calibration curves were obtained by injecting five 
different concentrations of the GLY herbicide standards in a range of 5, 10, 15, 20 and 25 mg/ml (Santilio et al., 2019). 

2.8.2. Limits of Detection and Limits of Quantification 

 The limits of detection (LOD) and limits of quantification (LOQ) of the method were measured by spiked serial dilution 
of working standards prepared for calibration curves and calculated by considering a value of 3 and 10 times of 
background noise, respectively. LOD was determined considering it as 3 times the signal-to-noise ratio, while LOQ was 
determined as 10 times the signal-to-noise ratio. This means that LOD and LOQ were determined as the lowest 
concentrations yielding a signal-to-noise (S/N) ratio of 3 and 10, respectively. 
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2.8.3. Chromatographic conditions 

The chromatographic separation of the target analytes was performed based on previous methods (Bi et al., 2011, 
Bedassa et al., 2015; Martins-Júnior et al., 2009) with minor modifications. An isocratic elution with a binary mobile 
phase comprising 45 % water (solvent A) and 55 % acetonitrile (solvent B) was used throughout the analysis. Before 
the subsequent sample/extract injection, the HPLC column was washed by adjusting the mobile phase composition to 
5% water (solvent A) and 95 % acetonitrile (solvent B) for 15 min and then was conditioned with the mobile phase (55 
% acetonitrile and 45 % water) for additional 20 minutes. Analysis was performed with the mobile phase flow rate of 
0.3 mL min-1, column temperature set at 30 oC, injection volume 10 µL and monitoring wavelength of 254 nm. 
Chromatograms of each of the samples and Data acquisition were affected by power stream Adept CECIL 4900.  

2.9. Identification and Quantification 

GLY pesticide residue was identified if the retention times matched those of the standards and the relative abundance 
was within 10 % bandwidth of those of the standards. Identified GLY pesticide was quantified using the external 
standard method of comparing sample peak areas with those of the GLY pesticide standards under the same conditions. 
Each sample was analyzed three times and the mean values were obtained. And the software attached to the data station 
was used to program individual GLY concentrations of individual bean grains samples based on calibration standards, 
injection volume, peak area, retention time and bandwidth 

2.10. Recovery Studies 

Recovery experiments was carried out based on methods proposed by (Fernandes et al., 2013; Liao et al., 2018) this is 
achieved by using blank samples which were selected for spiking. Pesticide standard solutions were prepared and used 
for spiking the blank samples. Each standard solution (1.0ml) was added to 10.0g of ground sample to give fortification 
levels of 2.5, 5.0, 10.0, 15.0 and 20.0 mg/g respectively. Each spiked sample was allowed to stand for six hours and then 
extracted, cleaned up and analyzed like the test samples as previously described above. The standard solutions were 
also run on HPLC under the same conditions as the spiked samples. Glyphosphate standards were calculated for both 
standard solutions and spiked samples. The percent recovery of GLY herbicide was then calculated as follows: 

 Percent recovery =
Conc in spike sample − Conc in the unspike sample

Amount added
× 100 

2.11. Health Risk Assessment  

Health risk estimations were done based on the integration of herbicide analysis data, and exposure assumptions. The 
assumptions were made based on the United State Environmental Protection Agency’s guidelines (EPA, 1996). The 
Estimated Daily Intakes (EDI) of the herbicide residue and food consumption assumption was used to determine long-
term health risks to consumers. The food consumption rate for cereal such as bean is quoted to be 0.1062 
kg/person/day with an average body weight of 60 kg for an adult (MoFA, 2010). For each type of exposure, the EDI was 
obtained as stated in Equation 1 below (Darko and Akoto, 2008). The health risk indices were obtained by dividing the 
EDI by their corresponding values of ADI (Akomea-Frempong et al., 2017; Forkuoh et al.,2018; FAO/WHO, 2019), 
assuming an average adult’s body weight of 60 kg. When the health risk index >1; the food involved is considered a risk 
to the consumers. When the health index is < 1, the food involved is considered acceptable (Hamilton and Crossley, 
2004; Darko and Akoto, 2008). 

EDI = ∑(C × IR × EF × ED)/(𝐵𝑊 × 𝐴𝑇) … … . eq 1 

Where C is the concentration of the herbicide residue in bean grains in mg/kg, IR is the Ingestion rate or consumption 
rate for an adult (0.027 kg), EF is Exposure frequency (365 days), ED is exposure duration which represents 55.12 years 
life expectancy rate, BW=Body weight of adult=60kg, AT= Average time of exposure × ED =365X55.12=28121.72. To 
understand the human health risk factor of contaminated bean, Joint Food and Agriculture Organization of the United 
Nations FAO/WHO Codex Alimentarius Commission has set the Acceptable daily intake (ADI) 0.1 mg/kg in bean grains 
respectively (FAO/WHO, 2011). Health Risk Index was computed according to the following formula: 

(𝐻𝑅𝐼) =  EDI/𝐴𝐷𝐼×100 -----------------------------------eq 2 

ADI= Acceptable Daily Intake for glyphosate= 0.5 mg/kg 
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The estimation of non-carcinogenic health hazards from the consumption of bean grains was determined by equation 2 
above as provided by the United States Environmental Protection Agency (USEPA), 1989, EPA, 2007, Akande et al., 
2020).  

