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ABSTRACT  
Representative samples of the solid wastes were collected from 
three dumpsites in Kaduna metropolis respectively using standard 
sampling methods.  Control samples were obtained at about 
200m from the dumpsites. Physical and chemical properties of 
these samples were assessed after extraction. Classical and 
Atomic Absorption Spectrophotometric methods were used for the 
analysis. Results obtained were subjected to statistical analysis 
for the range, mean & standard deviation. The results indicates 
that Fe has the highest concentration of 4935.0 mg/kg and the 
least was Ni with 28.1mg/kg.  Likewise, the contamination status 
of metals shows that, Pb has the status of 5.0 as the highest while 
Cr has 0.5 as the least. The results of the  physicochemical 
parameters  obtained were within the permissible limits specified 
by Food and Agricultural Organization (FAO) for micro and macro 
nutrients, while the heavy metals content were above the limits 
specified by World Health Organization (WHO) and FAO for soils. 
 
Keywords: Physicochemical, Heavy metal, Solid waste, 
Dumpsites, Contamination, Micronutrient and macronutrient 
 
INTRODUCTION 
Solid wastes which are normally referred to as ‘ Garbage or trash’ 
mostly contains papers, metal scraps, glasses, batteries, 
electronic appliances, plastics and  motor oil, and when 
undergoing decomposition or oxidation, they release different 
elements of various concentration (Eneja and Lemoha, 2012: 
Cupta and Agrawel, 2014).  At a require amount, some of these 
elements are essential for plants and animals growth, but, at a 
higher or lower concentration: these elements affect the metabolic 
activities of the plants and animals.  Although, some metals like 
Cd, Pb, Cr and Ni even at a small amount, they are toxic to both 
plants and animals (Salam, 2010).  
Sometimes farmers on the quest of searching for soil that is rich 
on manure, parked up composts from solid waste dumpsites to 
their farms or use the solid waste dumpsites as farm land. This 
might be detrimental to our health when transferred to us through 
food chain.  However, this depend on the composition of the solid 
wastes at the dumpsite. 
Amadi and  Nwankwoala, (2013) observed that, sites previously 
utilized as dumpsites are often converted to farmland without any 
treatment”, plants grown in such soil take up toxicants, which 
accumulate in plants tissues, pose health risk when transferred 
into the food chain.  

Research conducted on physicochemical properties and heavy 
metal contents from the soil within some solid waste dumpsites in 
other countries and Nigeria, shows that, solid wastes affect the 
soil properties within the solid waste dumpsites (Amadi and 
Nwankwoala, 2013).   Eneja and  Lemoha, (2012) observed that, 
the properties and heavy metals concentration of soil within the 
solid waste dumpsites varies, and this, depend on the 
composition or characterization of the solid wastes and the 
peculiarities of the neighborhood activities”. 
As a result of these observations, the properties of soil and 
amount of heavy metals from the soil of any solid waste dumpsite 
cannot be accurately predicted and thus, it become very 
necessary to obtain information from these dumpsites. Therefore, 
the aim of this study is to assess physicochemical properties and 
heavy metal contents of the soil within the selected solid waste 
dumpsites in Kaduna metropolis of Kaduna State, Nigeria. 
 
MATERIALS AND METHODS 
 
Sampling Sites 
The samples were collected from three dumpsites within Kaduna 
metropolis in Kaduna State, Nigeria. The control samples were 
collected at about 200m away from the dumpsites. Kaduna is the 
state capital of Kaduna state in north-western Nigeria, It is a trade 
Centre and a major transportation areas with its rail and road 
junction. It’s located at Latitude: 100 31’ 36’’ 33.5484N and 
Longitude: 7025’46.2144’’E (www.latlong.net 
>country>Nigeria>cities, 2019).   
 
Sample Collection and Sample Preparation 
Soil samples were collected from different parts of the selected 
dumpsites, with the aid of a stainless steel sampler. The quadrate 
crate sampling method was used (Anake, et al., 2009).  The 
samples were pooled together and homogenized to obtain the 
composite samples. The control samples were also, collected 
from uncontaminated areas away from the dumpsites. The 
samples were placed into appropriately labeled polyethene bags 
and taken to the laboratory for preparation and analysis (Anake, 
et al., 2009: Tandom, 1999). 
 
