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Abstract 

Pollution of the environment by heavy metals emanating from rapid economic growth and 

improper waste and effluent disposal is a major concern. In this study, heavy metal 

concentrations (Cd, Cu, Pb, Zn and Cr) in vegetables, soil and water in two urban streams in 

Machakos municipality were analyzed. Physicochemical parameters; pH, temperature, total 

dissolved solids (TDS) and electrical conductivity (EC) were also measured on-site. One-way 

Analysis of variance (ANOVA) was used to test for the significant difference (p≤0.05) of heavy 

metal concentrations in the vegetables, soil, and water across the different sampling sites. The 

relationship between the heavy metals in the soil, water and vegetables was investigated using 

Pearson correlation. Temperature (21.58 – 23.05 ºC), pH (7.5 – 8.45) and TDS (577.5 – 865.83 

mg/L) mean values were found to be within WHO acceptable limits for surface water while EC 

(864 – 1778.5 µS/cm) exceeded the set limits. Results showed that the mean concentrations 

(mg/kg) of Cd (BDL – 0.0011), Cu (0.0034 – 0.0055), Pb (0.0012 – 0.007), Zn (0.0232 - 

0.1351), and Cr (0.0036 - 0.0292) in water and Cd (0.0058 - 0.0534), Cu (10.39 – 27.5), Pb (4.23 

- 8.35), Zn (20.1 – 28.8) and Cr (8.17 – 10.03) in soil were within WHO permissible limits. 

Mean concentration values of (Zn (9.05 – 11.8), Pb (0.28 – 0.636), Cr (BDL – 1.002)) in spinach 

exceeded WHO permissible limits while Cd (BDL – 0.1285) and Cu (3.07 – 14.5) were within 

recommended levels. Cd (0.004 – 0.243), Cu (0.909 – 3.60) and Pb (BDL – 0.458) concentration 

levels in kale were within WHO safe limits for human consumption while Zn (12.06 – 18.8) and 

Cr (BDL – 1.62) exceeded WHO set limits. Presence of heavy metals (Zn, Pb, Cr) in the 

vegetables signifies a health risk hazard from consumption of these vegetables. Continuous 

monitoring of heavy metals in stream water, soil and vegetables is critical towards safeguarding 

public health. 

Key Words: Heavy metals, urban effluent, water, soil, vegetables 

1.0 INTRODUCTION 

Industrial growth and urbanization coupled with high population growth have led to an increase 

in sewage water generation in cities and towns around the world [1]. Millions of small-scale 

farmers in urban and peri-urban areas in developing countries depend on urban streams, which 
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are the recipients of urban effluent for irrigation of crops and vegetables for urban markets. This 

poses a direct risk as the pollutants in wastewater can affect both the environment and human 

health. Among the pollutants in wastewater are heavy metals and there is a global concern due to 

their toxicity, bioaccumulation in food chains and persistence in the aquatic ecosystems [2]. 

Although heavy metals in the environment could be due to natural processes, the same in urban 

environments of most developing countries have to a greater extent been attributed to industrial 

development, transportation and marketing of goods [3]. According to Feng et al., [4] 

atmospheric deposition can also significantly elevate the level of heavy metals in soils. Elevated 

levels of heavy metals have been reported in areas having long term use of treated and untreated 

wastewater [3,5,6].  

Contamination of vegetables by heavy metals is a key aspect of food quality assurance given the 

importance of vegetables in the human diet. The use of polluted urban streams water for 

irrigation contributes significantly to the heavy metal content in soil and then the vegetables, 

which poses health risks to consumers of the vegetable commodities [6,7,8,9,10,11]. 

In Kenya, urban growth and expansion are often accompanied with the proliferation of informal 

settlements and general poor waste disposal. The increase in the number of processing and 

manufacturing plants has also increased the amount of industrial effluents. Consumption patterns 

on the other hand contribute to the accumulation of solid wastes. All this effluent and in some 

cases solid wastes find their way into the sewage treatment plants and streams. The documentary 

on Garbage Rivers exemplifies this sorry state [12]. Besides health risks, the heavy negative 

environmental load equally imposes an expensive social and economic burden on the nation and 

communities. This thus necessitates the need to periodically assess the quality of urban riverine 

systems. However, not much attempts have been done for the urban streams in Machakos 

municipality in this regard.  

