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Abstract 
The primary objective of this study was to assess 
the levels of heavy metals, nitrate, and pesticide 
residues in kale (Brassicaolaracea var. olecephala), a 
leafy vegetable. The study was conducted in three 
peri-urban sites in Nairobi, Kenya, where the use 
of wastewater irrigation is pervasive. The results 
indicated elevated levels of boron (B), cobalt (Co), 
chromium (Cr), copper (Cu), lead (Pb), zinc (Zn) 
and nickel (Ni) in vegetables irrigated with waste-
water in two sites. High loadings of the heavy 
metals Ni, arsenic (As), Pb, Cr, Cu, and Zn into 
agricultural soils were demonstrated to be from 
chicken manure. Nitrate levels were within 

acceptable daily intakes. Residues of diazinon, 
cypermethrin, biternol, and profenofos pesticides 
exceeded permissible maximum residue limits in 
kale at one site. Study findings suggest that 
consumers of vegetables grown in wastewater-
irrigated soils may ingest significant amounts of 
heavy metals and pesticides. Considering these 
findings, reducing heavy metal deposits into soils 
should be a strategic aim of soil protection policies 
in Kenya. 

Keywords 
food safety, heavy metal concentrations, leafy 
vegetables, peri-urban, pesticide residue 

Introduction 
Change in dietary preferences, incomes, and 
urbanization have increased the demand for leafy 
vegetables, which has led to increased production 
of these vegetables in Kenya in the past decade 
(Onyango, Shibairo, Imungi, & Harbinson, 2008). 
Vegetable production systems are often character-
ized by intensive use of fertilizers and pesticides 
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(Nugent, 2000). This is in response to consumers’ 
demand for vegetables with characteristics such as 
spotlessness, freshness, and that are pest and 
disease-free.  
 The quality of water used to irrigate vegetable 
crops in the vicinity of cities in low- and middle-
income countries has been compromised by rapid 
urbanization that has not been matched by 
improvements in water and sanitation infrastruc-
ture (Nabulo, Oryem-Origa, Nasinyama, Cole, & 
Diamond, 2008). Surface and well waters have 
consequently been exposed to contamination by 
industrial effluents and uncontrolled sewage, 
leading to the accumulation of heavy metals and 
other toxic materials in soil and crops, particularly 
leafy vegetables (Abdel-Ghani, Hefny, & El-
Chaghaby, 2007). Similarly, anthropogenic inputs 
associated with industrialization and agricultural 
deposition, such as atmospheric deposition, waste 
disposal, waste incineration, urban effluent, traffic 
emissions, fertilizer application, and long-term 
application of wastewater in agricultural land, 
contribute to heavy metal accumulation (Ensink & 
Simmons, 2004; Emongor, 2007). Previous studies 
in Kenya, Uganda, Senegal, Ghana, and Pakistan 
have shown that use of irrigation water mixed with 
industrial effluent led to accumulation of toxic 
metals and excessive nitrates in plants (Keraita et 
al., 2002; Kar et al., 2007; Karanja et al., 2010).  
 Build-up of heavy metals contaminants in 
agricultural soils is of increasing concern due to 
potential health risks as well as detrimental effects 
on soil ecosystems (Qishlaqi, Moore, & Forghani, 
2008). Health risks associated with wastewater 
include exposure to heavy metals from industrial 
effluent and microbiological contaminants WHO, 
2006). Heavy metals are particularly hazardous 
because elements such as nickel (Ni), cadmium 
(Cd), chromium (Cr), and lead (Pb) can lead to 
hepatomegaly (enlarged liver) and increase the 
likelihood of cancer, congenital malformation, and 
bone and kidney disorders (Kakar, Yasinzai, 
Salarzai, Oad, & Siddqui, 2006).  
 Poor pollution-control policy and weak 
enforcement of industry zoning regulations have 
led to widespread vegetable production on parcels 
of land that are close to industrial and manufac-
turing plants and therefore prone to water and air 