Methods of determination of physicochemical properties 
Soil particle size (Clay, Silt and Sand), pH, and Electric 
Conductivity (EC) were determined using Hydrometer method, pH 
meter using soil to water ratio solution of (w/v) 1:2 after calibration 
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with buffer and digital conductivity using soil to water suspension 
(ratio w/v 1:2)  respectively  (Gee and Bauder, 1986: Blakemore, 
et al., 1987). While, Walkley and Black rapid titration, Kjeldahl 
distillation  and Bray and Kurz-1 and Olsen methods were used to 
determine Organic Carbon & Organic Matter, Total Nitrogen and 
Available phosphorous respectively (Malgwi, 2013).  
Cation  Exchange Capacity (CEC) was determination using soil 
extract of Ammonium acetate from which the K and Na were 
determined by Flame Photometer and Atomic Absorption 
Spectrophotometer (AAS) was used to determine Mg and Ca 
(Bamidele, et al., 2014: www.midweastlab.com, 2018).   
Metals were extracted by digestion using standard acid digestion 
method (Official Method of Analysis of Analytical Chemistry 15th Ed 
960:30, 1990). The heavy metals concentration were determined 
with Atomic Absorption Spectrophotometer (AAS) Pg990. 
 
All samples were analyzed in the maximum analytical replication 
measurement in triplicate. Glass wares were properly cleaned, 
the reagents used were of analytical grade and double distilled 
water was used throughout the studies. The standard solutions 
were prepares according to the specified guides (Pye Unicom 
Atomic Absorption data book, 1979). The assurance program 
were further conducted by carrying out % recovery study and 
blank analysis. The results of digestion of metals and precision 
showed that, the recoveries of metals varies from 84.61%-96.83% 
and the precisions were less than 10%.  All the analysis were 
done at federal ministry of agriculture soil complex laboratory, 
Kaduna, Nigeria. 
 
RESULTS AND DISCUSSION 
 
Table1: Physicochemical properties of soil from solid waste 
dumpsites and control 

 
NB: OC= Organic Carbon, OM=Organic Matter, TN=Total 
Nitrogen, AP=Available Phosphorous, CEC= Cation Exchange 
Capacity 

Table 2: Heavy metals content in soil from solid waste dumpsites 
and control 

 
Key: Fe-Iron, Zn-Zinc, Mn-Manganese, Cr-Chromium, Cu-
Copper, Ni-Nickel, Pb-Lead. 
 
Table 3: Heavy metals contamination status in soil of solid waste 
dumpsites 

 
Key: Fe-Iron, Zn-Zinc, Mn-Manganese, Cr-Chromium, Cu-
Copper, Ni-Nickel, Pb-Lead  
Source: (El- Sayed, 2016) 
 
In table 1 & 2, most of the physical and-chemical parameter as 
well as heavy metals content in the soil from the solid waste 
dumpsites were higher than the control, except silt, clay, Fe and 
Cr. The results in this study agreed with the results obtained by” 
Eneja, and Lemoha (2012) who stated that the solid waste dumps 
were responsible for the higher concentration of the 
physicochemical properties in the solid waste soil”. The 
decomposition and mineralization of the biodegradable solid 
wastes in the solid waste dumpsites to the soil, might have been 
responsible for these higher concentration. 
However, the lower concentration of some elements ( N, P, Ni, Cr 
& Cd) in the dumpsites as observed in this study (table 1 & 2) 
might be due to higher contain of non-biodegradable wastes or 
poor drainage which might have inhibited the biodegradation of 
solid waste by microorganism (Ukpong, et al., 2013). This was 
also observed by “Gautam, et al. (2009) that, only 47% of carbon 
solid wastes were biodegradable”. Although, other soil properties 
like high pH, low % of clay and higher % of sand which decreases 
the binding sites of metals and also higher leaching rate from 
sandy soil might also be responsible for this low concentration( 
Anake, 2009: Bamidele, et al., 2014). 
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The results of degree of contamination of the heavy metals using 
Contamination Factor CF (El – Sayed, 2016) indicates in table3: 
range from low to considerable, with their contamination status 
range from 0.5-5.0   Pb, Zn and Cu with status of 5.0, 4.0 and 3.1   
respectively, had a degree of contamination to be considerable, 
while, Ni and Mn were moderately contaminated with the status of 
1.4 and 1.3 respectively. Likewise, Fe and Cr status of 
contamination were, 1.0 and 0.5 respectively with low degree of 
contamination. The trend of contamination status of heavy metals 
from soil of solid waste dumpsites was; Pb > Zn > Cu > Ni > Mn > 
Fe > Cr.  
 