The aim of this study was thus to establish the level of heavy metal contamination in water in 

two urban streams flowing through Machakos town, and subsequently in soil and selected 

vegetables irrigated by this water. Outcomes of this study would provide key information on 

heavy metals, useful in contributing to sustainable domestic sewage and industrial effluent 

management in the interest of public and environmental health. 

 

2. MATERIALS AND METHODS 

2.1 Study Area 

This study was carried out in Machakos municipality in Kenya, which lies within longitudes E 

37º16’49.2829’’and E 37º21’18.78778’’ and latitudes S 1º31’507361’’ and S 1º31’27.29809’’ 

(Figure 1). The streams under study which flow through the municipality are Iini and Ikiwe 

streams. Vegetable farming through irrigation is a dominant practice in this riparian ecosystem. 

The market is guaranteed by the ever-increasing urban population. The two streams are 

surrounded by hilly terrain with a high number of family farms. The number of small-scale 

industries dealing in textiles, plastics, furniture and food processing is on the rise in the 

municipality. This inevitable landscape and societal transformation call for planning and 

implementing a sustainable waste management system. 

2.2 Sampling sites and sample collection 

Three sampling sites were selected based on land use patterns, economic activity, and suspected 

pollutant point sources (Figure 1). Site 1, (latitude S 1º31’507361’’ and longitude E 
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37º16’49.2829’’), was after Machakos town where there is much leakage of sewage into the Iini 

stream. Site 2 is on the upper side of Ikiwe river (latitude S 1o30’50.26329 and longitude E 

37o16’17.40619’’) to which Iini stream drains its waters. The third site is on the lower side of 

Ikiwe River (longitude E 37º21'18.78778 and latitude S 1º31'27.29809'') where there is much 

dilution of the water. Sampling was done during the dry season from June 2019 to October 2019. 

Samples were collected in triplicates from each of the sampling sites once every month for five 

months. The triplicates were mixed thoroughly to obtain a composite sample from each of the 

sampling site. 

Physicochemical water parameters; pH, temperature, electrical conductivity (EC) and total 

dissolved solids (TDS) were measured on-site using standard meters (Hanna HI 99121 pH meter 

and HI 99300 EC/TDS meter). Water samples were collected using 500 mL pre-cleaned and 

10% Nitric acid rinsed polyethylene bottles. The sampling bottles were rinsed twice with sample 

water at each site before taking the actual sample. Each sample was acidified with 2 mL of nitric 

acid (analytical grade) to avoid adsorption of heavy metals to the container wall [13]. 1 kilogram 

of each type of vegetable Spinaciaoleracea (spinach), and kale was randomly bought from 

farmers farming along the sampling sites and put in separate well-labeled bags to indicate the site 

and date of sampling. Soil samples (0-30 cm depth) were also collected from the same vegetable 

farms using a plastic scooper. Non-soil particles were removed and the soil samples stored in 

pre-cleaned well-labeled polyethylene containers. The water samples were put in an iced cool 

box and together with the soil and vegetable samples immediately transported to Kenya Plant 

Health Inspectorate Service (KEPHIS) Analytical Chemistry laboratory, Nairobi for heavy metal 

analysis.  

2.3 Sample Analysis 

At the laboratory water samples were then filtered through a 0.45 µm cellulose acetate 

membrane filter and 50 mL digested in 15 mL tri acid mixture (HNO3, HCl and HClO4) at a ratio 

of 5:1:2 at 150 ºC for at least 20 minutes [14]. After cooling, samples were quantitatively 

transferred into a 250 mL volumetric flask and filled to the mark using de-ionized water.  

Vegetables were oven-dried at 100oC then ground into powdered form. 1.5 g of vegetable 

powder sample was digested in 15mL tri acid mixture (HNO3, HClO4, and HCl) at 150 ºC in a 

microwave oven until a transparent solution appeared. The digests were then passed through a 

pre-washed filter and the filtrate made up to 250 mL [3].  

