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Abstract 

The use of organic materials as soil nutrients to improve agricultural production is well documented. However, these 
organic materials may contain toxic pollutants that may bio-accumulate in plant tissues and eventually be consumed 
by humans. There is a misconception about the use of organic materials (sludge, urine, human waste and urban 
waste) in agriculture and organic farming. The review work examined the sources and uses of organic material in agri-
culture from developing countries and the dangers posed by the use of polluted organic materials in agriculture. The 
review examined through literature the availability and uptake of pollutants in crops that are cultivated from farming 
activities using organic materials. The review established the possibility of uptake of pollutants from treated waste 
materials that are used for farming. Some of the pollutants that can be bio-accumulated by plants when cultivated on 
soil containing these pollutants were documented. The review concluded by establishing the need to create aware-
ness on the possible health risks associated with the use of organic materials if the materials used were polluted. 
The review also highlighted the importance of educating peasant farmers on the dangers associated with collecting 
waste materials from untreated sources.
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Introduction
The use of organic materials (compost, waste, urine, 
human waste, wastewater and bio solids) in farming 
is well documented in literature [1–4]. The aim is to 
improve soil fertility and nutrient supply to crops. How-
ever, some organic materials have been documented to 
contain toxic pollutants and the cumulative loading of 
these toxic pollutants in agricultural soil may pose sig-
nificant risk to the ecological functions of soils, plant 
growth and human health [5].

The use of organic materials in farming should not 
be misconstrued with organic farming. The European 
Union (EU) policy [6] which is the first documented 

policy on organic farming described organic farming as 
a production system that uses farm inputs that are pre-
viously derived from organic farming. This involves the 
use of non-synthetic materials and prohibits the use of 
any products that are generated from plants, animals and 
human residues that do not originate from organic farm-
ing to improve the fertility of the soil which may lead to 
an increase in crop production [7–9]. However, this is 
usually not the case with the use of organic materials in 
agriculture. Organic materials used for farming especially 
by peasant farmers are collected from various sources 
and applied directly to soil for farming purposes.

Sources and uses of organic materials 
in agriculture from different countries
In some parts of Asia and Africa, there are few or no 
documented guidelines on the operation of organic 
farming and the use of organic materials in agriculture. 
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Individuals, especially poor farmers relied on domestic 
waste without having prior knowledge of their source 
and impact for agricultural purposes [10]. Organic mate-
rials used for farming are usually collected from various 
sources including street waste, biosolids (human excreta 
and animal waste), treated and untreated sludge. In India, 
municipal solid wastes are usually collected from street 
bins, markets or purchased from the municipal dump-
site and sold informally to peri-urban farmers [11]. In 
this case, the wastes are applied directly (unsorted) and 
used for farming with the sole aim of increasing produc-
tivity. In Kano, Nigeria, ‘taki’, is widely used, which is a 
composition of manure, household waste, street sweep-
ings and ash [12]. From the same area, disposed and 
unused materials from tanneries and abattoirs have also 
been used which may also contain an unknown amount 
of toxic materials such as trace metals and other pollut-
ants such as polycyclic aromatic hydrocarbons (PAHs) 
and (PCBs) since these contain materials which are swept 
on the streets.

Generally in Africa, farmers still rely on organic waste 
in the form of compost emanating either from household 
wastes that have been deposited in landfill sites or carried 
out manually by the farmers from their own households. 
Also, some farmers who have their farms situated next to 
streams or rivers do benefit directly using the waste water 
in the form of effluents as a form of irrigation in a bid to 
reduce the cost of supplying water to their farms and this 
is common in areas where there is a constant experience 
of drought due to low annual rainfall [13, 14]. Recently in 
South Africa, the introduction of urinary diverting toilets 
has favoured the use of human urine in agriculture [15]. 
There is an ongoing research on the use of human faeces 
as a source of organic amendments and this is still under 
investigation due to various contaminations that may 
arise from microbes [16].

