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ARTICLE INFO ABSTRACT

Keywords: Green leafy vegetables (such as cocoyam (Colocasia spp) leaves, spinach (Spinach spp), amaranths
Green leafy vegetables (Amaranthus spp), roselle leaves (Hibiscus spp), and lettuce (Lactuca spp)) form a major part of
Heavy metal

Ghanaian meals providing essential vitamin such as A, B and C and minerals including iron and
calcium as well as essential bioactive compounds. However, the practices involved in the pro-
duction, distribution and handling of these nutrient rich vegetables, by most value chain actors in
Ghana, unfortunately pre-dispose them to contamination with pathogens, heavy metals and
pesticides residues. These have therefore raised public health concerns regarding the safety and
quality of these green leafy vegetables. Understanding the current perspectives of the type of
pathogens, heavy metals and pesticide contaminants that are found in leafy vegetables and their
health impacts on consumers will go a long way in helping to identify appropriate mitigation
measures that could be used to improve the practices involved and thereby help safeguard human
health. This review examined reported cases of microbial, heavy metal and pesticides residue
contamination of green leafy vegetables in Ghana from 2005 to 2022. Notable pathogenic mi-
croorganisms were Ascaris eggs and larvae, faecal coliform, Salmonella spp., Staphylococcus aureus
Streptococci, Clostridium perfringes, and Escherichia coli. In addition, Lead (Pb), Cadmium (Cr),
Chromium (Cr), Zinc (Zn), Iron (Fe), Copper (Cu) and Manganese (Mn) have been detected in
green leafy vegetables over the years in most Ghanaian cities. Pesticides residues from organo-
chlorine, organophosphorus and synthetic pyrethroid have also been reported. Overall, microbial,
heavy metals and pesticide residue contamination of Ghanaian green leafy vegetables on the
farms and markets were significant. Hence, mitigation measures to curb the contamination of
these vegetables, through the food chain, is urgently required to safeguard public health.

Microbial contamination
Pesticide residues
Food safety

1. Introduction

Green leafy vegetables are common diet consumed throughout the world, being essential sources of nutrients, metabolites and
antioxidant [1]. The World Health Organization (WHO) emphasized in its 2021 annual report that consumption of safe and quality
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foods are pre-requisites towards good health [2]. In Ghana, an estimated number of 420,000 foodborne disease cases are reported
annually at the health facilities with a death rate of 65,000, costing the Government of Ghana nearly 69 million dollars annually [3].
Fresh leafy vegetables are important parts of healthy diets that can help boost immunity by providing essential nutrients such as
vitamins, minerals and fiber [4-7]. Several studies have explained that green leafy vegetables provide protective mechanisms against
non-communicable diseases such as cardiovascular diseases, diabetes, overweight and obesity and some cancers [4,6,8-10].

Increased awareness of the health importance of leafy green vegetables in developing countries currently has resulted in their
increasing demand and consumption. The increase in demand has spurned the interest in intensive cultivation and full year production
[11-14] which has come with its own shortfalls. About 90% of the vegetables consumed in Ghana are mostly grown in limited spaces in
urban and peri-urban areas in the cities. The farmers take advantage of the proximity of markets in the cities and the nearness to market
centers also help reduce challenges with their postharvest management [15]. Unfortunately, increases in population and urbanization
have made water and land for vegetable production in these areas very scarce [16]. Farmers therefore resort to the use of polluted
wastewater and fresh poultry manure and intense use of agrochemicals. As a result, there is heavy colonization of pathogen on the leafy
vegetables [17-19] high accumulation of heavy metals from old used discarded batteries and metals scraps [20] and agrochemical
residues from pesticides and other growth stimulants used for farming [21].

With the rising level of concern about the safety, quality and health risk associated with green leafy vegetables in the Ghanaian
farms and markets, a number of studies have been conducted into the microbial, heavy metals and pesticides residues contaminations
of leafy green vegetables. This review assessed the current perspectives on heavy metals, microbial, and pesticides residues
contamination of fresh leafy green vegetables produced and consumed in Ghana. In terms of scope, our review assesses contributing
factors, sources of contamination, levels of concentrations, types of pathogens, the presence of pesticides and heavy metals and their
health impacts in the green leafy vegetables produced and sold on the Ghanaian market. This review also examines possible inter-
vention and mitigating programs that might be introduced to reduce the levels of contaminations and therefore improve the overall
safety and acceptability of green leafy vegetables. The review has been organized along the following discussion sections; heavy metal
residues, microbial and pesticides contaminations.

1.1. Heavy metals residue in green leafy vegetables

Heavy metals are a group of metals with relatively high densities, atomic number or weight ranging from 63.5 to 200.6 g mol ! like
Lead (Pb), Arsenic (As), Mercury (Hg), Cadmium (Cd), Iron (Fe), Zinc (Zn), Chromium (Cr), Copper (Cu), Silver (Ag) and Nickle (Ni)
[22-24]. These metals enter the environment through natural and human activities such as mining, car exhausts fumes, industrial
discharge and agricultural practices [23-25].

Heavy metals are non-biodegradable and have the potential to bio-accumulate in living organisms including humans and food
crops through exposure to low or high concentrations [26]. Their ability to persist in the environment and along the food chain poses
serious public health problems [23,24]. The uptake of heavy metals by food crops is however dependent on the acidity of soils on
which they are planted, the higher the soil acidity, the more mobile and soluble the heavy metals becomes and increase their potentials
to bioaccumulate in food crops and leafy green vegetables such as spinach and lettuce [25,27]. The soils for planting becomes
contaminated with heavy metals through the use of pesticides, fertilizers, application of sludge as composts, emissions from in-
cinerators, mining residues, smelting factories and dumping of solid wastes into the environment [28-30].

Recent studies in Tamale Metropolis, Ghana suggested the presence of heavy metals such as Pb, Cd, Cr, Zn, Fe, Cu and Manganese
(Mn) in some green leafy vegetables grown within the area [31]. Previous study conducted on 479 vegetables including cabbage and
lettuce from farms and major markets in Accra Metropolis from 2013 to 2014 reported that approximately 81% of the vegetables have
accumulated heavy metals residues which exceeded the specific release limit (SRL) of the European Union (EU) guideline values (Pb —
0.01 mg/kg; Co—0.05 mg/kg; , As—0.002 mg/kg; , Zn - 5 mg/kg, Cr — 1 mg/kg, Mn — 0.55 mg/kg, Cd- 0.005 mg/kg, Fe — 40 mg/kg, Ni
—0.14 mg/kg and Cu 5 mg/kg) [32] with the highest values occurring in lettuce, hence posing a greater health risk to consumers. The
heavy metals detected were Pb, Co, As, Zn, Cr, Mn, Cd, Fe, Ni and Cu [30]. In Sekondi-Takoradi Metropolis in the Western region of
Ghana, a similar study conducted to determine the presence of heavy metals in indigenous and exotic leafy green vegetables revealed
the incidence of Fe, Zn, Hg (Mercury), Cd, Cr and Ni from a major urban farm. Cadmium and Hg were also detected in Amaranthus
spinosus and Corchorus olitorius, which are local delicacies. Although the values were below both local and international daily dietary
intake levels, continuous consumption over a period could lead to health hazards [34].