The soil samples were dried in an oven then sieved through a 2 mm sieve and stored in labeled 

polyethylene sampling bags. 1.5 g of the dried soil sample was digested by 15 mL tri acid 

mixture i.e. HNO3, HCl, HClO4 (5:1:2 ratio) at 150 ºC until a transparent solution appeared 

[12,15S]. Heavy metals analysis (Cd, Pd, Cr, Zn and Cu) in the digested water, vegetable, soil 

samples and blanks was determined using inductively coupled plasma mass spectrophotometer 

(Agilent 7900 series ICP-MS).  

2.4 Data Analysis 

The data was analyzed using Minitab Statistical Software, version 19. The significant difference 

(p≤0.05) of heavy metal concentrations in vegetables, soil, and water across the different 

sampling sites was tested using One-way Analysis of variance (ANOVA). Separation of means 

was done using post-hoc Tukey's test. Pearson correlation analysis for heavy metals water, soil 
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and in the vegetables was also done. The heavy metal concentrations in the samples were 

compared with the World Health Organization (WHO) set limits. 

 

Transfer factor (TF) was used to determine the mobility of Cd, Cu, Pb, Zn and Cr from soil into 

the vegetable and was determined by dividing the concentration of the heavy metals in the 

vegetables by the concentration of the heavy metals in the soil.  

 

TF =
𝐻𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑣𝑒𝑔𝑒𝑡𝑎𝑏𝑙𝑒

ℎ𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑜𝑖𝑙
 

 

Figure 1: Location of the urban streams and sampling sites within Machakos municipality 

 

                  



5 
 

3. RESULTS AND DISCUSSION 

3.1 Physicochemical Parameters 

The mean values of the physicochemical parameters of water obtained during the period of study 

are presented in Table 1. There were slight variations of pH values obtained from this study 

ranging from 7.5 to 8.45. The highest pH was recorded at site 1 and could be associated with 

domestic and municipal sewage effluent that flows directly into the site from surrounding 

residential areas. pH is a regulatory factor that ascertains the nature of ions present in surface 

water [15]. The pH values obtained in all the water samples were slightly alkaline hence as 

indicated by Badr et al., [6] improbable of health issues such as acidosis. The pH values were 

significantly different across the water sampling sites (p≤0.05). Post-hoc Tukey test showed that 

pH levels at each sampling site significantly varied from each other. pH values obtained in this 

study were lower than the pH values (5.43 - 9.34) recorded for Padma river, Bangladesh [16]. 

Temperature values ranged between 21.6 and 23.5 ºC. These temperature values majorly depend 

on the time of sampling and the season of sampling as the intensity of heat from the sun varies 

with time and season. There was no significant variation in temperature values in the different 

sampling sites (p > 0.05). Temperature values recorded in this study are similar to temperature 

values for river water in Bangladesh [16]. 

 

Table 1: Mean ±standard deviation of physicochemical parameters of water 

Site/ 

Parameter 

N Site 1 Site 2 Site 3 WHO 

Limits 

p-value 

pH 5 8.45 ±0.04a 7.50 ±0.20b 7.91 ±0.10c 6.5-8.5 0.000 

Temperature 

(0C) 

5 22.05 ±1.29a 

 

23.05 ± 2.59a 

 

21.58 ±3.47a - 0.988 

TDS (mg/L) 5 865.83 ±116.78a 

 

699.33 ± 202.60a 

 

577.5 ±260.49a 

 

1000 0.204 

EC (µS/cm) 5 1778.5 ±102.17a 

 

1133.83 ±474.22a 

 

864.83±216.83a 

 

700 0.305 

Means with different superscripts (a, b, c) in the same rows are significantly different at p≤0.05. 

Total dissolved solids values (TDS) ranged from 577.5 to 865.8 mg/L and did not exceed the 

WHO acceptable limits. The highest TDS (865.83 ±116.7 mg/L) value was recorded at site 1 

reflecting the effect of direct emission of untreated sewage into Iini stream at this site. Salts, 

engine oils, car battery acids and other solid wastes washed down into Iini stream from 

Machakos open-air garage and car washes around Iini stream could also contribute to the high 

TDS at site 1. The least value of TDS mean value was recorded at site 3 (577.5 ±260.49 mg/L). 