pollution. Other pollutants from nonpoint pollu-
tion sources such as construction sites, auto 
garages, and oil residue and exhaust gas emissions 
at highways exacerbate the problem of heavy metal 
accumulation in peri-urban and urban farming 
areas. In addition, the accumulation of heavy 
metals in ecosystems has been attributed to 
excessive fertilizer and pesticide use, especially 
phosphates (Aydinalp & Marinova, 2003).  
 Some studies on public health risks associated 
with heavy metals have shown the necessity of 
measuring the accumulation of heavy metals since 
they pose serious health hazards to human health 
(Keraita et al., 2002; Nabulo, 2008; Kar et al., 2007; 
Karanja et al., 2010). In this study, we assess the 
contamination of irrigation water by more abun-
dant metals such as boron, copper, zinc, and 
manganese, as well as pesticide residues, which may 
sometimes pose greater hazard than lead, mercury, 
and cadmium (Cornish & Kielen, 2004).  
 Pesticide bioaccumulation and biomagnifica-
tion have become the weak links in the food chain. 
Some studies show an association between expo-
sure to pesticides and health problems such as 
cancer, attention deficit (hyperactivity) disorder, 
and nervous system disorders, and suggest that 
exposure to pesticides could weaken the immune 
system (Faruqui, Niang, & Redwood, 2004; Kakar 
et al., 2006; Karanja et al., 2010). In this study, we 
explore pesticide bioaccumulation in the leafy 
vegetable kale that is grown in peri-urban areas of 
Nairobi. Kale is the most commonly grown and 
consumed fresh vegetable by both rural and urban 
households in Kenya and plays an important role 
in nutritional balance in developing countries 
(Okello, Lagerkvist, Hess, Ngigi, & Karanja, 2012). 

Methodology and Approaches 

Sampling Sites 
Nairobi is at an elevation of 5,480 feet (1,670 
meters) above sea level and covers an area of 
270square miles (700 square kilometers). The city 
and its environs receive 41 inches (1,050 milli-
meters) of rainfall, which is bimodal, with the long 
rains falling between March and May and the short 
rains between October and December. The mean 
annual temperature is 62.60 F (170 C), while the 
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mean daily maximum and minimum temperatures 
are 73.40 F (23°C) and 53.60 F (12°C), respectively 
(Foeken & Mwangi, 2001). While irrigation activity 
is expected to occur during the driest months (June 
and September), for more than 90 percent of 
farmers, irrigation is a year-round activity. 

Study Area 
Three peri-urban farming areas were selected based 
on production practices, proximity to industries, 
and major roads and age of settlement (figure 1). 
Athi River is an industrial area, while Ngong and 
Wangige comprise farms of recent settlement and 
those occupied for over 50 years, respectively. The 
Athi River site has several manufacturing indus-
tries, meat processing plants, wine distillers, and 
hide and skin processing industries. Most of the 
farmers in this area utilize water from the Athi 
River to grow vegetables using furrow irrigation. A 
small number of farmers exploit untreated effluent 
water from the meat processing plant. In the 
Ngong site, farmers use water from streams that 
flow from the Ngong Hills for the production of 
kale and spinach. A few farmers use highly con-

taminated stream water at the Kiserian town, in 
Ngong. The farmers in Wangige utilize water from 
streams or boreholes. 

Kale, Soil, and Water Sampling 
We collected samples of kale, soil, and water from 
60 peri-urban farms (Athi River, n=16; Ngong, 
n=22; and Wangige, n=22). From these farms, kale 
leaves were picked randomly from various loca-
tions of the sample plot by moving in a zigzag 
manner across the plot while picking leaves from 
lower, middle, and upper part of each selected 
plant. Samples from each plot were pooled and 
mixed, and a subsample of 17.6 ounces (500 grams) 
was put into a sterile paper bag for analysis. We 
took irrigation water samples at the source 
aseptically into sterile bottles and transported them 
to a laboratory, where they were analyzed. Since 
chicken manure is the main source of vegetable 
nutrients, chicken manure samples were collected 
in the same manner in farms from Wangige. 
Sampling was done for both the wet and dry 
season in Ngong and Athi River. However, in 
Wangige, water samples for heavy metal analysis

Figure 1. Map Showing Ngong, Wangige, and Athi River Peri-urban Agricultural Areas  
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were collected only once since there was no threat of heavy metal 
contamination as farmers use borehole water for irrigation. 