3. Results 

The percentage recoveries of the GLY pesticide standard were found to be acceptable at 90.01-101% which indicates 
that the reproducibility of the method was satisfactory. The limits of detection pesticides standard were 0.011mgkg-1 
and limits of quantification from 0.022 mgkg-1. Calibration curves have been produced for quantification. The calibration 
curve of the studied analysts shows satisfactory linearity over the selected concentration range with a regression 
correlation coefficient (r2) of 0.987332. 

The results obtained from each sample’s chromatogram as generated by the ADEPT software attached to the data 
station revealed that all the 33 samples were contaminated with glyphosate residue at various levels of concentrations 
which represents 100% occurrence of GLY residue in all the samples collected. It was also observed that 6 samples 
i.e.18.18 % of analyzed samples were contaminated with GLY residue above MARLs of 15 mg/kg. The mean GLY residual 
concentration was 6.289 mg/kg and with a range of 0.11 – 44.32 mg/kg. Samples K’WB and K’IB have the highest and 
lowest GLY concentration of 44.32 and 0.11 mg/kg respectively as shown in Table 2. 

Table 2 Glyphosate residue Concentration (mg/kg) in bean grain samples some markets in FCT Abuja, Nigeria 

S/N Sample 
ID 

Glyphosate residue 

Concentration (mg/kg) in bean 
samples 

S/N Sample 
ID 

Glyphosate residue 

Concentration (mg/kg) in bean 
samples 

1 AWB 18.061±0.011 18 SWBN 20.19 ± 0.020 

2 ARB 2.300± 0.014 19 WIB  0.533 ±0.011  

3 KWB 4.740± 0.023 20 WSWB 5.766±0.012 

4 KRB 0.340± 0.013 21 K’WB 44.32 ± 0.031 

5 SWB 0.245±0.011 22 K’IB 3.170 ±0.010 

6 SRB 3.200 ± 0.021 23 K’SB 18.19 ±0.013 

7 GIB 10.44 ± 0.002 24 K’SWB 17.97 ±0.012 

8 GRB 0.130±0.012 25 K’IB 0.11- ±0.002 

9 GSWB 7.434 ± 0.002 26 FMWB 18.73 ±0.016 

10 THRB 0.226±0.020 27 FMRB 2.572 ± 0.010 

11 THWB 1.627 ± 0.032 28 UWB 1.234±0.032 

12 BWB 3.420± 0.032 29 URB 2.231 ± 0.045 

13 BRB 4.300±0.032 30 G’WB 7.435 ± 0.021 

14 LWB 3.200 ±0.022 31 G’DB 3.858± 0.012 

15 LRB 2.100 ±0.012 32 G’OB 0.7157 ±0.011 

16 LDB 0.269± 0.011 33 G’IB 0.200±0.014 

17 RDBN 0.3028± 0.040    

A comparative study between the levels of GLY residue in the samples collected from Municipal markets in ascending 
order as shown in Figure 1 revealed that GLY residue is highest in the white beans collected from Karimun market 
(K’WB) followed by small white bean collected from Nyanyan market (SWBN) and K’IB recorded the lowest GLY residue 
value, sample K’SB and FMWB have closely same concentrations.  
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Figure 2 Concentration of GLY residue in cowpea grains from municipal markets FCT, Abuja in ascending order 

 

Figure 3 Concentration of GLY residue in cowpea grains from satellite markets FCT, Abuja in ascending order 

Contamination of GLY residue in the markets located in satellite towns were also compared graphically as seen in Figure 
3 in ascending order and it was revealed that the white beans (AWB) collected from Abaji has the highest concentration 
GLY residue followed by iron beans (GIB) collected from Gwagwalada market while red beans sample collected from 
the same market has the lowest concentration, SRB and BWB have similar concentration values. These graphical 
illustrations revealed different contamination patterns between samples collected from markets located at municipal 
council and satellites town’s markets. 