At site 3, Iini stream has joined with other streams forming larger Ikiwe River with more dilution 

of river water resulting in lower TDS values at this site. There was no significant difference in 

TDS across the sampling sites (p > 0.05). Electrical conductivity (EC) mean values were above 

WHO limits for natural water and ranged between 864.8 and 1778.5 µs/cm. This may be 

associated to both domestic and municipal effluents into the urban streams since the effluents 

contain dissolved salts. The study shows there is a correlation between conductivity and total 
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dissolved solids; at site 1 where electrical conductivity was highest the value of total dissolved 

solids was also highest as the dissolved salts are responsible for the electrical conductivity of 

water. EC values obtained in the different sampling sites showed no significant difference (p > 

0.05). The TDS and EC values obtained in this study were slightly higher than those recorded in 

Nairobi River of 176-438mg/L and 348-881µs/cm respectively [17]. 

 

3.2 Heavy metal concentration in water 

The range for Cd, Cu, Pb, Zn and Cr heavy metal mean concentration in water in the different 

sampling sites were BDL - 0.0011, 0.0034 - 0.0055, 0.0012 - 0.007, 0.0232 - 0.1351, 0.0036 - 

0.0292 mg/L respectively (Table 2). The mean heavy metal concentration in water generally 

varied in the order Zn> Cr> Pb > Cu>Cd. The levels of Cd in water ranged from BDL to 0.0011 

mg/L with Cd having the least concentration in all the sampling sites. All were below WHO 

permissible limits for surface water in all the sampling sites hence the water was not 

contaminated with Cd and was thus safe for agricultural use. These values were lower than 

concentrations (0.0043 mg/L) detected in Nairobi River [2]. Additionally, Mohsin et al., [18] 

recorded higher Cd concentration (0.02 – 0.39 mg/L) than Cd levels obtained in this study. 

The average Cu concentration ranged from 0.0034 to 0.0055 mg/L with the highest value 

recorded at site 1. Natural weathering of rocks and discharges from industries and sewage 

treatment plants are some pathways through which copper is released to water [19]. The high 

concentration of copper at site 1 could be associated to erosion of minerals from rocks and soil 

and also due to fertilizers and pesticides that leached into the water from surrounding farms. The 

levels of Cu were lower than previous levels (1.29 - 0.727 mg/L) determined in river Chawalla, 

Nigeria [20]. Kacholi [21] also reported higher Cu values than those obtained in this study for 

wastewater in Dar es Salaam, Tanzania. 

 

Table 2: Mean ± standard deviations of heavy metal mean concentration (mg/L) in water and 

WHO set limits [22] 

Heavy 

metals 

in water 

N Site 1 Site2 Site 3 WHO 

Limit 

p-

value 

Cd 5 0.0011±0.00 0.0005±0.00 BDL 0.003 0.395 

Cu 5 0.0055±0.01 0.0037±0.01 0.0034±0.00 2.0 0.870 

Pb 5 0.007±0.01 0.0012±0.00 0.0062±0.01 0.01 0.417 

Zn 5 0.1351±0.12 0.0232±0.03 0.0637±0.10 3.0 0.210 

Cr 5 0.0292±0.05 0.0072±0.01 0.0036±0.01 0.05 0.494 

*BDL – Below Detectable Limit 

 

The mean Pb concentrations varied between 0.0012 and 0.007 mg/L. Mean Pb levels obtained in 

this study were lower than WHO set limits for Pb in water indicating that the water in Iini and 

Ikiwe streams was not Pb contaminated. Pb in water samples could be emanating from metallic 

waste from Machakos open-air garage located next to Iini stream, sewage effluent released into 
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the stream, petroleum products from the garage and airborne Pb deposition. Compared to other 

studies, Pb values obtained in this study were lower than those recorded in previous studies; Badr 

et al., [6] reported mean values (8.60 mg/L), 0.113mg/L of Pb was reported from Yucuambi river 

[23], Xiao et al., [24] reported 0.25 mg/L0.25 mg/L while Kacholi [21] recorded 0.46 - 0.55 

mg/L from Temeke, Dar es Salaam. 

