Comparative GC-MS Analysis of the Chemical Profile of
Beans (Phaseolus vulgaris): Impact of Sniper (Dichlorvos)
Contamination and Cooking Methods

Abstract

Aim: The aim of this research is to compare the chemical profiles of black eyed beans
(Phaseolus vulgaris) subjected to different treatments (dichlorvos contamination, black
water extraction, and cooking methods) to identify and evaluate natural components,
harmful contaminants, and assess their safety, quality, and potential health implications
using GC-MS analysis.

Study Design: An experimental design involving hexane extraction, GC-MS analysis,
and comparative profiling of black eyed beans subjected to different treatments to
evaluate natural components and harmful contaminants.

Place and duration of study: The study was conducted at University of Africa, Toru-
Orua, Nigeria, from February to August, 2024.

Method: Three (3) hexane extracts were prepared from cooked black eyed beans that
were subjected to different treatments: Sample A (As received from the farmer and
cooked to dryness), Sample B (Dichlorvos contaminated, black water extracted, and
cooked to dryness), and Sample C (Dichlorvos contaminated, and cooked to dryness).
The extracts were analyzed using Gas Chromatography-Mass Spectrometry (GC-MS)
to identify and quantify chemical components. Identified compounds were categorized
as natural components or contaminants based on their chemical properties and
potential health implications.

Results: A total of 43, 51, and 31 compounds were identified in Samples A, B, and C,
respectively. Natural components included Prenol (90.0%), a terpenoid alcohol vital for
plant metabolism, Benzaldehyde, 2-methyl (70.5%), associated with flavor and defense
mechanisms, Benzeneacetaldehyde (88.9%), and o-Cymene (61.8%), contributing to
beans' aroma. These compounds highlight the presence of essential metabolic and
aromatic components in beans.

However, harmful contaminants were also detected. Benzene (81.9%) and its
derivatives, including Benzene, 1l-ethyl-3-methyl (68.6%) and Benzene, 1-methyl-3-
propyl (70.4%), were identified. Toluene (80.5%), a benzene derivative, was also found
and is known for its neurological and respiratory health risks. Other contaminants
included 2-Propenoic acid, 2-propenyl ester (92.6%), a skin and respiratory irritant, and
1,3-Butadiene, 2-fluoro (97.0%), a carcinogenic compound. Additional toxic compounds,
such as Cyclohexanone, 2-ethyl (90.1%) and Decane, 5-methyl (85.2%), were present,
some of which are linked to post-harvest contamination.

These findings underscore the dual presence of beneficial natural components and
harmful contaminants, emphasizing the need for improved post-harvest practices to
ensure food safety and quality.
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1. INTRODUCTION

Legumes, members of the Leguminosae family, are classified into three subfamilies:
Papilionoideae, Caesalpinioideae, and Mimosoideae. Among these, the subfamily
Papilionoideae predominantly encompasses edible legume crops such as soybean,
chickpea, bean, and pea [1, 2]. Historically, legumes have served as vital sources of
nutritional security, particularly during periods of food scarcity, owing to their remarkable
durability when properly dried and stored [3, 4]. Black-eyed beans (Phaseolus vulgaris),
illustrated in Figure 1, are widely recognized for their ease of cultivation and resilience.
Furthermore, they are esteemed as an excellent dietary source of protein, contributing
significantly to food systems and nutritional health [5-7].
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Figure 1: Freshly harvested black eyed beans

Common beans, often referred to as the "poor man's meat" in Eastern Africa, serve as a
critical source of protein for the majority of households. They play a significant role in
human nutrition, food security, and income generation for small-scale farmers [8-9]. In

many regions, beans are grown seasonally, and after harvesting, they are stored under



safe conditions to maintain their quality throughout the season. Proper storage ensures
a consistent food supply, availability of seeds for subsequent planting seasons, and
surplus produce for income generation [10-11].

The quality of stored beans is influenced by several factors, including initial grain
condition, storage conditions, moisture content, and susceptibility to insect pests,
bacterial, and fungal infestations. Among these, insect pests pose the most significant
threat to stored beans, impacting both their quality and quantity [12-13]. Among the
various bruchid species, the common bean weevil (Acanthoscelides obtectus Say) and
Zabrotes subfasciatus Boh. are particularly notorious for causing substantial post-
harvest damage. Their presence in stored beans results in a considerable reduction in
both the quality and quantity of the produce [14-15].

Chemical control methods, including the use of pesticides, are a key component of
Integrated Pest Management (IPM) programs. These methods aim to reduce pest
populations (insects, pathogens, rodents, etc.) to levels that do not adversely affect crop
yield and quality [16]. The modern era of pesticide usage began with the discovery of
highly effective compounds such as dichlorodiphenyltrichloroethylene (DDT) and
organophosphate (OP) insecticides [17].

Dichlorvos (2,2-dichlorovinyldimethylphosphate), an organophosphate pesticide was
first introduced in 1961 [18]. It has the molecular formula, C4H7;Cl,O4P and molecular
weight, 220.98 g/mol. Dichlorvos has a boiling point of 140 °C and a vapor pressure of
1.6 Pa at 20°C [19].

Dichlorvos is categorized as a highly hazardous (Class Ib) chemical [20]. It is a volatile

compound, and exposure to it can result in acute or chronic toxicity. Inhalation is the



most common route of acute toxicity, with symptoms primarily linked to cholinesterase
inhibition [21]. Prolonged exposure to dichlorvos may lead to fatal outcomes.
Organophosphates, including dichlorvos, act by inhibiting acetylcholinesterase — an
enzyme essential for breaking down acetylcholine. In mammals, dichlorvos is primarily
metabolized by esterases into dimethyl phosphate and dichloroacetaldehyde [19].
Although no human deaths have been directly attributed to inhalation of dichlorvos,
Okoroiwu and Iwara [21] documented the case of a woman who died a day after
ingesting dichlorvos. Another reported case involved a 19-month-old girl who
succumbed after consuming a cake-like bait containing dichlorvos. In addition, two
pesticide workers in Costa Rica reportedly died after spilling a dichlorvos-containing
insecticide on their skin and failing to wash it off adequately [21].

In a study involving rats exposed to air containing high concentrations of dichlorvos (up
to 34 ppm), all the animals died within three days [22]. Zhang and colleagues [23]
reported that acute dichlorvos poisoning induces hemorheological abnormalities in
rabbits through oxidative stress mechanisms. Aquatic studies have shown LC50 values
ranging from 0.2 — 12 mg/L for freshwater and estuarine fish, indicating significant
toxicity to aquatic life [24].

Respiratory irritation following dichlorvos exposure was reported in a study involving
children [25]. This study highlighted a strong correlation between acute respiratory
symptoms and dichlorvos exposure; however, the authors could not entirely rule out the
potential irritant effects of the solvents used to disperse dichlorvos. An animal study
investigating the acute toxic effects of inhaled dichlorvos vapor on respiratory

mechanisms in guinea pigs revealed a significant decrease in respiratory frequency and



a significant increase in tidal volume in animals treated with 35 mg/mL and 75 mg/mL
concentrations [26]. A histological study on the lungs of rats exposed to dichlorvos
demonstrated an extension of basal-associated lymphoid tissue (BALT) in rats exposed
for one, four, and five weeks [27]. A study examining the effects of dichlorvos treatment
on butyrylcholinesterase (BUChE) activity and lipid metabolism in rats reported a
significant decrease in BUChE activity in both sexes of the rats. Furthermore, the study
observed a significant increase in triglyceride levels (60—600 %) and total cholesterol
(35-75%) [28].

Certainly, there is a plethora of reports on the toxic effects of dichlorvos on living
organisms, but there is a limited knowledge on the chemical profile of dichlorvos-
preserved crops. Therefore, this research aims to compare the chemical profiles of
black eyed beans (Phaseolus vulgaris) subjected to different treatments (dichlorvos
contamination, black water extraction, and cooking methods) to identify and evaluate
natural components, harmful contaminants, and assess their safety, quality, and
potential health implications.

2. MATERIALS AND METHODS

2.1 Chemicals and Reagents

Analytical grade chemicals, sourced from BDH and Labtech Chemicals, were utilized in

this study without further purification.

2.2 Plant Collection and Identification
Freshly harvested raw black-eyed beans (Phaseolus vulgaris) were procured from Kogi,

located in the Middle Belt of Nigeria. The plant samples were properly identified and



authenticated at the Biological Sciences Department of the University of Africa, Toru-
Orua, Nigeria.

