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Abstract: With the increase of global population, wastewater treatment facilities face a major challenge of managing the 

large quantities of sewage sludge produced in urban areas. Due to this challenge many wastewater treatment plants have opted 

for use of sewage sludge as organic fertilizer to boost agricultural production. In Machakos Decentralized Treatment Facility 

(DFT), sewage sludge is usually sold to locals as fertilizer to boost crop production within the municipality. However, sewage 

sludge produced in municipal wastewater treatment plants is known to contain various heavy metals that may limit its usage as 

agricultural fertilizer. Studies have shown that sewage sludge has been associated with heavy metals which are linked to 

harmful effects on humans and environmental health. This study investigated the levels of various heavy metals and 

macronutrients from sewage sludge obtained from Machakos town wastewater treatment plant to test its suitability for use as 

fertilizer. Sewage sludge samples were obtained from the treatment plant at Mitheu and transported to Nairobi Agricultural 

Research Laboratory (NARL) for analysis of heavy metals (Cu, Zn, Mn, and Fe) and macronutrients (N, P, Ca, Mg and K). The 

results for the heavy metals were Zn=171.13±237mg/kg; Fe=17,877±15,700mg/kg; Mn=445.67±213mg/kg and 

Cu=41.1±16.71mg/kg) while the macronutrients were K=0.17±0.09%, P=1.26±1.75%, N=0.74±0.47%, Ca=0.48±0.72% and 

Mg=0.10±0.06%. The heavy metal concentrations were below Kenya Bureau of Standards (KEBS) and international 

permissible limits for sewage sludge application in agriculture and therefore deemed safe. The study concluded that the sewage 

sludge from Machakos Decentralized Treatment Facility is rich in nutrients and thus a potential fertilizing agent that can be 

used to boost plant growth in agricultural farms. However, it was noted that not all the wastewater produced in Machakos town 

gets into the DFT for treatment. Therefore, the study recommended that the county government of Machakos should endeavor 

to enlarge the small DFT treatment plant to accommodate the large quantities of wastewater generated within the town. 
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1. Introduction 

Rapid population growth, urbanization and improved 

coverage in wastewater treatment have led to increased 

amount of sewage sludge that is generated worldwide. 

Sewage sludge results from the sedimentation of the 

suspended solid during wastewater treatment processes [1]. 

The millions of tons of sewage sludge generated per year 

poses a challenge on proper disposal both in first and third 

world countries [2]. The global production of sewage sludge 

stands at 45 million megagrams of dry matter per year [3] 

with Europe, East Asia and Northern America being the main 

producers [4]. Improper management of sewage sludge is a 

potential threat to the environment for it can affect 

microorganisms, plants, animals and humans through the 

food chain [5]. Therefore, sewage treatment and proper 

disposal of sludge generated by wastewater treatment 

facilities is a cornerstone of public and environmental health 

[6]. Globally, one preferred method to remove sewage sludge 

in industrialized and populous countries is by using it in 
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agricultural production [7]. For example, in Europe the use of 

sewage sludge in agriculture is encouraged as the most viable 

method of reusing the waste material since it contains high 

amounts of macronutrients and organic matter up to 50-60% 

[8]. It is estimated more than 50% of sewage sludge 

produced in Europe is used in agriculture [9]. Additionally, 

sewage sludge can also be used in reclamation of degraded 

areas [10]. 

Due to increased amount of wastewater and sewage sludge 

produced in Kenya, alternative ways to dispose the residue has 

become a priority in many urban areas. Dry sludge is rich in 

nutrients and organic matter that can enhance farm yields [2]. 