The health risk assessment of the sampled cowpea grains is shown in Table 3. The average daily intake (ADI) i.e. 0.1 
mg/kg is the amount of GLY active ingredient that can be consumed daily over a lifetime without harm expressed in 
mg/kg body weight of the consumer. It was indicated that the EDI of glyphosate ranges from 1.36 x10-5 to 9.086 x10-3 

mgkg-1. Table 3 also revealed that that no health risk associated with the parameter consider. Consumer exposure is of 
concern if the Estimated Dietary Exposure to a pesticide exceeds the ADI (Maigari et al., 2022). The ADI is the estimated 
amount of a chemical in food (mgkg_1 body weight/day) that can be ingested daily over a lifetime without appreciable 
health risk to the consumer (Darko and Akoto, 2008; FAO/CODEX, 2011b).  
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Table 3 Health Risk Assessment of bean grain sold in Abuja, Nigeria 

Sample ID Estimated 
Dietary  

Exposure (EDI) 
mg/kg 

Hazard 
Risk 

 Index 
(HRI) 

Health 
Risk 
Status 

Sample 
ID 

Estimated 
Dietary  

Exposure 
(EDI) 
mg/kg 

Hazard Risk 

 Index(HRI) 

Health Risk 
Status 

AWB 0.00812745 0.0162549 No Risk SWBN 0.0090855 0.018171 No Risk 

ARB 0.001035 0.00207 .. WSWB 0.0199.44 0.039800 .. 

KWB 0.002133 0.004266 .. K’WB 0.0014265 0.002853 .. 

KRB 0.000153 0.000306 .. K’IB 0.0081855 0.016371  

SWB 0.00011025 0.0002205 .. K’SB `0.0081855 0.016371 .. 

SRB 0.00144 0.00288 .. K’SWB 0.0080865 0.016173 .. 

GIB 0.004698 0.009396 .. K’IB 0.0000495 0.000099 .. 

GRB 0.0000585 0.000117 .. FMWB 0.00842849 0.01685698 .. 

GSWB 0.0033453 0.0066906 .. FMRB 0.0011574 0.0023148 .. 

THRB 0.00073215 0.0014643 .. UWB 0.0005553 0.0011106 .. 

THWB 0.00073215 0.0014643 .. URB 0.00100395 0.0020079 .. 

BWB 0.001539 0.003078 .. G’WB 0.00334575 0.0066915 .. 

BRB 0.001935 0.00288 .. G’DB 0.0017361 0.0034722 .. 

LWB 0.00144 0.00189 .. G’OB 0.00032207 0.00064414 .. 

LRB 0.000945 0.00027252 .. G’IB 0.000090 0.00018 .. 

LDB 0.00013626 0.000234 .. GIB 0.004698 0.009396 .. 

RDBN 0.000013626 0.000027252 .. GRB 0.0000585 0.000117 .. 

WIB 0.00002398 0.00004796 ‘’ - - - .. 

4. Discussion 

It was found from this study that the concentration of glyphosate in cowpea grains ranged between 0.11- 20.19 mg/kg. 
This is higher than the concentration of 0.0164 and 0.0508 mg/kg obtained in the grains from Gombe State, Nigeria 
(Maigari et al., 2022). Vicini et al. (2021) reported Glyphosate contamination in soybeans samples at different 
concentrations (0.1, 1.6, and1.8 mg/kg). From a pesticide testing of foods related to infants conducted by USDA Pesticide 
data Program 2020, glyphosate was detected in 90% of the 300 soybeans samples with a mean glyphosate concentration 
of 1.94 mg/kg, and a maximum concentration of 18.53 mg/kg. Besides, Kolakowski et al. (2020) tested 631 samples of 
non-staple grains foods in Canada, and 156 contained measurable but compliant glyphosate residue while 35 were 
found to be non-compliant. Kuan et al. (2023) also found GLY residue in soya bean ranging from 0.04-0.09 mg/kg. 
Glyphosate residue was recently reported to have caused the deaths of fish at a concentration of 0.004 ml/L in Kano, 
Nigeria (NAN, 2018). 