1.2. Sources of heavy metals in Ghanaian green leafy vegetables

Green leafy vegetables are able to take up nutrients including heavy metals residues from soils and water and accumulate them in
their edible parts [31,35]. Previous studies have shown that vegetables grown on soils polluted with high levels of heavy metals or
irrigated with water contaminated with heavy metals accumulate such metals [30,34,36].

More recently, studies in the Western region of Ghana investigated the levels and types of heavy metals in soils from vegetable
farms, streams and ground water used to irrigate vegetables. Their results indicated the presence of Hg and Cd in streams with the
mean concentration of Hg (0.009 mg/L), and Cd (0.019 mg/L) and about 80% of ground water sources contain heavy metals that
exceeds the acceptable limit (Hg 0.006 mg/L and Cd 0.003 mg/L) of FAO [32]. The main sources of heavy metal load in the soils were
attributed to household wastes and fertilizer, the mean concentration of the heavy metals in the soils were as follows; Fe (369.06
mgkg-1), Hg (0.073mgkg-1), Zn (1.71mgkg-1) and Cr (0.64mgkg-1) [34]. The Goo reservoir which serves as a major source of water for
irrigation by vegetable farmers in Navrongo reported high levels of heavy metals such as Cd (1.476 pg/L), Cu (9.387 pg/L), Cr (4.991
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pg/L) and Zn 6.563 pg/L) detected [36]. The detection levels are clear indication that most leafy vegetables irrigated with water from
the Goo reservoir are likely to be contaminated with metals and poses a huge public health challenge in the Navrongo areas.

1.3. Levels of heavy metals in Ghanaian green leafy vegetables

A previous study established that 83 cabbage and 113 lettuce samples collected from five farms and five markets in the Accra
Metropolis recorded levels of heavy metals exceeding the EU specification of 0.01 mgkg~1(As), 0.01 mgkg ™! (Cd), 0.05 mgkg ™~ (Co),
0.05 mgkg’1 (Cr), 0.005 mgkg’1 (Cuw), 2.0 mgkg’1 (Fe), 0.5 mgkg’1 (Mn), 0.02 mgkg’1 (Ni), 0.05 mgkg’1 (Pb) and 5.0 mgkg’1 (Zn) in
leafy green vegetables [30] (Table 1). In their assessment, they reported that most of the irrigated waters were drawn from untreated
waste water from residential and commercial areas and streams that receives run off municipal effluent from residential areas. Also,
because these farms are situated in the urban areas, other contributing factors such as fumes from heavy traffic emissions were cited as
potential contamination points.

A similar study conducted in Sekondi —~Takoradi Metropolitan Area in Western Region of Ghana, also reported worrying amounts of
heavy metals concentrations of Cd, 0.027 mg/kg, Fe, 36.178 mg/kg in Amaranthus spinosus (Aleefu), Cd, 0.024 mg/kg and Fe, 27.584
mg/kg in Corchorus olitorius (jute leaves), respectively [34]. The mean concentrations of Cd, Fe and Zn recorded for cabbage samples
analyzed from the same metropolitan area were 0.018 mgkg !, 5.910 mgkg ' and 0.079 mgkg ! and from lettuce, 0.014 mgkg " (Cd),
16.520 mgkg ! (Fe) and 0.075 mgkg ! (Zn), respectively (Table 1). In both the indigenous and exotic leafy greens, the concentrations
for Fe were high compared to Cd and Zn [34]. A comparable study conducted in the Tamale Metropolitan Area, in northern Ghana,
reported 0.04 mgkg ™! (Cd), 3.23 mgkg~! (Fe) and 0.06 mgkg ™! (Zn) for cabbage samples sourced from the main Salaga market in
Tamale (Table 2) [31]. Also, higher Cd content, ranging from 0.5 to 4.2 mgkg ™! for cabbage and carrots collected from peri-urban
communities compared with those from rural communities in Kumasi, (1.6 to 1.9 mgkgfl) have been reported [38]. Tables 1 and 2
provide detailed summary of the heavy metal concentrations in some selected green leafy vegetables in Ghana.

1.4. Health and nutritional implications of heavy metals contamination in green leafy vegetables

Due to the toxic nature of heavy metals, their accumulation in the human body causes serious health problems. Heavy metals
bioaccumulate in humans through consumption of contaminated foods which includes green leafy vegetables. The leafy greens absorb
the heavy metals such Pb, As, Cd, Cr, Zn, Fe and Cu from soils, water and the environment into their matrix which becomes available to
human through the gastrointestinal system. Nickel destroys the nutrients in the leafy green, Fe produces free radicals which damages
the DNA and proteins and also causes necrosis and wilting in the leaves. Zinc and Cd decrease plant metabolism and cause oxidative
damages while Hg causes physical injury to the leaves and the plants [39]. Consumption of these metals in higher concentration or low
concentration, over a long period of time, build ups in the kidney and liver which subsequently leads to kidney, liver, cardiovascular,
nervous system and bone diseases [40]. Also, retardation, endocrine disruption, cancers and immunological imbalances are some of
the health consequences. These may reduce or prevent the consumption of leafy green vegetables among the populace, which could
result in lack of the vital nutrients such as vitamins, minerals and antioxidants in humans with its devastating health problems [31,39,
41-45].