This aforementioned practice does not follow the 
proper guideline that established organic farming. The 
guidelines for the use of organic waste in agriculture 
stipulate a proper and strict use of only “safe organic 
waste” for agriculture [17]. Research has also shown 
that the use of sludge for agricultural purpose should be 
reviewed which may call for much stricter limits on val-
ues of heavy metals and other emerging contaminants 
[18]. The main objective in regulating or controlling the 
use of organic waste for agriculture should stem from the 
concerns about human health and the protection of the 
environment.

Regulation and certification might be adopted for 
farmers intending to export their products internation-
ally. This might be difficult with peasant farmers who are 
only cultivating a handful portion of hectares of land or 
engaged in backyard farming just for a livelihood. Peasant 

and poor farmers are unable to deal with the levels and 
amounts of toxic compounds that might be present in the 
organic waste due to lack of knowledge on the adverse 
effects of these toxic pollutants not only on the environ-
ment but eventually on consumers of the end products 
mostly locally, resulting in regulations therefore only 
being useful to commercial farmers [15, 19].

There are concerns over the agricultural products 
(crops) emanating from farms cultivated using organic 
materials for farming and these have been reported in 
literature. For instance, the use of human and animal 
wastes (faeces and urine) for the production of food, feed 
or fertilizer may introduce different pathogens into the 
crops especially when plants are not cooked before con-
sumption. The plant uptake of pharmaceutical drug resi-
dues in soil and the availability of pharmaceutical drugs 
in animal faeces may impact negatively on the supposed 
gains that could be gained from the use of the waste [20]. 
Other emerging pollutants have also been reported in 
either wastewater, soil, sludge or other forms of waste 
that may be used for organic farming. The present review 
will provide an overview on what was reported and docu-
mented in the literature on the occurrence, behaviour 
and persistence of organic pollutants in unsorted organic 
materials used for farming.

Evidence of pharmaceuticals in plants harvested from soil 
treated with different organic waste or materials such 
as urine and sludge
Researchers have reported on the presence and availabil-
ity of pharmaceutical residues such as antibiotics, anal-
gesics and anti-retroviral drugs in urine, faeces, sludge, 
soil, wastewater and plant tissues [21–23]. Pharmaceu-
tical drugs are used extensively for mammals (humans 
and animals) either to improve the reproduction rate, 
improve the meat quality or to control diseases. After 
the administration of these drugs, the drugs could either 
become metabolized or un-metabolized within the sys-
tem and may be excreted through urine and faeces [24].

Urine accounts for 1% of the conventional wastewater 
volumetric flow, but it contributes approximately 64% of 
pharmaceuticals, 80% of nitrogen, and 50% of phospho-
rus to waste water body. Pharmaceuticals are partially 
degraded in the environment and as a result are likely to 
accumulate in water bodies or sludge. Even though urine 
can be regarded as an excellent complete fertilizer of 
plants, which contains phosphorus, nitrogen and potas-
sium, it also contains residues of pharmaceutical prod-
ucts, even after it has been stored for a prolonged period 
as a treatment step [25]. Hence, the consumption of 
urine in organic farming goes with the risk of dispersing 
the pharmaceutical residues onto the agricultural fields 
[26]. Over the years, it has been reported that the main 
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route for pharmaceuticals excretion within the system is 
through urine, and urine accounts for over 70% of phar-
maceuticals leaving the body and just a few proportion 
are excreted through the faeces resulting in ecotoxico-
logical risk of about 50% [25]. The study further reported 
the presence of antibiotics in urine samples that were 
stored for over 1  and a half years for use in agriculture 
[25]. Other studies conducted in two Hebrew universities 
on human exposure to wastewater-derived pharmaceu-
ticals confirmed that pharmaceutical such as carbamaz-
epine was detected in human urine when the subjects 
consumed agricultural products irrigated with wastewa-
ter. According to the report, carbamazepine was noted as 
an anticonvulsant drug which was detected in reclaimed 
wastewater, highly persistent in soil, and could be taken 
up by crops [27, 28]. Apart from Carbamazepine, long-
term persistence of some pharmaceutical drugs such as 
antibiotics has also been reported to increase the prolif-
eration of antibiotic resistant bacteria, even at low levels 
in river base flows and may enhance the drug resistance 
of microorganisms [27, 28].