Herbicide residue in food is usually monitored with reference to Maximum Residue Limits (MRLs) and Average Daily 
Intakes (ADIs). Codex Alimentarius Commission and EU set 15 mg/kg as the Maximum Residual Limit (MRL) of 
glyphosate in cowpea (FAO/WHO, 2021). The MRL is an index that represents the highest concentration (expressed in 
mg kg_1) of the herbicide residue that is legally permitted in food or animal feeds after pesticides application (FAO, 
2002). Consumer exposure is of concern if the Estimated Dietary Exposure to a pesticide exceeds the ADI (Maigari et al., 
2022). The ADI is the estimated amount of a chemical in food (mgkg_1 body weight/day) that can be ingested daily over 
a lifetime without appreciable health risk to the consumer (Darko and Akoto, 2008; FAO/CODEX, 2011b). Based on the 
toxicological evaluation, the calculated EDIs for this study are all below the CODEX/FAO/WHO maximum permissible 
limit of 0.1 mg/kg for GLY. This indicated that the consumers in the study area have no health risks from consuming the 
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cowpea grains samples (FAO/WHO, 2013; Fucic et al., 2021). The results of the Health Index (HI) also showed that the 
HI ˂ 1 and according to (Bwatanglang et al., 2019; EPA, 2019, Maggi et al., 2021), if the HI ˂ 1 signifies no associated 
risk; meaning the exposed population is not likely to pose any significant adverse health risk. The result agrees with 
those of Bai et al., (2016) on glyphosate on human health via food contamination (Oyeyiola et al., 2017) and (Fedrick et 
al., 2018) both on dietary exposures to GLY herbicide where they obtained HI ˂ 1. The concern, however, is that the HI 
values are very close to the maximum value for the hazard index of 1. The effect of the consumed food items with the 
glyphosate residues may be additive or synergistic. This means that even pesticides that were detected at safe levels 
may eventually pose health hazards to humans due to combined and accumulated effects in the body (Maigari et al., 
2022). Concerns remain about the potential health risks of even low levels of exposure. In addition, there is ongoing 
debate about the effectiveness of current regulatory frameworks for monitoring and managing glyphosate residues in 
food. To minimize the potential health risks associated with glyphosate residues in beans and other food products, it is 
important to follow good agricultural practices, such as using glyphosate at recommended rates and adhering to pre-
harvest intervals and good agriculture practices (GAPs). Consumers can also take steps to reduce their exposure to 
glyphosate residues by washing produce thoroughly and choosing organic or non-GMO options when available. Overall, 
the potential health effects of glyphosate residues in beans and other food products remain an area of active research 
and debate, and ongoing monitoring and research are needed to fully understand the risks associated with this 
herbicide. 

5. Conclusion 

It was found from this study that the incidence of glyphosate residue contamination in cowpea grains sold in Abuja, 
Nigeria is higher in the municipal than the satellite markets.  However, the residual concentration in the samples was 
not above MRLs and ADI as set by CODEX. This indicates that the grains do not pose a health risk due to GLY 
contamination. Regular assessment of food products for pesticides residue should be carried out to ensure sufficient 
data for regulatory bodies and policy makers in Nigeria. Farmers are however advised to embrace Good Agricultural 
Practices (GAPs) at all stages of cowpea grains production and processing to guarantee a continuous supply of safe food 
commodities to the markets. 

Compliance with ethical standards 

Acknowledgments 

The authors are grateful to Chemistry Advanced Research Centre, Sheda Science and Technology Complex, Abuja Nigeria 
for carrying out the High Performance Liquid Chromatography (HPLC) analysis for this research work. This study did 
not receive any specific grant from funding agencies in the public, commercial, or non -for - profit sectors 

Disclosure of conflict of interest 

The authors declare that there is not any conflict of interests regarding the publication of this manuscript. In addition, 
the ethical issues, including plagiarism, informed consent, misconduct, data fabrication and/ or falsification, double 
publication and/or submission, and redundancy has been completely observed by the authors. 

Authors’ contributions 

A.A. F proposed the research idea, collected the samples, shared in laboratory analysis of the samples and involved in 
manuscript writing; D.M.S. approved the study design and revised the manuscript; T.S.A. analysed and interpreted the 
data and involved in the manuscript writing. All authors read and approved the final manuscript.  

References 

[1] Abhilash, P. C., and Singh, N. (2009). Pesticide use and application: an Indian scenario. Journal of hazardous 
materials, 165(1-3), 1-12. 

[2] Akande, M.G., Sanni, F.S., Enefe, N.G. (2020). Human Health Risk Evaluation of Organophosphate Insecticide 
Residues in Post-Harvest Cowpea in Gwagwalada, Abuja, Nigeria. J Health Pollut. 19;10(28):201203. doi: 
10.5696/2156-9614-10.28.201203. PMID: 33324500; PMCID: PMC7731488. 

[3] Akomea-Frempong, S., Ofosu, I.W., Owusu-Ansah, E.G. (2017). Health risks due to consumption of pesticides in 
ready-to-eat vegetables (salads) in Kumasi, Ghana. Food Contamination 4, 13 https://doi.org/10.1186/s40550-
017-0058-6 

https://doi.org/10.1186/s40550-017-0058-6
https://doi.org/10.1186/s40550-017-0058-6


World Journal of Advanced Research and Reviews, 2023, 19(01), 1233–1245 

1242 

[4] Antier, C., Kudsk, P., Reboud, X., Ulber, L., Baret, P. V., and Messéan, A. (2020). Glyphosate use in the European 
agricultural sector and a framework for its further monitoring. Sustainability, 12(14), 5682. 

[5] Amrhein N, Schab J, Steinrücken HC (1980) The mode of action of the herbicide glyphosate. Naturwissenschaften 
67:356–357 

[6] Anjorin, Toba Samuel (2015). Effect of mint weed (Hyptis suaveolens L. Poit) leaf  extract on the incidence 
and severity of aphids infestation and rust disease of cowpea (Vigna unguiculata L. Walp). African Journal of 
Agricultural Science and Technology  (AJAST). 3, Issue 10, pp. 434-439. AOAC Official Method (2007). 
Pesticide Residues in Food by Acetonitrile Extraction and Partitioning with Magnesium Sulphate GC–MS and LC– 
MS/MS, 2007.01. 