2. Microbial contamination of green leafy vegetable
Along the food chain, green leafy vegetables are easily contaminated by pathogenic microbes at multiple stages during production,

harvesting, processing, packaging, distribution and handling. These pathogens are attached to the surfaces of the leaves, localized in
niches, cracks and crevices. Some become internalized and are largely protected from germicides [46-48]. They are deemed high risk

Table 1
Heavy metals detected in some indigenous green leafy vegetables in Sekondi-Takoradi Metropolitan Area.
Green Leafy Vegetable  Area Heavy Metal Concentration Number of Summary of findings References
Detected (mg/kg) Samples
Amaranthus spinosus Sekondi-Takoradi Cadmium 0.027 9 duplicates The mean concentrations were below [34]
(*Aleefu) Metropolis Iron 36.178 9 duplicates the safe limit of FAO/WHO [34]
Corchorus Sekondi -Takoradi Mercury 0.0093 The metal loads in the vegetable was
Olitorious Metropolis Zinc 0.202 less than FAO safe limit
(*Ayoyo) Cadmium 0.024
Iron 27.587
Mercury 0.131
Brassica oleracea Sekondi -Takoradi Cadmium 0.018 9 duplicates The mean concentrations were below [34]
(Cabbage) Metropolis Iron 5.910 9 duplicates the safe limit of FAO/WHO
Lactuca sativa Sekondi -Takoradi Mercury 0.001 The metal loads in the vegetable was
(Lettuce) Metropolis Zinc 0.079 less than FAO safe limit
Cadmium 0.014
Iron 16.520
Mercury 0.002
Zinc 0.075
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Table 2
Heavy metals detected in some indigenous green leafy in Accra, Tamale and Navrongo.
Green Leafy Area Heavy Metal Concentration Number of Summary of findings References
Vegetable Detected (mg/kg) Samples
Brassica oleracea Tamale Cadmium 0.04 6 samples from 3 The hazard index of heavy metals load was  [31]
(Cabbage) Metropolis Chromium 0.03 vendors above 1, signifying non-acceptable level of
Manganese 0.01 non-carcinogenic adverse health effect.
Iron 3.23
Zinc 0.06
Copper 0.04
Brassica oleracea Navrongo (Site Cadmium 0.055 + 0.08 128 samples The hazard Index of the metal was above 1, [36]
(Cabbage) B) Chromium 1.871 + 0.06 indicating they could be injurious to human
Lactuca sativa  Navrongo (Site Zinc 0.732 + 0.15 health.
(Lettuce) B) Copper 1.489 + 0.09
Cadmium 0.062 + 0.03
Chromium 2.063 + 0.09
Zinc 0.845 + 0.27
Copper 2.751 + 0.05
Brassica oleracea (Waste water Cadmium BDL 48 samples each of ~ Even though the hazard indices recorded [20]
(Cabbage) irrigated) Chromium BDL cabbage, lettuce for all heavy metals indicated that
Brassica Accra Zinc 9.5+ 1.4 and ayoyo was immediate risks currently, continuous
oleracea (Groundwater Copper 3.3+1.4 used consumption of the contaminated
(Cabbage) Irrigated) Cobalt 0.4+ 0.0 vegetables over time can be lethal because
Lactuca sativa  Accra (Waste Nickel 1.8 +£1.0 these heavy metals accumulate in the body.
(Lettuce) water irrigated) Lead 10.5 £+ 3.0
Lactuca sativa ~ Accra Cadmium BDL
(Lettuce) (Groundwater Chromium BDL
Irrigated) Zinc 9.5+ 1.5
Copper 2.6 +0.4
Cobalt 1.0 £ 0.0
Nickel 1.4+0.1
Lead 6.7 + 4.2
Cadmium 1.1 £0.01
Chromium 1.1 £ 0.0
Zinc 10.6 £ 3.5
Copper 6.3+1.4
Cobalt 1.1+0.8
Nickel 2.8+ 0.5
Lead 10.2 £ 25
Cadmium 0.50 + 0.01
Chromium BDL
Zinc 9.8 £1.0
Copper 3.3+27
Cobalt 1.5+ 0.0
Nickel 2.8 +3.2
Lead 8.0+5.2

*Local Names.
*BDL means below detection limit.

produce for microbial contamination because the pathogenic microbes can form biofilms on the leaves [49]. Poor agriculture practices
such as planting vegetables on contaminated soils, using untreated poultry manure or manure containing human faecal matter,
contaminated water for irrigation, human interactions, and exposure to dusty environment contribute to the microbial loads on the
green leafy vegetables [14,47,48]. These poor practices expose the edible parts of the leafy greens to contamination and this con-
tributes significantly to the food safety problems associated with the vegetables because most of these vegetables are consume either
raw or minimally cooked [46,50-53].

In Ghana, there is a growing concern about the safety of green leafy vegetables for human consumption. This is because of poor pre-
and post-harvest practices which expose these vegetables to microbial contamination [54]. Whilst exotic vegetables are mostly used for
cold salads with minimal or no heat applied, the indigenous leafy vegetables are usually used for stews and soups to which moderate or
high heat has been applied. Several studies have pointed out consumption of green leafy vegetables with no or minimal heat applied,
make them probable vehicles for foodborne diseases [18,55,56].

The possible sources of microbial contamination of leafy vegetables identified in Ghana includes dams and ground water, waste
water usage, soil for cultivation and manure used as fertilizer, harvesting vegetables with bear hands, uncleaned transporting vans, un-
sanitized sacks used for packaging the vegetables from the farms to markets centers, non-potable water used in washing the leafy
vegetables at the market centers [18,55,57-62].

Water, an important commodity for farming, is needed by the crops before and after germination through to maturity [57,63].
Scarcity of water in rural, peri-urban and urban areas for farming activities coupled with increased demand, prolong dry seasons and
cost of safe potable water have all contributed to the diversion of using wastewater for irrigation by farmers. Interestingly, some of the
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farmers use the unclean water to wash soil-soaked harvested vegetables just before sending them to the marketing centers [64,65],
hence leaving prone to contamination. Waste water from residential and industrial drains, streams and rivers which are pumped into
shallow wells and used for leafy vegetable irrigation have been also found to be major sources of parasitic and pathogenic microbial
contamination of the leafy vegetables which are hazardous to human health [64,65]. For example, about 70% of green leafy vegetable
farmers in Accra and Kumasi use wastewater for irrigation [19]. In Cape Coast, 90.5% of spring onions, 76.2% of lettuce and 66.7% of
cabbage were found to be contaminated with parasites [60]. Parasitic contaminations detected in leafy vegetables in Navrongo
exceeded the WHO/FAO permissible levels [18,36,54,57-60,63,66].

Additionally, the soil also serves as another vehicle for pathogenic microbial contamination. The soil becomes contaminated
through the use of untreated or treated poultry and cow droppings that are mixed with the soil intended to serve as manure for the
cultivation of the vegetable. Even though these manures are used because they are cheap and readily available, they contain parasitic
micro-organisms that are easily transferrable from the soil to the crops [54,60,66].