Laboratory Analysis 
Soil and manure samples were air-dried to constant weight and then 
sieved through a 2 mm mesh wire. One gram of soil was digested in 9 
ml aqua regia (1:3 HNO3: HCl) then passed through Whatmann filter 
No. 1 and directly aspirated into an inductively coupled plasma (ICP) 
spectrophotometry for determination of heavy metals (Moenke-
Blankenburg, 1993). Water samples for heavy metal analysis were 
directly aspirated into the ICP. The kale tissues were oven dried at 
140º F (60º C) for eight hours and 0.5 g was transferred into a cru-
cible and dry-ashed at 122º F (50º C) for 6 hours and then extracted 
with mild aqua regia (3 ml HCl 5M + 0.25 ml conc HNO3) evapora-
ted on a hot plate (Campbell & Plank, 1997) to determine the total 
concentrations of As, Co, Cu, Fe, Pb, Mn, Ni, and Zn in filtrate using 
the ICP spectrophotometry. Total heavy metal concentrations in 

chicken manure samples were determined by digesting 200 g (fresh 
weight) samples with aqua regia and analyzing them as above. 

Statistical Analysis 
Statistical analyses were performed using XLSTAT. ANOVA and t-
test were used for comparison of means between seasons. Principal 
Component Analysis (PCA) was performed to establish possible 
factors that contribute to the metal concentrations and source 
apportionment. All data sets were subjected to Factor Analysis (FA). 
The number of significant Principal Components (PC) was selected 
on the basis of Varimax orthogonal rotation with Kaiser 
Normalization with eigenvalue greater than 1. 
 
Results and Discussion 

Heavy Metal Concentration in Irrigation Water 
Concentrations of As in water were not statistically significant among 

Figure 2. Heavy Metal Concentrations in Irrigation Water in Peri-urban Sites During Nairobi (a) Dry and (b) Wet Seasons
(Athi River, n=16; Ngong, n=22; and Wangige, n=22 
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the three sites in the dry season, but were signifi-
cantly elevated in the wet season, with the highest 
levels recorded at Athi River (figure 2). William 
(2001) also observed that As concentrations in 
mine waters increased in the wet season compared 
to the dry season. Such seasonal variation in the 
concentration of As could be attributed to 
differences in individual As solubility, pH, and 
leaching by acidic rain during the wet season 
(Iwegbue, Egobueze, & Opuene, 2006). Similarly, 
in the wet season, As concentration in Athi River 
was significantly higher than in Ngong. Elevated 
heavy metal concentration in Athi River may be 
due to effluents from nearby manufacturing 
industries, meat processing plants, wine distillers, 
and hide and skin processing industries. Boron 
levels in irrigation water from Athi River (0.074 
mg/L B) were elevated compared to Ngong (0.034 
mg/L B) and Wangige (0.019 mg/L B). In both 
seasons, boron concentrations were consistently 
highest in Athi River. In general, heavy metal 
concentrations of Co, Cr, Cu, and Ni were signifi-
cantly higher in the dry season compared to the 
wet season. Action of water dilution could be the 
main reason for the reduction in heavy metal 
concentrations during the wet season (with the 
exception of As) (Iwegbue et al., 2006).  
 While boron is essential for plant development 

(Jacob, 2007) the World Health Organization 
(WHO, 2006) notes that boron is toxic to plants in 
concentrations greater than 0.3–0.5 mg/L. In our 
study, we found boron concentration to be 0.08 
mg/L, which is lower than the critical limit. 
Cadmium concentrations in irrigation water from 
the three locations were below the critical limits, 
implying that the water was suitable for agriculture. 
Nickel levels in irrigation water were highest in 
Athi River (0.014 mg/L Ni) compared to Ngong 
and Wangige (0.009 mg/L Ni), exceeding the safe 
standards for irrigation water approved by NEQS 
(National Environmental Quality Standards, 1999) 
of 0.001 mg/L Ni in agricultural soil. Cobalt 
concentrations in irrigation water from the three 
locations were below the Canadian Water Quality 
Guidelines (Canadian Council of Resource and 
Environment Ministers [CCREM], 1987) for irriga-
tion (0.05mg/L) Co for irrigation on agricultural 
soils. However, the slightly elevated Co concen-
trations found in Athi River could be associated 
with industrialization and microenterprises, such as 
vehicle garages in Athi River town. Soils 
The first principal component, D1, shows that 
55.87 percent of the total variance is highly loaded 
by B, Cu, Co, and Ni, which were present in 
Ngong (figure 3). The heavy loading of As on D1 
in soils from Wangige may be attributed to the 

frequent use of chicken manure laden 
with this element. This component is 
thought to comprise heavy metal 
elements that are inherent in soil, 
originating mainly from the parent 
rock, including Zn. 
 The second component, D2, 
accounted for 44.13% of the total 
variance and was loaded by Hg, Mo, 
Pb, and Cr, indicating that their 
sources are emissions from industrial 
activities in Athi River town. 
Concentrations of As in soil varied by 
site where samples were taken and 
ranged from 8.15 to 17.72 mg/kg 
(figure 4). Normal soil concentrations 
of As range from 5 to 10mg/kg 
(Kapaj, Peterson, Liber, & 
Bhattacharya, 2006). 