[7] Bai, S.H. and Ogbourne. S. M. (2017). Glyphosate: Environmental contamination, toxicity and potential risks to 
human health via food contamination. Environ. Sci. Pollut. Res. ; 23: 988-1001. 

[8] Beckie, H. J., Flower, K. C., & Ashworth, M. B. (2020). Farming without glyphosate? Plants, 9(1), 96. 

[9] Beyer, A., and Biziuk, M. (2008). Applications of sample preparation techniques in the analysis of pesticides and 
PCBs in food. Food Chemistry, 108(2), 669-680. 

[10] Bedassa, T., Gure, A., and Megersa, N. (2015). Modified QuEChERS method for the determination of multiclass 
pesticide residues in fruit samples utilizing high-performance liquid chromatography. Food analytical 
methods, 8, 2020-2027. 

[11] Benbrook, C.M. (2016). Trends in glyphosate herbicide use in the United States and globally. Environmental 
Sciences Europe, 28(1), 1-15. 

[12] Bi, M. I. G., Yapo, A. J., Dembele, A., Ello, A. S., and Trokourey, A. (2011). Determination of glyphosate by High 
Performance Liquid Chromatography (HPLC) without prior extraction. International Journal of Biological and 
Chemical Sciences, 5(1).  

[13] Bwatanglang, I. B., Alexander, P. and Timothy, N. A. (2019) Vehicle-Derived Heavy Metals and Human Health Risk 
Assessment of Exposure to Communities along Mubi-Yola Highway in Adamawa State (Nigeria). J. Sci. Res; 23(1): 
1-13. 

[14] Bresnahan, G. A., Manthey, F. A., Howatt, K. A., & Chakraborty, M. (2003). Glyphosate applied preharvest induces 
shikimic acid accumulation in hard red spring wheat (Triticum aestivum). Journal of Agricultural and Food 
Chemistry, 51(14), 4004-4007. 

[15] Bruce. P. L., Robin. M. Laura. N. V., Fredrick. S., Wade. V. N. and Charles. M. B. (2016). Concern over the use of 
glyphosate herbicide and risk associated with exposure: a consensus statement. J. Environ. Health 15(19): 234-
238 

[16] Carvalho, F. P. (2017). Pesticides, environment, and food safety. Food and energy security, 6(2), 48-60. 

[17] Davoren, M.J.; Schiestl, R.H. (2018). Glyphosate-based herbicides and cancer risk: A post-IARC decision review of 
potential mechanisms, policy and avenues of research. Carcinogenesis, 39, 1207–1215.  

[18] Darko, G., Akoto, O. (2008). Dietary intake of organophosphorus pesticide residues through vegetables from 
Kumasi, Ghana. Food Chem. Toxicol. 46, 3703–3706. 

[19] David, C., Ayeoffe, F.L, Udensi, E.U. (2010). Efficacy of a new glyphosate formulation for weed control in maize in 
southwest Nigeria, Crop Protection, Volume 29, Issue 9, PP 947-952, 
https://doi.org/10.1016/j.cropro.2010.06.011. 
(https://www.sciencedirect.com/science/article/pii/S0261219410001742) 

[20] Dill, G. M., Sammons, R. D., Feng, P. C., Kohn, F., Kretzmer, K., Mehrsheikh, A., ... & Haupfear, E. A. (2010). 
Glyphosate: discovery, development, applications, and properties. Glyphosate resistance in crops and weeds: 
history, development, and management, 1, 344 

[21] European Commission. Commission Implementing Regulation (EU) 2017/2324 of 12 December 2017 Renewing 
the Approval of the Active Substance Glyphosate in accordance with Regulation (EC) No. 1107/2009 of the 
European Parliament and of the Council Concerning the Placing of Plant Protection Products on the Market, and 
Amending the Annex to Commission Implementing Regulation (EU) No. 540/2011. Off. J. Eur. Union 2017, 60, L 
333.  

[22] European Union (EU) Pesticides Database, 2011. Pesticide Residues MRLs. Directorate General for Health and 
Consumers. European Union (EU) Pesticide database, 2012. Pesticide Residues MRLs. Directorate General for 

https://doi.org/10.1016/j.cropro.2010.06.011
https://www.sciencedirect.com/science/article/pii/S0261219410001742


World Journal of Advanced Research and Reviews, 2023, 19(01), 1233–1245 

1243 

Health and Consumers. Electronic code of federal regulations http://www.ecfr.gov/cgi-bin/ text 
idx?c=ecfrandsid=f41eea8cfec706a8f961b47685450107andtpl=/ecfrbrowse/Title40/40cfr180_main_02.tpl 
(accessed September 1, 2015). 