This makes it a sought-after fertilizer as it is cheaper than other 

fertilizers and also as a better way of waste disposal [11]. It 

contains Nitrogen, Phosphorous and Potassium and to a lesser 

extent Calcium and Magnesium. However, sewage sludge may 

also contain high concentration of heavy metals and 

pathogenic organisms [12]. It may contain heavy metals such 

as cadmium, lead and chromium which are extremely toxic 

and their accumulation in edible plant parts raises health 

concern especially in leafy vegetables [13]. The sources of 

sewage heavy metal contamination include unsafe industrial 

waste disposal such as paint waste and chemical-intensive 

discharge and anthropogenic sources [14]. Again, waste from 

municipal and industrial facilities are associated with most 

heavy metals such as Zinc from galvanisation and cosmetics 

[15]. Plumbing materials can also enhance Cu and Zn content 

in municipal sewage sludge. Heavy metals ingested in the 

human body through food chain causes various health risk for 

example zinc causes anaemia [15]. Other health risks 

associated with heavy metals include reduced infant growth 

and development, cancer, organ damage, nervous system 

damage, and in extreme cases, death [16]. Therefore, the use of 

sewage sludge in agriculture as an organic fertilizer will 

depend on the concentrations of heavy metals in the sludge 

[17]. For example, high levels of Cadmium, Mercury, Lead, 

Arsenic, Chromium, Copper, Zinc, Nickel and Manganese are 

of major concern in the environment because they are highly 

toxic.  

The sewage system in Machakos town is not adequate to 

cope with the human population that has increased 

tremendously since the inception of devolved system of 

government in 2013. Currently, Machakos town uses a 

Decentralized Treatment Facility (DFT) to treat wastewater 

from the town and this does not cover all the municipal 

wastewater produced in the town. Large quantities of 

wastewater are disposed to an old sewerage system that has 

encountered challenges due to vandalization by urban 

farmers carrying out agricultural activities adjacent to the 

plant [18]. The sewage sludge from the DFT is usually 

removed on weekly basis and left to dry in sludge drying 

beds. After reaching the desired dryness, the sludge is sold to 

farmers as soil conditioner or organic fertilizer. Whereas the 

use of sewage sludge in agriculture may be the best method 

of disposal, there is need for regular monitoring of the levels 

of heavy metals in sludge [19]. Monitoring of the sewage 

sludge produced is currently lacking in many sewage 

treatment plants leading to informal use of sewage sludge in 

agriculture without proper quality control [20]. Lack of 

monitoring means insufficient data on the content of sewage 

sludge produced. The data on the levels of heavy metals in 

sewage sludge generated within Machakos town is scanty. 

This raises questions around the application of sewage sludge 

in agriculture. Currently, there is urban farming taking place 

adjacent the Machakos DTF. This includes cultivation of 

crops and vegetables, and farmers use wastewater from 

broken sewer lines to irrigate their farms [18]. This study 

determined the level of selected heavy metals (Zn, Cu, Mn 

and Fe) and five macronutrients (N, P, K, Mg and Ca) in 

sewage sludge obtained from Machakos DFT with the aim of 

knowing its suitability for use as an agricultural fertilizer. 

The information is important for policy makers, agricultural 

and environmental science experts, the farmers and also the 

community members at large. 

2. Materials and Methods 

2.1. Study Area 

The study was conducted at Machakos Decentralized 

Treatment Facility located at Mitheu in Machakos town, which 

falls in a semi-arid land within Machakos Municipality. 

Machakos town receives a binomial rainfall of 520mm per 

annum. The temperature ranges from 17˚C to 37˚C with the 

hottest month being March and coldest is July. The geographic 

positioning of Machakos is 1°31'20.4"S and 37°15' E and the 

town is approximated to be 669.70 km
2
. Machakos town lies on 

an elevation of 1000-2100m. The sewage treatment facility 

supports different sectors such as hospitals, businesses, 

educational institutions and residential premises. Subsistence 

farming of maize is common in the area coupled with vegetable 

urban farming including tomatoes, kales, spinach among others. 

