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A B S T R A C T

The serious water scarcity experienced across the globe and the desire for sufficient food production all year
round to combat hunger, poverty and malnutrition necessitate the need for wastewater reuse in irrigation.
Wastewater has varied compositions that affect the growth of different crops positively, they may also be a
source of dangerous pollutant. Heavy consumption of vegetables have been encouraged for its nutritional and
health advantages. Hence, their production and cultivation have increased globally. While the nutritional ad-
vantage of vegetables is appealing, their high susceptibility to harbor and spread pathogenic microbes call for
serious concern. Activities such as transportation, improper handling and packaging amongst others are sources
of vegetable contamination. Irrigation water and techniques however present greater danger. Agro-industrial
wastewater of a ready-to-eat vegetable (RTEv) industry operating a closed system may reintroduce microbes to
vegetable gardens. The use of raw domestic wastewater, either black or grey water in vegetable cultivation
presents attendant challenges which must be handled with utmost precaution. This review is focused on the
dangers associated with the reuse of agro-industrial and domestic wastewater, precautions required as well as
possible preventive/reduction measures. The possible dangers associated with “crude irrigation techniques” used
in vegetable cultivation in the Southwestern part of Nigeria are presented. This work will no doubt serve as a tool
for policy makers and environmentalists in enlightenment and awareness campaigns in educating most rural
dwellers who are ignorant of these dangers.

1. Introduction

Food security is one of the focuses of the post 2015 developmental
agenda and various sectors worldwide are greatly concerned about the
African continent on this subject matter (Termeer, Drimie, Ingram,
Pereira, & Whittingham, 2018). The target is towards meeting the
dietary need and food preference for healthy and active life. Important
focuses remain physical, social and economic access to food, food
safety, food sufficiency as well as the nutritive properties of food (FAO,
2009). Hence inexhaustible line of challenges affect food security, a few
of which are climate and weather pattern, environmental degradation
and pollution. One indicator of food insecurity is the severe hike in
international food price which has limited accessibility to food globally,
thus leaving over one billion people undernourished (Cornia, Deotti, &
Sassi, 2016). Good nutrition is of importance to people of all ages and

under nutrition is said to be responsible for 45% of under-five death.
This has a great association with malnutrition hence good nutrition can
significantly contribute to reduction in under five mortality (Kramer &
Allen, 2015).

The drive for food availability is on the increase by nations and agro
activities are geared towards achieving this move. All year round crop
production is only possible via good and effective irrigation which re-
quires considerable high volume of water (Vanham et al., 2018).
Challenges associated with farming via irrigation are enormous. Para-
mount among them is the high water scarcity currently being experi-
enced globally (Liu, Liu, & Yang, 2016). Water conservation via was-
tewater reuse has been identified as a means of industrial and water
sustainability (Matsumura & Mierzwa, 2008; Vergine et al., 2017).
Wastewater reuse is obviously of immense benefit in agricultural ac-
tivities. It serves as a means of nutrient preservation, preserves our
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water bodies from pollution, ensures an economical crop production as
it increases crop yield thus reducing fertilizer consumption (Gatta et al.,
2015; Libutti et al., 2018). Wastewater reuse has been globally em-
braced for crop irrigation and other agro activities (Chan et al., 2017;
Muñoz et al., 2009). Its use however must be with great caution in order
to ensure clean crop production.

The use of treated wastewater in agro activities comes with atten-
dant challenges. First, wastewater contains varying degree of pollutants
depending on their source. The various wastewater sources which in-
clude agro-industrial, household or grey water, municipal wastewater
and hospital wastewater are all unique in their composition. These
categories of wastewater have been used for irrigation purposes over
the years either in their raw state or after treatment. These have their
attendant effects on the irrigated crop and by extension on human. The
sanctity of food crops produced via irrigation depends largely on irri-
gation water content amongst others. While organic and inorganic
pollutants may bio-accumulate in crops and vegetables, the presence of
pathogens, enteric bacteria and viruses are considered most threatening
for vegetables (Heaton & Jones, 2008).

Vegetables are a group of crop easily grown by irrigation. They can
be eaten raw or with limited processing, hence their consumption easily
causes serious health challenges if contaminated. Vegetables are con-
sumed by all categories of economy. Their propagation requires only
small land and minimal efforts, hence its viral cultivation amidst the
low income earner (Mritunjay & Kumar, 2015). Hunger, poverty and
malnutrition are serious challenges in Sub-Saharan Africa (SSA) and
these three are more associated with rural dwellers (Prosekov &
Ivanova, 2018; Xie, You, Wielgosz, & Ringler, 2014). Over 70% of the
poor in SSA lives in the rural area and solely depends on agricultural
activities for their survival (Arouna, Lokossou, Wopereis, Bruce-Oliver,
& Roy-Macauley, 2017). These rural dwellers greatly use and depend on
vegetables to complement staple starchy food as well as increase their
food variety (Uusiku, Oelofse, Duodu, Bester, & Faber, 2010). Vege-
tables are cultivated on available spaces around the residential as well
as various farm sites. Agricultural activities in SSA currently depends
majorly on rain. However, crude irrigation using raw domestic waste-
water is mainly practiced for vegetable cultivation within and around
residential areas. This practice may be accompanied by high risk since
domestic wastewater may contain very deadly pollutants. No doubt,
vegetable consumption holds great benefits. However, ensuring its
sanctity is of utmost importance in order to ensure consumer safety.