2.1. Types of microorganisms recorded on some Ghanaian green leafy vegetables

Several studies have identified different types of microbial pathogens and parasites that habitually colonize fresh green leafy
vegetables consumed in Ghana. These include Ascaris eggs and larvae, faecal coliform, Salmonella spp., Staphylococcus aureus and
Streptococci, Strongyloides spp, Trichuris trichiura, and Entamoeba coli. Others include Bacillus cereus, Clostridium perfringes, Escherichia
coli, Shigella, yeast sp and molds. Also, Enterobacter spp., Enterococci, Klebsiella spp., Serratia marcescens were isolated, whereas fungi of

Table 3
Summary of microorganisms detected in exotic green leafy vegetables in Ghana.
Type of vegetable Microbes detected Source of Reference-Research title Summary of findings Reference
Lettuce, Cabbage, -Salmonella, enterococci, -Microbial quality of leafy green -Results shows that sampled leafy [18]
Spring Onions  faecal coliform, molds and vegetables grown or sold in Accra green vegetables have poor [56]
yeast Metropolis, Ghana microbial quality [60]
-E. coli, Salmonella spp, -Microbial quality of ready-to-eat -Leafy vegetable salads sold on the (621
Bacillus cerus, Shigella spp. vegetable salads vended in central street of Tamale were unwholesome
-Strongyloides spp, business district of Tamale, Ghana for human consumption
Hookworm, Trichuris trichiura,  -Parasitic profile of fresh vegetables  -The study showed that most of the
Ascaris lumbricoides and sold in selected markets of the Cape  leafy vegetables bought from the
Entamoeba coli. Coast Metropolis of Ghana markets were highly contaminated
Escherichia coli, Faecal coliform, Irrigation water quality and its impact with intestinal parasites
Total coliform on the physicochemical and The level of bacteria detected on the
microbiological contamination of vegetables were above the WHO
vegetables produced from market acceptable limits.
gardening: a case of the
Vea Irrigation Dam, U.E.R., Ghana
Lettuce, Cabbage, - Bacteria: Escherichia coli, -Microbiological contamination of -The research revealed that the [55]
Spring Onions  Enterobacter spp., Klebsiella some fresh leafy vegetables sold in  vegetables are significantly (361
spp., Salmonella spp., Serratia Cape Coast, Ghana. contaminated and have poor [69]
marcescens, and -Heavy metals and Microbial microbial quality hence, could be 1571
Staphylococcus contaminants of some vegetables injurious to health
Fungi: Aspergillus, Candida, irrigated with Goo reservoir water, ~ -The high microbial contamination
Fusarium, Penicillium, and Navrongo, Ghana. levels shown indicated foodborne
Rhodotorula -Presence of pathogenic E. coli in disease risk should these vegetables
- Faecal coliform, Salmonella, ready-to be-eaten salads from food be consumed
E. Coli, helminth eggs vendors in the Kumasi Metropolis, -The presence of E. coli in the salads
-Total coliforms, faecal Ghana should be a public health concern
coliform, Escherichia coli - Coliform contamination of Peri- The results showed unacceptable
urban grown vegetables and poten-  levels of microbial contamination
tial Public Health Risks: evidence on the green leafy vegetables
from Kumasi, Ghana analyzed which could results in
public health threats for consumers
African spinach, -Salmonella, enterococci, -Microbial quality of leafy green -Results shows that sampled leafy [18]
Africfn faecal coliform, molds and vegetables grown or sold in Accra green vegetables have poor (e8]
eggplant

leaves, roselle
leave (kenaf)
and jute leaves

yeast

-Bacillus cereus, Clostridium
perfringes, Escherichia coli,
Salmonella,

Shigella, Streptococcus spp,
Staphylococcus spp, Yeast sp.,
and total coliform

Metropolis, Ghana

-Potential links between irrigation
water microbial quality and fresh
vegetables quality in the Upper East
Region of Ghana subsistence
farming

microbial quality

-Similar pathogenic microbes were
found in both irrigation water and
on the leafy vegetables, hence links
between the two exist. The presence
of harmful microorganisms on the
vegetables raises public health
issues for consumers
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the genera Aspergillus, Candida, Fusarium, Penicillium, and Rhodotorula were also found [18,36,55,56,60,66-69]. Table 3 provide
detailed summary of typical microorganisms that have been respectively detected on both exotic and indigenous green leafy vegetables
grown Ghana.

2.2. Levels of microbial contamination recorded on some leafy vegetables in Ghana

Microbial examination conducted on fresh leafy vegetables on some selected farms and at the market places shows various levels of
microbial contamination [18]. Green leafy vegetables such as cabbage (Brassica oleracea), lettuce (Lactuca sativa), African spinach
(Amaranthus sp), African eggplant leaves (Solanum macrocarpon), roselle leaves (Hibiscus sabdariffa), and jute leaves (Corchorus oli-
torius) collected from 50 farms and four major markets in 2018 within Accra, show the following levels of contamination on all
vegetables; the mean aerobic bacteria count on all sampled green leafy vegetables ranged from 8.30 to 9.20 log CFU/g. The mean yeast
and mold counts were from 4.25 to 5.73 log CFU/g. Mean fecal coliform counts ranged from 4.28 to 5.81 log CFU/g and enterococcus
counts from 2.93 to 4.53 log CFU/g [18].

Besides, varied microbial contamination levels were recorded for 30 samples of ready-to - eat fresh green leafy vegetable salads
(mostly exotic vegetables) in Tamale, in the Northern region of Ghana. These vegetable salads samples were collected from the central
business area in Tamale. They showed the presence of E. coli in 96.7% of the salads with average microbial counts of 7.56 log CFU/g,
Bacillus cereus were present in 93.3% of the salads with counts ranging from 0 to 7.44 log CFU/g, whilst 73.3 and 76.7% of the analyzed
salads had Salmonella spp. and Shigella spp. with the plate counts ranging from 0 to 4.54 log CFU/g and O to 5.54 log CFU/g,
respectively [56].