2.3 Samples Treatments

1000 g of raw black-eyed bean seeds was weighed and split into three fractions labeled
A, B, and C. The beans were air-dried for 14 days. The preparation of each sample is
detailed as follows:

Sample A (Unadulterated Control): The first fraction of the air-dried beans, labeled A
was washed twice with 100 ml of distilled water and cooked to dryness for 60 minutes at
100 °C. The samples were air-dried for another 14 days, pulverized using an electric
blender, and stored for subsequent analysis.

Sample B (Dichlorvos-Treated with Black Water Extraction): 5 ml of sniper insecticide
(dichlorvos) was evenly sprinkled onto the second portion, manually agitated for 5
minutes, and air-dried for 14 days. The treated beans were washed twice with 100 ml of
distilled water and parboiled for 10 minutes at 100°C. The black water was extracted,
after which 300 ml of distilled water was added, and the beans were boiled to dryness
for 50 minutes at 100°C. The beans were air-dried for 14 days, pulverized using an
electric blender, and stored for analysis.

Sample C (Dichlorvos contaminated, and cooked to dryness): 5 ml of sniper insecticide
(dichlorvos) was evenly sprinkled onto the third fraction, manually agitated for 5
minutes, and air-dried for 14 days. The treated beans were washed twice with 100 ml of
distilled water and boiled to dryness for 60 minutes at 100 °C. The beans were then air-
dried for 14 days, pulverized, and stored for analysis

2.4 Gas Chromatography-Mass Spectroscopy (GC-MS) Analysis



GC-MS analysis of hexane extracts from black eyed beans subjected to different
treatments: Sample A (as received from the farmer and cooked to dryness), Sample B
(Dichlorvos contaminated, black water extracted, and cooked to dryness), and Sample
C (Dichlorvos contaminated, and cooked to dryness) was performed using an Agilent
6890 gas chromatograph (GC) coupled with an Agilent 5973N mass spectrometer (MS).
The system was equipped with an Agilent 7683 Series Automatic Liquid Sampler for
automated sample introduction. Chromatographic separation was achieved using a
META X5 fused silica capillary column (30 m x 0.25 mm internal diameter, 0.25 pm film
thickness) with a maximum temperature of 325 °C.

The GC oven temperature program started at 70 °C, held for 2 minutes, and increased
to 300 °C at a rate of 20 °C/min. Ultra-high-purity helium (99.99 %) was used as the
carrier gas at a flow rate of 1.0 mL/min. A 1 pL sample volume was injected in split
mode with a split ratio of 20:1. The injection port, transfer line, and ion source were
maintained at 280 °C, while the source and quadrupole temperatures were set at 230
°C and 150 °C, respectively. Mass spectra were acquired over a scan range of 50 to
550 amu with electron ionization energy of 70 eV, and the electron multiplier voltage
was autotuned.

2.5 Chemical Compounds Identification

Chemical compounds in the extracts were identified based on their retention times and
by comparing the corresponding mass spectra against the NIST library (version 2014),
which includes over 590,000 spectral patterns. Advanced computer algorithms

facilitated the identification of molecular weights, molecular formulas, chemical



structures, and fragmentation patterns. This method ensured precise characterization of
the chemical constituents in the palm oil samples.
2.5 Statistical Analysis
Data obtained from Gas Chromatography-Mass Spectrometry (GC-MS) analyses were
subjected to one-way analysis of variance (ANOVA) using SPSS version 21.0. All
analyses were conducted in triplicate, and results are presented as mean values *
standard deviation.

3. RESULTS
The results of the study are presented in Tables 1-3, which detail the findings from the
GC-MS analyses. Visual representations of the results are provided in Figures 2—7.
These analyses offer comprehensive insights into the chemical composition of bioactive
compounds in the three Phaseolus vulgaris samples (A, B, and C). The subsequent
sections discuss the results obtained for each sample in detail.

Table 1: GC-MS analysis of bioactives in unadulterated cooked Phaseolus vulgaris
powder (sample A)

S/N | Retention | Bioactive compound Probability Molecular | Molecular
Time percentage formula weight
(min) (%) (MF) (MW)

1. 1.270 2-Propenoic acid, 2-|92.6 CgHsOo 112

propenyl ester

2. 1.333 1,3-Butadiene, 2-fluoro | 97.0 C4HsF 72

3. 1.409 Oxirane, propyl 96.8 CsH100 86

4. 1.429 3-Penten-2-ol 92.2 CsH100 86

5. 1.468 Prenol 90.0 CsH100 86

6. 1.577 2-Pentyn-1-ol 87.5 CsHgO 84




7. 1.774 Benzene 81.9 CeHe 78

8. 1.947 1,5-Hexadiyne 89.2 CeHs 78

9. 2.126 4-Pentynoic acid 97.7 CsHsO2 98

10. | 2.334 1-Pentene, 3,3-dimethyl | 49.5 C/Hua 98

11. | 2.395 Cycloheptane 76.8 C/Hua 98

12. | 3.466 Cyclooctane 63.7 CgHis 112

13. | 3.611 1,3-Cyclopentadiene, 5- | 82.8 CsHio 106
(1-methylethylidene)-

14. | 3.702 Bicyclo[2.1.1]hex-2- 83.1 CsHio 106
ene, 2-ethenyl

15. | 3.748 Toluene 80.5 C/Hs 92

16. | 3.779 Cyclopropane, 1- 52.0 CoHis 126
methyl-2-pentyl

17. | 3.874 0-Xylene 65.8 CsHio 106

18. | 3.897 Bicyclo[2.1.1]hex-2- 83.1 CsHio 106
ene, 2-ethenyl

19. | 3.990 Cyclohexane, 1,2,3- 77.8 CoHis 126
trimethyl

20. | 4.067 Pentalene, octahydro-1- | 77.1 CoHsis 124
methyl

21. [4.121 Cyclohexanone, 2-ethyl | 90.1 CgH140 126

22. [ 4.183 4-Methyl-1,3- 56.8 CsHia 110
heptadiene

23. | 4.248 (2)-4-Decen-1-ol, 67.4 Ci2H19F30 | 252
trifluoroacetate 2

24. | 4.275 Benzeneacetaldehyde | 88.9 CgHsO 120

25. | 4.334 Benzene, 1-ethyl-2- 63.3 CoH12 120
methyl

26. | 4.400 2-Nitro-1-phenyl-ethano | 91.3 CgHgNO3 | 167

27. | 4.451 2,3-Heptadien-5-yne, 76.0 CoH12 120




2,4-dimethy

28. | 4.471 3-Hexene, 3-ethyl-2,5- | 91.2 CioH20 140
dimethyl

29. | 4.554 Benzaldehyde, 2- 70.5 CgHsO 120
methyl

30. |4.639 2-Piperidinone, N-[4- 82.0 CoH16BrN | 233
bromo-N-butyl] O

31. | 4.666 Decane, 4-methyl 62.3 C11H24 156

32. | 4.697 0-Cymene 61.8 CioH14 134

33. |4.724 Benzene, 1,2,4- 65.7 CoH12 120
trimethyl

34. |14.763 Cyclohexane, butyl 82.7 C1oH20 140

35. |4.853 Decane, 5-methyl 85.2 C11H24 156

36. | 4.874 Benzene, 1-methyl-3- 70.4 CioH1a 134
propy

37. 14.904 Benzene, 1-ethyl-3,5- 50.1 CioH1a 134
dimethyl

38. | 4.943 Naphthalene, 66.8 CioH1s 138
decahydro

39. | 5.068 Benzene, 1-ethyl-2,3- 53.7 CioH1a 134
dimethyl

40. | 5.097 Undecane 55.0 Ci11H24 156

41. |5.219 O- 81.5 CioH1sl 262
lodotricyclo[4.2.1.1(2,5)
Jdecane

42. | 5.325 trans-Decalin, 2-methyl | 82.0 C11H20 152

43. | 5.581 Dodecane 62.2 C12H26 170
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Figure 2: GC-MS chromatogram of unadulterated boiled beans powder (sample A)

Table 2: GC-MS analysis of bioactives in dichlorvos adulterated black water extracted
Phaseolus vulgaris powder (sample B)

S/N | Retention Bioactive Probability | Molecular | Molecular
Time (min) compound percentage | formula weight
(%) (MF) (MW)

1. 1.241 Isobutane 92.9 CsH1o 58

2. 1.270 2-Propenoic acid, 2-|92.6 CgHsOo 112
propenyl ester

3. 1.329 1,3-Butadiene, 2-197.0 C4HsF 72
fluoro

4. 1.403 Oxirane, propyl 96.8 CsH100 86

5. 1.443 Prenol 90.0 CsH100 86

6. 1.570 2-Pentyn-1-ol 87.5 CsHgO 84

7. 1.884 Benzene 81.9 CeHs 78

8. 1.938 4-Pentynoic acid 97.7 CsHgOo 98

9. 2.094 Hexane, 3-methy 83.5 C/H6 100

10. | 2.396 Cycloheptane 76.8 C/Haa 98
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11. | 2.434 1-Pentene, 3,3- 49.5 C7H14 98
dimethy