Figure 3. Principal Component Analysis of Metal Concentrations 
in the Three Peri-urban Sites in Nairobi  
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 The soils from Wangige contained 17.72 
mg/kg in average, which surpassed the normal 
concentrations and indicate that there is a high 
deposition of As in Wangige. This could emanate 
from either pesticides or fertilizers, given that the 
As water concentrations were similar in the three 
locations. Arsenic in Wangige particularly could be 
emanating from poultry manure (Hancock, 
Denver, Riedel & Miller, 2001). Organic arsenic 
compounds are commonly added to animal feeds, 
particularly those for poultry and swine, to control 
parasites and improve animal growth rates. Poultry 
manure, which is typically spread on agricultural 
fields for disposal and as fertilizer, has been shown 
to contain 15–35 mg/kg total arsenic (Morrison, 
1969). The path of these arsenic feed additives in 
the environment is not well understood since the 
organic form of arsenic in poultry manure is 
rapidly converted into an inorganic form that is 
highly water soluble and capable of moving into 
surface and ground water. The boron 
concentration in Ngong was 14.72 mg/kg and in 
Wangige was 22.33 mg/kg, and so both were 
below the required 25–50 mg/kg for optimal 
growth of the crop. Similarly, the Cd levels in soil 

were below 4 mg Cd/kg, the critical limit (WHO, 
2006): the highest Cd level (2.63 mg/kg) was 
recorded in soils from Ngong, followed by 
Wangige (2.02 mg/k), with the lowest in Athi River 
(1.15 mg/k). Soil Cr concentration were highest in 
Athi River and Wangige, with 19.6 and 19.4 mg/kg 
deposition, respectively. Livestock manure was also 
a significant source, contributing approximately 30 
percent of Zn, Cu, As, and Cr. The guideline for 
chromium in agricultural soils is approximately 100 
mg/kg (Karanja et al., 2010).  

Manure 
Manure from Wangige was found to contain Ni, 
As, Pb, Cu, and Zn (figure 5). A study by 
Nicholson Smith, Alloway, Carlton-Smith, & 
Chambers (2003) identified chicken manure as a 
major source of heavy metals in soil in England 
and Wales. Similarly Kalavrouziotis, Robolas, 
Koukoulakis and Papadopoulos (2008) found 
reported that the use of chicken manure raised the 
levels of As, Ni, Pb, Cr, Cu, and Zn in soils in 
Greece. Hence the elevated Ni and As concen-
trations observed in soils collected from Ngong 
and Wangige farms may have been from chicken 

Figure 4: Heavy Metal Concentrations in Soil in Peri-urban Sites in Nairobi
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manure fertilization. Total Co was significantly 
higher in Ngong (48mg/kg) compared to Wangige 
(11.8 mg/kg) and Athi River (8.6 mg/kg). The high 
levels of cobalt in Ngong may be attributed to 
heavy use of fertilizers, which are enriched with 
cobalt, generally in the range of 1–12 mg/kg, in 
order to amend cobalt-deficient agricultural soils. 
Total cobalt in soils was reported by Hamilton 
(1994) to generally fall within the range of 0.1–50 
mg/kg.  

Heavy Metal Levels in Kale Leaves 
Although kale normally has a low level of arsenic, 
we detected significant amounts of arsenic trans-
ferred from contaminated wastewater for irrigation 
to kale (figure 6). Arsenic content in the vegetables 
ranged from less than 0.01 mg/kg to 0.4 mg/kg. 
The maximum allowed limit of consumption of 
arsenic through food by a person is 0.2 mg/kg per 
day (World Health Organization [WHO], 2006). 
The presence of As in plants entering in the food 
chain, even in trace amounts, is a primary risk to 
food safety and human health by given that arsenic 
is classified as a toxin (WHO, 2006). Exposure to 
As may lead to hyperpigmentation, keratosis, 
carcinogenesis, cardiovascular diseases, fetal loss, 
premature delivery, and long-term loss of memory 
(Kakar et al., 2006). The major routes of As inputs 
to agricultural soils include atmospheric deposition, 
sewage sludge, animal manures, agrochemicals, and 
inorganic fertilizers (Emongor, 2007).  