The global consumption of vegetables has greatly increased
(Caradonna et al., 2017; Ssemanda et al., 2017). Similarly, the cam-
paign for adequate consumption of fruits and vegetables has been on for
decades in the developed nations. Five daily servings of fruits and ve-
getables is recommended in most developed nations (Brookie, Mainvil,
Carr, Vissers, & Conner, 2017). This is done to better promote healthy
living, reduce the risk of cardiovascular related diseases, overweight
health situations and challenges as in the case of obesity and type II
diabetes as well as cancer (Rekhy & McConchie, 2014; Wang et al.,
2014). Great acceptance of this recommendation jacked up the market
of ready-to-eat vegetables (RTEv) as consumers consider it a healthy
and convenient food (Castro-Ibáñez, Gil, & Allende, 2017). However,
vegetables which have been considered a tool for healthier living have
also been frequently linked to the outbreak of food borne diseases
which cause about 5072 deaths in the United State (US) annually
(Alegbeleye, Singleton, & Sant’Ana, 2018). Sources of contamination
have been identified to vary from environmental to human handling
and exposure to animals. Inappropriate fertilizer and manure applica-
tion, intrusion of livestock on the field and the use of unsafe water for
irrigation, all contribute to on-site vegetable contamination (Mir et al.,
2018). For instance, domestic wastewater (grey and black water) con-
tains high faecal coliform while wash water in RTEv industries may be
rich in various microbes. These may be a source of serious con-
tamination if used for vegetable irrigation. While some reviews had
their focus on reclaimed water treatment technologies (Norton-

Brandão, Scherrenberg, & Lier, 2013), sustainability of irrigation
water/practice (Mechelen, Dutoit, & Hermy, 2015; Mutambara,
Darkoh, & Atlhopheng, 2016; Tal., 2016), sustainability of irrigation
system (Wazed, Hughes, O’Connor, & Calautit, 2018), development in
irrigation technologies (Nakawuka, Langan, Schmitter, & Barron, 2018)
and various contaminations and risks associated with reclaimed water
reuse in irrigation (Alegbeleye et al., 2018; Allende, Truchado,
Lindqvist, & Jacxsens, 2018; Chen et al., 2018; Elgallal, Fletcher, &
Evans, 2016; Caicedo et al., 2019), reviews focusing on dangers asso-
ciated with wastewater reuse within RTEv industries operating a closed
system does not exist. In addition, irrigation technology is in its
emerging state in several developing nations. Its practice, particularly
amongst rural dwellers involves a crude approach which mainly em-
ploys domestic wastewater as water source for vegetable propagation.
Domestic wastewater are known to be laden with emerging con-
taminants (ECs) such as pharmaceuticals and personal care product
wastes. While ECs are a subject of discuss as well as a concern in de-
veloped nations, little or no attention is given to these contaminants in
developing nations. This review also discusses the danger of crude ir-
rigation practice viz-a-viz popularly consumed food such as vegetables.
Hence the importance of this work.

Two categories of wastewater, agro-industrial and domestic waste-
water, in vegetable propagation are herein discussed. The agro-in-
dustrial wastewater reuse in crop irrigation identifies possible chal-
lenges that may be associated with closed system in vegetable
propagation and processing industries while the domestic wastewater
reuse in vegetable irrigation highlights issues that may arise from crude
irrigation, particularly in the developing nations. Each of these irriga-
tion water sources, their methods of treatment as well as shortcomings
of such treatments are discussed in a brisk with emphasis on critical
pollutants which may subsist despite applied treatment techniques.
Facts obtained from studies investigating the impacts of irrigation water
on vegetables may serve as tools and yardsticks in the formulation of
policies which will globally safeguard the health of vegetable con-
sumers.

2. Method

Science direct which contributes the highest percentage to Scopus
data base was basically used to harvest relevant literature for this study.
Few articles were similarly sought out via google search engine. Several
key words were used in the search for literature, these include; Food
security, food safety, wastewater conservation and reuse, wastewater
for irrigation, domestic wastewater in crop cultivation and vegetable
propagation, agro-industrial wastewater in crop cultivation and vege-
table propagation, ready to eat vegetables. Collected manuscripts were
screened based on their relevance to the objective of this work con-
sidering also the year of publication. Relevant manuscript published
from 2007 to 2018 were used for this work. Selected studies from each
continent were used as representative articles to establish a broad view
and a global scenario of increased production and consumption of ve-
getables, microorganism presence in vegetables and outbreak of dis-
eases traceable to vegetable consumption. A few published manuscripts
discussing such scenario in Nigeria were also articulated herein. A total
of one hundred and thirty four manuscripts which were drawn majorly
from Journals focusing on food, agriculture and the environment were
finally used for this work.

3. Agro-industrial wastewater as water for irrigation

Agro-industries are industries greatly explored by developing na-
tions in order to eradicate their basic need of hunger and combat
poverty (Teh, Wu, & Juan, 2014). These industries consume and gen-
erate a huge volume of wastewater largely rich in organic materials
while their other components depend on type of industry. Agro-in-
dustrial wastewater can be a source of great environmental pollution
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and by extension a serious threat to human. Various agro-industrial
wastewater emanate from slaughter houses, fish farms, pig farms, dairy,
livestock and vegetables farms/processing (Wang et al., 2016).

Vegetable processing may involve minor processing activities such
as washing, chopping and/or slicing or advanced processes in which
processes will involve heat (in blanching) and canning. In any case, the
washing, cleaning and cooling of processed vegetables consume large
volumes of water (Lehto, Sipilä, Alakukku, & Kymäläinen, 2014). Reuse
of water in this sector is therefore of paramount importance in ensuring
continuous economic water availability, process water sustainability as
well as environmental protection (Salomonsson, Jacxsens, Perseyn, &
De Meulenaer, 2014).

3.1. Component of wastewater from ready-to-eat vegetable processing
industries

Ready-to-eat vegetables (RTEv) are vegetables which have only
gone through minor processes such as removal of dirts, washing, cut-
ting, peeling, slicing, shredding, drying and packaging. The modified
Maffei, Alvarenga, Sant’Ana, & Franco, 2016 RTEv processing steps is
presented in Fig. 1. The demand for this category of food is based on the
convenience it offers as well as demands for good nutrition (de Oliveira,
de Souza, Bergamini, & De Martinis, 2011; Maffei et al., 2016). Pro-
duction and consumption of RTEv has greatly increased across the US
(de Oliveira et al., 2011), Asia (Zhou, Helen, & Liang, 2011), Europe
(Nousiainen, Joutsen, Lunden, Hänninen, & Fredriksson-Ahomaa,
2016), Middle East (Faour-Klingbeil, Murtada, Kuri, & Todd, 2016) and
Africa (Ssemanda et al., 2017).