12. | 2.556 1-Nonanol 61.4 CgH»00O 144

13. | 2.582 2-Heptyn-1-ol 87.5 C7H1,0 112

14. | 2.622 1,5-Hexadien-3-yne, | 91.5 C7Hs 92
2-methyl

15. | 3.278 Acetic acid, trichloro-, | 76.1 C11H10Cl3 | 288
nonyl ester 0O,

16. | 3.453 Cyclooctane 63.7 CsHis 112

17. | 3.586 Benzenepropanamin | 92.0 CgoH13N 135
e

18. | 3.615 1,3-Cyclopentadiene, | 82.8 CsHio
5-(1-
methylethylidene)

19. | 3.733 Toluene 80.5 C7Hs 92

20. | 3.764 3,5-Octadiyne 86.2 CsHip 106

21. |3.800 1-Dodecanol 55.4 C12H260 186

22. | 3.857 Bicyclo[2.1.1]hex-2- | 83.1 CsHip 106
ene, 2-ethenyl

23. |3.884 3,5-Octadiyne 86.2 CsHip 106

24. | 3.976 Cyclohexanone, 4- 89.0 CsH140 126
ethyl

25. | 4.052 Pentalene, 68.0 CoHsis 124
octahydro-2-methyl

26. |4.108 Cyclohexanone, 2- 90.1 CgH140 126
ethyl

27. | 4.169 Cyclohexane, (1,2- 924 Ci2H2a 168
dimethylbutyl

28. | 4.236 (2)-4-Decen-1-ol, 67.4 C12H19F30 | 252

trifluoroacetate

2
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29. |4.262 Benzene, propyl 89.4 CoH12 120

30. |4.321 2,3-Heptadien-5-yne, | 76.0 CoH12 120
2,4-dimethyl

31. |4.362 Benzene, 1-ethyl-3- 61.7 CoH1> 120
methy

32. | 4.543 Benzaldehyde, 2- 70.5 CgHgO 120
methyl

33. | 4.459 3-Hexene, 3-ethyl- 91.2 C1oH20 140
2,5-dimethyl

34. | 4.585 Benzene, 1,2,3- 61.4 CoHi2 120
trimethy

35. | 4.627 Benzeneacetaldehyd | 78.7 CoH100 134
e, a-methyl

36. |[4.654 Decane, 4-methy 62.3 C11H24 156

37. |4.685 p-Cymene 70.4 CioH14 134

38. [4.711 Benzene, 1,2,4- 65.7 CoH1» 120
trimethyl

39. | 4.752 Cyclohexane, (2- 93.6 CioH20 140
methylpropyl

40. |4.843 Decane, 5-methyl 85.2 Ci11H24 156

41. | 4.864 Benzene, 1-methyl-3- | 70.4 CioH1a 134
propyl

42. | 4.894 Benzene, 1,4-diethyl | 71.4 CioH14 134

43. | 4.932 Naphthalene, 66.8 CioH1s 138
decahydro

44. | 5.023 0-Cymene 61.8 CioH14 134

45. | 5.057 Benzene, 4-ethyl-1,2- | 51.0 CioH14 134
dimethyl

46. | 5.087 Undecane 55.0 C11H24 156

47. |5.209 Adamantane-2-thiol 88.7 C10H16S 168
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48. | 5.233 trans-Decalin, 2- 82.0 C11H20 152
methyl

49. | 5.316 Naphthalene, 74.9 Ci11H20 152
decahydro-2-methyl

50. | 5.572 Dodecane 62.2 Ci2H26 170

51. | 6.016 Tridecane 61.2 Ci3Hzs 184
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Figure 3: GC-MS chromatogram of sniper-adulterated, black water extracted boiled
beans powder (sample B)

Table 3: GC-MS analysis of bioactives in dichlorvos adulterated cooked Phaseolus
vulgaris powder (sample C)

S/N | Retention | Bioactive compound Probability | Molecular | Molecular
Time percentage | formula weight
(min) (%) (MF) (MW)

1. 1.273 2-Propenoic  acid, 2-192.6 CeHgO> 112

propenyl ester

2. 1.332 1,3-Butadiene, 2-fluoro 97.0 C4HsF 72

3. 1.411 Aziridine, 2,2-dimethyl 95.5 C4HoN 71

4, 1.453 1,2,3-Trimethyldiaziridine | 94.7 C4H1oN> 86
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5. 1.501 Prenol 90.0 CsH100 86
6. 1.573 Oxirane, (1-methylbutyl) 93.8 C7/H140 114
7. 1.924 Benzene 81.9 CeHs 78
8. 2.090 2-Hexyn-1-ol 86.3 CeH100 98
9. 2.363 1-Pentene, 3,3-dimethyl 49.5 C/Hua 98
10. | 2.422 Cycloheptane 76.8 C7Ha 98
11. | 2.666 Toluene 80.5 C7Hs 92
12. | 3.466 Cyclooctane 63.7 CgHis 112
13. | 3.618 1,3-Cyclopentadiene, 5-(1- | 82.8 CsgHio 106
methylethylidene)
14. | 3.779 2-Methylenecyclohexanol | 85.3 C/H1,0 112
15. | 3.872 Bicyclo[2.1.1]hex-2-ene, 83.1 CsgHio 106
2-etheny
16. | 3.990 Dichloroacetic acid, nonyl | 79.3 C11H2Cl> | 254
ester Oz
17. | 4.067 Cyclohexane, 1-propenyl | 68.3 CoHis 124
18. | 4.122 Cyclohexanone, 2-ethyl 90.1 CgH140 126
19. | 4.249 (2)-4-Decen-1-ol, 67.4 C1oH19F30 | 252
trifluoroacetate 2
20. | 4.276 Benzene, propyl 89.4 CoH12 120
21. | 4.637 Benzene, 1,2,4-trimethyl 65.7 CoHi2 120
22. | 4.664 Decane, 4-methyl 62.3 Ci1H24 156
23. |1 4.761 Cyclohexane, butyl 82.7 C1oH20 140
24. |1 4.872 Benzene, 1-methyl-3- 70.4 CioH1a 134
propyl
25. 14.902 1,3,8-p-Menthatriene 67.6 C1i0H14 134
26. | 4.940 Naphthalene, decahydro-, | 66.9 CioH1s 138
trans
27. | 5.029 0-Cymene 61.8 CioH14 134
28. | 5.094 Undecane 55.0 Ci1H2a 156
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29. | 5.240 trans-Decalin, 2-methyl 82.0 Ci11H20 152

30. | 5.322 Naphthalene, decahydro- | 74.9 C11H20 152
2-methyl

31. | 5.579 Dodecane 62.2 Ci2H26 170

by 'W'b'm'n'y 'y 8

S s O

W'y les

~—
-

e~ e

Figure 4: GC-MS chromatogram of sniper-adulterated boiled beans powder (sample C)

4. DISCUSSION

Table 1 contains forty three (43) GC-MS identified compounds from the hexane extract

of sample A. The maximum peak, 97.7%, was recorded for 4-Pentynoic acid while the

minimum peak, 50.1%, was observed for Benzene, 1-ethyl-3,5-dimethyl. Peak area

percentages below 5% were considered irrelevant (Figure 2). Potential natural

components of beans include: Prenol also known as 3-methyl-2-buten-1-ol (90.0%).

Prenol acts as a simple terpenoid alcohol that participates in biosynthetic pathways and

serves as a precursor for isoprenoids essential for plant growth and metabolism [29].

Benzaldehyde, 2-methyl also known as o-tolualdehyde (70.5%) is a secondary

metabolite and can be associated with flavor, defense mechanisms, or metabolic
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processes in plants [30]. Benzeneacetaldehyde (88.9%) forms a part of the complex
mixture of aromatic compounds that contribute to the characteristic flavor and fragrance
of beans [31]. o0-Cymene also known as (1,4-dimethylbenzene (61.8%) is a
monoterpene known for its pleasant, citrusy, and slightly sweet aroma [32].