2.2. Collection of Samples, Preparation and Laboratory 

Analysis 

Sewage sludge samples were obtained at the Machakos 

town wastewater Decentralized Treatment Facility. The sludge 

samples collected were in form of dewatered cakes which were 

drawn from heaps of dry sewage sludge. The samples were 

collected in triplicates on weekly basis in January, 2020. The 

samples were labelled appropriately for heavy metals and 

macronutrients. They were transported in plastic containers for 

laboratory analysis at Nairobi Agricultural Research 

Laboratory (NARL) at Kabete, Nairobi for heavy metal and 

macronutrient analysis. The samples were ground for 

homogeneity and sieved before digestion for heavy metal 

analysis. 2 g of ground sewage sludge were weighed and 

digested using concentrated Nitric acid. Potassium (K) was 

determined with a flame photometer, phosphorus (P) with 

determined calorimetrically on spectrophotometer, N-total was 

measured by distillation followed by titration with 

standardized HCl; and Ca, Mg, Cu, Zn, Mn & Fe were 

determined using Atomic Absorption Spectrophotometer 

(AAS). 
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2.3. Data Analysis 

Data from the laboratory analysis for the heavy metals and 

macronutrients was analyzed using descriptive statistics. This 

was done using IBM SPSS version 21 where means, range 

and standard deviations were obtained. The mean heavy 

metal concentrations in the sewage sludge were then 

compared with United States Environmental Protection 

Agency (US EPA), European Union (EU) guidelines, Food 

and Agricultural Organization (FAO) set guidelines and 

Kenya Bureau of standards (KEBS) guidelines for sewage 

sludge made for use in agriculture. 

3. Results and Discussions 

3.1. Level of Heavy Metals in the Sewage Sludge 

The application of sewage sludge as an organic fertilizer 

can lead to accumulation of heavy metals in agricultural 

soils. The results of heavy metal concentrations (Zn, Cu, Fe 

and Mn) obtained from sewage sludge in the study are 

presented in Table 1. The comparison of heavy metal 

concentrations in sewage sludge and other national and 

international set standards are presented in Table 2. 

Table 1. Heavy metal concentrations (Mg/kg dry matter) in Sewage sludge 

samples. 

Heavy metal Minimum Maximum Mean±SD 

Zinc 21.70 445.00 171.13±237.50 

Copper 28.30 60.00 41.10±16.71 

Iron 623.00 31301.00 17897.00±15700.88 

Manganese 250.00 672.00 445.66±212.66 

SD – Standard Deviation 

3.1.1. Zinc 

The mean Zn value in this study was 171.13±237.50mg/kg 

which was way below the findings obtained from a waste 

water treatment plant sludge in China [21], but higher than 

100mg/kg recorded in Sweden [22]. The zinc contents were 

also higher compared to 51.6±4.8 mg/kg reported by Moturi 

et al., [13]. Zinc is an essential micronutrient that affects 

metabolic processes of plants if it exceeds the permissible 

limits. The source of Zn to the environment can be from 

batteries, paints, plastics, polymer stabilizers and from 

printing arts [23]. Compared to US EPA guidelines and 

Kenya Bureau of standards permissible limits, the sewage 

sludge zinc composition was below the limits of 2800mg/kg 

and 1850mg/kg dry weight respectively, hence considered 

safe for use in agriculture (Table 2). 

3.1.2. Copper 

The Cu concentrations ranged from 28.3 – 60.0 mg/kg 

with a mean value of 41.1±16.71mg/kg. This range was 

lower than 895.49 - 1788.70mg/kg recorded in Ruai sewage 

treatment plant [24], 104 -194 mg/kg from Poland [25], and 

103-696 mg/kg obtained in Swaziland [26]. The mean Cu 

levels was lower compared to 193±9.6 mg/kg reported in 

sewage sludge obtained from Taiwan wastewater treatment 

plant [27]. However, it was much higher than 0.208 mg/kg 

reported in South Africa [28]. Though a heavy metal, Cu is 

an essential component of various proteins like plastocyanin 

and thus an important micronutrient required by plants. 

Sources of copper into the environment include several 

industries which deal with paint, textile, metallurgical, plant 

protection products and fertilizer [29]. The US EPA 

guidelines set permissible limits at 1500mg/kg. The copper 

concentration in Machakos Decentralized Treatment Facility 

was below the set national and international guidelines on 

sewage sludge made for use in agriculture (Table 2) 

3.1.3. Iron 

The mean Fe level in this study was high at 

17877±15700.88mg/kg. This was higher than 45±2.335 

mg/kg reported from a wastewater treatment plant in Eastern 

Cape town, South Africa [30], 8.559 – 36.188 mg/kg 

recorded from Swaziland [26] and those reported from 

Sweden (4400 – 150,000mg/kg) [31]. However, the Fe level 

in this study were comparable with 4737.08-65203.05mg/kg 

obtained at Ruai wastewater treatment plant [24]. Fe is an 

essential element and an important nutrient for some plants. 