Zn had the highest concentration in all the sampling sites ranging between 0.0232 and 0.1351 

mg/L. Mean concentrations of Zn obtained were within WHO permissible limits. At site 1 where 

raw sewage drains into Iini stream, Zn had the highest concentration of 0.1351 mg/L and the raw 

sewage at site 1 explains the high level of zinc at that site. Higher values of Zn (2.0 – 13.7 mg/L) 

were detected in Bangladesh compared to Zn level values obtained in this study [13]. 

Comparable Zn values were reported in previous studies; (0.092 – 0.132 mg/L) were reported in 

study carried out in Masinga dam, Kenya [19], 0.99 – 1.26 mg/L detected in Temeke 

municipality in Dar es Salaam [21] and 0.34 – 1.85 mg/L recorded in Sahiwal district, Pakistan 

[18]. Zinc in river water could also be introduced naturally by the erosion of minerals from rocks 

and soil [25]. Additionally, other sources of Zinc could be burning of waste materials, steel 

products, leaching of fertilizers and municipal effluents released into the water. 

The concentration of chromium ranged from 0.0036 to 0.0292 mg/L with the highest 

concentration of chromium being recorded at site 1, this could be associated with washing of 

motorbikes in Iini stream as some motorbikes are chrome plated and the Cr gets deposited in the 

water. Chromium levels obtained in this study were lower than those reported in previous 

studies; Njuguna et al.,  [2] detected 0.245 mg/L in Nairobi river, Xiao et al.,  [24] reported 5.13 

mg/L in river water in Chinese Loess Plateau and Woldetsadik et al.,  [26] recorded 2.26 – 6.76 

mg/L in Tinishu and Teleku Akaki rivers in Addis Ababa. Similar values (0 – 0.32 mg/L) to 

those obtained in this study were recorded in Cauvery River [27].  

Generally, low concentration of heavy metals was observed at site 3 down at lower Ikiwe river.  

This could be associated to dilution factor of the water down at Ikiwe river as Iini stream joins 

with other streams forming the larger Ikiwe river. One Way ANOVA showed there was no 

significant variation (p > 0.05) in heavy metal concentrations in the different sampling sites. A 

comparison of mean heavy metal concentrations obtained in this study shows that the values are 

slightly lower compared to values obtained in a previous study carried out in Nairobi River 

which recorded values of Cd, Cr, Cu, Pb and Zn as 0.0043, 0.245, 0.00989, 0.158, 2.568 mg/L 

respectively [2]. Based on the results obtained, heavy metals are finding their way into the 

riverine systems raising a concern of degradation of water quality downstream the river systems.  

3.3 Heavy metal concentration in soil 

Table 3 shows heavy metal concentration values obtained during the period of study. For all the 

sampling sites, the concentrations were all below WHO set limits for heavy metals in agricultural 

soil. However, elevated levels of Cd, Pb, Zn, Cu and Cr were observed in soil compared to the 

concentration in water. This could be associated with continuous irrigation of agricultural land 

using polluted water. The mean values for Cd ranged from 0.0058±0.0101 to 0.0534±0.0419 

mg/kg and were lower than WHO acceptable standards for Cd in soil indicating that the soil was 

not contaminated with Cd. Compared with the current study, a higher level of Cd (7.13 – 11.13 

mg/kg) was found in the western region of Saudi Arabia in wastewater irrigated soil. Similar Cd 
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levels were reported in previous studies; 0.45 mg/kg in New Zealand, 0.185mg/kg in Europe and  

0.11 mg/kg in Switzerland agricultural soils  [28, 29,30].  

The concentration of Cu in soil in this study ranged between 10.39 and 27.5 mg/kg with all the 

values found to be lower than the WHO permissible level of Cu in soil. This implied that the soil 

was not Cu polluted. Higher values for Cu in soil (40.961 mg/kg) were noted in Yangtze River 

Delta than the values of Cu in soil obtained in this study [31].  