[23] European Commission Health and Consumer Protection Directorate general. Review report for the active 
substance glyphosate. http://ec.europa.eu/food/plant/protection/evaluation/ 
existactive/list1_glyphosate_en.pdf (accessed September 1, 2015). 

[24] United States EPA 2007 Pesticide Market Estimates 
http://www.epa.gov/opp00001/pestsales/07pestsales/table_of_contents2007. htm (accessed September 1, 
2015). 

[25] EPA. Revised glyphosate issue paper. Evaluation of carcinogenic potential. December 12, 2017. U.S. 
Environmental Protection Agency, Office of Pesticide Programs 2019. Retrieved 10/11/2022 

[26] EFSA. The2017 European Union report on pesticide residues in food. EFSA J. 2019, 17, 
e05743.[CrossRef]https://www.fao.org/fao-who-codexalimentarius/codex-texts/dbs/pestres/pesticide-
detail/en/?p_id=158 

[27] FAO (2002). Plant production and protection paper 56. Pesticide Residues in Food. Rep. Joint meeting on 
pesticide residues held in Geneva, Rome 4(4), 12–20. FAO/WHO, 2010. Pesticide residues in food and feed. 
Acceptable Daily Intake; Codex Alimentarius Commission, FAO/WHO Food standard. 

[28] FAO/WHO: Codex Alimentarius International Food Standards, Pesticide Residues in Food and Feeds, Geneva, 
Switzerland,2013. 12 BioMed Research International. 

[29]  FAO/WHO Expert Committee on Food Additives, and World Health Organization. (2011). Safety evaluation of 
certain contaminants in food: prepared by the Seventy-second meeting of the Joint FAO/WHO Expert Committee 
on Food Additives (JECFA). World Health Organization. 

[30] Fernandes, V. C., Domingues, V. F., Mateus, N., and Delerue‐Matos, C. (2013). Multiresidue pesticides analysis in 
soils using modified Q u EC h ERS with disposable pipette extraction and dispersive solid‐phase 
extraction. Journal of Separation Science, 36(2), 376-382. 

[31] Forkuoh, F., Boadi, N. O., Borquaye, L. S., & Afful, S. (2018). Risk of human dietary exposure to organochlorine 
pesticide residues in fruits from Ghana. Scientific reports, 8(1), 16686. 

[32] Fucic, A., Duca, R. C., Galea, K. S., Maric, T., Garcia, K., Bloom, M. S., ... & Vena, J. E. (2021). Reproductive health risks 
associated with occupational and environmental exposure to pesticides. International Journal of Environmental 
Research and Public Health, 18(12), 6576. 

[33] Granby, K., Johannesen, S., and Vahl, M. (2003). Analysis of glyphosate residues in cereals using 511 liquid 
chromatography-mass spectrometry (LC-MS/MS). Food Additives and 512 Contaminants, 20(8), 692–698. 

[34] Granby, K., Johannesen, S., and Vahl, M. (2003). Analysis of glyphosate residues in cereals using liquid 
chromatography-mass spectrometry (LC-MS/MS). Food Additives and Contaminants, 20(8), 692-698. 

[35] Halim, N. O. R. I. Z. A. H., and Kuntom, A. I. N. I. E. (2013). Determination of glufosinate ammonium in crude palm 
oil: use of the modified quenchers method and LC-MS/MS detection. Journal of Oil Palm Research, 25(1), 84-91. 

[36] Hamilton, D., Crossley, S. (2004). Pesticide Residues in Food and Drinking Water: Human Exposure and Risks. 
John Wiley and Sons Ltd., Chichester, England. pp .28–59. 

[37] Kalofiri, P., Balias, G., and Tekos, F. (2021). The EU endocrine disruptors’ regulation and the glyphosate 
controversy. Toxicology Reports, 8, 1193-1199. 

[38] Kolakowski, B. M., Miller, L., Murray, A., Leclair, A., Bietlot, H., and van de Riet, J. M. (2020). Analysis of glyphosate 
residues in foods from the Canadian retail markets between2015 and 2017. Journal of Agricultural and Food 
Chemistry, 68(18), 5201-5211. 

[39] Kuan, W, Bin, J., Haixiang, G., Xinglu, P., Xiaohu, W., Jun, X., Fengshou, D., Yongquan, Z. (2023). Residue and dietary 
risk assessment of glyphosate, glufosinate-ammonium, and their metabolites in maize and soybean, Journal of 
Food Composition and Analysis, Volume 120, 105298,https://doi.org/10.1016/j.jfca.2023.105298. 
(https://www.sciencedirect.com/science/article/pii/S0889157523001722). 