Iron is also a constituent of major vitamins required by the 

human body. 

3.1.4. Manganese 

The mean Mn recorded in this study 

(445.67±212.66mg/kg) was lower than 750 mg/kg obtained 

in sludge from Janow Lubelski waste water treatment plant in 

South eastern Poland [32]. However, the levels were higher 

than 228±23 mg/kg recorded also in Poland [33]. Excessive 

accumulation of manganese in plants reduces the 

photosynthesis rate. The concentration of manganese was 

second highest micronutrient recorded from this study. No 

limits of manganese were found recorded on sewage sludge 

regulatory set limits for national and international standards 

(Table 2). 

Table 2. Comparison of the sewage sludge contents with the permissible set limits. 

Element 

Mean (mg/kg) 

content of sewage 

sludge 

EU Guidelines 

(mg/kg DW) [34]. 

Kenya Bureau of 

Standards Guidelines 

(mg/kg DW) [35]. 

US EPA 

Guidelines 

(Mg/kg DW) [36]. 

FAO set 

guidelines 

(mg/kg) [37]. 

South Africa 

Guidelines [38]. 

Zinc 171.13 2500-4000 1850 2800 200 2800 

Copper 41.10 1000-1750 300 1500 80 1500 

Iron 17897 - - - - - 

Manganese 445.66 - - - - - 
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3.2. Macronutrients Concentration in Sewage Sludge 

Nutrients are essential for plant and microbial growth in 

agricultural soils. In this study five macronutrients were 

examined and the results are presented in Table 3. They 

included Nitrogen, Phosphorus, Potassium, Calcium and 

Magnesium. The results were, Nitrogen 0.74±0.47%, 

Phosphorus 1.26±1.75, Potassium 0.17±0.09%, Magnesium 

0.10±0.06%, and Calcium 0.48±0.72%. The concentration of 

Phosphorus was higher than the other macronutrients 

followed by nitrogen (Table 3). Sewage sludge is used in 

agriculture as a reliable source of nitrogen and phosphorous 

[10]. Nitrogen and phosphorous are essential nutrients for 

plant growth. The total N, P and K content had a range of 

0.47 – 1.28%, 0.21-3.28% and 0.10 – 0.27% respectively 

(Table 3). The N, P and K mean concentrations obtained in 

this study were lower than 3.02%, 2.06% and 1.59% 

respectively obtained frow sewage sludge in Kolkata, India 

[39]. The mean concentrations N was within acceptable 

specific requirements of less than 1% N for organic manures 

in Kenya [35]. 

Table 3. Macro element concentrations (%) in Sewage sludge dry matter 

samples. 

Macronutrient Minimum Maximum Mean±SD 

Nitrogen 0.47 1.28 0.74±0.47 

Phosphorus 0.21 3.28 1.26±1.75 

Potassium 0.10 0.27 0.17±0.09 

Magnesium 0.04 0.15 0.10±0.06 

Calcium 0.06 1.31 0.48±0.72 

4. Conclusion and Recommendations 

The levels of heavy metals analyzed in this study were 

below national and international set standards for sewage 

sludge application in agriculture and therefore deemed safe in 

the short term. However, the study recommends further 

research to ascertain the levels of persistence toxic elements 

such as Cadmium, Lead, Chromium, Mercury and other 

environmental contaminants including pharmaceuticals and 

pathogenic microorganisms that were not studied due to 

financial constraints. As per the macronutrient levels 

observed in this study, its concluded that the sewage sludge 

from Machakos Decentralized Treatment Facility is rich in 

nutrients and thus a potential fertilizing agent that can be 

used to boost plant growth. During the study, it was also 

observed that not all the wastewater from the municipality 

undergoes treatment through the Decentralized Treatment 

Facility from where sludge samples were obtained. This is 

because, Machakos town lacks a fully developed sewer line 

system, and therefore its recommended that the county 

government should ensure an elaborate sewage treatment 

system that covers the entire municipality. 
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