Wastewater from the prewashing stage, disinfecting water and rin-
sing stage constitutes the final huge volume of wastewater generated

from the RTEv processing industries (Fig. 1). Wastewater from each of
the processing stages have their distinct characteristics. They are
usually characterized by high loads of organic agents, salts, cleansing
agents, blanching agents, suspended solid such as soil particles and fi-
bers as well as pathogens. Specifically, wastewater from the disinfecting
section will be rich in chlorine since chlorine is the common disin-
fectant used in vegetable processing industries (Ömez & Kretzschmar,
2009). Non-biodegradable pollutants such as surfactants and pesticides
may also form a component of RTEv wastewater. The abundant usage of
pesticides results in their accumulation in the peels and skins of vege-
tables and their eventual release into wash water during washing
(Jiménez-Tototzintle, Oller, Hernández-Ramírez, Malato, & Maldonado,
2015; Damalas & Khan, 2017).

Microbial contamination in vegetables is of great concern.
Vegetables possess a high tendency to harbor and propagate microbes
via cross contamination in their handling and processing stages
(Prakash, Baskaran, Paramasivam, & Vadivel, 2018). For instance, ve-
getables are known to be moisture and nutrient rich. Their tissues be-
comes disrupted during cutting, dicing and slicing thus exposing nu-
trient and moisture for better microbial proliferation (Bahram-Parvar &
Lim, 2018). Vegetables may have also been contaminated by micro-
organisms while growing in field via exposure to air and wild animals.
Harvesting equipment, packaging and transportation containers may
also result in pathogenic contaminations (Maffei et al., 2016). Washing,
disinfection and rinsing stages are targeted towards ensuring that pa-
thogens amongst other pollutants do not cross to consumers. A huge
volume of water is used in these stages. Therefore, the sustainability of
RTEv industries demands available and cheap water source. Hence the
call for water reuse and circulation within the system. The later how-
ever calls for serious caution as such wastewater may serve as a source
and vehicle for microbes’ dispersal. A closed system (Fig. 2), in which
wastewater generated from the various washing stages is used for ve-
getable garden irrigation have high tendency to carry microbes back to
the garden. Until now, knowledge in the area of possible pathogen carry
over to the garden in a closed vegetable processing industry is scarce.
Since RTEv are not further processed prior to consumption, their clean
production should not be compromised. Expositions on possible con-
tamination route as well as calls for cleaner productions viz-a-viz es-
tablishment of policies that guide into clean and healthier production
can never be overemphasized.

3.1.1. Content and reuse of wastewater from vegetable processing
industries: a review of recent literature

Effective management of water resources will birth waste sustain-
ability in RTEv industries. The quality of wastewater for reuse here is
however of great importance in order to ensure safety of end con-
sumers.

3.1.1.1. Vegetable processing wastewater: nature, content and treatment

Fig. 1. Flow chart showing processing steps in ready-to-eat vegetable industries
and possible wastewater generation points.

Fig. 2. Closed system in vegetable processing industry.
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techniques. The content of vegetable wash water for carrot, onion,
escarole and spinach processing have been reported. Interest of this
research was based on possible alternative disinfection technique as
against the usual chlorination method. Ozonation, Ultraviolet-C and
ozonation/ultraviolet-C combination techniques were investigated as
possible alternatives. Comparing the wash water with fresh water used
in the washing process, the chemical oxygen demand (COD) increased
about twice in escarole and spinach wash water, onion wash water
experienced about thirty eight times increase in COD while carrot wash
water experienced 7.0 mg/L increase in COD. Highest turbidity was
reported for onions wash water followed by spinach, carrot and
escarole wash water respectively. Microbial content of wash water
multiplied by minimum twice when compared with the initial clean
water. Onion wash water was characterized by a high microbial count
compared with others. Ozone flow rate of 80mg/min was found
effective against microbes (yeast, bacteria and molds) while eight
minutes irradiation sufficiently reduced microbial content of spinach
wash water and 30min irradiation had no significant effect on onion
wash water. Physicochemical parameters of the vegetables wash water
were affected by ozonation, Uv radiation and ozone/Uv radiation
(Selma, Allende, Lo´pez-Ga´lvez, Conesa, & Gil, 2008). In another
study, the content of synthetic lettuce process wash water has been
reported. The study which focused on establishing the best conditions
for process water disinfection via electrolytic method used five E. Coli
strains. High COD, chloride content and conductivity amongst others
characterized the wash water. Microbe inactivation was reported to be
effective at high current density. This study revealed that combination
of high current density, flow rate and doping level will synergistically
give a higher rate of microbial inactivation (Gómez-López, Gobet,
Selma, Gil, & Allende, 2013). The content of artichoke wastewater
and efforts towards their organic content and solids removal has been
reported. Focus in this study centered on environmental impact
reduction, useful compound recovery as well as cost reduction via
water and energy saving means. Artichoke wastewater is said to be rich
in phenolic compounds and flavonoids. Ultrafiltration was used to
remove suspended solids while two different selective nano-filtration
membranes successfully isolated phenolic compounds and sugars
separately (Conidi, Cassano, & Garcia-Castello, 2014). Wastewater
obtained from garlic washing and slicing was investigated for its
suitability in lotus cultivation irrigation. The wastewater was found
to be very rich in COD, suspended solids and NH3eN to an extent that it
affected lotus root and ultimately, its growth. Simple biological
purification improved the suitability of the wastewater for application
in lotus growth (Pang, Feng, & Wang, 2014). In order to ascertain the
possibility of water recycling in fresh cut lettuce producing industry,
Anese, Maifreni, Bot, Bartolomeoli, & Nicoli, 2015 studied possible
microbe contaminant removal from a simulated lettuce wastewater via
ultrasound system technique. The use of continuous ultrasound in
synergy with the accompanying temperature gave a complete
inactivation of E. coli and S. enterica and 58% L. monocytogene.
However, L. monocytogene showed resistance to temperature
controlled ultrasound system treatment technique (Anese et al.,
2015). High power ultrasound (HPU), peroxyacetic acid (PAA) and a
combination of HPU/PAA was used as an alternative to the usual
chlorination technique in water sanitation of fresh cut vegetable
industry. Synthetic lettuce wastewater was generated in the
laboratory and content characterization showed high COD, turbidity
and pH. Murine novo virus (MNV) inactivation was the focus here.
MNV was found resistant to HPU treatment even after 1 h of treatment
while 5min exposure of 80mg/L PAA gave complete MNV inactivation.
HPU/PAA treatment did not yield a better result compared with the
PAA-alone treatment. It was concluded that the use of PAA alone can
prevent viral cross contamination (Sanchez, Elizaquível, Aznar, &
Selma, 2015). Recently, the use of solar treatments as alternative to
the usual chlorine inactivation was reported by Nahim-Granados,
Sánchez Pérez, & Polo-Lopez, 2018 Targeted microbes in this study