 Boron content in 
vegetables from the peri-urban 
farms, ranging from 22 to 
28.67 mg/kg, had optimal 
concentrations of this element. 
It is worth noting that twice 
the levels of Cd in kale leaves 
were recorded in Athi River 
(0.02 mg/kg) compared to 
Ngong (0.01 mg/kg) and 
Wangige (0.01 mg/kg). These 
concentrations were below the 
critical limit of 0.2 mg/kg in all 
the locations (Muchuweti, 
Birkett, Chinyanga, Zvauya, 
Scrimshaw, & Lester, 2006). 
Cd is a natural component of 

soil, hence its detection in trace levels in vegetable 
tissues at all the sites. The majority of foodstuffs 
will contain some Cd, and therefore all humans are 
exposed to natural levels (Kakar et al., 2006). 
Bioaccumulation of heavy metals has been shown 
to vary with plant species, age, environmental 
conditions, form, and mobility of the metal ions 
involved (Karanja et al., 2010). The lead levels in 
kale ranged between 0.39 mg/kg in Wangige to 
3.06 mg/kg in Athi river, which were above the 
recommended level of 0.3mg/kg (Muchuweti et al., 
2006). As indicated by Emongor (2007) and 
Nabulo et al. (2008), the high Pb level recorded in 
Athi River kale leaves (3.06mg/kg) results from 
effluent from the local industries as well as 
vehicular fumes from the nearby busy Mombasa-
Nairobi highway.  
 The fact that the high variability in lead 
concentrations in soil did not result in substantial 
amounts in the leafy tissues of kale is a clear 
pointer to the immobility of lead in the soil 
(Emongor, 2007). It is estimated that an adult 
person of 143 lb. (65 kg) in Kenya consumes about 
7.1 ounces (200 grams) of kale vegetables daily, 
which translated to ingestion of 0.078 mg to 0.612 
mg Pb, which closely agrees with the amounts 
reported by Onyang et al. (2008) of 0.5 mg Pb per 
day. This dietary lead intake is below the lead limit 
of 1 mg set by the U.S. Food and Drug Admini-
stration Advisory (Gordon & Wayne, 1993).
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Figure 5. Heavy Metals in Chicken Manure from Wangige
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 The acceptable limit for human consumption of Cu is 10 mg/kg 
(Nair, Balachandran, Sankarnarayan, & Joseph, 1997). When Cu 
exceeds its safe level concentration, it causes hypertension and 
sporadic fever, among other conditions. Our study revealed that Cu 
varied from 3.6 to 6.7 mg/kg, which falls below the safe limits for 
human health and hygiene. It is worth noting that the highest 
concentration of Cu was found in vegetables in at the Athi River site 
(6.7 mg/kg), while the lowest concentration of 3.6 mg/kg was from 
Wangige, whose farmers use borehole water for opposed to the 
former, who use waste water for irrigation.  
 Nickel was also found in kale leaves in the range of 0.76–4.54 
mg/kg. Kale from Ngong showed the highest nickel content during 
the wet season (4.54 mg/kg). The acceptable daily intake for Nickel is 
3 to 7 mg/day (Agency for Toxic Substances and Disease Registry 
[ATSDR], 1999), meaning that the amounts reported in this study are 

within the safety limits of consumption. 
 Kale tissues accumulated trace levels of Chromium in the three 
study locations. Cr content could be linked to contaminated irrigation 
water but more likely to fertilizers and pesticides (Orhue & 
Ekhomun, 2010). Poor waste management practices, particularly 
where effluent is discharged into the river, is the main source of the 
higher Cr levels detected in irrigation water at Athi River. Kale leaf 
tissues from Wangige and Ngong had 0.52 mg/L and 0.50 mg/L 
levels, respectively, which were above the recommended maximum 
crop concentration of 0.2 mg/L Cr (Hide, Kimani, & Kimani, 2001). 
Kalavrouziotis and colleagues (2008) have shown that long-term use 
of irrigation water contaminated with heavy metals may contribute to 
accumulation of Ni in soil. It is evident that the continuous use of 
irrigation water contaminated with Ni enriched the soil and therefore 
enhanced accumulation in the soil-plant system (Kalavrouziotis et al., 