Natural toxins, Lectins, capable of causing severe stomachache, vomiting and diarrhea
were also analysed from Sample A. These include: 2-Propenoic Acid, 2-Propenyl Ester
(Acrylic Acid) (92.62%), 1,3-Butadiene, 2-fluoro (97.0%), Decane, 5-methyl (85.2%),
Benzene, 1l-ethyl-2,3-dimethyl (53.7%), Cyclohexanone, 2-ethyl (90.1%), Oxirane,
propyl (96.8%), Benzene, 1-ethyl-2-methyl (63.3%), 1-Pentene, 3,3-dimethyl (49.5%)
[33].

Table 2 contains fifty one (51) GC-MS identified compounds from the hexane extract of
sample B. The maximum peak (97.7%), was recorded for 4-Pentynoic acid while the
minimum peak, 49.5 %, was observed for 1-Pentene, 3,3-dimethyl (Figure 3). Potential
natural components of beans include: Prenol (90.0 %) and o-Cymene (61.8). Non-
natural components of beans or lectins analysed from sample B include: Pentyn-1-ol
(87.5 %), Cyclohexanone, 4-ethyl (89.0 %), Cyclohexanone, 2-ethyl (90.1 %), Benzene,
propyl, 89.4 %, Cycloheptane (76.8%), Acetic Acid, Trichloro-, Nonyl Ester (76.1%)
[33].

Table 3 contains thirty one (31) identified compounds from the hexane extract of sample
C. Potential natural compounds include: Prenol (90%); 1,3,8-p-Menthatriene (66.9%) is
associated with sweet aroma of beans [34]; o-Cymene, a secondary metabolite (61.8%)

[35].
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Non-natural components include: Aziridine, 2,2-dimethyl, an irritant (95.5%), Benzene,
propyl (89.4%), Benzene, 1-methyl-3-propyl, toxic to aquatic life with long lasting effects
(70.4%); 2-Methylenecyclohexanol (85.3%); Naphthalene, decahydro-, trans (66.9%) is
a clear colorless solvent with an aromatic odor; 1-Pentene, 3,3-dimethyl (49.5%) is a
highly flammable liquid and vapor that can cause serious eye damage; (Z2)-4-Decen-1-
ol, trifluoroacetate (67.4%); Decane, 4-methyl (62.3%); Benzene, 1l-methyl-3-propyl
(70.4%) is a preservative or disinfectant [36-39]. The maximum peak (90.0%), was
recorded for 1,3-Butadiene, 2-fluoro while the minimum peak (49.5%), was observed for
1-Pentene, 3,3-dimethyl (Figure 4). The contaminants detected in the three Samples (A,
B and C) are attributed to the degradation products of dichlorvos or to other
contaminants introduced during the harvest and post-harvest processes.

4.1 Health Implications of Contaminants in Beans

2-Propenoic acid, 2-propenyl ester, (Figures 5a, 6b), also known as allyl acrylate is an
irritant to the skin and eyes, and may cause respiratory issues with prolonged exposure
[40]. 1,3-Butadiene, 2-fluoro, (Figure 5b), can be harmful; 1,3-butadiene is a known
carcinogen and can cause respiratory problems [41]. Benzene, (Figure 5c), is highly
toxic; a carcinogen linked to leukemia and other blood disorders [42]. Toluene, (Figure
5d — 7b), is toxic; can cause neurological damage, respiratory issues, and is harmful if

ingested [43].
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Figure 5: Chromatograms of major chemical compounds analysed from Sample A: 2-
Propenoic acid, 2-propenyl ester (a), 1,3-Butadiene, 2-fluoro(b), Benzene (c), Toluene

(d)

Isobutane (Figure 6a) is a flammable solvent with a low toxicity, but can be an
asphyxiant in high concentrations [44]. Cycloheptane, (Figure 6c), is low to moderate
toxic but can cause central nervous system effects [45]. Benzaldehyde, 2-methyl,

(Figure 6d), is a benzaldehyde derivative with low toxicity but can cause irritation [46].
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Figure 6: Chromatograms of major chemical compounds analysed from sample B:
Isobutane (a), 2-Propenoic acid, 2-propenyl ester (b), Cycloheptane (c), Benzaldehyde,
2-methyl (d)

Propylene oxide (Oxirane, propyl, Figure 7a) is a toxic compound that can cause
irritation, respiratory issues, and is classified as a potential human carcinogen [47],

while dodecane (Figure 7c) serves as a solvent and a distillation chaser [48].
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Figure 7: Chromatograms of some chemical compounds analysed from sample C:
Oxirane, (1-methylbutyl) (a), Toluene (b), Dodecane (c)

5. CONCLUSION
The GC-MS analysis of black eyed beans subjected to different treatments (sample A,
B, and C) revealed the presence of beneficial phytochemicals and substantial levels of
volatile toxic compounds in all the samples. While the identified phytochemicals may
offer some health benefits, the detection of toxic substances raises significant health
concerns. Many of the compounds found are associated with adverse effects on human

health.
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Dichlorvos is highly toxic to the nervous system, and its degradation or reaction with
other substances can form harmful byproducts such as dichloroacetic acid, nonyl ester.
These compounds are linked to acute symptoms like respiratory and skin irritation,
headaches, and dizziness. In more severe cases, they may cause organ damage to the
liver, kidneys, and thyroid, or lead to long-term effects such as carcinogenicity and
mutagenicity.

Benzene and its derivatives, such as toluene, were also detected. These substances
are often byproducts of pesticide degradation or contamination during storage and
handling. Benzene is a known carcinogen, and toluene can cause neurological
symptoms and other toxicological effects upon exposure. Additionally, cycloalkanes like
cyclohexane and cyclooctane were present, potentially originating from solvents or
byproducts in pesticide formulations. These volatile compounds may contribute to
respiratory irritation and other health risks. Toxic hydrocarbons such as naphthalene
and decane, likely resulting from the breakdown of complex organic molecules in
pesticides, pose further risks. Naphthalene, for instance, is associated with hemolytic
anemia and is classified as a possible human carcinogen.

Dichlorvos is moderately water-soluble, but washing or discarding the first water after
parboiling does not guarantee complete removal. Heat from cooking may not effectively
degrade dichlorvos into safe byproducts, and some degradation products remain
harmful. Thus, any residual pesticide, even in small amounts, poses a significant
hazard. The persistence of these toxic compounds makes it clear that conventional

processing methods are insufficient to mitigate the risks associated with contamination.
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The findings underscore the urgent need for improved handling, storage, and monitoring
of pesticide use in agricultural produce to minimize contamination. The presence of
volatile toxic compounds, particularly organophosphates, benzene derivatives, and
hydrocarbons, represents a major public health concern. Research into effective
strategies for decontaminating affected beans is essential to ensure food safety and

protect consumers from the harmful effects of these substances.

RECOMMENDATION
Beans should not be preserved with Sniper (diclovos) and beans contaminated with
sniper should not be consumed under any circumstances, even after cooking. The

health risks posed by organophosphates are too significant to ignore.

REFERENCES

1. Azani N, Babineau M, Bailey CD, Banks IH, Barbosa A, Pinto RA, Boatwright J et al.
A new subfamily classification of the Leguminosae based on a taxonomically
comprehensive phylogeny Taxon. 2017; 66(1):44-77

2. Carbas B, Machado N, Pathania S, Brites C, Rosa EA, Barros Al. Potential of

Legumes: Nutritional value, Bioactive Properties, Innovative Food Products, and
Application of Eco-friendly Tools for their Assessment. Food Reviews International.
2021;39(1): 160-188

3. Ferreira H, Pinto E, Vasconcelos WM. Legumes as a Cornerstone of the Transition
Toward More Sustainable Agri-Food Systems and Diets in Europe. Frontiers in
Sustainable Food Systems. 2021;5:694121

4. Lisciani S, Marconi S, Le Donne C, Camilli E, Aguzzi A, Gabrielli P, Gambelli L, et al.
Legumes and common beans in sustainable diets: nutritional quality, environmental
benefits, spread and use in food preparations. Frontiers in Nutrition. 2024;
6(11):1385232

