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Abstract 

his paper tries to draw the attention of 
NAFDAC on the need to improve its drug 
disposal strategy by substituting the 

currently used non-engineered open landfill for 
disposal of drugs to modern sanitary or 
engineered landfills so as to prevent soil 
contamination and the pollution of ground and 
underground water in the country. Assessment 
of total aerobic nitrifying bacteria counts was 
conducted on soil sample from NAFDAC drug 
disposal site and uncultivated drug free soil in 
Kano, using Winogradsky method as described 
by (Niteen, 2014) and (Nwoba 2014).   Result 
shows that  Ammonia oxidizing bacteria, in 
NAFDAC soil had colony counts (1.93×106 cfu/g)  
lower than the (control) uncultivated soil sample 

which had (9.03×106 

cfu/g). Similarly, the 
total aerobic bacterial 
counts for Nitrite 
oxidizing bacteria in 
NAFDAC soil was 
(1.03×106 cfu/g), also 

less than colony 
counts of the 
(control) uncultivated 
soil (3.7×106 cfu/g). it 
was further 
recommended for 
modern disposal 
facility to prevent 
contamination of soil 
and killing of soil 
nitrifying bacteria.  

 

INTRODUCTION  

harmaceutical drugs are substances manufactured to stimulate a 

physiological response in humans, animals, bacteria or other 

organism. (Kummerer, 2003). Among these drugs are antibiotic 
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which are produced to kill or inhibits the growth of microorganisms. 

However, a regulatory body, the National Agency for Food and Drugs 

Administration and Control (NAFDAC), in Nigeria, regulates and control 

the importation, exportation, manufacture, advertisement, distribution, 

sale and use of food, drugs, cosmetics, medical devices, bottled water, 

Chemicals and detergents (NAFDAC, 2017). As part of their activities, 

many large quantities of expired, fake, unregistered and contraband 

drugs have been confiscated and disposed by landfilling and burning at 

their various open landfills or dump sites across the country.  

However, sometimes the complete destruction of items during burning 

has not always been achieved because the drugs are often tightly 

compacted at the point of combustion, with little regards to air 

circulation during burning which is an important requirement for 

achieving complete combustion (Agee 1996). Consequently, exposing 

partially burn drugs which affect the microbial communities and other 

eukaryotes. Burning at low temperature in open area results in release 

of toxic pollutants to the air injurious to organisms (Mohanta et al., 2010).  

Solid waste disposal in open landfills has been common practices in 

developing countries for many years (Acosta et al., 2012). However, 

contrary to developing countries who utilize safer engineering landfills 

for solid waste disposal. Pharmaceutical waste which are mostly solid 

waste, when disposed in non- engineered open landfills could result to 

the unfavourable seepage of hazardous materials into natural hydrologic 

systems (Chaudhary and Rachana, 2006) Disposing of hazardous waste 

using this method possess threat to natural resources (Fatta et al, 1999). 

Hence hazardous wastes are to be disposed in safe containment 

systems. Modern landfills, also known as sanitary or engineered landfills, 

are highly engineered containment systems, designed to minimize the 

impact of solid waste on the environment and human health. In this type 

of modern landfills, the   waste is contained by a liner system 

(Venkatappa Rao and Sasidhar, 2009). 

 

ENGINEERED LANDFILLS 

Sanitary or engineered landfills can be defined as engineered buried 

facilities for disposal of solid waste; designed, constructed, and operated 

in a manner that the contained solid wastes will not cause potential 
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hazard to public health or the environment( Ireaja et al., 2018). Its helps 

in   reducing threat to human health and the entire ecosystem as against 

the open landfills which contaminates and pollutes soil and water 

endangering the organisms inhabiting them.  

 

Components of a Sanitary or engineered Landfill 

i. Bottom Liner: The bottom liner separates and prevents the buried 

waste from coming in contact with underlying natural soils and 

groundwater. The liner is generally constructed with some type of 

durable, puncture-resistant synthetic plastic HDPE (high density 

polyethylene) combined with compacted clay soils. 

ii. Cells (old and new): This is an area in the landfill designated for the 

disposal of waste. The cell ranges from a few acres to large acres 

depending on the waste received and inside these larger cells are 

smaller cells known as daily workface (this is where waste is placed 

on daily basis and covered by a layer of clay before another is 

deposited. 

iii. Leachate collection system: This comprises of the plumbing system 

and a sump. The plumbing system is situated at the bottom of the 

landfill which consists of a series of perforated pipes, gravel packs 

and a layer of sand while the Sump is a ditch where the leachate 

passing through the plumbing system is collected. 