Significant levels of microbial contaminations were also found in leafy vegetables from three main markets in Cape Coast; Koto-
kuraba, Abura, and University of Cape Coast Science markets. Microbial examination was conducted showed the prevalence of in-
testinal parasites on 90.5% of spring onion, 76.2% of lettuce and 66.7% of cabbage [60]. Mean bacterial counts recorded for cabbage,
lettuce and spring onions from the Kotokuraba Market in Cape Coast were 1.93 x 10%, 1.23 x 108, and 1.17 x 108 CFU/ml, respectively. From
Abura Market also in Cape Coast, the mean bacterial counts recorded were 9.9 x 107, 2.8 x 107, and 6.60 x 10” CFU/ml, respectively, for the
same leafy vegetables [55,60]. Microbial loads were detected on kenaf (Hibiscus cannabinus), African spinach (Amanranthus cruentus)
and lettuce (Lactuca sativa) from three farms in Tono, Upper East region as well. Bacillus cereus load ranged from 3 x 10° CFU/g to 74
x 10° CFU/g, while Staphylococcus spp. load ranged from 0 to 21 x 10° CFU/g also Clostridium perfringes load ranged from 37 x 10°
CFU/g to 80 x 10° CFU/g. Escherichia coli counts ranged from 4 x 10° CFU/g to 80 x 10° CFU/g while Salmonella spp. counts ranged
from 0 to 70 x 10° CFU/g. For yeast, the counts ranged from 0 to 75 x 10! CFU/g [68]. In 2020, microbial analysis on cabbage and
lettuce in Navrongo also in the Upper East region revealed microbial contamination levels, for cabbage, the mean microbial loads are;
faecal coliform counts ranges from 2.6 x 107 CFU/g to 3.0 x 107 CFU/g, E. Coli; 2.3 x 107 CFU/g to 2.8 x 10 CFU/g Helminths eggs;
2.8 x 107 CFU/g to 3.1 x 107 CFU/g and salmonella counts ranges from 2.1 x 10’ CFU/g to 2.4 x 107 CFU/g and for lettuce, the mean
microbial loads for faecal coliform ranges from 2.9 x 107 CFU/g to 3.1 x 107 CFU/g, E. coli counts are 2.3 10’ CFU/g to 2.9 x 10’
CFU/g, the helminths eggs counts ranges from 2.7 x 10’ CFU/g to 2.9 x 107 CFU/g and the plate count for salmonella ranges from 2.2
x 107 CFU/g to 2.3 x 107 CFU/g [36]. Similarly, analysis conducted on spring onion and cabbage grown and irrigated with water from
the Vea Dam in the Upper East Region of Ghana showed results that exceeded the acceptable limits of World Health Organization.
Feacal coliform and E. coli loads on the spring onions are; 3.32 + 0.07 and 3.25 + 0.05 (log CFU/10 g) while that of cabbage are; 3.50
=+ 0.04 and 3.34 + 0.08 (log CFU/10 g) [62].

In Kumasi, microbial examination was conducted on fresh salads sampled from ten suburbs among street food vendors shows the
presence of total coliforms and E. coli. The mean log CFU/g counts are 6.35 + 0.09 for total coliforms and 5.1 + 0.1, for E. coli.
respectively [69]. A similar study conducted in Kumasi gave mean total coliform/100 ml concentration for spring onions, lettuce and
cabbage were 9.15 x 10°, 4.7 x 107 and 8.3 x 107 respectively. The mean faecal coliform counts for spring onions, lettuce and cabbage
were 1.5 x 108, 4.15 x 107 and 2.15 x 107, respectively, also the mean E. coli counts for spring onions, lettuce and cabbage were 1.4 x
108, 2.2 x 107 and 3.2 x 107 [57]. Also, highly significant levels of faecal coliforms and helminths were isolated on 72 lettuce samples
at farm gates in Kumasi [70].

2.3. Health and nutritional implications of microbial contamination in different leafy vegetables

However, the presence of harmful microorganisms such as Ascaris spp, Staphylococcus aureus, Streptococci, Strongyloides spp, Tri-
churis trichiura, Bacillus cereus, Clostridium perfringes, E. coli, Shigella, yeast sp and molds, Enterobacter spp., Salmonella and Entero-
cocci, Klebsiella on the leafy green vegetables are risk factors for foodborne disease outbreaks such as cholera, typhoid, diarrhea and
dysentery which affects health and nutrition of consumers of such contaminated leafy green vegetables [14,36,46,72-74]. Another
microbial hazards to freshly cut ready-to- eat leafy greens by these disease-causing microorganisms is their ability to cause spoilage and
odour rendering salads unsafe for human consumption [10,46].

3. Pesticide residues in green leafy vegetables

Pesticides application on vegetable farms is an important agricultural practice because it is needed to control or prevent unwanted
organisms such as insects, fungi, bacteria and weeds which cause destruction to farm produce [76]. Green leafy vegetables are very
susceptible to the destructions caused by these pests and diseases, especially when damaged or have senescing tissue. Hence, farmers
use pesticides such as Carbofuran, Lambada-cyhalothrin, Cypermethrin, Diazinon, Fenitrothion, Chlorpyrifos, Endosulfan to prevent
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or control the infestation while ensuring quality and boosting production to meet market demands [76,78].

However, the excessive use of these pesticides results in residual effect which affects the wholesomeness of the vegetables [51,79,
80]. For instance, 14C-fenpicoxamid (phenyl- and pyridine) metabolism assessed in cabbages grown in open-air environment with
30-day intervals re-treatment, harvested on 7 days after spraying (mature leaves) and14 days after spraying (immature leaves) shows
over 98% of the total residue in cabbage samples was extracted with acetonitrile and aqueous acetonitrile, containing 0.1% phosphoric
acid” [81]. Likewise, a study conducted in the USA using spring onions and chive leaves in a five-trial experiment with a re-treatment
of cyazofamid for 7 days and zero pre-harvest intervals (PHI) shows cyazofamid residue levels of 0.46, 0.48, 0.54, 0.77 and 1.1 mg/kg
but the allowable daily intake of this pesticide is 0.2-0.044 mg/kg. However when the leafy green onions were harvested 35 days after
the last application showed negligible cyazofamid residue level [81].

By applying pesticides at various stages of growth of the leafy vegetables, farmers introduce chemicals into the environment and
into the vegetables. Also, soil and water bodies used for farming have been found to be other sources that retains agrochemicals and
transfer the chemicals into the vegetables [80,83,85].