23


https://www.researchgate.net/profile/Nasim-Azani?_sg%5B0%5D=t4W7IomvxRURCXhFXvGX16eRfcNo2kSXmiheEBWNiP_LVGu3C9pTkn8N_XZOn1eln8Ggm9g.ZkSNFzuMf80kixQNCWr18qGh-ptfXHoC_hmqoAwNnbWLlhZIujSxLDjFWcIiZFLbIngjSwK8kYXDXc12mvWhog&_sg%5B1%5D=1i3srkhR4kmdo1ydNoB5Y5rpAI76qGgahAZEXL_nYfhrXmk26kl1mK1YVSpGYOlXvFOoU1Y.1_7p1Ec5tiGo59YxLe5v-LSHlQpp1qmCPDD5hN2vugV8h3R4OM888LkZUFLG_N3RPTrpCT15pBfPA-ssJX20MQ&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Marielle-Babineau?_sg%5B0%5D=t4W7IomvxRURCXhFXvGX16eRfcNo2kSXmiheEBWNiP_LVGu3C9pTkn8N_XZOn1eln8Ggm9g.ZkSNFzuMf80kixQNCWr18qGh-ptfXHoC_hmqoAwNnbWLlhZIujSxLDjFWcIiZFLbIngjSwK8kYXDXc12mvWhog&_sg%5B1%5D=1i3srkhR4kmdo1ydNoB5Y5rpAI76qGgahAZEXL_nYfhrXmk26kl1mK1YVSpGYOlXvFOoU1Y.1_7p1Ec5tiGo59YxLe5v-LSHlQpp1qmCPDD5hN2vugV8h3R4OM888LkZUFLG_N3RPTrpCT15pBfPA-ssJX20MQ
https://www.researchgate.net/profile/C-Donovan-Bailey?_sg%5B0%5D=t4W7IomvxRURCXhFXvGX16eRfcNo2kSXmiheEBWNiP_LVGu3C9pTkn8N_XZOn1eln8Ggm9g.ZkSNFzuMf80kixQNCWr18qGh-ptfXHoC_hmqoAwNnbWLlhZIujSxLDjFWcIiZFLbIngjSwK8kYXDXc12mvWhog&_sg%5B1%5D=1i3srkhR4kmdo1ydNoB5Y5rpAI76qGgahAZEXL_nYfhrXmk26kl1mK1YVSpGYOlXvFOoU1Y.1_7p1Ec5tiGo59YxLe5v-LSHlQpp1qmCPDD5hN2vugV8h3R4OM888LkZUFLG_N3RPTrpCT15pBfPA-ssJX20MQ&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Ariane-Barbosa?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Rafael-Barbosa-Pinto?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/James-Boatwright?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Taxon-1996-8175?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://loop.frontiersin.org/people/1261876
https://loop.frontiersin.org/people/361248
https://loop.frontiersin.org/people/74696

10.

11.

12.

13.

14.

15.

16.

Winham D, Webb D, Barr A. Beans and Good Health. Food and Nutrition. 2008;
43(5): 201-209

Brick MA, Kleintop A, Echeverria D, Kammlade S, Brick LA, Osorno JM, McClean P
et al. Dry Bean: A Protein-Rich Superfood With Carbohydrate Characteristics That
Can Close the Dietary Fiber Gap. Frontiers in Plant Science. 2022;(13):914412.
Afazco C, Paola G, Ojeda GP, Guerrero-Wyss M. Common Beans as a Source of
Amino Acids and Cofactors for Collagen Biosynthesis. Nutrients 2023;15(21):4561
Ojiewo C, Keatinge JDH, Hughes Jd’A,Tenkouano A, Silim S. The Role of
Vegetables and Legumes in Assuring Food, Nutrition, and Income Security for
Vulnerable Groups in Sub-Saharan Africa. World Medical & Health Policy. 2015;
7(3): 187-210

Snapp SS, Cox MC, Brad G, Peter GB. Multipurpose legumes for smallholders in
sub-Saharan Africa: ldentification of promising ‘scale out’ options. Global Food
Security. 2019; (23):22-32

Ramachandran PR, Vellaichamy C, Jayas D, White NDG, Kavitha-Abirami CV.
Storage studies on pinto beans under different moisture contents and temperature
regimes. Journal of Stored Products Research. 2013;(52):78—-85

Tadesse TK. The Role of Post-Harvest Management in Ensuring Food Security in a
Changing World: Review Article. Journal of Clinical Research and Case Studies.
2024;2(3): 1-14

Adjei EA, Banfu BK, Asibuo J, Amoah RA. Seed health quality in common bean
(Phaseolus vulgaris L.): Effect of moisture content, packaging material and storage
condition. Proceedings of 3rd CSIR RSA Scientific Conference. Accra, Ghana.
Omari R. and Andoh H. (Eds). 2022;P1-22.

Tushar SR, Alam MdFB, Zaman MdS,Garza-Reyes AJ, Bari ABMM, Karmaker LC.
Analysis of the factors influencing the stability of stored grains: Implications for
agricultural sustainability and food security. Sustainable Operations and Computers.
2023;(4): 40-52

Songa MJ, Rono W. Indigenous methods for bruchid beetle (Coleoptera: Bruchidae)
control in stored beans (Phaseolus vulgaris L.) International Journal of Pest
Management. 2010; 44(1):1-4

Mesele T, Dibaba K, Garbaba AC, Mendesil E. Effectiveness of different storage
structures for the management of Mexican bean weevil, Zabrotes subfasciatus
(Boheman) (Coleoptera: Bruchidae) on stored common bean, Phaseolus vulgaris L.
(Fabaceae). Journal of stored Products Research. 2022;(96): 101928

Karlsson GK, Stenberg JA, Lankinen A. Making sense of Integrated Pest
Management (IPM) in the light of evolution. Evolutionary Applications. 2020;
13(8):1791-1805.

24


https://pubmed.ncbi.nlm.nih.gov/?term=%22A%C3%B1azco%20C%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Ojeda%20PG%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Guerrero-Wyss%20M%22%5BAuthor%5D
https://www.researchgate.net/profile/Rani_Ramachandran3?_sg%5B0%5D=eKG3NzSYTixZSewN7qFG0-AiYUu8nLZcTXjXarZstmyu2_mk98FXeYKfFw0x0HA5Bwnyuao.Z5EdwxXjfFwyJQbln4dgCBwX7rC8UqOesQM1i2n1OeEkJ2xfIzlytYLu_0hDAjprYEbHul6sNE9U7uBdIaxgPg&_sg%5B1%5D=mzDtrWzphM3pO6dNxE1JfC_HmevaQYP42b5z6mmksNA8nFe__FMW5FB6ET9u-LMYvqyv1Xc.OANwtR6ARDPHkJieFeVgwEmSPzgY3NvScaLj1PB-LxoJSxv0mtnmc1uG-jp0Im8FMtn25v3zDv5Hp8S_U0cx4A&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Chelladurai-Vellaichamy?_sg%5B0%5D=eKG3NzSYTixZSewN7qFG0-AiYUu8nLZcTXjXarZstmyu2_mk98FXeYKfFw0x0HA5Bwnyuao.Z5EdwxXjfFwyJQbln4dgCBwX7rC8UqOesQM1i2n1OeEkJ2xfIzlytYLu_0hDAjprYEbHul6sNE9U7uBdIaxgPg&_sg%5B1%5D=mzDtrWzphM3pO6dNxE1JfC_HmevaQYP42b5z6mmksNA8nFe__FMW5FB6ET9u-LMYvqyv1Xc.OANwtR6ARDPHkJieFeVgwEmSPzgY3NvScaLj1PB-LxoJSxv0mtnmc1uG-jp0Im8FMtn25v3zDv5Hp8S_U0cx4A&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Digvir-Jayas?_sg%5B0%5D=eKG3NzSYTixZSewN7qFG0-AiYUu8nLZcTXjXarZstmyu2_mk98FXeYKfFw0x0HA5Bwnyuao.Z5EdwxXjfFwyJQbln4dgCBwX7rC8UqOesQM1i2n1OeEkJ2xfIzlytYLu_0hDAjprYEbHul6sNE9U7uBdIaxgPg&_sg%5B1%5D=mzDtrWzphM3pO6dNxE1JfC_HmevaQYP42b5z6mmksNA8nFe__FMW5FB6ET9u-LMYvqyv1Xc.OANwtR6ARDPHkJieFeVgwEmSPzgY3NvScaLj1PB-LxoJSxv0mtnmc1uG-jp0Im8FMtn25v3zDv5Hp8S_U0cx4A
https://www.researchgate.net/scientific-contributions/CV-Kavitha-Abirami-2030763989?_sg%5B0%5D=eKG3NzSYTixZSewN7qFG0-AiYUu8nLZcTXjXarZstmyu2_mk98FXeYKfFw0x0HA5Bwnyuao.Z5EdwxXjfFwyJQbln4dgCBwX7rC8UqOesQM1i2n1OeEkJ2xfIzlytYLu_0hDAjprYEbHul6sNE9U7uBdIaxgPg&_sg%5B1%5D=mzDtrWzphM3pO6dNxE1JfC_HmevaQYP42b5z6mmksNA8nFe__FMW5FB6ET9u-LMYvqyv1Xc.OANwtR6ARDPHkJieFeVgwEmSPzgY3NvScaLj1PB-LxoJSxv0mtnmc1uG-jp0Im8FMtn25v3zDv5Hp8S_U0cx4A&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Stored-Products-Research-0022-474X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Kebede-Tadesse?_sg%5B0%5D=GTZ1oiO21uCPquCSM1-UWtUK26Yh9yRtzysoQeBXaQJWOHSCCWcxNfVFiHwNFFx8oW7EVOw.s2CrI_3JFwE8z7mxlFvtwYuNb3O-UgrQIAiPqlXv2u31esSBsKuU4nCPCR47Z_MrX0eFmp-nDvoS7Hj6TOgT7g&_sg%5B1%5D=dda0hc4vu5-8ttBFXBkQYriPnNYvZnn3UKkD3ujj0Ok87fl8ZT2hyeVI8g2AMey3hXXaXFA.EgUbLoW34cPV9ukpVXMflKfzLFL3OERfxWkJuSC2nhhC0RFSIRftEx8WAZY9mqUZWEMKYi0G_BKh2fCBlXlY6g&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Clinical-Research-and-Case-Studies-2977-0033?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Josephine-M-Songa-2047063056?_sg%5B0%5D=qT4pK2xeDtDFsvriggmwLKCUnFyADQHjVUXgpEFXzNvYOdJowlMn3g2u11VmxnxvyJM2SiY.bbm3_czBm7PGyaKl_BCLAao4_cZgY8OkOUDw9Me5AiFKJ5wyNqBAkSi_drK9dyAToVTZv6i0l8tFMjbeId-6Xw&_sg%5B1%5D=Pnsqd6k_He_5ZnxCwvJwTCVUhYWM5hJVedaJ12xaoirrhIK5fmdRJxkupyR-FEnaht7QRKg.7BK7zk-YxhQYvBIy-u9NTdTzrFXChK6X0daiQm4HkvAosKGuVqSG-ZQAY-BewfLJsVb4WfncsG8iL2He_mStfQ
https://www.researchgate.net/scientific-contributions/Wilson-Rono-2047055370?_sg%5B0%5D=qT4pK2xeDtDFsvriggmwLKCUnFyADQHjVUXgpEFXzNvYOdJowlMn3g2u11VmxnxvyJM2SiY.bbm3_czBm7PGyaKl_BCLAao4_cZgY8OkOUDw9Me5AiFKJ5wyNqBAkSi_drK9dyAToVTZv6i0l8tFMjbeId-6Xw&_sg%5B1%5D=Pnsqd6k_He_5ZnxCwvJwTCVUhYWM5hJVedaJ12xaoirrhIK5fmdRJxkupyR-FEnaht7QRKg.7BK7zk-YxhQYvBIy-u9NTdTzrFXChK6X0daiQm4HkvAosKGuVqSG-ZQAY-BewfLJsVb4WfncsG8iL2He_mStfQ
https://www.researchgate.net/journal/International-Journal-of-Pest-Management-1366-5863?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/International-Journal-of-Pest-Management-1366-5863?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