 (a) Dry season (b) Wet season 
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2008). Various studies have demonstrated that 
Brassicas olaracea (kale) has very high hyperaccu-
mulation and tolerance for Ni (Giordani, Cecchi, & 
Zanchi, 2005; Kabata-Pendias & Mukherjee, 2007).  
 Based on the nitrate levels in sampled kale, it 
was estimated that 0.381.32 mg nitrates were con-
sumed daily based on the consumption of 7 ounces 
(200 g) of kale as estimated by Onyango (2008) 
(figure 7). Nitrate levels found in kale from the 
three locations were below the recommended daily 
intake of 0–3.7 mg per kg of bodyweight according 
to the World Health Organization (2000). Low 
levels of nitrate accumulation in the kale leaves 
could be attributed to the use of organic manures 
as a source of plant nutrients as opposed to 
inorganic fertilizers. Onyango and colleagues 
(2008) demonstrated that increased nitrate accu-
mulation in leaves is often due to a high rate of 
application of nitrogen fertilizers.  

Pesticide Residues in Kale 
This study detected residues of organophosphates 
(diazinon), pyrethroids (cypermethrin and 
deltamethrin), and fungicides (triadimenol, 
prophenos, biternol, and metalaxyl) in the kale 
leaves (table 1).  
 Maximum residue limits (MRLs) have been 
established for individual pesticide/crop 
combinations by the Joint FAO/WHO Meetings 
on Pesticide Residues (JMPR), using residue data 
from supervised trials and recommending uses of 
pesticides, including good agricultural practices 
(GAPs) (FAO/WHO, 2009). Exceeded MRLs are 
strong indicators of violations of good agricultural 

practices. While the maximum 
initial deposits of cyper-
methrin and deltamethrin 
were less than their respective 
MRL values of 1 and 0.2 
mg/kg for kale, diazinon on 
the other hand was above 
MRL of 0.01 mg/kg. Cyper-
methrin and deltamethrin 
have been shown to photo-
degrade rapidly and therefore 
pose far less risk to humans 
than organophosphates 
(Marei, Marei, Ruzo, & 

Casida, 1982). In addition, microbial degradation 
may enhance the degradation of the cyper- and 
delta methrins, which may explain the residue 
levels below detection limit in this study. Diazinon 
is an organophosphate insecticide whose toxic 
action is achieved by inhibiting acetyl cholinester-
ase, an enzyme essential for normal nerve-impulse 
transmission. It is highly toxic to humans and 
animals. Metalaxyl is an agricultural fungicide 
available in a variety of formulations, many of 
which include other active ingredients, such as 
mancozeb, thiabendazole, cymoxanil, and fludi-
oxonil. Trade names are Apron Combi, Apron TZ, 
Max MZ, Phytospear, Ridomil Gold 2.5G, Ridomil 
Gold MZ, Speartek, and Wakil XL. Based on inter-
national studies, people may be exposed to residues 
of metalaxyl through their diet, but chronic dietary 
risk is minimal (U.S. Environmental Protection 

Table 1. Pesticide Residues in Kale Samples 
from Peri-urban Farms in Nairobi 

Pesticide Level found (mg/kg) EU MRL mg/kg

Diazinon 0.04–0.18* 0.01

Metalaxyl 0.03 0.2

Cypermethrin 0.02–1.1* 0.1

Deltamethrin 0.04 0.5

Triadimenol 0.03 0.1

Biternol 3.2* 0.05

Profenofos 4.1* 0.05

*Above the maximum permissible residue levels for the EU 
community. 

Figure 7. Nitrate Levels in Kale from Peri-urban Farms in Nairobi
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Agency, 1994). In their study, Nasreddine and 
Parent-Massi (2002) found that vegetables inclu-
ding spinach often contained residues above the 
permitted levels of maneb, diazinon, cypermethrin, 
and deltamethrin, among other pesticides. Risks 
associated with the use of pesticides also could be 
aggravated by farmers not following the recom-
mended preharvest interval period. This was noted 
among 85 percent of peri-urban farmers in a study 
by Ngigi, Njenga, Lagerkvist, Karanja, & Okello 
(2011). 