The soil has high retention capacity for dichlorodiphenyltrichloroethane (DDT) and other organophosphate and organochlorine
pesticides and this makes the soil a risk factor for surface, shallow or groundwater pesticides in and around the vegetable farms as its
content leaches into the water bodies [80,84,85]. In Ghana, the application of pesticide (insecticide, fungicides, herbicides, bacteri-
cides, and rodenticides) in vegetable production has been on the increase over the past years. It is estimated that about 87% of
vegetables and fruits farmers in Ghana uses chemical pesticides to control pest and diseases in Ghana [86]. They further reported
predominant usage of herbicides in vegetable production in Ghana because of farmers perception of weed control. Further studies have

Table 4
Selected pesticides residues in leafy green vegetables in Accra Metropolis.
Vegetables  Area Pesticides Detected Concentration (mg/  Number of Detection Method Reference
kg) x 1072 Samples
Cabbage Accra p,p’-DDE 0.04 267 Quick, easy, cheap, effective, rugged and safe [91]
Metropolis Aldrin 0.01 analytical procedure
Chlorfenvinphos <0.01-0.06
Fenitrothion <0.01-0.06
Permethrin <0.01-0.15
Endosulfan sulphate 0.05
Deltamethrin <0.01-1.60
Fenvalerate <0.01-0.23
Cypermethrin <0.01-0.27
Methoxychlor <0.01
Fonofos 0.43
Diazinon <0.01-0.15
Lettuce Accra a-Endosulfan 0.05 252 Quick, easy, cheap, effective, rugged and safe [91]
Metropolis Beta-endosulfan p, 0.04 analytical procedure
p’-DDE <0.01-0.28
Diazinon <0.01-7.88
Dimethoate <0.01-0.09
Chlorpyrifos <0.01-1.27
Deltamethrin <0.01-1.19
Fenvalerate <0.01-0.61
Cypermethrin <01-0.19
Lambda-cyhalothrin <0.01-0.92
Bifenthrin <0.01-0.39
Fenitrothion <0.01-0.03
Cabbage Accra p-Endosulfan 1.6-2.0 50 multi-residue method based on solid-phase [88]
Metropolis Endosulfan sulphate 2.7-3.1 extraction followed by gas chromatography-mass
p,p-DDT 1.2-1.8 spectrometry
p,p-DDE 1.2-1.6
p,p-DDD 2.1-2.5
y—Chlordane 0.9-1.3
Heptachlor 0.9-1.3
Lindane 1.3-1.9
p-HCH 0.8-1.4
Endrin 2.2-2.6
Lettuce Accra p-Endosulfan 0.9-1.3 50 Multi-residue method based on solid-phase [88]
Metropolis Endosulfan sulphate 2.0-2.6 extraction followed by gas chromatography-mass
p,p-DDT 2.8-3.6 spectrometry
p,p-DDE 2.7-3.5
p,p-DDD 2.6-3.0
y—Chlordane 0.6-1.8
Heptachlor 0.6-1.8
Lindane 1.8-2.4
B-HCH 1.3-1.9
Endrin 1.8-2.4
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shown high levels of contamination of pesticides (DDT) with residue levels of <0.01 to 165.81 mg/kg in soils from leafy green
vegetable farms and ground water close to the farms in some parts of Ghana [85].

3.1. Common types of pesticide residues found some Ghanaian fresh leafy vegetable

Green leafy vegetables grown in Ghana have been found to contain organochlorine, organophosphorus and synthetic pyrethroid
pesticides. Although organochlorine pesticides including methoxychlor, DDT, aldrin, and beta-HCH are banned worldwide, some
Ghanaian vegetable farmers continue to use them illegally, hence their presence in some green leafy vegetables [83,85,88-90].

Analysis conducted on about 4,000 leafy green vegetables from major markets in Accra revealed the presence of fenvalerate,
fenitrothion, lambdacyhalothrin, dimethoate, permethrin, deltamethrin, lindane, endosulfan, chlorpyrifos, aldrin, enderin, parathion,
heptachlor, phorate and DDT [83,91]. Furthermore, a three year study, from 2010 to 2012, in which 252 samples each of cabbage and
lettuce from Accra were analyzed, showed positive results for Deltamethrin, Cypermethrin, Cyfluthrin, Pirimiphos-methyl, a-Endo-
sulfan, p. p’-DDE, Bifenthrin and Chlorpyrifos which were above the maximum residue limits (MRL) [91].

In Kumasi, organochlorine residues of methoxychlor and betahexachlorocyclohexane (beta-HCH), heptachlor, aldrin, a-endo-
sulfan, dieldrin, endrin and p,p’-DDT were isolated from leafy green vegetables collected from four farms [85]. Also, in another study
conducted in Kumasi (Ayigya, kejetia, Asafo, Adum, Bantama, Suame and Aboabo), on ready-to-eat leafy green vegetable salads
revealed the presence of synthetic pyrethroid and organophosphorus pesticides residues [92]. Specifically, the synthetic pyrethroid
pesticide residues detected included bifenthrin, permethrin, cypermethrin, deltamethrin, lambda-cyhalothrin and fenvalerate, whilst
the organophosphates identified were chlorpyrifos and diazinon [92]. Similarly, in 2005, a study conducted on total of 180 spring
onions, cabbage and lettuce samples from three cities namely, Kumasi, Tamale and Accra revealed Chlorpyrifos (Dursban) on 78% of
the lettuce, lindane (Gamalin 20) on 31%, endosulfan (Thiodan) on 36%, lambdacyhalothrin (Karate) on 11%, and
dichloro-diphenyl-trichloroethane on 33% [93]. These detected levels mostly exceeded the maximum pesticide residue levels for
consumption in vegetables by FAO/WHO [81,93]. Tables 4 and 5 provide detailed summaries of commonly detected pesticides and
their concentration levels in leafy green vegetables from some selected locations in Ghana.

3.2. Levels of pesticide residues recorded on some Ghanaian leafy vegetables

The Maximum Residue Levels is “the highest level of pesticide residue that is legally tolerated in or on food or feed when pesticides
are applied correctly”. The amount of residues found in all foods must be safe for consumers and must be as low as possible stated in
mg/kg” [94]. The European commission’s MRL for organochlorine pesticide residues in or on leafy green vegetables such as cabbage