are E. coli and S. enteritidis. The wastewater used was synthesized
following the characteristic of wastewater obtained from a local fresh
cut industry in Spain. A combination of biotreatment with TiO2/H2O2

photocatalysis were the methods employed. While H2O2/solar process
greatly inactivated both microbes, S. enteritidis showed higher
resistance compared with E. coli for solar inactivation. Hence, H2O2/
solar technique was recommended as the best inactivation technique
(Nahim-Granados et al., 2018).

Wastewaters from vegetable processing industries have been in-
vestigated for possible carry-over of protein from the vegetable to the
wash water. Samples of wastewater collected from three vegetable
processing industries in Belgium were investigated for pH, crude and
non-protein content as well as the influence of protein carry-over.
Protein content of the wash water was found to be significantly high.
Protein content of the wash water was said to be influenced by methods
of processing as well as degree of vegetable cutting (Salomonsson et al.,
2014). Ghimpusan, Nechifor, Nechifor, Dima, & Passeri, 2017 recently
identified the complexity of vegetable processing wastewater. They
presented a study which utilized advanced treatment techniques in-
cluding biological tanks, ozonation and ultrafiltration. Techniques in-
troduced addressed the COD content of the wastewater greatly, other
investigated parameters were brought below the required minimum
limit.

Based on the fore-going review, wastewater from RTEv is usually
characterized by high organic content vividly depicted by their large
COD values. The quality of RTEv wastewater largely depends on the
exact vegetable type, nature and quality of soil on which the vegetable
was grown as well as irrigation water type and system. Generally, salts,
dissolved and suspended solids, nitrogen, ammonia, nitrate, nitrite,
surfactants, cleaning agents, potassium, pesticides and pesticide re-
sidues, oil and grease as well as various classes of microbes viz viruses,
bacteria and fungi form the content of RTEv wastewater. Of important
note are techniques such as PAA and H2O2/solar which were effective
in the inactivation of problematic microbes.

3.1.1.2. Sustainable water drive in RTEv industries: wastewater reuse in
vegetable propagation. A work which focuses on possible
microbiological risk and pathogenic health risk of crop irrigated with
treated agro-industrial wastewater amongst others has been recently
reported. This study was carried out in a closed-circle system of
vegetable cultivation to processing. Discharged wastewater by various
ready-to-eat vegetable industries within the location is transferred to a
wastewater treatment plant (WWTP) where it undergoes the first two
stages of wastewater treatment. Tertiary treatment was only carried out
on demand. Their results revealed bacteria re-growth in the tertiary
treated wastewater tank in a season hence high concentration of E. coli,
fecal coliform and fecal enterococci were reported in the tertiary treated
wastewater. They concluded that there was no microbial contamination
of vegetable crops. This is however traced to the fact that these
industries practice drip irrigation hence no contact of irrigation water
with the crop. They suggested that long term effect on the soil will be an
important study (Libuiti et al., 2018). The study within a closed agro-
industrial sector has also been reported. Wastewater from ready-to-eat
vegetable processing industries goes through the three stages of
wastewater treatment was used. Their study focused on fecal
indicator as related to plant and the edible part of the crop amongst
others. They discovered that wastewater from vegetable processing was
highly polluted while the various component of the agro-industrial
wastewater had great resemblance with municipal wastewater. E. coli
was found to be present in the wastewater after secondary treatment
and was consequently eliminated by the eventual UV disinfection in the
tertiary treatment stage. Interestingly, their results showed that E. coli
was not found in the fruit and edible plant parts. Irrigation method is
said to greatly determine the level of contamination (Vergine et al.,
2017). Similarly, wastewater generated from vegetable processing
industry that underwent primary and secondary treatment stages was
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used for irrigation of vegetable plantation. Samples of water, soil, plant
and vegetable crops were investigated for fecal indicators, E. coli and
fecal enterococci. Their studies were carried out in two seasons. Fecal
indicator level in secondary treated wastewater was found to be above
permissible limit while a high level of E. coli was observed for tomato
crop. Further, soil samples of one of the experimental seasons tested
positive to Listeria monocytogenes. The microorganism of soil
environment was also affected by irrigation. It was concluded that
the pathogenic bacteria contamination in open field may not
necessarily rest on the quality of irrigation water (Gomes, Costa,
Quinta-Ferreira, & Martins, 2017).

Disease outbreak based on RTEv contamination has been said to
increase with about two hundred percent between 2009 and 2014
(Beneduce et al., 2017). Thus studies focusing on the microorganism
(bacteria and viruses) as well as resistant organisms’ presence in ve-
getables have been reported across Europe (Beneduce et al., 2017;
Berthold-Pluta, Garbowska, Stefańska, & Pluta, 2017; Terio et al.,
2017), Africa (Ssemanda et al., 2017; Quansah, Kunadu, Saalia, Díaz-
Perez, & Chen, 2018), America (Byrne, Hofer, Vallim, & Almeida, 2016;
González, Cadona, Sanz, Bustamante, & Sanso, 2017) and Asia (Faour-
Klingbeil, Murtada, Kuri, & Todd, 2016; Wang, Qiao, Chen, Su, & Zhu,
2015; Kim et al., 2015). Such microorganism contaminations have been
traced to the following factors: contamination from pre- and post-har-
vest handling, Resistance of microbes to disinfectant method(s), quality
of irrigation water, bad sanitation and lack of cleaning, lack of adequate
information by workers within the processing industries and sales
outlets, lack of adequate information to consumers, loose handling of
wash water and inappropriate transportation and inadequate storage
respectively.