iv. Storm Water Drainage: This is an engineered system designed to 

control and collect water runoff during rain or storm events. 

v. Methane Collection System: The series of pipes are embedded in the 

sanitary landfill to collect methane gas since it has the potential to 

explode. 

vi. Cover (or Cap): Waste that is placed in a cell is required to be covered 

daily with either six inches of compacted soil or an alternative daily 

cover. Some examples of alternative daily covers are the application 

of spray-on cover material, such as foam or a flame retardant fiber 

material or a large panels of tarpaulin-type material that is laid over 

the waste at the end of each day and removed the next day before 

waste is placed. 

vii. Groundwater Monitoring Stations: Stations are set up to directly 

access and test the groundwater around the landfill for leachate 
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contamination. It comprises of up-gradient wells (which test water 

quality before it moves under disposal area) and down-gradient 

wells (which test water after it has passed under the disposal area); 

for comparison in order to make sure there has been no impact on 

groundwater ( Ireaja et al., 2018). 

 

The advantages of sanitary landfill are: 

1. It does not pollute the groundwater and air 

2. It prevents unsightliness and odour nuisance 

3. It is a source of useful energy like methane gas 

4. It checks fly breeding, infestation by rodents and vermin and birds 

clustering for aircrafts 

5. It creates employment for unskilled labor, which is available in 

abundance in developing countries 

6. It is a big business for investors 

7. It is useful in waste management (Ireaja, et al., 2018).  

 

Burning of Pharmaceuticals 

A report by WHO (2017) advised that burning of pharmaceuticals as a 

disposal method should be considered as a last resort because of its 

environmental contamination. This burning activity could bring about 

the interaction between the burnt drug residues with the immediate 

inhabitants of the soil environment. The wind can blow the drug residues 

to another locations and could get leached into the soil or taken by rain 

water surface run-off to nearby water bodies or farmlands and interferes 

with some beneficial microbial communities especially the nitrifying 

bacteria that plants relied on for their role in oxidation of ammonia to 

nitrate. Grennia et al. (2017) agreed that Improper disposal of such drugs 

could contaminate soil and water supply systems or local water sources 

used by nearby residents and wildlife. This could as well affect 

nitrification process in aerobic environments which is carried out by two 

groups of bacteria in a two-step process. The ammonia-oxidizing 

bacteria (Nitrosomonas sp) which realizes the oxidation of ammonia to 

nitrite, and the nitrite-oxidizing bacteria (Nitrobacter sp), that takes part 

in the oxidation of nitrite to nitrate (Farges et al., 2012). The best studied 

chemoautotrophic nitrifying bacteria are from this two genus, 
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Nitrosomonas and Nitrobacter. They are also among the most abundant 

nitrifying bacteria in the soil (Mishra, 2010; Nwoba, 2014).  

 

Soil Microbes 

Bacteria and fungi, are among soil organisms, actively participate in 

organic matter decomposition liberating chemical nutrients and 

furthering plant growth. Microorganism numbers vary in and between 

different soil types and conditions, with bacteria being the most 

numerous. Bacterial counts in different soils ranged from 4 x 106 to 2 x 

109 g-1 dry soil (Whitman et al., 1998 

 

Effect of Fire on Soil 

According to Assunta et al. (2004) fire modifies the chemical and physical 

feature of soil environment affecting microbial biomass and enzyme 

activity. This setback can be identify in the reduction of soil organic 

matter content and the decrease in the labile fraction of organic C 

(Asuunta et al., 2004). The higher conductivity due to high content of 

ash-born water-soluble inorganic ions, and the destruction or 

inactivation of hydrolytic enzymes. All of these could account for the 

difficult recolonization of burnt soil, although as time increases they are 

heavily inoculated by water, air, man vegetal remains. After 4 weeks of 

bush fire of moderate intensity, an increase in microbial numbers in the 

burnt soil occur due to rise in pH and that the mild heat releases easily-

available energy source from the soil organic matter. In soil rich in 

organic matter, fire can increase the pH by lowering the organic acid 

contents and producing hydroxides and carbonates added to the soil 

with ashes. The liming effect of ashes in increasing soil pH seem to be of 

less important until the rainfall leaches ash minerals constituents into the 

soil profile (Asuunta et al., 2004).  