Development and Policy Issues for 
Safe Production of Vegetables in 
Urban and Peri-Urban Farms 
Wastewater used for irrigation was found to have 
concentrations of some heavy metals that exceeded 
recommended levels. The most likely sources of 
these heavy metals are industries and microenter-
prises such as motor vehicle garages. Government 
regulations on disposal of industrial effluent stipu-
lated in Kenya’s Environmental and Coordination 
Act (EMCA) of 1999 should be reinforced through 
publicity and training of farmers so as to mitigate 
the risks of using untreated wastewater for crop 
production, and thus exposing consumers. 
 Use of pesticides on kale by farmers to protect 
it from pests and diseases is widespread in Kenya. 
The motivation to these farmers for applying pesti-
cides is to ensure that kale is good-looking or has 
high sensory quality attributes in order to meet 
buyers’ aesthetic quality demands. In addition, use 
of pesticides protects kale from pests and diseases, 
thus increasing harvestable quantities and gener-
ating more money or higher profit margins to 
growers. However, observing the interval between 
pesticide application and harvest (i.e., the post-
harvest interval) is very important to reduce 
exposure of consumers by ingesting residues in 
food. The recommended minimum preharvesting 
interval time between pesticide application and 
harvest is 15 days for most categories of pesticides. 
In the survey of 120 farmers (Ngigi et al., 2011) it 
was observed that only 15 percent observed this 
recommendation.  
 Over 70 percent of kale farmers applied live-
stock manure as a source of crop nutrients. Their 
reported motivations for applying manure were to 

improve soil fertility; improve the water-holding 
capacity of the soil; benefit from the long-lasting 
effects of manure; ensure that the kale was good 
looking and had high sensory quality attributes; and 
produce healthy kale. The long-lasting effects of 
manure in improving the water-holding capacity 
result in cost saving through reduced watering. Use 
of manure also results in savings that would other-
wise be used to purchase chemical fertilizer and to 
hire labor for its application. Elevated levels of 
heavy metal contamination were detected in the 
soil samples, especially those meliorated with poul-
try manure. As a result of these findings, farmers 
should be made aware of a potential environmental 
and human health risks. In addition, efforts should 
be made to increase awareness of National 
Biofertilizer Use Guidelines (Kenya Bureau of 
Standards [KEBS], 2011) and where necessary to 
provide training on the safe use of livestock 
manure and other organic materials. Nonetheless it 
is important to note that manure acts as 
bioremediation agent for contaminated soils by 
enhancing biological processes by soil organisms. 

Conclusions 
This study detected significant amounts of heavy 
metals transferred from contaminated wastewater 
used for irrigation to kale. Generally, As, Ni, B, Co, 
Cu, and Pb were comparatively elevated at the 
Ngong and Athi River sites. The elevated heavy 
metal content in kale leaves was attributed to the 
use of untreated industrial wastewater used for 
irrigation. In this study, the highest loading of the 
heavy metals Ni, As, Pb, Cr, Cu, and Zn were 
demonstrated to be from chicken manure, mainly 
due to use of commercial feeds. There is limited 
knowledge of the quality of animal manures and 
the risk they may pose to the environment and 
humans as well as effects of heavy metals on 
uptake of plant nutrients. Nitrate levels were all 
below the recommended levels, mainly due to 
farmers’ preferred use of organic manures as a 
source of plant nutrients as opposed to expensive 
inorganic fertilizers. Finally, violations of GAPs 
were apparent in the detection of pesticide residues 
of diazinon, cypermethrin, biternol, and prefenofos 
exceeding the permissible MRLs.  
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 We recommend reducing heavy metal 
contamination by harmonizing and enforcing the 
various soil, water, and air pollution protection 
policies in Kenya because bioaccumulation and 
biomagnification of heavy metals and pesticides 
residue is associated with human health problems. 
Due to a lack of information on the consequences 
of ingesting food contaminated with heavy metals 
and pesticide residues, there is need for further 
studies on the effects of these two types of con-
taminants in human beings. Farmers should be 
trained on the safe use of pesticides or alternative, 
environmentally sustainable pest-control strategies. 
There is a need for researchers, development 
practitioners, and government extension staff to 
work together in farmer capacity-building and 
implementation of guidelines and regulations on 
safe use of pesticides, manure, fertilizers, and 
irrigation water. In regard to chicken manure and 
heavy metal leaching into soil, in order to secure 
long-term soil fertility, it is recommended that 
heavy metal content in animal feed should not 
surpass the chicken nutritional requirements.  
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