[40] Larsen, A. E., and Noack, F. (2021). Impact of local and landscape complexity on the stability of field-level pest 
control. Nature Sustainability, 4(2), 120-128. 

http://www.ecfr.gov/cgi-bin/
http://ec.europa.eu/food/plant/protection/evaluation/
http://www.epa.gov/opp00001/pestsales/07pestsales/table_of_contents2007
https://www.fao.org/fao-who-codexalimentarius/codex-texts/dbs/pestres/pesticide-detail/en/?p_id=158
https://www.fao.org/fao-who-codexalimentarius/codex-texts/dbs/pestres/pesticide-detail/en/?p_id=158
https://www.sciencedirect.com/science/article/pii/S0889157523001722


World Journal of Advanced Research and Reviews, 2023, 19(01), 1233–1245 

1244 

[41] Liao, Y.; Berthion, J.M.; Colet, I.; Merlo, M.; Nougadère, A.; Hu, R. (2018). Validation and application of analytical 
method for glyphosate and glufosinate in foods by liquid chromatography-tandem mass spectrometry. J. 
Chromatogr. A 1549, 31–38. [CrossRef] 

[42] Maigari, M. U., Sympa, H. A., Balogun, O. L., and Mohammed, A. H. (2022). Human Health Risk of Glyphosate 
Residues in Rice (Oryza sativa) and Beans (Phaseolus vulgaris) In Gombe State, Nigeria in an Era of COVID-19 
Pandemic. Journal of Environmental Bioremediation and Toxicology, 5(2), 78-83. 

[43] Martins-Júnior, H.A.; Lebre, D.T.; Wang, A.Y.; Pires, M.A.F.; Bustillos, O.V. (2009). An Alternative and Fast Method 
for Determination of Glyphosate and Aminomethylphosphonic Acid (AMPA) Residues in Soybean using Liquid 
Chromatography Coupled with Tandem Mass Spectrometry. Rapid Commun. Mass Spectrom., 23, 1029–1034. 
[CrossRef] [PubMed]. 

[44] Maggi, F., Tang, F. H., Black, A. J., Marks, G. B., and McBratney, A. (2021). The pesticide health risk index-An 
application to the world's countries. Science of the Total Environment, 801, 149731. 

[45] Makun, H. A., Anjorin T.S., Abidoye A. S., Rufai A. R. and Kabiru Y. A. (2012). Incidence and botanical control of 
seed-borne fungi of  cowpea in Niger State, Nigeria. ARPN Journal of Agricultural and  Biological 
Science.  7(8):654 -658. 

[46] Martins‐Júnior, H. A., Lebre, D. T., Wang, A. Y., Pires, M. A., & Bustillos, O. V. (2009). An alternative and fast method 
for determination of glyphosate and aminomethylphosphonic acid (AMPA) residues in soybean using liquid 
chromatography coupled with tandem mass spectrometry. Rapid Communications in Mass Spectrometry: An 
International Journal Devoted to the Rapid Dissemination of Up‐to‐the‐Minute Research in Mass 
Spectrometry, 23(7), 1029-1034. 

[47] MoFA (2010). Agriculture in Ghana. Facts and figures. Policy Planning, Monitoring and Evaluation. Ministry of 
Food and Agriculture. Accra, Ghana. 

[48] NAN News Agency of Nigeria. Toxic effects of glyphosate. 2018 Available at http://www.gmorevealed.com/the-
toxic-effect-ofglyphosate.Retrieved on 18th of June, 2022. 

[49] National Bureau of Statistics (2020), National Manpower Stock and Employment Generation Survey, National 
Bureau of Statistics, Abuja. 

[50] Nerozzi, C., Recuero, S., Galeati, G., Bucci, D., Spinaci, M., and Yeste, M. (2020). Effects of Roundup and its main 
component, glyphosate, upon mammalian sperm function and survival. Scientific reports, 10(1), 1-9. 

[51] Ojelade, B. S., Durowoju, O. S., Adesoye, P. O., Gibb, S. W., and Ekosse, G. I. (2022). Review of Glyphosate-Based 
Herbicide and Aminomethylphosphonic Acid (AMPA): Environmental and Health Impacts. Applied 
Sciences, 12(17), 8789. 

[52] Oyeyiola, A. O., Fatunsin, O. T., Akanbi, L.M., Fadahunsi, D. E. and Moshood, M. O. (2017). Human Health Risk of 
Organochlorine Pesticides in Foods Grown in Nigeria. Journal of Health and Pollution; 7 (15): 63-70. 

[53] Payá, P., Anastassiades, M., Mack, D. (2007). Analysis of pesticide residues using the Quick Easy Cheap Effective 
Rugged and Safe (QuEChERS) pesticide multi-residue method in combination with gas and liquid 
chromatography and tandem mass spectrometric detection. Anal Bioanal Chem 389, 1697–1714 
https://doi.org/10.1007/s00216-007-1610-7 

[54] Peillex, C.; Pelletier, M. (2020). The impact and toxicity of glyphosate and glyphosate-based herbicides on health 
and immunity. J. Immunotoxicol. 17, 163–174. [CrossRef] [PubMed] 

[55] Reynoso, E. C., Torres, E., Bettazzi, F., and Palchetti, I. (2019). Trends and perspectives in immunosensors for 
determination of currently-used pesticides: the case of glyphosate, organophosphates, and 
neonicotinoids. Biosensors, 9(1), 20. 