United States environmental Protection Agency (2024) “DDT- A Brief History and
Status” Available: https://www.epa.gow»ddt-brief-history-and-status  Accessed
30/12/2024

DAS S. A review of Dichlorvos toxicity in fish. Current World Environment. 2013;8(1)
DOI:http://dx.doi.org/10.12944/CWE.8.1.08.

CERI “Harzard Assessment Report Dimethyl 2,2-dichloroviny phosphate”. Available:
https://www.cerij.or.jp » ceri_en > pdf Accessed 1/1/25

World Health Organization (2020) “The WHO Recommended Classification of
Pesticides by Hazard and Guidelines to Classification 2019" Available:
https://iris.who.int » handle » 9789240005662-eng Accessed 1/1/2025

Okoroiwu UH, Iwara Al. Dichlorvos toxicity: A public health perspective.
Interdisciplinary Toxicology. 2018;11(2):129-137

Agency for Toxic Substances and Disease Registry (ATSDR) “Toxicological Profile
For Dichlorvos” Available: https://www.atsdr.cdc.gov > toxprofiles  Accessed
1/1/2025

Zhang X, Yao W, Jia B, Sun D, Ka W, He D, Wang X, et al. Acute dichlorvos
poisoning induces hemorheological abnormalities in rabbits via oxidative stress.
Clinical Hemorheology and Microcirculation. 2010; 44(3):207-216

Ezike CO. Acute toxicity and heamatology of Clarias gariepinus (Burchell, 1822)
Exposed to 2, 2-Dichlorovinyl Dimethyl Phosphate (Dichlorvos). International Journal
of Fisheries and Aquatic Studies 2017; 5(5):100-105

Mathur ML, Yadav DrSP, Tyagi BK. A study of an epidemic of acute respiratory
disease in Jaipur town. Journal of Postgraduate Medicine. 2000; 46(2):88-90

Taylor TJ, Davis E, Dabisch P, Horsmon M, Matson K, Crouse C, Mioduszewski R.
Acute toxic effects of inhaled dichlorvos vapor on respiratory mechanics and blood
cholinesterase activity in guinea pigs. Inhalation Toxicology. 2008; 20(5):465-72
Owoeye O, Edem VF, Akinyoola SB, Rahaman S, Akang EE, Arinola OG.
Histological changes in liver and lungs of rats exposed to dichlorvos before and after
vitamin supplementation. European Journal of Anatomy. 2012;16(3):190-198

Lucic A, Bradamante V, Radi¢ B, Peraica M, Domijan A, Fuchs R, Stavljenic-
Rukavina A. The effect of dichlorvos treatment on butyrylcholinesterase activity and
lipid metabolism in rats. Archives of Industrial Hygiene and Toxicology.
2002;53(4):275-81

William WC & Henry J. (2023) Biology LibreTexts “Biosynthesis of Isoprenoids”
Available: https://bio.libretexts.org > ... » Accessed 2/1/2025

Human Metabolome Database (2012) “Showing metabocard for 2-
Methylbenzaldehyde” Available: https://hmdb.ca » metabolites » HMDB29636
Accessed 2/1/2025