Chlorination is the most employed disinfection method in RTEv
industries (Ömez & Kretzschmar, 2009), it offers economic advantage,
it is efficient and easy to apply. This may however result in the for-
mation of carcinogenic by products (Coroneo et al., 2017; Loan,
Jacxsens, Kurshed, & De Meulenaer, 2016) thus, campaign towards
obtaining alternate disinfecting method(s) in the RTEv industries has
been on the increase (Artés, Gómez, Aguayo, Escalona, & Artés-
Hernández, 2009; Meireles, Giaouris, & Simões, 2016). Wastewater
generated from vegetable processing may contain huge volume of in-
active pathogenic bacteria due to disinfection processes. However, re-
activation of such bacteria once the disinfectant stress wares out is
possible thus the reuse of such wastewater may lead to serious crop and
environmental pollution. Worse of all is the existence of chlorine re-
sistant bacteria in wastewater. Microbes can grow resistance to disin-
fection chemical/techniques via a shielding effect growth through
background matrix as well as microbes encapsulation in or adhesion
onto particle surface among others (Cherchi & Gu, 2011). Resistance to
chlorine is also said to be higher in gram positive bacteria compared
with gram negative bacteria (Roy & Ghosh, 2017).

Indeed, good attention should be paid to water reuse in closed agro-
industrial firms to reduce or avoid the possibility of recycling pathogens
within the system as well as breeding of resistant pathogens. Enough
care should be taken to prevent resistant and reactivated pathogens
from re-accessing the garden via irrigation water. Chlorine concentra-
tion as well as its periodic effect on crops should be given adequate
attention. The drip system of irrigation which releases irrigation water
directly to plant roots while avoiding contacts with crops is encouraged.
Further wastewater treatment beyond the chlorination stage may help
in either reduction or complete eradication of pathogenic organisms
thus making agro-industrial wastewater safe for reuse.

4. Domestic wastewater as water for irrigation

One significant water source in agricultural irrigation is the do-
mestic wastewater. Domestic wastewater consists of a range of ha-
zardous materials alongside pathogenic microbes and amoeba (Cui
et al., 2017). This category of wastewater has been identified as a major

source of environmental deterioration. Domestic wastewater has been
identified as a major source of pollution to natural water bodies and the
environment at large. Particularly, eutrophication and proliferation of
pathogenic microbes are few of the challenges posed on the water en-
vironment by domestic wastewater (Gao et al., 2017).

4.1. Sporadic nature of domestic wastewater

Domestic wastewater has a wide range of pollutants ranging from
physically evident oil and grease, highly carcinogenic heavy metals,
endocrine disruptive chemicals such as pharmaceutical and personal
care product wastes to pathogenic microbes which threatens human
health (Balkhair et al., 2016; Lees, Fitzsimons, Snape, Tappin, & Combe,
2016). Other constituent of domestic wastewater are nutrient such as
nitrogen and phosphorus, organic matters, high chemical oxygen de-
mand generating energy of more than 130 kJ/g-COD (Latrach et al.,
2018; Yang et al., 2018a; Zhang et al., 2018). Domestic wastewater may
either be black or grey. Black water includes water from toilet, usually
of high faecal and pathogen contamination (Tervahauta, Rani, Leal,
Buisman, & Zeeman, 2014) while grey water, on the other hand, is a
combination of wastewater generated from other domestic activities
such as laundry, bathing and dish washing (Al-Hamaiedeh & Bino,
2010). Grey water may contain some pathogens and it is usually rich in
soaps, surfactant and other personal care products waste. It is also
characterized by a high tendency for contamination with non-metabo-
lized antibiotics in the body which are discharge via human urinary
activities.

Unfortunately, the rural dwellers in the developing nations readily
irrigates using domestic wastewater without attention to their con-
sequential effect on soil and water environment as well as cultivated
crop (Keraita, Konradsen, Drechsel, & Abaidoo, 2007; Abegunrin, Awe,
Idowu, & Adejumobi, 2016; Yue et al., 2017). Lack of knowledge of the
consequential effects, economic challenges, inadequate planning, ab-
sence of environmental regulation and the un-enforcement of the same
are some factors encouraging the use of untreated domestic wastewater
for irrigation. Bioaccumulation of hazardous contaminants in crops may
arise from the use of untreated wastewater for irrigation. This impact
may vary depending on types of crop and irrigation methods. Hence,
irrigation water that would be applied to crops which are eaten in their
raw state should be completely free from pathogens (Balkhair et al.,
2016; Chaoua, Boussaa, El Gharmali, & Boumezzough, 2018).

4.1.1. Reuse of domestic wastewater for irrigation: review of recent
literature

Coupled with other hazardous contaminants earlier itemized as
domestic wastewater content, pathogenic amoebae has also been
identified and reported (Cui et al., 2017). Several threats have been
reported in vegetables in relation with irrigation using domestic was-
tewater either in their treated or raw forms.