[56] Rangel, A., Domont, G. B., Pedrosa, C. & Ferreira, S. T. (2003).Functional properties of purified vicilins from 
cowpea (Vigna unguiculata) and pea (Pisum sativum) and cowpea protein isolate. Journal of agricultural and food 
chemistry, 51, 5792-5797. 

[57] Richmond, M. E. (2018). Glyphosate: A review of its global use, environmental impact, and potential health effects 
on humans and other species. Journal of Environmental Studies and Sciences, 8, 416-434. 

[58] Salazar, C., and Rand, J. (2020). Pesticide use, production risk and shocks. The case of rice producers in 
Vietnam. Journal of environmental management, 253, 109705. 

https://doi.org/10.1007/s00216-007-1610-7


World Journal of Advanced Research and Reviews, 2023, 19(01), 1233–1245 

1245 

[59] Soares, D, Silva L, Duarte S, Pena A, Pereira A. (2021), Glyphosate Use, Toxicity and Occurrence in Food. Foods. 
10(11):2785. https://doi.org/10.3390/foods10112785. 

[60] Shaw, I. (2021). Is it time to round up Roundup®? The changing science of glyphosate. New Zealand Science 
Review, 77(1-2), 3-12. 

[61] Santilio, A., Pompili, C., and Giambenedetti, A. (2019). Determination of glyphosate residue in maize and rice using 
a fast and easy method involving liquid chromatography–mass spectrometry (LC/MS/MS). Journal of 
Environmental Science and Health, Part B, 54(3), 205-210. 

[62] Rani, L., Thapa, K., Kanojia, N., Sharma, N., Singh, S., Grewal, A. S., ... and Kaushal, J. (2021). An extensive review on 
the consequences of chemical pesticides on human health and environment. Journal of Cleaner Production, 283, 
124657. 

[63] Silva, V., Montanarella, L., Jones, A., Fernández-Ugalde, O., Mol, H. G., Ritsema, C. J., and Geissen, V. (2018). 
Distribution of glyphosate and aminomethylphosphonic acid (AMPA) in agricultural topsoils of the European 
Union. Science of the Total Environment, 621, 1352-1359. 

[64] USEPA (1989) Risk Assessment Guidance for Superfund (RAGS), Volume I: Human Health Evaluation Manual 
(HHEM). Part A. Baseline risk assessment. Interim Final. United States Environmental Protection Agency, Office 
of Emergency and Remedial Response, Washington, DC, (EPA/540/1-89/002). 

[65] Upasani, R. R., and Barla, S. (2019). Impact of climate change on weed threat. Journal of Pharmacognosy and 
Phytochemistry, 8(5S), 352-359. 

[66] UNEP-FAO-RC-IMPL (2019). Compilation of definitions of pesticides collected from other sources; 
www.pic.int/..FAO-RC-IMPL-Pesticides- Survey-Definition. 1-62. 

[67] Vicini, J. L., Jensen, P. K., Young, B. M., & Swarthout, J. T. (2021). Residues of glyphosate in food and dietary 
exposure. Comprehensive Reviews in Food Science and Food Safety, 20(5), 5226-5257. 

[68] Vera, M. S., Lagomarsino, L., Sylvester, M., Pérez, G. L., Rodríguez, P., Mugni, H., ... and Pizarro, H. (2010). New 
evidence of Roundup®(glyphosate formulation) impact on the periphyton community and the water quality of 
freshwater ecosystems. Ecotoxicology, 19, 710-721. 

[69] Williams, G.M.; Kroes, R.; Munro, I.C.( 2000). Safety Evaluation and Risk Assessment of the Herbicide Roundup 
and Its Active Ingredient, Glyphosate, for Humans. Regul. Toxicol. Pharmacol.31, 117–165. [Google Scholar] 
[CrossRef][Green Version] 

https://doi.org/10.3390/foods10112785
http://www.pic.int/..FAO-RC-IMPL-Pesticides-
https://scholar.google.com/scholar_lookup?title=Safety+Evaluation+and+Risk+Assessment+of+the+Herbicide+Roundup+and+Its+Active+Ingredient,+Glyphosate,+for+Humans&author=Williams,+G.M.&author=Kroes,+R.&author=Munro,+I.C.&publication_year=2000&journal=Regul.+Toxicol.+Pharmacol.&volume=31&pages=117%E2%80%93165&doi=10.1006/rtph.1999.1371
https://doi.org/10.1006/rtph.1999.1371
http://pdfs.semanticscholar.org/6806/fcfb2005aea717b5afcb9303a0c676a74b6f.pdf