25


https://www.epa.gov/
https://www.cwejournal.org/vol8no1/a-review-of-dichlorvos-toxicity-in-fish
https://www.cwejournal.org/vol8no1/a-review-of-dichlorvos-toxicity-in-fish
http://dx.doi.org/10.12944/CWE.8.1.08
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+D&cauthor_id=20364066
https://pubmed.ncbi.nlm.nih.gov/?term=Ka+W&cauthor_id=20364066
https://pubmed.ncbi.nlm.nih.gov/?term=He+D&cauthor_id=20364066
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+X&cauthor_id=20364066
https://www.researchgate.net/scientific-contributions/ML-Mathur-2096821215?_sg%5B0%5D=GmTikNlvraromx7RB-KU02-ysdESpfG_qsM9uaEjpJmrAHBKVxNoVnNOyzEZgHm_ruBvkNE.4_lBrbja9cQkKfEnk-SOEj8w1tmUrsWdE2W4psVe4OvWhpxRUQPpzk028h6gRuuQ0AMQ0oFaxkIJby03DN2blg&_sg%5B1%5D=2d4XxvPAOCv42I_YlAoUsFuU0AxmxnuBTX50EHt0FuJkEvueusf5zy6DbMrhJFcBjEmduD0.rCn5Iu-ixeNwB6zTVNx3eyTDnLPATKQ3PrDN0NAtAoJDGkqbWbjIDmE31DcjOVk2B7GJ4tjbsArD9zFrnugGMQ
https://www.researchgate.net/profile/Dr-Yadav-2?_sg%5B0%5D=GmTikNlvraromx7RB-KU02-ysdESpfG_qsM9uaEjpJmrAHBKVxNoVnNOyzEZgHm_ruBvkNE.4_lBrbja9cQkKfEnk-SOEj8w1tmUrsWdE2W4psVe4OvWhpxRUQPpzk028h6gRuuQ0AMQ0oFaxkIJby03DN2blg&_sg%5B1%5D=2d4XxvPAOCv42I_YlAoUsFuU0AxmxnuBTX50EHt0FuJkEvueusf5zy6DbMrhJFcBjEmduD0.rCn5Iu-ixeNwB6zTVNx3eyTDnLPATKQ3PrDN0NAtAoJDGkqbWbjIDmE31DcjOVk2B7GJ4tjbsArD9zFrnugGMQ&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/BK-Tyagi-2149552884?_sg%5B0%5D=GmTikNlvraromx7RB-KU02-ysdESpfG_qsM9uaEjpJmrAHBKVxNoVnNOyzEZgHm_ruBvkNE.4_lBrbja9cQkKfEnk-SOEj8w1tmUrsWdE2W4psVe4OvWhpxRUQPpzk028h6gRuuQ0AMQ0oFaxkIJby03DN2blg&_sg%5B1%5D=2d4XxvPAOCv42I_YlAoUsFuU0AxmxnuBTX50EHt0FuJkEvueusf5zy6DbMrhJFcBjEmduD0.rCn5Iu-ixeNwB6zTVNx3eyTDnLPATKQ3PrDN0NAtAoJDGkqbWbjIDmE31DcjOVk2B7GJ4tjbsArD9zFrnugGMQ&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Postgraduate-Medicine-0022-3859?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://pubmed.ncbi.nlm.nih.gov/?term=Taylor+JT&cauthor_id=18368617
https://pubmed.ncbi.nlm.nih.gov/?term=Davis+E&cauthor_id=18368617
https://pubmed.ncbi.nlm.nih.gov/?term=Dabisch+P&cauthor_id=18368617
https://pubmed.ncbi.nlm.nih.gov/?term=Horsmon+M&cauthor_id=18368617
https://pubmed.ncbi.nlm.nih.gov/?term=Matson+K&cauthor_id=18368617
https://pubmed.ncbi.nlm.nih.gov/?term=Crouse+C&cauthor_id=18368617
https://pubmed.ncbi.nlm.nih.gov/?term=Mioduszewski+R&cauthor_id=18368617
https://www.researchgate.net/profile/Ana-Lucic-4?_sg%5B0%5D=QUAz5BXwz07dzr9-oyw3Er9QLcw8Z1POX_AS3XaJYSsf9e3aAL-UBv6oLEKfltprpvIVWEg.wpNrGT9FCmcmaopcYccTfmFDpSzWlTCe-F6Fg8osLuBGgxEkEmSkT4H8UtMQ5g0Z6cenHtOapfFf98aakaPVtw&_sg%5B1%5D=wKzRptcZdfc58U5KUU06WLg2xrLY4YHijRHtAyj3VX8i9wQUbCYcqZJDpfM_qSluvXsfOKc.Xw_ldHMT_zEbUyDVSiZsm1uuL0Rq9gxa6iVpZhtW3IiJSr62_WgxkqG9EwvENjQwknQApn2AoJ3yP3fWiRh38g
https://www.researchgate.net/scientific-contributions/Vlasta-Bradamante-50905035?_sg%5B0%5D=QUAz5BXwz07dzr9-oyw3Er9QLcw8Z1POX_AS3XaJYSsf9e3aAL-UBv6oLEKfltprpvIVWEg.wpNrGT9FCmcmaopcYccTfmFDpSzWlTCe-F6Fg8osLuBGgxEkEmSkT4H8UtMQ5g0Z6cenHtOapfFf98aakaPVtw&_sg%5B1%5D=wKzRptcZdfc58U5KUU06WLg2xrLY4YHijRHtAyj3VX8i9wQUbCYcqZJDpfM_qSluvXsfOKc.Xw_ldHMT_zEbUyDVSiZsm1uuL0Rq9gxa6iVpZhtW3IiJSr62_WgxkqG9EwvENjQwknQApn2AoJ3yP3fWiRh38g&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Bozica-Radic-39540380?_sg%5B0%5D=QUAz5BXwz07dzr9-oyw3Er9QLcw8Z1POX_AS3XaJYSsf9e3aAL-UBv6oLEKfltprpvIVWEg.wpNrGT9FCmcmaopcYccTfmFDpSzWlTCe-F6Fg8osLuBGgxEkEmSkT4H8UtMQ5g0Z6cenHtOapfFf98aakaPVtw&_sg%5B1%5D=wKzRptcZdfc58U5KUU06WLg2xrLY4YHijRHtAyj3VX8i9wQUbCYcqZJDpfM_qSluvXsfOKc.Xw_ldHMT_zEbUyDVSiZsm1uuL0Rq9gxa6iVpZhtW3IiJSr62_WgxkqG9EwvENjQwknQApn2AoJ3yP3fWiRh38g&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Ana-Stavljenic-Rukavina?_sg%5B0%5D=QUAz5BXwz07dzr9-oyw3Er9QLcw8Z1POX_AS3XaJYSsf9e3aAL-UBv6oLEKfltprpvIVWEg.wpNrGT9FCmcmaopcYccTfmFDpSzWlTCe-F6Fg8osLuBGgxEkEmSkT4H8UtMQ5g0Z6cenHtOapfFf98aakaPVtw&_sg%5B1%5D=wKzRptcZdfc58U5KUU06WLg2xrLY4YHijRHtAyj3VX8i9wQUbCYcqZJDpfM_qSluvXsfOKc.Xw_ldHMT_zEbUyDVSiZsm1uuL0Rq9gxa6iVpZhtW3IiJSr62_WgxkqG9EwvENjQwknQApn2AoJ3yP3fWiRh38g&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Ana-Stavljenic-Rukavina?_sg%5B0%5D=QUAz5BXwz07dzr9-oyw3Er9QLcw8Z1POX_AS3XaJYSsf9e3aAL-UBv6oLEKfltprpvIVWEg.wpNrGT9FCmcmaopcYccTfmFDpSzWlTCe-F6Fg8osLuBGgxEkEmSkT4H8UtMQ5g0Z6cenHtOapfFf98aakaPVtw&_sg%5B1%5D=wKzRptcZdfc58U5KUU06WLg2xrLY4YHijRHtAyj3VX8i9wQUbCYcqZJDpfM_qSluvXsfOKc.Xw_ldHMT_zEbUyDVSiZsm1uuL0Rq9gxa6iVpZhtW3IiJSr62_WgxkqG9EwvENjQwknQApn2AoJ3yP3fWiRh38g&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Archives-of-Industrial-Hygiene-and-Toxicology-0004-1254?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.lipidmaps.org/resources/lipidweb/lipidweb_html/info/cv-bchristie.htm

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Mishra P, Tripathi J, Gupta S, Variyar P. Effect of cooking on aroma profile of red
kidney beans (Phaseolus vulgaris) and correlation with sensory quality: Food
Chemistry. 2016;215 DOI: 10.1016/j.foodchem.2016.07.149

Balahbib A, Omari EN, Hachlafi EN, Bouyahya A. Health beneficial and
pharmacological properties of p-cymene. Food and Chemical Toxicology. 2021,
153(4) DOI: 10.1016/j.fct.2021.112259

World Health Organization (2023) “Natural toxins in food” Available:
https://www.who.int » Newsroom » Fact sheets » Details Accessed 2/1/2025

Vel asquez-Reyes D, Rodriguez-Campos J, Avendano-Arrazate C, Gschaedler A,
Alc” azar-Valle M, Lugo-Cervantes E. Forastero and Criollo cocoa beans,
differences on the profile of volatile and non-volatile compounds in the process from
fermentation to liquor. Heliyon. 2023;9: Available:
https://doi.org/10.1016/j.heliyon.2023.e15129

Kasali FM, Tusiimire J, Kadima JN & Agaba GA. Ethnomedical uses, chemical
constituents, and evidence-based pharmacological properties of Chenopodium
ambrosioides L.: extensive overview. Future Journal of Pharmaceutical sciences.
2021; (7):153

National Institutes of Health “1-Methyl-3-propylbenzene” Available:
https://pubchem.ncbi.nim.nih.gov » compound » 1-Met... Accessed 2/1/2025
National Institutes of Health “2,2-Dimethylaziridine” Available:

https://pubchem.ncbi.nim.nih.gov » compound » 2_2-... Accessed 2/1/2025

PubChem “decahydronaphthalene” Available: https://pubchem.ncbi.nim.nih.gov »
compound > Decah... Accessed 2/1/2025

ChemicalBook “3,3-Dimethyl-1-Pentene” Available: https://www.chemicalbook.com >
...>» CAS DataBase List Accessed 2/1/2025

Lugovi'c-Mihi'c L, Filija E, Varga V, Premuz L, Para’'c E,TomaSevi'c R, Barac E, et
al. Unwanted Skin Reactions to Acrylates: An Update. Cosmetics 2024; 11: 127.
Chen W & Zhang X. 1,3-Butadiene: a ubiquitous environmental mutagen and its
associations with diseases. Genes Environment. 2022; 44(1):3

Bennett V, Amos-Tautua B, Ayawei N. Phytochemicals and Selected Elemental
Analysis of Dioscorea bulbifera Bulbils: An Uncommon Yam in Nigeria. Science
Frontiers 2024;5(1); 43-51