Despite the significant improvement in water treat-
ment technology, certain pharmaceuticals drugs residue 
may not be removed totally from wastewater that may 
used for irrigation even after treatment [21, 29]. In South 
Africa, for example, according to the report from [30], 
there are about 2, 150,880 people placed on antiretro-
viral drugs in the fight against HIV/AIDS which makes 
South Africa the leading country as regards HIV/AIDS 
pandemic. It is then logical to think that the residue of 
these drugs may be present in the environment either in 
the sludge or in wastewater. In a study conducted on the 
occurrence of anti-retroviral compounds used for HIV 
treatment in South African surface water, nevirapine, 
a non-nucleoside reverse transcriptase inhibitor that is 
widely use for the treatment of HIV as well as the pre-
vention of mother-to-child transmission was detected 
in all of the surface water samples used in the study and 
detected in 9 out of the 24 sampling locations [29]. In 
another study, the presence of this compound was attrib-
uted either to its frequent therapeutic use or also to the 
compound’s persistence in the environment [31]. The 
compound is reported to be non-biodegradable [32]. 
Similar study conducted by another researchers showed 
that levels of nevirapine and efavirenz in wastewater used 
in the study before treatment were as high as 2100 and 
17,400  ng  L−1 respectively [21]. However, upon treat-
ment, 50% of the Antiretrovirals (ARVs) were removed 
which resulted in the concentrations of nevirapine and 
efavirenz as high as 350 and 7100  ng  L−1, respectively. 
The study further reported that the addition of chlorine 
did not reduce the concentrations of the antiretroviral 
drugs from the treated wastewater.

Apart from the antiretroviral drugs, presence of anti-
biotics in treated wastewater has also been reported. 
Antibiotics can be released into hospital wastewater due 
to excretion of used antibiotics and improper disposal of 
unused or expired antibiotics [33]. This may pose a signif-
icant health risk especially causing antibiotic resistance, 
by promoting the selection of antibiotic resistance genes 
and antibiotic resistant bacteria which may pose a serious 
threat to global public health [34, 35]. The study of [36] 
in 2016 on antibiotics in wastewater reported the pres-
ence of ciprofloxacin and metronidazole in waste water 
released from hospitals both before the treatment and 
after the treatment of the wastewater in Vietnam which 
shows that the treatment of the wastewater does not nec-
essarily translate to the removal of the pharmaceutical 
drugs from this wastewater. Similarly, [37] quantified the 
levels of ofloxacin (OFC), ciprofloxacin (CI), levofloxacin 
(LVX), oxytetracycline (OTC), and doxycycline (DOX) 
in wastewater and reported that the antibiotics accumu-
lated in wastewater, soil and plants and later percolated 
to groundwater.

Several reports have shown advancement in various 
methods used for the removal of pharmaceutical drugs 
from wastewater. However, to the best of our knowl-
edge and as at the time of writing this report, there are 
no methods reported in literature that have completely 
removed pharmaceuticals residues from wastewater. 
The study of [38] showed that both conventional and 
advanced wastewater treatment plants significantly 
reduced antibiotic concentrations with an average 
removal rate from the liquid phase of 92%. However, 
this does not remove antibiotics in the effluents as the 
antibiotics were still detected but at a reduced concen-
tration. Ciprofloxacin, sulphamethoxazole, lincomycin 
and trimethoprim were still detected in the wastewater 
after treatment [39] in China noted that the advanced 
wastewater treatment facilities used in treating and 
removing antibiotics from wastewater did not remove 
all antibiotics completely. Most of the targeted antibiot-
ics were detected in the secondary and tertiary effluents, 
with concentrations ranging from 4.8 to 1106. 0 and 0.3 
to 505.0  ng  L−1. From the study, the concentration of 
fluoroquinolone was relatively high in all the samples 
(782–1814  ng  L−1). The study concluded that different 
tertiary treatment processes showed discrepancy in anti-
biotics removal. Similarly [40] also reported that removal 
of antibiotics in wastewater by enzymatic treatment with 
fungal laccase did not reduce the load of antibiotics; how-
ever, the addition of syringaldehyde enhanced the degra-
dation of 32 out of the 38 antibiotics by 50% after 24 h.