Table 5
Pesticides residues detected in fresh leafy green vegetables in Kumasi and Accra Metropolis.
Vegetables Area Pesticides Detected Concentration Number of Detection Method Reference
(pg/kg) Samples
Cabbage Ayigya, p-HCH 0.20 + 0.01 1kg Varian CP-3800 gas chromatograph equipped [85]
Kumasi y -HCH 1.40 + 0.41 with an electron capture detector (ECD)
8-HCH p,p'-DDT 1.50 £ 1.81 and VF-5ms capillary column (30 m x 0.25mm x
Endosulfan sulphate 5.67 + 0.44 0.25 pm) was used
Methoxychlor 28.47 + 2.68*
184.10 4+ 12.11*
Lettuce Ayigya, y -HCH 9.54 £+ 0.02 1kg Varian CP-3800 gas chromatograph equipped [85]
Kumasi Heptachlor 2,29+ 0.14 with an electron capture detector (ECD)
Aldrin 22.66 + 0.15* and VF-5ms capillary column (30 m x 0.25mm x
a-Endosulfan 0.60 + 0.28 0.25 pm) was used
Dieldrin 1.49 £ 0.14
Endrin p,p’-DDT 1.69 + 0.42
Methoxychlor 9.34 + 0.22
165.21 + 12.65*
Salads (Lettuce Kumasi, Synthtic Pyrethroids 0.007-0.320 800 g each Quick, easy, cheap, effective, rugged and safe [92]
and cabbage Ghana Bifenthrin 0.002-0.070 from 16 sites  analytical procedure and GC (Electron Capture
mixture) Cypermethrin 0.001-0.021 Detector and Pulsed Flame Photometric Detector)
Deltamethrin 0.001-0.050
Fenvalerate 0.004-0.130
Lambda- 0.002-0.460
cyhalothrin
Permethrin
Salads (Lettuce Kumasi, Organophosphorus 0.034-0.090 800 g each Quick, easy, cheap, effective, rugged and safe [92]
and cabbage Ghana Chlorpyrifos 0.066-0.184 from 16 sites  analytical procedure and GC (Electron Capture
mixture) Diazinon Detector and Pulsed Flame Photometric Detector)
Lettuce Accra Deltamethrin 0.50 252 modified quick, easy, cheap, effective, [91]
Cypermethrin 2.00 rugged and safe analytical procedure
Cyfluthrin 1.00
Pirimiphos-methyl 1.00
a-Endosulfan 0.50
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and lettuce is 10 pg/kg or 0.01 mg/kg and the acceptable daily intake (ADI) is 3 mg/kg bw [85]. However, research has shown that the
levels of methaxychlor detected in some leafy vegetables in Kumasi, Ghana (Table 5) were about 20 times higher (184.10 + 12.11)
than the EU’s MRL of 10 pg/kg [85].

A three-year study carried out to determine the presence of pesticides residues in vegetables in major markets in Accra (Table 4)
shows that 1,128 leafy vegetable samples exceeded the maximum residue limits of 0.005 mg/kg for organochlorine, 0.01 mg/kg for
organophosphorus and 0.01 mg/kg for synthetic pyrethroids as established by EU/WHO [81,91]. Another study in which 400 veg-
etables including cabbage and lettuce were investigated for the presence of chlorinated pesticide residues (Table 4), results shows that
20% of the samples were above the maximum residue levels [88].

3.3. Health and nutritional implications of pesticide residues contamination

The interplay between health and nutrition is intrinsically linked in that consumption of healthy diets, which includes green leafy
vegetables due to their high content of vitamins and minerals such as vitamins A, B and C, Ca, Fe, folic acids, dietary fiber, protein and
important bioactive compounds leads to good health [95]. Previous studies have shown that non-consumption of these vitamins and
mineral rich leafy green vegetables leads to micronutrient deficiencies among the populace [95-97].

Consequently, pesticides residues on leafy green vegetables have been found to affect the nutritional quality of the vegetables and
their consumption having several fatal outcomes for consumers [98]. Evidence has shown that consumption of organochlorines,
organophosphorus and synthetic pyrethroids in any amount in the leafy vegetables bio-accumulate in the human body and have been
associated with disease conditions such as cancer, headache, reproductive health problems, hormone disruption, nervousness,
dizziness, confusion, vomiting, convulsion and decreased intelligence [7,51,98,100,101].

Also, chemicals such as chlorine used in treating slightly chopped ready-to-eat fresh leafy vegetable before packaging in order to
prolong shelf lives, leaves undesirable impacts as it produces by —products such as chloroforms, chloramines and haloacetic acids
which can be fatal to humans hence, raises several public health concerns [10,51,84].

4. Interventions to reduce the microbial, heavy metals and pesticides residues in green leafy vegetables

Green leafy vegetables have become a very important part of diets globally, but yet are plagued with the challenge of contamination
from microbial, heavy metals and pesticide residues. It has therefore become imperative to device reliable methods that could help
reduce the contamination load in order to make the vegetables safe for human consumption [102-104]. According to the US Envi-
ronmental protection agency, a method is deemed significant if the treatment results in microbial reduction of 2 log or more. Also, any
methods which lowers the residue levels of pesticides below the maximum residue level of 0.1 to 1 ppm is considered effective [105].

4.1. Microbial interventions

In decontaminating fresh lettuce, a combined treatment of ozone (9 mg/L) and lactic acid (2.5 ml/L) for 10 min effectively reduced
E. coli 1.6-2.9 log CFU/g and mesophilic bacteria 1.5-3.5 log CFU/g on the lettuce [106]. Furthermore, washing the leafy vegetables
with 1.2 g/L of acidified sodium chlorite (ASC) was shown to removed E. coli, L. monocytogenes, and Salmonella spp. up to 99.9% from
the vegetables [105]. They also recommended modern technologies such as Ultrasound, pulsed light (PL) treatment, ultraviolet (UV)
light which destroys microorganisms through generation of photoproducts in the DNA of exposed microorganism, High hydrostatic
pressure (HHP) technique, Gamma-rays, X-rays radiation which effectively decontaminate leafy vegetables and make them safe for
consumption [105]. Likewise, the effectiveness of PL and a HEN (hydrogen peroxide, EDTA and Nisin) was tested in the reduction of
E. coli on spinach. Intense treatment for 15 s using pulse light alone resulted in the reduction of 2.7 log CFU/g of E. coli 0157:H7 while
the combination of PL and HEN sanitizer yielded a higher result [107]. The combination PL dose (15.75 J/cm2) followed by 2 min
immersion in HEN whereas in HEN-PL treatment yielded a 4.6 logs CFU/g reduction of E. Coli on the fresh spinach [107]. However,
EDTA application must be done carefully as long-term exposure to higher concentrations by human dentin can resulted in removal of
phosphorus from the teeth [108].

4.2. Heavy metal interventions

In another study, a combination of microbubbles and two oxidizing sanitizers; sodium hypochlorite (NaOCl, 40 and 80 mg/L) and
acidic electrolyte water (AEO, 20 and 40 mg/L) used to wash leafy green vegetables for 5 min resulted in the effective reduction of
Salmonella Typhimurium and E. coli on sweet basil and Thai mint with 2-3 log CFU/g (99.2-99.8%) [109].