A study which investigated the effects of bathroom and laundry
water amongst others on two vegetables have been reported. These
selected domestic wastewater was used to irrigate eggplant and spinach
on a pre-planned plot. Although, plant growth was observed to increase
with irrigation time, the leave area of the vegetables moderately grew
when irrigated with bathroom and laundry wastewater as compared
with other irrigation water sources. Since this study focused on in-
creased soil fertility viz-a-viz crop productivity, threat posed by the use
of such domestic wastewater was not reported (Abegunrin et al., 2016).
Microbiological threats that accompany the use of treated domestic
wastewater in irrigation of vegetables have been reported. Wastewater
obtained after secondary treatment in a central city situated WWTP was
used in this study. The pH as well as heavy metal concentration was
reported to be within the acceptable range for wastewater reuse in ir-
rigation. However, most biological disease agents gave higher count
than the WHO recommendation. It was observed that increase in was-
tewater used in irrigation results in increase in bacteria count in
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vegetable crop. They concluded that the domestic wastewater used
requires further treatment before its use in irrigation (Balkhair et al.,
2016). Heavy metal content of raw sewage wastewater, soil and crops
of a region in Morocco was investigated and reported. Selected eight
vegetables commonly cultivated in the region was used for this study.
Although the concentrations of most metals investigated were below
permissible limits set by the international regulatory bodies with the
exception of cadmium, the study was tagged important looking at the
bioaccumulation and bioavailability possibilities of heavy metals. In-
vestigations was carried out on the root, leaf and seed of each vegetable
sample. While copper, zinc, lead and cadmium were found at high
concentration in the soil samples, the investigated vegetables were
mostly contaminated with cadmium and lead. They concluded that
continuous consumption of such vegetable may result in heavy metals
accumulation in human body with resultant health challenges (Chaoua
et al., 2018). A similar study presented loading of heavy metals in soil
and vegetables as well as its potential health implications. The waste-
water used in this study went through the three wastewater treatment
stages before its use in the irrigation of six common vegetables. Their
results showed a low risk of soil pollution, all investigated metals were
in concentration lower than the acceptable limit set by WHO. The po-
tential health risk study indicates serious danger for children compared
to adults with chromium contributing the highest health risk concerns
(Qureshi, Hussain, Ismail, & Khan, 2016).

Cao, Chen, Ma, Jia, & Wang, 2016, presented a study suggesting a
way out of metal bioaccumulation and metal associated health risks
from vegetable consumption. Domestic and industrial wastewaters
were used, four vegetables were studied, and the top as well as the
subsurface soil were studied for the presence of heavy metals. Further,
heavy metal bioaccumulation in soil and crops was also investigated on
two sites viz an open field and within a greenhouse. The soil pollution
was reported to be lowest for plant irrigated with domestic wastewater
and cultivated within the greenhouse, while all studied soil were found
highly contaminated with arsenic and cadmium. Vegetables under
study were greatly contaminated irrespective of wastewaters used and
cultivation modes. Although, level of contamination was lower in
greenhouse and domestic water irrigated crops. Interestingly, the
greenhouse cultivation system greatly reduced bioaccumulation of
metals in vegetables (Cao et al., 2016).

Almuktar & Scholz, 2015, presented microbial contamination of a
vegetable grown with domestic wastewater treated by vertical flow
wetlands. The microbial studies focused on total coliforms, E. Coli,
faecal streptococcus spp, faecal coliforms and salmonella spp. The domestic
wastewater used for irrigation in this study was found to have high total
coliform contamination. Soil contamination by E. Coli was highest from
wastewater with preliminary treatment from plant whose heights are
greater or equal to 50 cm. They concluded that the overall con-
tamination harvested was less than 5% (Almuktar & Scholz, 2015). The
mineral content and biological contamination of soil and crops have
been investigated and documented by Almuktar & Scholz, 2016. Mi-
neral content associated more with the organic content than inorganic
content. The investigated metals were not detectable in vegetable
samples. Although the water used for irrigation had microbial con-
tamination, crops from plants with height of 50 cm and above were not
contaminated with microbes. Crops irrigated with raw wastewater were
reported to be highly contaminated with streptococcus and salmonella
spp. They concluded that high nutrient supply resulted in low harvest of
vegetable (Almuktar & Scholz, 2016). Another study which used two
generations of chilli propagation using domestic wastewater for irriga-
tion has been reported. The domestic wastewater was treated by ver-
tical flow wetlands methods. The study focused on reused water suit-
ability, effects and impacts of the volume of wastewater used in
cultivation among others. They found out that coliforms and nutrients
level of the irrigation water was higher than the threshold limits. Fruits
with better quality were obtained from plants which receives more ir-
rigation water (Almuktar, Abed, & Scholz, 2017). Urbano, Mendonc,

Bastos, & Souza, 2017 also reported the possible effects of treated do-
mestic effluent on the properties of soil as well as lettuce. In their study
conducted in a greenhouse, two water sources viz partial conventional
fertilized treated wastewater and conventionally fertilized drinking
water were used. The fertilized drinking water recorded BOD far greater
than the recommended concentration for irrigation water while the
total coliform for the two irrigation water was reported to be about
twice the threshold limit expected for irrigation water for vegetables.
Soil structure was not affected by the fertilized drinking water, however
the two water used for irrigation results in decrease in soil organic
matters. Although, the cultivated lettuce was found to be deficient in
some nutrients, no physical reflection was seen for these deficiencies
(Urbano et al., 2017).

One component of domestic wastewater is oil. A study which re-
ported the effects of oil spill among others on the recycled wastewater
suitability in sweet pepper and chilli propagation is also of interest.
Their findings indicate that presence of hydrocarbons in wastewater
may lead to low yield of cultivated vegetables (Almuktar, Scholz, Al-
Isawi, & Sani, 2015). Raw, partially treated and tertiary treated muni-
cipal wastewater were used for the irrigation of a vegetable (artichoke).
Interest was placed on microbiological contributions to the soil and
plant as well as safety of the vegetable. Partially and tertiary treated
wastewater were reported to be rich in nutrient and organic matters
consequently results in better yield of cultivated vegetables. E. coli
content of the partially treated wastewater was found far higher than
the threshold limit while tertiary treatment brought this low. Partially
treated wastewater contained salmonella spp. E. coli were present in soil
while very few samples showed presence of salmonella. Very low E. coli
were found in crops in general. It was concluded that the microbial
quality of crops were not affected (Gatta et al., 2016).

From the fore going review, pollutants such as heavy metals, which
have serious carcinogenic characteristic also accompany domestic
wastewater. Hence, the treatment techniques employed in domestic
wastewater will greatly reduce current threats to the health of the
consumers of irrigated crops. For instance, primary, secondary and ef-
fective tertiary treatment will greatly reduce or completely remove the
major microbial risk concerns that comes with RTEv consumption.