With the presence of antibiotics in wastewater which 
may be used for irrigation, plants can bio-accumulate 
and store these antibiotics in their tissues [41, 42]. The 



Page 4 of 11Olowoyo and Mugivhisa  Chem. Biol. Technol. Agric.            (2019) 6:28 

plant uptake, translocation and bio-accumulation of 
antibiotics in the edible parts of food crops and fodders 
have been reported [43–45]. Hussain et  al. [37] con-
ducted a study on accumulation of residual antibiotics 
in the vegetables irrigated by pharmaceutical waste-
water and reported that ofloxacin, ciprofloxacin, levo-
floxacin, oxytetracycline and doxycycline were detected 
in soil and vegetables collected within the close vicin-
ity of the pharmaceutical industry. The order of phar-
maceuticals contamination from the vegetables was in 
the order leaves > stem/shoot > root > fruit. Similarly, 
from the study of [46] on the reuse of treated wastewa-
ter in agriculture, lettuce leaves showed very high bio-
concentration values for caffeine, carbamazepine, and 
sulfamethoxazole and hormones, indicating that these 
three compounds can easily accumulate in the leaves 
after translocation from lettuce roots to leaves. From 
the same study using tomato plants, all the pharmaceu-
tical products were only detected in the roots. Other 
studies conducted with the presence of pharmaceuti-
cals in crops are shown in Table 1.

However, it is important to note that the transloca-
tion and uptake of these pharmaceutical residues by 
plants are governed by various factors such as the soil 
pH, soil organic matter content and the redox poten-
tial of the soil. Goldstein et al. [54], reported that fac-
tors affecting the uptake of pharmaceuticals by crops 
irrigated with treated wastewater, includes parameters 
such as plant physiology, soil physical and chemical 
properties and also water quality. Sabourin et  al. [41] 
had initially suggested that there might be little risk of 
pharmaceuticals uptake into vegetable crops, if pro-
duced according to current mandated regulations that 
specify a 1-year offset between biosolid application and 
crop harvest.

Polycyclic aromatic hydrocarbons (PAHs) 
and polychlorinated biphenyls (PCBs) in plants harvested 
from soil treated with organic waste
The presence of PAHs in the environment may be from 
both natural and anthropogenic sources and may remain 
in the environment (air, water and soil) for a prolonged 
period of time, with the later acting as the major source 
of the PAHs in the environment [55, 56]. PAHs arise due 
to incomplete combustion of fossil fuels during heat-
ing processes, waste incineration and from automobile 
exhausts [57, 58]. They are carcinogenic compounds and 
many studies have been carried out to identify sources 
of exposure in human beings. Among those reported in 
literature to be carcinogenic are benzoanthracene, ben-
zofluoranthene, benzopyrene and dibenzoanthracene 
[59–61].

Gaseous deposition was reported to be the main path-
way of PAHs’ presence in plants and this takes place dur-
ing the opening and closing of stomata. However, a direct 
relationship between soil and plant PAH concentrations 
have also been observed, indicating a possible soil uptake 
and translocation within the plant tissues from contami-
nated soils [62].