Concentration of Pb was between 4.23±3.71 and7.56±5.59 mg/kg all within WHO recommended 

standards in the different sampling sites. Similar results were obtained by Bett et al., [32] who 

recorded 5.00 ± 0.58 to 5.67 ± 0.88 mg/kg of Pb in soil in Kericho West sub-county, Kenya. Zn 

generally had the highest concentration in the soil samples (20.1 – 28.8 mg/kg) in the different 

sampling sites.  

The level of Zn in soil determined in this study was lower than Zn levels (3.011 – 4.679 mg/kg) 

recorded in Embu, Kenya for wastewater irrigated soils [33]. Zn in soil could be associated with 

pesticides and fertilizers applied to the farm fields coupled with the Zn heavy metals in the 

wastewater used to irrigate the farms. Concentration of  Cr in the study area ranged from 

8.17±5.92 to 10.03±6.02mg/kg. These are values are lower compared to 30.67 - 172.75 mg/kg 

reported for wastewater irrigated soils in suburban areas of Varanasi India [34]. 

 

Table 3: Mean ± Standard deviations of heavy metal mean concentration in soil (mg/kg) and 

WHO set guidelines[26]. 

Heavy 

metals in 

soil 

N Site 1 Site 2 Site 3 WHO 

Limit 

p-value 

Cd 5 0.0534±0.04 0.0072±0.01 0.0058±0.01 3 0.051 

Cu 5 10.39±4.72 27.4±43.0 27.5±27.7 100 0.624 

Pb 5 7.56±5.59 8.35±5.91 4.23±3.71 84 0.581 

Zn 5 28.0 ±31.7 28.8±23.9 20.1±19.4 300 0.894 

Cr 5 10.03±6.02 9.99±4.95 8.17±5.92 30 0.319 

 

There was no significant difference among the sampling sites for all the heavy metals studied 

(p>0.05). This may be due to the continuous uptake of heavy metals by the vegetables during 

their growth and development [7]. Generally, the concentration of heavy metals in soil in this 

area was lower than WHO safe limits implying that the soil was not contaminated with Cd, Cu, 

Pb, Zn or Cr and was safe for agricultural purposes. The order of magnitude of heavy metal 

concentration in soil (Zn>Cu>Cr>Pb>Cd) followed the same order as in irrigation water 

(Zn>Cr>Pb>Cu>Cd) except for Cu. Zn had the highest concentration in soil just like in water 

while Cd had the lowest concentration. It can thus be deduced that the contamination in the 

irrigation water could be contributing to the contamination in the soil. 

3.4 Heavy metals in spinach and kale 

The results of Cd, Cu, Pb, Zn and Cr mean concentration in the sampling sites for kale and 

spinach during the period of study are presented in table 4. The mean concentrations for Cd, Cu, 

Pb, Zn and Cr in all the sampling sites were 0.049, 7.453, 0.5127, 10.517 and 0.473 mg/kg 

respectively for spinach and 0.091, 1.933, 0.214, 15.337 and 0.842 mg/kg for kale respectively.  
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Table 4: Mean ± Standard deviations of heavy metals (mg/kg) concentrations in spinach and 

kale and WHO set limits [35]. BDL is below detectable limit  

 

Heavy 

metals in 

spinach 

N Site 1 Site 2 Site 3 WHO 

Limit 

p-value 

Cd 5 BDL 0.0197±0.04 0.1285±0.12 0.20 0.154 

Cu 5 4.79±6.77 14.5±11.55 3.07±3.65 10.00 0.063 

Pb 5 0.622±0.88 0.28±0.625 0.636±0.93 0.30 0.547 

Zn 5 11.80±16.70 9.05±9.11 10.7±18.60 5.00 0.786 

Cr 5 BDL 1.002±2.19 0.416±0.50 0.30 0.432 

Heavy 

metals in 

kale 

N Site 1 Site 2 Site 3 WHO 

Limit 

p-value 

Cd 5 0.243±0.33 0.0040±0.01 0.0250±0.043 0.20 0.038 

Cu 5 1.29±1.820 3.60±3.74 0.909±1.57 10.00 0.336 

Pb 5 BDL 0.184±0.27 0.458±0.52 0.300 0.868 

Zn 5 12.06±11.90 15.15±10.08 18.8±32.60 5.00 0.835 

Cr 5 BDL 0.906±1.35 1.62±2.80 0.30 0.411 

 