5. Combating poverty, hunger and malnutrition: ignorance,
birthing a greater damage

The African continent with a fast growing population lack the basic
needs for the required quality life. Food takes the lead in the basic needs
of man. SSA has the second largest number of hungry people in the
world (FAO, 2013). Hunger and malnutrition are indicators of poverty,
this is a major challenge in SSA. Starchy food which lacks required
nutrient forms the main diet in SSA. Since food security now captures
nutrition and this is being strongly driven globally, serving common
starchy foods with vegetables is a means of augmenting nutrition for
common black man.

Interestingly, Nigeria has a rich base of traditional vegetables that
are either eaten raw or served with main dish. Vegetable types vary
across various ethnic groups in Nigeria (Aregheore, 2012). These ve-
getables are mostly cultivated amidst low income earners as food, food
substitutes and supplements such as iron supply for pregnant women as
well as a boost of income (Aworh, 2015; Ezebilo, 2010; Ferdous, Datta,
Anal, Anwar, & Khan, 2016). Thus, vegetable exist within residential
buildings across Nigeria.

Irrigation is not popular in Nigeria, currently farming activities
mainly depends on rainfall (Olayide & Alabi, 2018). However, since
these products are required all year round, domestic wastewater is
majorly used in a crude irrigation technique. This domestic wastewater
may be a mixture of black and grey water and many local farmers and
consumers are ignorant of the health implications of domestic waste-
water irrigation (Mojid, Wyseure, Biswas, & Hossain, 2010; Qadir et al.,
2010). Previous report stated that some vegetables sold in some
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Nigerian markets are contaminated with helminthes (Adamu, Adamu, &
Mohammed, 2012; Adenusi, Abimbola, & Adewoga, 2015; Maikai et al.,
2010). The source of which could be traced to the use of wastewater
from human and animals. Most vegetable gardens are irrigated fol-
lowing crude ways in which flowing waters from bathrooms are
channeled directly to the vegetable gardens. In order to fertilize vege-
tables, practices such as direct planting behind toilets are common.
These practices are considered as cheap alternative to inorganic

fertilizer, real irrigation practice as well as convenient (Agele,
Adeyemo, & Famuwagun, 2011; Oyedeji, Animasaun, Bello, & Agboola,
2014; Contreras et al., 2017). Common vegetables cultivated in this
manner are Indian spinach (Basella alba), fluted pumpkin (Telfeira oc-
cidentalis), Catholic vegetable (Jatropha tanjorensis) and water leaf
(Talinum fruticosum). Fig. 3a and b represents a typical cultivation
techniques of afore mentioned vegetables in Southwestern Nigeria.

(b)

(c) (d)

(e) (f)

(a)

Fig. 3a. Solanum lycopersicum (Source: Author); (b) Typical local bathroom outside (Source: Authors); (c) Typical local bathroom inside (Source: Authors); (d)
Flourishing B. alba plant continuously irrigated with grey/black water (Source: Authors); (e and f) Local bathroom overgrown with B. alba plant (Source: Authors).

A.A. Inyinbor et al. Food Control 98 (2019) 489–500

495



5.1. The dilemma of irrigation with black/grey water

Emerging contaminants (ECs) is currently a serious concern to en-
vironmentalists. Although, this knowledge is not common in the de-
veloping nations and most developed nations still lack regulations
concerning ECs (Gogoi et al., 2018; Sophia et al., 2018). The widely
used pharmaceuticals and personal care products (PPCp) belongs to the
emerging contaminant group (Wilkinson, Hooda, Barker, Barton, &
Swinden, 2017; Zhao et al., 2018). Antibiotic is characterized with in-
complete metabolism within human body thus, it is abundantly dis-
charged with wastes into the environment (Gomes, Costa, Quinta-
Ferreira, & Martins, 2017; Mandaric et al., 2017), both antibiotics and
personal care product form components of municipal wastewater
(Balakrishna, Rath, Praveenkumarreddy, Guruge, & Subedi, 2017;
Wang, Huang, & Wei, 2018). PPCp exists in the environment at a very
low concentration (Richardson et al., 2017), they can however be a
source of serious health concerns such as drug resistance development,
endocrine disruption and carcinogenicity (Bai et al., 2018; Inyinbor,
Bello, Fadiji, & Inyinbor, 2018).

The presence of PPCp in various environmental samples such as
wastewater, slugde and receiving river water and sediment (Huber
et al., 2016), drinking water (Lin, Yu, & Chen, 2016), urban stream
(Tamura et al., 2017), drinking water source (Dodgen et al., 2017),
WWTP and environmental water (Archer, Petrie, Kasprzyk-Hordern, &
Wolfaardt, 2017), soil (Ma et al., 2018) as well as surface and ground
water (Yang et al., 2018b) have been reported. While humans may

become exposed to these threats through interactions with various
environmental samples, bioaccumulation of PPCp in plants and other
living/aquatic organisms which serves as food for man is of major
concern (Picó, Alfarham, & Barcel, 2017). PPCp can bio accumulate in
plants thus affecting plants micro biota as well as organisms depending
on such plants for food. Thus, pharmaceuticals may become a part of
the food chain (Bartrons & Peñuelas, 2017; Al-Farsi et al., 2017).
Bioaccumulation of PPCp in vegetables which are eaten raw or with
slight cooking can pose serious health concerns. Aquatic organisms such
as mussels, tad poles and fishes may also be negatively affected by PPCp
(Wu et al., 2013). Previous report had shown uptake and bioaccumu-
lation of four PPCPs in lettuce (Dodgen, Li, Parker, & Gan, 2013), ac-
cumulation of twenty PPCps in lettuce, spinach, cucumber and pepper
(Wu, Ernst, Conkle, & Gan, 2013), uptake of eight emerging organic
contaminants by lettuce (Aparicio, Martín, Abril, Santos, & Alonso,
2018) and PPCps bioaccumulation in wild fishes obtained from two
rivers in China (Yao et al., 2018).