The higher status of lead fellow by zinc and copper might have 
been attributed to refuse from the dumpsites which were mainly 
the alloys, plastic cables, used batteries, demolishing structures, 
and electric cables etc. The trend in contamination status of this 
study was in contrast with the trend, observed (Cd > Cr > Pb > Mn 
> N) by Getachew and Degefa, (2015). This variance might have 
been as a result of the different types of solid wastes found in 
dumpsites. Also, the differences in the location, age of the 
dumpsites and activities of the peoples within the dumpsites affect 
the physicochemical content of the soil within the dumpsite 
(Gautam, et al., 2009).  
 
Agricultural Implication of the physicochemical properties 
and heavy metal contents in soil from solid waste dumpsites 
The trace elements (Fe, Cu, Zn & Mn), and macro (Ca, Mg, K) 
nutrients were quantitatively recorded in the soil from the 
dumpsites. The values of organic matter, available phosphorous, 
total nitrogen and cation exchange capacity were within the 
normal ranged in soil for agricultural purposes (Malgwi, 2013: 
FAO, 1990).  
These elements are very essential for the proper growth of the 
plant and also good for animal metabolism. The values of the 
physicochemical properties and heavy metals contents were 
within the world compost standards but above the FAO/WHO & 
UNEPA soil standard for agricultural purposes (FAO, 1990: WHO' 
In DPR, 2002: UNEPA, 2006). This implies that the solid wastes 
from the dumpsites can be compost and be used for agricultural 
purposes, but the solid waste dumpsites might not be suitable to 
be used as farm land for cultivation of crops. 
The higher percentage of sand and low values of silt and clay as 
recorded in table1, will lead to higher tendency of leaching of both 
essential minerals and toxic elements. This will increase the 
pollution index of the soil that might affect the community within 
the solid waste dumpsites. 
 
Conclusion 
Most of the parameters of the soil within the solid waste dumpsite 
were higher than the values recorded in the soil from control site 
and they varies within the solid waste dumpsites. The degree of 
contamination of the heavy metals were at the ranged of low to 
moderately contamination. The values of the soil parameters from 
solid waste dumpsites were within the world compost standard 
and rich with micro/macro nutrients 
Therefore, the compost from the solid waste dumpsites could be 
used as manure/ compost for soils amendment. However, the 
heavy metal contents were above the world soil allowable limits 
and FAO/WHO standard for agricultural soil. Thus, dumpsites 
might not be suitable for farm land for cultivation of crops. 
 

REFERENCES 
Amadi, A. N., and Nwankwoala, N. O. (2013). Evaluation of 

Heavy metals in Soil from Enyimba  Dumpsite in Aba, 
South Eastern Nigeria Using -contaminated factor and Geo-
Accumulation Index. Energy and Environmental Research: 
3(1). ISSN 1927-0569. 

Anake, W. U, Adie, G. U., and  Osinbanjo, O. (2009). Heavy 
metals pollution of municipal solid  waste dumpsites in 
Kano and Kaduna state in Nigeria. Bull. Chem. Society 
Ethiopia. 2341(1): 281-289 .ISSN:1019-3924 

Bamidele, A. T, Onigbinde, M. W, Adebayo, O., and Preye, E. 
(2014). Assessment of Heavy  metals  content 
and Physico- chemical properties in surface Soil of 
municipal open  waste  dumpsites in  Yenagoa, 
Nigeria. African Journal of Environmental Science and 
Technology. 8 (1): 41-47.                                                                                                                                               

Blakemore, L. C, Searle, P. L., and Daly, B. K. (1987).  Method for 
chemical Analysis of soil.  New Zealand Soil, Bureau. 
Scientific report, 80: P, 103. 

El-Sayed, (2016). Environmental Modeling of heavy metals using 
pollution Index and multivariate techniques in the soil of 
Bahr El Baqar. Egypt. Earth System Environment, Springer 
Int. Pull. Switzerland. 