The study indicated that mean concentrations of Cd in vegetables was within WHO safe limits 

except for Cd level in kale in site 1. This may be attributed to the raw sewage emitted directly 

into site 1. The results obtained in this study are comparable to those obtained for Cd (0.0017 

mg/kg) in Zhejiang, China [36] but lower than those reported for Cd in spinach (0.9 – 71.7 

mg/kg) in Kericho, Kenya [32].  

The concentration of Cu in the vegetables ranged between 0.909 and 14.5 mg/kg in the three 

sampling sites. The mean concentrations were observed to be within WHO permissible limits for 

both kale and spinach except Cu in spinach in site 2. Fertilizers, pesticides and Cu in wastewater 

used to irrigate the spinach could explain the higher levels of Cu in spinach at site 2. Cu levels 

obtained in this study are similar to Cu levels in vegetables (4.08 – 13.9 mg/kg) presented in a 

study carried out in Lagos, Nigeria [37].  

Pb in the three sampling sites ranged between 0.184 – 0.636 mg/kg. The mean concentration of 

Pb (0.214 mg/kg) was within WHO permissible limits (0.3 mg/kg) for kale but the mean 

concentration of Pb in spinach (0.513 mg/kg) exceeded WHO permissible limits. This was an 

indication that kale was safe for human consumption while Pb in spinach had health risks to the 

consumers. High levels of Pb have been reported to have toxic effects resulting in biochemical 

defects of some body organs such as the kidney, liver, lungs and the neurological system [38]. 

The high values were attributed to the sewage water used to irrigate the vegetables. Higher 
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values of Pb (5.44mg/kg) were reported in a previous study in leafy vegetables in Lagos, Nigeria 

[37]. Generally, Pb contaminations in vegetables can be due to contaminated soil, through 

sewage application or airborne deposition of Pb in highway traffic.  

The highest Zn concentration recorded in sampled vegetables was 18.8 mg/kg while the lowest 

was 9.05 mg/kg. Zinc was abundant in all the sampling sites and was slightly exceeding WHO 

permissible limits. Zn is required as an essential element in the human diet to maintain the 

functioning of the immune system hence it’s actively taken up by plants. However, high levels of 

zinc are associated with nausea, vomiting, diarrhea, gastrointestinal and hematological effects 

[39]. Similar values of Zn were recorded (12.5 – 18.55 mg/kg) in a previous study carried out in 

Yola and Kano for vegetables [40]. 

Chromium levels in sampled vegetables ranged between 0.416 and 1.62 mg/kg in the three 

sampling sites. Mean Cr levels in both spinach and kale exceeded WHO permissible limits (0.3 

mg/kg) for human consumption implying that the spinach and kale were unsafe for human 

consumption with respect to Cr. Pan et al., [36] recorded similar values (0.2 – 1.51 mg/kg) of Cr 

in leafy vegetable to the values obtained in this study.  

Analysis of variance showed there were no significant differences in the level of heavy metals 

among the sampling sites as p>0.05. Similar studies have also reported that vegetables 

accumulate a considerable amount of heavy metals especially Pb, Zn, Cu and Cr all exceeding 

WHO limits in different vegetables [3,5]. The physicochemical characteristics of soil are bound 

to change due to the application of wastewater on the soil consequently leading to the uptake of 

heavy metals by vegetables grown on the soil [41]. Accumulation and transfer of Cu, Pb, Zn, Cr 

and Cd along the water-soil-plant food chain was evident as the wastewater contained low levels 

of the heavy metals while the vegetable samples showed higher values. 