The existence of PPCps and other emerging contaminants in the
environment is certain and their bioaccumulation ability in vegetables
and other crops have also been established. Personal care products are
used in almost all homes and the use of pharmaceuticals, particularly
antibiotics here in Nigeria have loose restriction. Hence, PPCps release
into the environment here is certain, constant and continuous. It readily
comes with domestic wastewater. Sadly, the practice of crude irrigation
is without adequate knowledge of the presence and impact of the afore-
mentioned dangerous pollutant both to the environment and the

Grey water chamber
Black water septic tank

Talinum fruticosum flourishing under crude
fertilization

Fig. 3b. Crude fertilization technique (various vegetable cultivation around grey water chamber and black water septic tank) (Source: Authors).
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irrigated crops. The uptake of PPCp by vegetables depend on type of
PPCp as well as the irrigation system. Both root and folia uptake of
PPCp is possible (Bhalsod et al., 2018). Crude irrigation/fertilization
techniques used for various vegetables cultivation across southwestern
Nigeria (Fig. 3a and b) present a source of serious PPCp contamination,
accumulation as well as threats to humans consuming them. A study
which used two endocrine disruptive chemicals has reported that B.
alba root system makes transpiration in this vegetable to be very vig-
orous (Qiu et al., 2016). One great concern is the antibiotic resistant
bacteria breeding and antibiotic resistant gene development. This can
lead to serious difficulties in handling patients exposed to such vege-
tables. Vegetables are known to easily harbor and spread microorgan-
isms to its consumers thus cultivation of vegetable in such a manner
which utilizes grey/black wastewater in a crude irrigation system
therefore should be abolished.

5.2. Challenges and future prospects

Crop contamination depends largely on the type of irrigation water,
modes of irrigation, crop interaction with wide lives or other animals,
types of contaminants and its uptake pattern. Contaminant accumula-
tion however depends on the types of crop. For instance, knowledge of
overhead system of irrigation presents greater danger when compared
with drip or surface irrigation. Although, surface irrigation may also
result in accumulation of pollutants in soil and subsequent transfer of
these pollutants to plants. This review of literature has opened up
various ways in which vegetables can be contaminated. It also highlight
a crude irrigation technique with a discussion on their possible effect(s).
This crude irrigation technique uses majorly grey water. Emerging
contaminants, a group which pharmaceuticals and personal care pro-
ducts belong is of a worldwide concern. Antibiotics and PPCps wastes
are ready component of grey water particularly in places where anti-
biotic consumption is high and their usage is without proper checks.
Access to antibiotics in the developing nations is very easy. Antibiotics
are readily purchased with or without prescription over-the-counter
chemical shop, in drug stores, hospitals as well as road side stalls.
Antibiotics are not completely metabolized in the body. Huge percen-
tage of the consumed antibiotic are excreted through urine or faeces.
Antibiotics not metabolized, when excreted form a component of grey
water. This poses threat by (1) Breeding antibiotic resistant microbes;
(2) Resistant microbes spreading resistant across bacteria by gene
transfer (3) Accumulation of PPCps in vegetables irrigated with such
grey water. Hence, this ignorant practice of crude irrigation should be
checked.

Serious vegetable contamination results when contaminated water
is used in irrigation and when vegetables keep permanent contact with
contaminated soil, this is the case in the described crude irrigation
technique. The practice of vegetable cultivation around residencies may
never stop in the developing nations. This is one way of addressing our
nutritional challenges and alleviating poverty. This study therefore may
serve as a tool for policy development and enlightenment among rural
dwellers.

While bioaccumulation of emerging contaminants in crops parti-
cularly vegetable is a subject of discuss and a concern globally, such
studies are scarce in developing nations and to the best of our knowl-
edge has not been undertaken here in Nigeria. This may be due to lack
of required equipment and unavailability of required finance. To vi-
vidly expose the danger of crude irrigation technique, studies on its
consequential effects and associated health challenges will be required.

6. Conclusion

The global call to increase vegetable consumption for nutritional
benefits as well as health advantages led to massive RTEv production.
Clean production of RTEv requires huge volume of water and as well
generate large volumes of wastewater. Sustainability in RTEv industries

therefore require water recirculation within the system. We call for
great caution in the reuse of RTEv wastewater for vegetable irrigation
purposes due to some of its dangerous component such as carcinogenic
by-product of chlorine, reactivated microbes and resistant microbes
which could have serious negative impact on the irrigated crop, human
and the environment at large. The use of PAA as an alternative to
chlorine was identified as possible solution to carcinogenic by-product
and total microbe inactivation. Sound knowledge of irrigation water
types, extent of treatment/required treatment as well as irrigation
system techniques will reduce or completely eradicate possible dangers.
Effective wastewater treatment may therefore generate required clean
and sustainable water supply. Drip irrigation techniques is also pre-
ferable to overhead irrigation in vegetable cultivation.

Poverty, hunger and malnutrition ravaging the black race can be
addressed through agriculture. Rain fed agriculture however cannot
proffer required solution hence the need to embrace irrigation.
Wastewater reuse in crop irrigation has been identified as suitable as
well as required particularly where intensive agriculture is needed for
transformation and poverty alleviation. This will ensure sustainable
production required to address and alleviate poverty. Efforts towards all
year round vegetable production via crude irrigation however may do
more damage than address the previous. The easy propagation of ve-
getables has made it a choice for food supplement among rural dwellers
and low income earners in the developing nations. However, the crude
irrigation method which barely exposes vegetables to pathogenic mi-
crobes, resistant microbes and endocrine disruptive chemicals makes it
a serious threat. Since vegetables have high tendency to harbor and
spread pathogenic and resistant microbes. Their cultivation should be
with proper knowledge and utmost care in order to ensure clean pro-
duction. From the fore-going, policy makers and government officials
saddled with the environmental, food and health issues responsibilities
should act adequately to advocate the danger of crude irrigation tech-
niques. Policy development that will eradicate crude irrigation tech-
nique should also be established.
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