PAHs are frequently found in sludge at relatively high 
concentrations: 7.8–13.3  mg  kg−1 [63, 64]. In China, 
more than 1.9 × 104 hectares of farmland was contami-
nated by PAHs after long-term sewage irrigation [65]. 
In countries where there are low temperatures and fre-
quent soil freeze thawing, the degradation of PAHs in 
soil is usually very slow and this may lead to high toxic-
ity of residual PAHs in surface soil, which is harmful to 
the ecological environment and may contaminate agri-
cultural products [66]. From most developing countries, 
where waste management is still a serious problem, appli-
cation and disposal of sludge are done directly on the 

Table 1 Pharmaceuticals in plants harvested in soil amended with organic materials

Crops Pharmaceuticals Organic amendments/planting 
method

Impact Authors

Lycopersicum esculentus Sulfamethoxazole and trimethoprim; 
diclofenac

Spiked water used for irrigation; irri-
gation from municipal wastewater 
treatment plants

Reduce the soluble solids and 
carbohydrate content; health risk 
to consumers

[45, 47]

Lactuca sativa Carbamazepine and diclofenac; 
ciprofloxacin; sulfamethoxazole, 
erythromycin, cefuroxime and 
trimethoprim

Wastewater for irrigation; hospital 
waste water

Presence of pharmaceuticals in the 
leaves; high concentrations of 
antibiotics in the leaves

[48, 49]

Spinacia oleracea Tetracycline Sludge and municipal wastewater High concentrations in leaves [50]

Raphanus raphanistrum Sulfamethoxazole, norfloxacin and 
doxycycline

Manure High concentrations in leaves and 
roots

[51]

Solanum tuberosum Sulfamethazine Manure Shoots and tuber [52]

Zea mays Sulfamethazine Manure Shoots [52]

Daucus carota Tricolsan and triclocarban Biochar amended Root core [53]
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field that may contaminate the receiving soil intended for 
agriculture production.

Reports from literature have suggested that soils are 
contaminated with PAHs either because of sludge appli-
cation or through anthropogenic sources and may pose 
serious danger for farming because plants may take up 
PAHs and bio-accumulate them in other plant tissues [62, 
66–68]. The known and reported pathway for the uptake 
of PAHs in plants includes root uptake from soil solu-
tion, followed by translocation from roots to shoots dur-
ing transpiration and absorption either through the plant 
roots or through shoots of volatilized organics from the 
surrounding air by shoots [69]. The other major uptake 
from contaminated soil and dust may be retained in the 
cuticle or penetrate through uptake and transport in oil 
channels that are found in some oil-containing plants 
such as carrots [70–72]. It should be noted that the 2–4 
ring structured and lower molecular weight PAHs are 
more likely to be taken up than those with higher molec-
ular weight [73]. The PAHs with high molecular weight 
are mostly retained in plant roots and PAHs are lipid sol-
uble [74, 75].

A study conducted by [67] 2002 showed presence of 
PAHs in soil and were detected in all plants grown in 
contaminated soils but low when compared to the levels 
in the soil except from peeled potatoes. The study fur-
ther stated that root uptake was the main pathway for 
high molecular weight PAHs. Kacálková and Tlustoš [72] 
further reported on high phenanthrene concentration in 
aboveground biomass of sunflower and significantly high 
levels of pyrene in maize roots. In a similar study con-
ducted in India on the presence of PAHs in vegetables 
and fruits, high concentrations of PAHs such as benzo-
anthracene, benzopyrene, benzofluoranthene and ben-
zofluoranthene was recorded in cabbage (8.34  μg  kg−1), 
which turned out to be more than in any of the other 
fruit vegetables. Dietary exposure of PAHs ranging from 
0.20 to 0.85  μg  p−1  day−1 was further reported in the 
study [68].

In addition, the presence of PCBs in plants cultivated 
organically has also been reported in literature. Presence 
of PCBs in the environment is directly linked to man and 
usually referred to as man–made organic chemicals that 
consist of carbon, hydrogen and chlorine atoms. They 
can also remain for long periods recycling between air, 
water and soil. PCBs have been linked to immune system 
disorders, dermatological problems, reproductive abnor-
malities, neurobehavioral effects and cancer although 
the main reason for the cause and effect relationships 
are difficult to prove, hence it may remain inconclusive 
at this stage [76]. The production of PCBs and many 
organochlorine compounds has been banned widely for 
many years in many countries such as America, Europe 

and other parts of the world, but there are traces of these 
PCBs in the environment which remain as contaminants 
both for the environment and food because of their long-
term persistence and mobility [77, 78].