 

3.5 Transfer Factor 

Transfer factor (TF) is one of the key components of human exposure to heavy metals through 

the food chain. The transfer factor signifies the amount of heavy metal in the soil that is 

transferred to the vegetable crop. Transfer factor in spinach for Cd, Cu, Pb, Zn and Cr were 

2.2353, 0.3397, 0.0764, 0.4102 and 0.0503 respectively while in kale were 4.103, 0.0881, 

0.0319, 0.5983 and 0.0896 respectively. The transfer factor trends in ranking order were 

Cd>Zn>Cu>Pb>Cr in Spinach and Cd>Zn>Cr>Cu>Pb in Kale. Cd had the highest transfer factor 

in spinach (2.2353) indicating a high accumulation of the metal by the vegetable while Cr had 

the lowest transfer factor in spinach (0.0503). Cd also had the highest TF in kale (4.103) with Pb 

having the least TF in kale (0.0319). From the results it’s evident that vegetables are 

accumulating heavy metals from the soil where they are planted. Our study is in agreement with 

previous findings of TF reported in an industrial area in China [27]. 

 

3.6 Correlation Analysis of Heavy Metals in Water, Soil and Vegetables 

Pearson correlation analysis results showing the relationship between heavy metal variables in 

water, soil and vegetables are presented in figure 2. A positive correlation was observed for 

heavy metal levels in water and those in soil (r = 0.689; p = 0.188). Concentration of heavy 

metals in water also showed a positive correlation with the levels in spinach (r = 0.649; p = 

0.236). A significant positive correlation was observed between the levels of heavy metals in 

water and those in kale (r = 0.987; p = 0.002) and metals in spinach and those in the soil (r = 

0.962; p = 0.009). The relationship between concentration of heavy metals in soil and that in kale 
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indicated a positive correlation (r = 0.755; p = 0.140). A positive correlation was also observed 

between the level of heavy metals in spinach and that in kale (r = 0.746; p = 0.148). Positive 

correlation was also observed between the concentration of heavy metals in soil and 

concentration in vegetables in a study carried out in Varanasi, India [34].  

 

 
Figure 2: Pearson correlation matrix plot for heavy metals in water, soil, spinach and kale 

Heavy metals that exhibited a considerable positive correlation may have originated from a 

similar source, have identical properties were influenced by related elements or could be 

mutually dependent [1,11]. Correlation between heavy metal concentration may suggest identical 

heavy metal accumulation properties in water, soil or vegetables [42]. In addition, physical and 

chemical processes occurring in the environment could also influence correlation of the heavy 

metals.  

Conclusion and Recommendation  

1) Physicochemical parameters temperature, pH and total dissolved solids were below the 

World Health Organization (WHO) acceptable limits for river water. Electrical 

conductivity was however above WHO acceptable limits indicating that the quality of 

water in the streams is deteriorating.  

2) The concentration of heavy metals in the Iini and Ikiwe urban streams water and soil was 

within WHO permissible limits for surface water and agricultural soil thus safe for 

agricultural use. However, heavy metals showed a substantial build-up in soils than in the 

water.  

3) Cd and Cu mean concentrations in spinach were within WHO safe limits for human 

consumption while Pb, Zn and Cr slightly exceeded WHO acceptable limits in spinach. 

On the one hand, mean values of Cd, Cu and Pb in kale were within WHO recommended 

limits while Zn and Cr exceeded WHO set limits. This poses a health risk to consumers 

of spinach and kale as they are exposed to unsafe levels of Pb, Zn and Cr.  
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4) Although wastewater irrigated vegetables were accumulating Cd, Cu, Pb, Zn and Cr from 

the wastewater and soil, the accumulation of Cd and Zn by the vegetables was higher. 

The mean transfer factors have indicated that wastewater irrigated vegetables were 

accumulating more Cd and Zn, from both the water and soil as compared to Cu, Pb and 

Cr.  

5) Positive correlations were observed between the heavy metal concentrations in the water, 

soil and vegetables implying probable common sources of the heavy metals.  

6) Machakos municipality requires a functional domestic and industrial effluent treatment 

plant, designed to engineering standards and operating based on best practices.  

7) To reduce the accumulation of heavy metals in soil and vegetables calls for integrated 

approaches of monitoring, enforcement of compliance standards, and public education 

from key stakeholders including the National Environment Management Authority, 

Department of Public Health and Department of County Physical Planning. 
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