Bennett V. & Ebisintei P. Analysis of Nutritional Profiles, Mineral Content, and
Contaminants in Palm Oil from Yenagoa Metropolis, Nigeria: Assessing Quality and
Safety Standards. European Journal of Nutrition & Food Safety. 2024;16(9): 319-338
Marathon Petroleum Corporation (2021) “Marathon Petroleum Isobutane” Available:
https://www.marathonpetroleum.com » Operations Accessed 6/1/2025
Campos-Ordonez T & Gonzalez-Perez O. Cyclohexane, a Potential Drug of Abuse
with Pernicious Effects on the Brain. Frontiers in Pharmacology. 2016;7(6):291

26


https://www.researchgate.net/profile/Prashant-Mishra-18?_sg%5B0%5D=jv4abRZia9vIHgV3ZD8Xs6ZYwcIIJ5l5UZjMo6zKIwZ5FfHmydEXfy_Wf77FYdltlFCl5Iw.Yhd3iXDpBtBrnjTTC9z_PxCYTI0IClIGYpali10jo-n0FpPx_bBXPnlVzDeYj86vz32JmAmPSZ1my8qRg7IeiA&_sg%5B1%5D=WJuwPnmtvsXpjAcilPCqHUSDhDg16u4A5TzSVwgWRShbh4ayqg7lPPlEFpZ24Tdm7ody2mw.f1xOJFSpOus2ShI2sPlDb_fl918lwVdFQohmapLRJA4cY2X9ivfBnhPiW6Uaae1ET-abB-3gswsy_e3sHI63Sw
https://www.researchgate.net/profile/Jyoti-Tripathi-8?_sg%5B0%5D=jv4abRZia9vIHgV3ZD8Xs6ZYwcIIJ5l5UZjMo6zKIwZ5FfHmydEXfy_Wf77FYdltlFCl5Iw.Yhd3iXDpBtBrnjTTC9z_PxCYTI0IClIGYpali10jo-n0FpPx_bBXPnlVzDeYj86vz32JmAmPSZ1my8qRg7IeiA&_sg%5B1%5D=WJuwPnmtvsXpjAcilPCqHUSDhDg16u4A5TzSVwgWRShbh4ayqg7lPPlEFpZ24Tdm7ody2mw.f1xOJFSpOus2ShI2sPlDb_fl918lwVdFQohmapLRJA4cY2X9ivfBnhPiW6Uaae1ET-abB-3gswsy_e3sHI63Sw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/profile/Sumit-Gupta-87?_sg%5B0%5D=jv4abRZia9vIHgV3ZD8Xs6ZYwcIIJ5l5UZjMo6zKIwZ5FfHmydEXfy_Wf77FYdltlFCl5Iw.Yhd3iXDpBtBrnjTTC9z_PxCYTI0IClIGYpali10jo-n0FpPx_bBXPnlVzDeYj86vz32JmAmPSZ1my8qRg7IeiA&_sg%5B1%5D=WJuwPnmtvsXpjAcilPCqHUSDhDg16u4A5TzSVwgWRShbh4ayqg7lPPlEFpZ24Tdm7ody2mw.f1xOJFSpOus2ShI2sPlDb_fl918lwVdFQohmapLRJA4cY2X9ivfBnhPiW6Uaae1ET-abB-3gswsy_e3sHI63Sw
https://www.researchgate.net/profile/Prasad-Variyar?_sg%5B0%5D=jv4abRZia9vIHgV3ZD8Xs6ZYwcIIJ5l5UZjMo6zKIwZ5FfHmydEXfy_Wf77FYdltlFCl5Iw.Yhd3iXDpBtBrnjTTC9z_PxCYTI0IClIGYpali10jo-n0FpPx_bBXPnlVzDeYj86vz32JmAmPSZ1my8qRg7IeiA&_sg%5B1%5D=WJuwPnmtvsXpjAcilPCqHUSDhDg16u4A5TzSVwgWRShbh4ayqg7lPPlEFpZ24Tdm7ody2mw.f1xOJFSpOus2ShI2sPlDb_fl918lwVdFQohmapLRJA4cY2X9ivfBnhPiW6Uaae1ET-abB-3gswsy_e3sHI63Sw
https://www.researchgate.net/journal/Food-Chemistry-0308-8146?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/Food-Chemistry-0308-8146?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
http://dx.doi.org/10.1016/j.foodchem.2016.07.149
https://www.researchgate.net/profile/Abdelaali-Balahbib?_sg%5B0%5D=ad2HAWun4RG93QTtStmjvNcusMvy8t-ki3Lc3QPMI7U0jlhEsSoVwJ9-rvV03zIPkpOXJUA.VuS3FOsuuHA62Gk1pD65eqfBIHdvSkVKsQzFR1R2s7i2f69KrQQe6oCMcysQAYu5t46brRsoSxm5gyvqkIaHYA&_sg%5B1%5D=04I0WjhyJ6AkAjHTf66T5A8NzuEOswn45ZkLqPqIzehVqXbdQC0Lglj7lkWdx8C8vSgbz2Y.b9C9JoNl9aZZ8zwgtn6I5LJ1L5JFHax06adGDShC0EXwU5IO3EhkFcbujr4rRbomWb3TBtmnuMZORPpwxktaRA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Nasreddine-El-Omari?_sg%5B0%5D=ad2HAWun4RG93QTtStmjvNcusMvy8t-ki3Lc3QPMI7U0jlhEsSoVwJ9-rvV03zIPkpOXJUA.VuS3FOsuuHA62Gk1pD65eqfBIHdvSkVKsQzFR1R2s7i2f69KrQQe6oCMcysQAYu5t46brRsoSxm5gyvqkIaHYA&_sg%5B1%5D=04I0WjhyJ6AkAjHTf66T5A8NzuEOswn45ZkLqPqIzehVqXbdQC0Lglj7lkWdx8C8vSgbz2Y.b9C9JoNl9aZZ8zwgtn6I5LJ1L5JFHax06adGDShC0EXwU5IO3EhkFcbujr4rRbomWb3TBtmnuMZORPpwxktaRA
https://www.researchgate.net/profile/Naoufal-El-Hachlafi-2?_sg%5B0%5D=ad2HAWun4RG93QTtStmjvNcusMvy8t-ki3Lc3QPMI7U0jlhEsSoVwJ9-rvV03zIPkpOXJUA.VuS3FOsuuHA62Gk1pD65eqfBIHdvSkVKsQzFR1R2s7i2f69KrQQe6oCMcysQAYu5t46brRsoSxm5gyvqkIaHYA&_sg%5B1%5D=04I0WjhyJ6AkAjHTf66T5A8NzuEOswn45ZkLqPqIzehVqXbdQC0Lglj7lkWdx8C8vSgbz2Y.b9C9JoNl9aZZ8zwgtn6I5LJ1L5JFHax06adGDShC0EXwU5IO3EhkFcbujr4rRbomWb3TBtmnuMZORPpwxktaRA
https://www.researchgate.net/profile/Abdelhakim-Bouyahya-2?_sg%5B0%5D=ad2HAWun4RG93QTtStmjvNcusMvy8t-ki3Lc3QPMI7U0jlhEsSoVwJ9-rvV03zIPkpOXJUA.VuS3FOsuuHA62Gk1pD65eqfBIHdvSkVKsQzFR1R2s7i2f69KrQQe6oCMcysQAYu5t46brRsoSxm5gyvqkIaHYA&_sg%5B1%5D=04I0WjhyJ6AkAjHTf66T5A8NzuEOswn45ZkLqPqIzehVqXbdQC0Lglj7lkWdx8C8vSgbz2Y.b9C9JoNl9aZZ8zwgtn6I5LJ1L5JFHax06adGDShC0EXwU5IO3EhkFcbujr4rRbomWb3TBtmnuMZORPpwxktaRA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Food-and-Chemical-Toxicology-0278-6915?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.1016/j.fct.2021.112259
https://www.who.int/
https://doi.org/10.1016/j.heliyon.2023.e15129
https://pubchem.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+WQ&cauthor_id=35012685
https://pubmed.ncbi.nlm.nih.gov/35012685/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+XY&cauthor_id=35012685

46. National Library of Medicine “2-methylbenzene” Available:
https://pubchem.ncbi.nim.nih.gov » compound » 2-Met... Accessed 6/1/2025

47. Centers for Disease Control and Prevention | CDC (.gov) “Carcinogenic Effects of
Exposure to Propylene Oxide” Available: https://www.cdc.gov > niosh > docs
accessed 6/1/2025

48. ScienceDirect.com “‘Dodecane - an overview” Available:
https://www.sciencedirect.com » topics » chemistry » dod... Accessed 6/1/2025

27


https://pubchem.ncbi.nlm.nih.gov/