Just like the PAHs, PCBs accumulation in plants can 
occur through root uptake and may be translocated to 
upper plant parts. Atmospheric deposition that involves 
uptake of both wet and dry contaminated particulates 
onto exposed plant surfaces and through uptake of air-
borne vapours by aerial plant parts via the stomata has 
been documented as another pathway [79]. The study 
conducted by [80] in Poland showed that PCBs can still 
be detected in soil and vegetables either from organic or 
conventional farming. The result from that study further 
showed that PCBs in beets harvested from organic farm 
were high when compared with conventional farming 
system used. Similarly, the study of [81] also showed a sig-
nificant difference in the concentrations of PCBs in milk 
of goats that grazed on polluted sites when compared to 
the control sites. From the report, the concentrations of 
the studied PCBs were more than the recommended limit 
set by the European Union. The study linked the presence 
of PCBs in this milk to its presence in plants consumed 
by the goats. This further showed that these pollutants 
can be transferred from soil to plants and finally to con-
sumers on top of the food chain. Table  2 also provides 
information on other plants and presence of the PAHs, 
PCBs and PFCs.

Heavy metals in agricultural products harvested 
from soil treated with organic materials
The presence of trace metals in the environment may 
either come from natural or anthropogenic sources. 
The natural sources include weathering of rocks, ero-
sion and the nature of the soil while the anthropogenic 
sources may be as a result of activities such as the type 
of fertilizers, nature of the organic manure, solid waste 
disposal, smelting, vehicular emission and emissions 
from industries [88]. An increase in the concentrations of 
trace metals in the environment has been a serious con-
cern recently [8]. The increase especially from develop-
ing countries might be because of various developmental 
programmes that are embarked upon by these countries. 
With the increase of trace metals in the environment, 
they are thus present in air, water and soil. Major prob-
lem associated with trace metals in the environment is 
their non-biodegradable nature and as a result they may 
remain within the ecosystem for a very long period.

According to [89], food chain is one of the most impor-
tant human exposure pathways to heavy metals after 
inhalation and dermal absorption. Generally, trace met-
als along with other essential nutrients from the soil are 
translocated to different parts of the plants, which may 
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affect the physiological, metabolic, and biochemical 
activities of the plants negatively [90]. However, several 
literatures have reported and documented the ability 
of different plants to act either as an excluder or as bio-
accumulator of trace metals from the soil [91–93]. In the 
case of bio-accumulator, it is possible for plants to uptake 
or translocate these toxic metals from the soil to their 
tissue and a foliar uptake in some plants is possible [94]. 
However, with the bio-accumulators, several factors have 
been suggested that may affect the uptake of toxic trace 
metals and these factors include the concentration of 
heavy metals in soils, soil organic matter content (com-
plexion and adsorption rates), soil pH( solubility of met-
als decreases at high pH and increases at low pH), redox 
potential of the soil (mobility of trace metals depends on 
their oxidation state), type of the vegetables and species 
(differences in plant physiology, morphology and anat-
omy) [95–98].

The practice of organic farming is usually carried out 
with the use of farmyard manure, sewage sludge and the 
reuse of treated wastewater for irrigation [99–101]. The 
farmyard manure have been documented over the years 
to contain varying concentrations of toxic trace metals 
which also depend on the source and areas where the 
farmyard manure were collected [102, 103]. Over a pro-
longed period of time and with continuous application 
of farmyard manure that are contaminated, there may 
be land contamination by some potentially toxic ele-
ments such as arsenic, cadmium, and lead. Zhao et  al. 
[104] demonstrated that the application of cattle manure 
increased soil organic matter content of the soil leading 
to high productivity but with an accumulation of heavy 
metals in corn that was fertilized with that cattle manure. 
The study conducted by [100] also showed that concen-
trations of arsenic (As) and cadmium (Cd) in pig manure 
were higher than their levels in cattle manure. The study 