A study by Ramírez Rojas et al. (2016) revealed that wildfire had a very 

pronounced negative effects on the soil microbial community. The 

organic carbon and the microbial biomass number declined in the surface 

horizon after the fire, but the system responds with increasing microbial 

activities and regaining soil variables in the subsequent months after the 

burning due to mineralization. Microbial biomass carbon significantly 

decreased in the burnt soils with their maximum negative effect 
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immediately after the fire and during six months after the fire. Microbial 

biomass nitrogen also decreased in the burnt site immediately after the 

fire but increased in the following months, probably because of microbial 

assimilation of the increased amounts of available NH4+ and NO3- due to 

burning. Notable changes in soil mineralogy usually occur only after the 

soils were heated to about 450 to 550 oC (Samuel et al., 2016) Heating of 

soil led to increase in soil pH as a result of organic acid denaturation, and 

alkaline properties of ash due to the presence of basic cations (Thomaz 

et al 2014). Organic matter is higher in burnt soil than unburnt soil due to 

the presence of ash (Ubuoh et al., 2017). 

 

Pharmaceuticals in soil 

Antibacterial have been reported to affect soil microbes and inhibit the 

decomposition of dung (Boxall, 2004), this affects ecologic activity like 

nitrogen cycle (Banerjee, 2010).  It has been discovered that antibiotic 

like Roxarsone and Virginiamycin inhibited nitrification, soil microbial 

growth and also influenced microbial community composition, in a 

poultry litter-applied soils (Banerjee, 2010).  

Stephanie and DeVies (2016) observed that once antibiotics have 

entered the terrestrial environment, the fate of antibiotics is largely 

determined by their physicochemical properties and interactions with 

the environmental matrix. In terrestrial environments, antibiotics with 

high octanol-water partitioning coefficients (Kow) values and large 

sorption coefficients (Kd) tend to sorb strongly to the soil matrix and 

hence are poorly mobile. The tetracycline class of antibiotics exemplifies 

this behavior. Their sorption coefficients range from 400 to 1620 L·kg−1, 

and they are rarely found to migrate beyond upper 10 cm of the soil 

column. Poor mobility and long half-lives provide opportunity for 

fluoroquinolones (120–2310 days) and tetracyclines (400–1620 days) to 

accumulate over time, likely accounting for the frequency at which these 

antibiotics are detected in soils at concentrations in excess of 

500 μg·kg−1, especially where manure applications are frequent. Since 

both sorb strongly to soil and sediment particles, comparably high 

concentrations of fluoroquinolones and tetracyclines are also observed 

in sediment. Sulfonamides are among the most frequently detected 

antibiotic compounds in both soil and sediment but their low Kd values 
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(0.6–4.9) render these compounds highly mobile. In combination with 

low half-lives (max t½ = 21.3 days), sulfonamides do not show the same 

tendency to accumulate and are infrequently detected at concentrations 

beyond 50 μg·kg−1 in soil or 5 μg·kg−1 in sediment 

(Stephanie and DeVries, 2016). This accumulation of antibiotics in soil 

may be the reason for a strain of Nitrobacter becoming resistant to 

tetracycline class of antibiotics in soil (Hirofumi et al., 2001).  

 

MATERIALS AND METHODS 

To determine the impact of dumping and burning of drugs on Nitrifying 

bacteria in an open landfill, total aerobic nitrifying bacteria counts was 

carried out.  Soil from NAFDAC drug disposal site was collected from 

different locations at the perimeter of the dump site in Kano, at a depth 

of 0-15cm, with an auger into a sterile polythene bag, which was labelled 

and store in dark in the laboratory until analysis (Niteen, 2014). A control 

drug free unheated soil sample from uncultivated land in BUK was also 

obtained.  

The soil sample was homogenized by weighing 10g of soil from each 
locations and thoroughly mixed. This was passed through a mesh sieve 
(2mm pore size) to remove large particles and dirt. Thereafter, 5g of the 
soil sample was suspended in 45ml of sterile phosphate buffer 
containing 139mg of K2HPO4 and 27mg KH2PO4 per litre. The pH was 
adjusted to 7.0, and the mixture was  aerated in a rotary shaker at 100 
rpm at  30oC for 2 hours in order to liberate the organisms into the liquid 
medium (Nwoba, 2014: Rodriguez et al., 2017). 
 