In reducing heavy metals contamination on leafy green vegetables, a study suggested grafting which truncates the heavy metal
uptake by the roots of the leafy vegetables into the leaves. Similarly, in a study between grafted and non-grafted shoots of vegetables,
the results revealed lower concentrations of Sr, Mn, Cr, Ti, Pb, Ni and Cd in the grafted leafy green vegetables compared to the non-
grafted vegetables [39,110]. Transgenic planting is a form of genetic engineering technique which enhances the polyremediation
capability of plants in reducing hazardous heavy metals in the environment. These transgenic plants prevent accumulation of heavy
metals such as Hg and Cd by truncating root uptakes, hence accumulation in the leaves are prevented [39,111,112]. Previous studies
have successfully explored phytoremediation technique in reducing the levels of heavy metals in the soil, where higher plants were
used to absorb both essential and non-essential metals including Cd [114-117]. Transgenic planting and phytoremediation techniques
can be adapted in Ghana to reduce heavy metals in leafy vegetables.
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4.3. Pesticides interventions

For reduction of pesticide residue concentration in leafy vegetables, various methods have been suggested. For instance, findings
showed the reduction of methamidophos and dimethoate on spinach and cabbage using a strong acidic electrolysed oxidizing (AC)
water and alkaline electrolysed (AK) water. Mixing a strong acidic electrolysed oxidizing (AC) water with either methamidophos or
dimethoate reduced the initial concentrations by more than 99% [118]. Furthermore, NaOH solution (pH 11.24) or strong alkaline
electrolysed (AK) water resulted in a 98% of methamidophos in 10 min. Using AC water to wash three times every 3 min, followed by
an AK water washing for 3 min with shaking (AC-333, AK-3) increased the reducing effect significantly [118].

Another method which has been reported to be efficient and effective in the removal or reduction of pesticides residues on leafy
vegetables is the ultrasound aided extraction (UAE). Ultrasound cleaning technique is a faster method which penetrates all the crevices
of the vegetable. This method has aided the extraction of different pesticides including organophosphate, carbamates, triazoles, and
pyrethroids from six vegetable matrices [119,120]. Also, a recent study investigated the effect of ozone, lactic acid and combination
treatments on the control of pesticide contaminants of fresh vegetables and reported that combined treatment of vegetables with lactic
acid and ozone effectively remove 26-97% chlorpyrifos and 62-100% of spiked A-cyhalothrin from various vegetables [106]. The
difference between normal washing with water and the combine treatment of ozone and lactic of the vegetables to remove chlorpyrifos
was statistically significant at p < 0.05 [106].

Soaking Chinese-kale for 15 min in 0.1 M acetic acid has been proven to remove 43 and 90% of methomyl, carbaryl, and pesticides
from the vegetable [105,122]. The study suggested that high redox potential (617 mV) and the acidity of the acetic acid (pH 3.74)
solution could be the reason for the carbaryl degradation [105,122]. Electrolyzed water also known as electrolyzed oxidizing water
(EOW) and electrolyzed reducing water (ERW) have shown effectiveness in removing pesticide residues from spinach. The EW due to
its strong oxidizing capacity has been used to effectively remove pesticides from fresh vegetables [105]. While the EOW on the other
hand was effective in removing pesticides such as diazinon, phosmet, and cyprodinil on fresh spinach [124].

5. Recommendations for producers, retailers and consumers

With the evidence provided to us from the published articles on the microbial, heavy metals and pesticides residue contamination
of leafy green vegetables in Ghana, we recommend that;

- The Ministry of Food and Agriculture (MOFA), and the government should strengthen legislation, and oversight responsibility on
food crop production in Ghana. That is, they must increase education on the health hazards associated with the utilization of
untreated poultry or cow dung as manure usage, the usage of untreated waste water from drains and sewages for irrigation pur-
poses, water from unprotected and polluted well and reservoirs used on the farms to avoid microbial contamination.

Awareness must be increased among retailers on the health risk linked with the use of untreated water for sprinkling on fresh leafy
vegetables in the market places. Also, agricultural centered NGOs must include sensitization of farmers and the public on the
sources of heavy metals in the leafy greens and the health risks associated with heavy metals consumption through leafy green
vegetables.

Farmers should be educated on the dangers associated with the excessive application of permissible agrochemicals and the
avoidance of the usage of banned agrochemicals for vegetable production, how the chemicals can bio accumulate in their body
leading to diseases and death; and how their actions are putting public health at risk.

Public education in churches and mosques, local opinion leaders, dramas on television and radios to drum home the health
problems associated with the use of unsafe water, and unsafe farm and cooking practices must be initiated and sustained.
Knowledge must be shared during the public education on the safe methods of washing fresh leafy vegetables and cooking time of
the vegetables to render the harmful microbes ineffective or completely eliminate. Also, awareness must be created on the available
methods of decontaminating the green leafy vegetables to remove or reduce pesticides and heavy metals to improve quality and
safety.

Proper labelling of package leafy vegetables indicating type of chemicals and quantity used for production and preservation should
be stated. Compulsory quarterly medical examination for leafy green vegetable farmers so as to ascertain the level of chemical bio
accumulation and worm infestation in order to minimize and or prevent cross contamination of the fresh leafy green vegetables
through handling on the farms should be instituted.

-Regular testing of water and soil on the farms to ascertain level of microbial, heavy metals and pesticide residue contamination
should be carried out by the relevant agencies. More microbial and pesticide residue contamination research covering many va-
rieties of indigenous Ghanaian green leafy vegetables is recommended.

6. Conclusion

Available data show high levels of microbial contaminations of both exotic and few indigenous green leafy vegetables analyzed
from some Ghanaian market especially in Accra, Kumasi, Tamale and Navrongo. Heavy metals such as Pb, Cd, As, Fe, Zn, Hg and Cu
were as well found on these leafy vegetables. Although the application of pesticides is necessary for increase food production which is
important in preventing food insecurity, data available has shown excessive usage of the pesticides which leaves residues that exceeds
the maximum residue level permitted by European Union Commission/World Health Organization in the analyzed vegetables samples.
However, there is the need for public education on safe use of pesticides coupled with their health implication. Education on safe

10



P. Atitsogbey et al. Heliyon 9 (2023) e15466

vegetable production and consumption coupled with the health risks associated with not adhering to guidelines should be incorporated
in Ghana’s educational curriculum at all levels. However, it is imperative to consider simples detection methods at the farm level to
help farmers with rapid analysis of green leafy vegetables after harvest.
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