further showed that the use of pig manure as soil sup-
plement resulted in high cadmium (Cd) contamination 
in Gynostemma pentaphyllum, a herbal tea used for 
the study. It was further noted that there was a positive 
concentration for cadmium (Cd) in plants and the soil. 
Hence, the study concluded that the application of some 
organic fertilizers or animal manures to agricultural soil 
could increase some potentially toxic elements in soil, 
which may be detrimental.

The use of treated and untreated wastewater in the 
urban and peri-urban areas of many developing coun-
tries used for irrigation is a common phenomenon [105, 
106]. Farmers believed that undiluted wastewater pro-
vides nutrients and is cheaper than other water sources. 
However, the use of improperly treated and untreated 
wastewater for irrigation may come with serious prob-
lems such as the accumulation of heavy metals in agri-
cultural soils and their uptake by food crops, which may 
pose a serious health risk to consumers of such products 
especially the local inhabitants [107]. In municipal waste-
water treatment plants, human excreta are mixed with 
other effluents containing toxic metals, organic residues, 
pharmaceuticals and pathogens [108]. Khan et  al. [109] 
conducted a study in China, and reported that there is 
a build-up of heavy metals in wastewater–irrigated soils 
and this also increased the concentrations of trace met-
als in plants grown on the soil and the values recorded 
for some trace metals in the plants exceeded the permis-
sible limit for human consumption. Weldegebriel et  al. 
[110] also reported in a study carried out in Ethiopia on 
the concentrations of trace metals in vegetables that the 
concentrations of lead (Pb) and cadmium (Cd) in the 
vegetables used for the study were above the permis-
sible limits for human consumption. Similarly, [99] also 
reported that higher concentrations of iron (Fe), copper 
(Cu), chromium (Cr) and zinc (Zn) were found in lettuce, 

Table 2 Evidence of PAH, PCB and PFC in crops harvested from soils treated with organic materials

Crops PAH, PCB and PFC Organic amendment/
planting method

Authors

Agricu bisporus Anthracene, pyrene, fluoranthene, and phenanthrene Compost [82]

Lycopersicum esculentus Dimethyphthalate and diethylphthalate Biosolids [83]

Cucumis sativus Phenantherene,pyrene, flouranthene, benzo[a] anthracene, chrysene, indeno[1,2,3,cd] 
pyrene, benzo[a]pyrene

Rhizophere soil [84]

Beta vulgaris L.

Allium cepa L.

Lactuca sativa Perfluoroctanoic acid, perfluorooctane sulfonate and perfluorooctane sulphonamide Compost [85]

Spinacia oleracea Benzo(k) flouranthene and benzo[a] pyrene Waste-water irrigation [86]

Zea mays Acenaphthene and flourene Sewage [74]

Brassica oleracea Benzo(k) flouranthene and benzo[a] pyrene Waste-water irrigation [86]

Daucus carota Perfluoroctanoic acid, perfluorooctane sulfonate and perfluorooctane sulphonamide Compost [85]

Capsicum annuum Phenantrene and Benzo[a]antracene Waste-water irrigation [87]
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radish and carrots irrigated with treated wastewater. The 
study of [111] even though reported that the levels of 
cadmium (Cd) exceeded the acceptable limit for agricul-
tural land, the concentrations of the trace metals in soils 
and vegetables were all below the permissible limits set 
by [112].