Isolation of AOB and NOB using Winogradsky Broth Media 
Ten mililitre (10ml) of the supernatant was pipetted out aseptically and 
added to a conical flasks containing Winogradsky broth media replicates 
for both AOB and NOB as described by (Nwoba, 2014: Niteen, 2014). It 
was incubated aerobically at 30oC for 21 days using rotary shaker at 120 
rpm. The process was repeated by sub culturing into another broth again 
and again, during which it was expected to remove most of the nitrifying 
heterotrophic bacteria from the culture (Niteen, 2014). 
 

Preparation of Winogradsky Broth  

Winogradsky broth medium (phase 1) was prepared by dissolving the 

following inorganic salts (g/l) in sterile distilled water contained in a 
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Erlenmeyer conical flask: (NH4)2SO4, 2.0 g; K2HPO4, 1.0 g; MgSO4.7H2O, 

0.5 g; NaCl, 2.0 g; FeSO4.7H2O, 0.4 g; and CaCO3, 0.01 g. Ten test tubes 

were then filled with 9 ml of the Winogradsky broth medium, autoclaved 

at 1210 C for 15 minutes at 15 psi and allowed to cool. The test tubes were 

used to carry out ten – fold serial dilutions of the soil suspension. The 

Winogradsky broth medium (phase 1) was used for the isolation of 

nitrifying bacteria responsible for nitrification phase 1. Another 

Winogradsky broth medium (phase II) used for the isolation of nitrifying 

bacteria responsible for nitrification phase II was also prepared  using the 

following composition (g/l): KNO2, 0.1g; Na2CO3, 1.0 g; NaCl, 0.5 g; and 

FeSO4.7H2O, 0.4 g. Also set of ten test tubes were filled with 9 ml of the 

Winogradsky broth medium phase I1 and sterilized at 1210 C for 15 minutes 

at 15 psi, and the contents of the test tubes were allowed to cool. The 

test tubes were used to carry out another ten – fold serial dilutions of the 

soil sample suspension. Winogradsky agar were also prepared by 

dissolving 15g of agar in 1 litre of both AOB and NOB (Winogradskyi’s 

method as reported by Nwoba, 2014). 

 

Total Aerobic Count of Nitrifying Bacteria 

Winogradsky agar plates was aseptically inoculated with 0.1ml of the 

appropriate dilution (102 and 105) of the soil suspension using spread 

plate technique in replicate. The inoculum was spread over the entire 

surface of the solid agar with a sterile glass rod. All the inoculated Petri 

dishes were incubated aerobically at 300 C for seven days (Rodríguez et 

al., 2017). 

 

Total Aerobic Count of Nitrifying Bacteria (CFU/g) of Soil 

 NAFDAC SOIL, 
(2 months after 
burning) ,cfu/g 

Uncultivated  soil 
cfu/g 

AOB  1.93×106  9.03×106 

NOB  1.03×106  3.7×106 

 

RESULT AND DISCUSSION 

Result shows the total aerobic bacterial counts for Ammonia oxidizing 

bacteria, with NAFDAC soil colony counts (1.93×106 cfu/g)  lower than 
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(control) uncultivated soil sample (9.03×106 cfu/g). This may be due to 

the combined effect of drugs and heat which affects the microbial 

community composition at the drug disposal site (Boxall, 2004 and 

Banerjee, 2010). All colony counts fall within the normal range of 

bacterial counts in the different soils types 4.0×06 to 2.0×109 cfu/g of dry 

soil (Whitman et al., 1998). 

Similarly the total aerobic bacterial counts for Nitrite oxidizing bacteria 

follows similar trend as that of ammonia oxidizing bacteria with NAFDAC 

soil colony counts (1.03×106 cfu/g), less than the (control) uncultivated 

soil (3.7×106 cfu/g) which could be due to volatilization of minerals to 

atmosphere including both microbial biomass C and N leading to the 

lower bacteria counts (Ramírez Rojas et al., 2016).  

 

CONCLUSION 

It can be concluded that base on the findings of this work, the non-

engineered landfills activities by NAFDAC affects population of nitrifying 

bacteria present in soil as the colony counts from NAFDAC soil was less 

than that of the control soil. 

 

RECOMMENDATIONS 

1. NAFDAC should review its drug disposal strategies to include 

alternative methods of drug disposal like returning the drugs to 

the manufacturer or Waste immobilization by encapsulation. 

2. NAFDAC should provide at least one engineered landfills to each 

state in the country, as against the present opened uncontrolled 

non-engineered dumping ground, as this would help reduced air 

pollution during burning, soil and water contamination and could 

also prevent wild animals and scavengers from encroaching into 

the landfills. 
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