Eneja, R. C., and Lemoha, K. T. (2012). Heavy metals content 
and physicochemical properties of  municipal solid waste 
dumps soil in Owerri, Imo state.  International Journal of 
modern engr. Research (IJMEL).  2(5): 3795-3799. ISSN: 
2249-6645. 

Essien, E. O., and, Hanson, O. R. (2013). Municipal Solid Waste 
Dumpsite Pollution on  Physico- chemical Properties of 
Dumpsite and Surrounding Soil.  International Journal of 
Engineering Research and Technology (IJERT).  2 (4): 298-
310. 

Food and Agriculture Organization, FAO. (1990). Guidelines for 
soil description.  3rd Edition  (Review). Soil resources 
Management and Conservation Service Land and water 
division, FAO Rome. 

Gautam, S. P, Bundele, P. S, Pandey, A. K, Join, R. K, Deo, P. K, 
Khare, S. K, Awasthi,  M. K.,  and Sarsaiya, S. 
(2009). Biodegradable and recycling of urban solid waste:  
American.  Journal of environ. Sci: 5(5): 653-656. 

Gee, G. W., and Bauder, J. W. (1986). Particle size analysis” Pp. 
383-411: In Kule. A, (Ed)  Method of Soil Analysis Part 1 
Physical and Mineralogical Methods. Agronomy monograph 
No 2 (2nd Edn.). America Society Agronomy Madison, W1. 

Getachew, D., and Degefa, H. (2015). Heavy metal pollution of 
soil around solid wastedump  sites and its 
implication on adjacent community: The case study of 
Shachemane open  land fill. Ethiopian Journal of 
Environment and Earth Sci.  599(15):  169-178. 

Gupta, N., and Agrawel, A. M. (2014).  Characterization and 
Utilization of Municipal Solid  Waste  Soil of 
Open Dumpsites of Potiya. Durg District in (C, G) India”. 
International  Journal of Innovative Research & 
Development; 3(11), 298-302. ISSN: 2278-0211  (online).             

Malgwi, W. B. (2013). Soil data and soil analytical date 
interpretation for land management. A paper presented at a 
Training Workshop on Identification/ evaluation and 
Management  of Land Resources, Federal Ministry of 
Agriculture and rural Development, held at  national 
Soil laboratory Kaduna, Kaduna sate. 7th – 11th October.                                                                                

78 

http://www.scienceworldjournal.org/


Science World Journal Vol. 15(No 1) 2020 
www.scienceworldjournal.org 
ISSN 1597-6343 
Published by Faculty of Science, Kaduna State University 

 

Assessments of Physicochemical Properties and Heavy Metals Content in Soils 

from Selected Solid Waste Dumpsites in Kaduna Metropolis, Kaduna State, 

Nigeria 

Official Method of Analysis of the Association of Official 
Analytical Chemist, 15 Method  960.30. 1990.  Pye. 
Unicom. Atomic Absorption data book, 1979. 

Salam, A. (2010). Environmental and health impact of solid waste 
disposal at Manawaneni  dumpsites in Manzini Swaziland: 
Journal of Sustainable Development in Africa; 12, (7). 

Tandom, H. L. S. (1999). (Ed). Method of Analysis of Soil, Plant, 
Water & Fertilizer. Fertilizer Development and Consultation 
Organization. New Delhi, India. : 144. 

Ukpong, E. C, Antigha, R. E., and Moses, E. O. (2013). 
Assessment of heavy metals content in soil and plant 
around waste dumpsites in uyo metropolis, Akwa Ibom 
State. International Journal of Engineering and Sciences 
(IJES): 2(7), 75-86. 

United Nation Environmental Protection Authority UNEPA. (2006). 
Heavy metals. The  Caribbean environment 
programs. Issue-link/heavy metals: retrieved 7-7-2016. 

WHO, 1996, In: Department of Petroleum Resources DPR. 
(2002). Environmental guidelines  and Standard for the 
petroleum industries in Nigeria. Department of Petroleum 
Resource,  Ministry of Petroleum and Mineral 
Resources Abuja, Nigeria. 

www.latlong.net>countries>Nigeria>cities Kaduna, (2019). Nigeria 
Geographic Information 

www.midweastlabs.com: (2018). Calculation of Cation Exchange 
Capacity and percentage Base Saturation.168: 1 &2. 

79 

http://www.scienceworldjournal.org/
http://www.midweastlabs.com:%20(2018).%20Calculation