On the other hand, the application of municipal sludge 
to agricultural land is an attractive option for disposal 
because of the possibility of improving soil properties and 
increasing plant productivity with the recycling of valu-
able components including organic matter [113]. How-
ever, the use of sludge may also pose a serious danger for 
consumers of products coming from soil fertilized with 
sludge. Sludge has been known in some instances to con-
tain high amounts of toxic metals [107, 114, 115]. Sew-
age sludge is a by-product of sewage treatment processes 
and is made up of pathogenic microorganisms, organic 
and inorganic components [116]. Due to the presence 
of trace metals in sludge, several documented reports 
have suggested that it may be necessary to consider dif-
ferences in metal affinity and tolerance to soil acidity as 
shown by specific vegetables and fruits before the appli-
cation of sludge on agricultural soils [93, 117]. Despite 
different methods used to determine the suitability of a 
sludge through different treatment options for agricul-
tural purposes, the presence of pathogens and other pol-
lutants found in the sludge remain a matter of concern 
[118]. The report from a study conducted by [119] in 
Nigeria showed that the values of lead (Pb) in vegetables 
planted on soil after the application of sludge exceeded 
recommended values for human consumption. The study 
of [120] and [106] recorded huge zinc (Zn) and cadmium 

(Cd) hazard quotients due to the consumption of vege-
tables harvested on soil treated with sludge for farming 
activities in India. Presence of trace metals in other crops 
from different studies are shown in Table 3.

Conclusion
The use of organic materials in agriculture should not 
be viewed as organic farming because this practice does 
not take into account the exclusion of polluted materi-
als in farming. With well-documented information from 
literature, there is overwhelming evidence that plants 
may uptake different types of pollutants from soil when 
cultivated on soils that are polluted or treated with con-
taminated organic materials. Despite this evidence, the 
practice and the indiscriminate use of contaminated 
organic materials for agriculture is on the increase espe-
cially from the developing countries. Poor farmers and 
members of their immediate families are at great risk 
especially when organic materials are collected from 
sources that are unknown and are used for farming.

The questions one tends to ask are the followings: who 
examines the products at the local levels especially for 
the poor farmers that collect waste on the streets? Are 
there regulations or information that may guide these 
peasant farmers on the appropriate use and handling of 
sludge and waste collected on the streets? How equipped 
is the present technology as regards the removal of pol-
lutants either from the sludge or wastewater? When the 
products are not for sale at the international market, who 
examines their safety for human consumption locally?

Concerted effort should be placed on the awareness, 
training and education of the peasant farmers and the 

Table 3 Evidence of trace metals in crops harvested from soil treated with organic materials

Crops Bioaccumulated trace metals Organic amendment/planting methodZn Authors

Agaricus bisporus Cr, Mn, Co and Zn Chicken compost [121]

Lycopersicum esculentus Cd and Hg Cowdung [122]

Cucumis sativus Cd, Cu, Pb and Zn Green manure and compost [97]

Lactuca sativa Mn, Zn, Cu and Hg Shrimp farm effluents [123]

Spinacia oleracea Cd, Pb and Zn Wastewater and sludge, paper mill sewage, municipal 
solid waste

[124–127]

Vigna unguiculata Cd, Pb, Cr, Zn and Cu Waste dump soil [128]

Raphanus raphanistrum Se, As and Zn Municipal solid waste [129]

Brassica oleracea Cr, Ni, Cu, Zn, Mo, Cd and Pb Sewage sludge and chicken Manure [130]

Brassica oleracea L. var. Botrytis Pb and Cd Brewery sludge [131]

Beta vulgaris L. Cd, Pb and Zn Wheat straw and municipalities wastewater [132]

Abelmoschus esculentus Pb Battery recycling waste [133]

Capsicum annuum Zn Treated urban sewage
Yardwaste, sewage sludge and chicken manure

[134]
[135]

Allium cepa L. Zn Home garden [136]

Allium fistulosum Cd and Pb Urban waste [137]
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public on how, when and the type of organic materials 
that may be used for agriculture. Improved and renewed 
efforts should be geared towards the removal of persis-
tent organic pollutants in the environment (Soil, water 
and wastewater). This may include the introduction of 
new technology within the waste treatment plants and 
research into the ability of different plants that can bio-
accumulate these pollutants from the soil.
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