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ABSTRACT 

tudies on the effect of heat and 

drugs ingredient released into the 

environment following NAFDAC 

disposal activities was assessed on the 

survival and nitrification of Nitrosomonas 

and Nitrobacter sp.  Isolation was achieved 

using selective and enriched Winogradsky 

media. Tetracycline, Lincomycin, Co-

trimoxazole and Ampiclox were heated at 

120oC for 20 min and different 

concentrations (0.5%, 1%, 2%, 5% and 

10%) of the burnt antibiotics were 

introduced into their respective conical 

flask with sterilized Winogradsky broth to 

which 2ml of culture added and incubated.  

Ammonia oxidizing bacteria (AOB) and 

nitrite oxidizing bacteria (NOB) colony 

counts were found to be 1.93 x 106CFU/g 

and 1.03 x 106 CFU/g of soil from drug 

disposal site respectively, which was 

lower than the colony counts of AOB and 

NOB from old-burnt soil 7.2 x 106 CFU/g 
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Introduction: 
The National Agency for 

Food and Drugs 

Administration and Control 

(NAFDAC) is an agency that 

regulates and control the 

importation, exportation, 

manufacture, 

advertisement, 

distribution, sale and use of 

food, drugs, cosmetics, 

medical devices, bottled 

water, Chemicals and 

detergents in Nigeria 

(NAFDAC, 2017). They also 

involved in surveillance 

and confiscation of expired, 

fake, unregistered and 

contraband drugs which 

they disposed by landfilling 

and burning at their 

various dumpsites across 

the country (NAFDAC,  
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and 4.03 x 106 CFU/g respectively. New-burnt soil also had colony counts 

of 7.0 x 105 CFU/g for AOB and 4.0 x 105 CFU/g for NOB, lower than colony 

counts from old-burnt soil. It was observed that low concentration of the 

heated antibiotics (0% and 0.5%) favoured the survival of Nitrosomonas 

and Nitrobacter sp while high concentrations of the antibiotics (5% and 

10%) contained ingredients  inhibitory to the survival of the bacteria as 

time of incubation increases from 0 hr to 120 hrs. Nitrification was also 

inhibited at high concentration of antibiotics as compared to low 

concentration. It is therefore recommended that an alternative means of 

drug disposal should be employed to take care of heat stable drugs and 

antibiotics during disposal.  

 

Keywords: Nitrification, Antibiotics, Winogradsky Medium, Ammonia 

oxidizing bacteria (AOB), Nitrite oxidizing bacteria (NOB). 

 

018). Burning of drugs in the absence of or inadequate supply of the 

combustion requirements such as oxygen, fuel and source of 

ignition may not necessary destroy the active ingredients, but rather 

exposing the residues to the action of wind and water which may carry it 

to other locations habitable to organisms (Agee, 1996).  The drugs could 

get leached into the soil or taken by rain water surface run-off to nearby 

water bodies or farmlands (Texas commission on environmental quality 

2010), and interferes with some beneficial microbial communities 

especially the nitrifying bacteria which plants relied on for the oxidation of 

ammonia to nitrate. Past and early studies (Hsieh, 2011 and Lei, 2017) 

have shown that some antibiotics are heat labile while others are heat 

stable. In fact, Thermo stability is an important property in determining the 

suitability of antibiotics in the treatment of orthopaedic infections use in 

polymethylmethacrylate (PMMA) spacers (Carli et al., 2018).   

Heat tolerant antibiotics are able to withstand heating above 100 0C and 

residues of such drugs in soil and water tend to affect microbial population 

or the roles they play in their various communities such as in Nitrogen 

cycle as in the case of Nitrifying bacteria (Boxall, 2004: Banerjee, 2010).  

2 
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When there are surplus of mineral N in soil may lead to oxidation of NH4+ 

to nitrite NO2- by ammonia-oxidizing bacteria AOB and then to nitrate NO3- 

by nitrite-oxidizing bacteria NOB (Robertson and Groffman, 2007).  

The nitrification is carried out mainly by bacteria belonging to the family 

Nitobacteriaceae, which are principally autotrophic and chemolitotrophic, 

meaning that they derive their carbon from CO2 and energy from the 

oxidation of NH3 (Tolli and King, 2005). In the oxidation process protons 

are released to the environment causing lowering of pH. The oxidation of 

NO2-to NO3- by NOB yields less energy than the NH4+ oxidation, which 

implies slower growth (McGill, 2007). 

Soil is a weathered superficial layer of the earth's crust that typically is 

made up of decomposed and partly decomposed parent rock material with 

associated organic matter in various stages of decomposition (Ben Mussa 

et al., 2009). 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). 

An element is considered essential if it is required for plant metabolism 

and for completion of the plant’s life cycle (Epstein and Bloom, 2005; 

Havlin et al., 2005). Typically, 17 elements are considered to meet these 

criteria and they are divided into macro- and micronutrients. This division 

is based on their relative abundance in plant tissue rather than on their 

necessity for plant growth. Macronutrients are generally present in plant 

tissue at concentrations above 0.2%, whereas micronutrients are present 

below 0.01% (dry weight basis). 

 

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.  Ramírez Rojas et al. (2016) revealed that 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 
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mineralization. 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). 

 

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. The best-studied chemoautotrophic 

nitrifying bacteria are from this two genus, Nitrosomonas and Nitrobacter. 

They are also among the most abundant nitrifying bacteria in the soil 

(Mishra, 2010; Nwoba, 2014).  

The process of nitrification brings about the lowering of pH (Mishra, 2010).  
In fact, nitrification is favoured by pH near neutrality of the soil reaction. 
The population of autotrophic nitrifying bacteria is larger in soils of pH 
greater than 6.0 (Mishra, 2010). The optimum pH for nitrification is 6.6 to 
8.0. In environment with pH less than 6.0, nitrification rate are slowed, and 
below pH 4.5 nitrification seems to be completely inhibited (Katrina et al., 
2001).  
 

Entry of Pharmaceuticals to Soil  

Pharmaceuticals are introduced into the soil through human and 

veterinary medicine activities such as in fight against bacterial infections 
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and agricultural applications to prevent crop damage and feed additives 

for livestock (Brosche, 2010). Antibacterial have been reported to affect 

soil microbes and inhibit the decomposition of dung (Boxall, 2004). 

Roxarsone and Virginiamycin inhibited nitrification, soil microbial growth 

and also influenced microbial community composition, in a poultry litter-

applied soils (Banerjee, 2010). It has been observed that Paracoccus 

yeei and S. aureus show more susceptibility to ibuprofen and 

acetaminophen and the killing effect of ibuprofen in Candida cells was as a 

result of cytoplasmic membrane destruction (AL-Janabi, 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 (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 

https://www.ncbi.nlm.nih.gov/pubmed/?term=AL-Janabi%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=20606962
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Nitrobacter becoming resistant to tetracycline class of antibiotics in soil 

(Hirofumi et al., 2001). 

Pharmaceuticals have been detected in surface waters, groundwater, 

landfill leachate, bio-solids and fish tissue at a very low concentration 

(Texas commission on environmental quality 2010), but we should have it 

in mind that concentrations below therapeutic levels may play a role in the 

selection and development of antibiotic resistance bacteria 

(Kümmerer,2003) since only a few of the compounds were partially 

degradable under test condition in aquatic system (Kümmerer, 2003). 

Other alternative methods of drug disposal as reported by WHO (2008) 

include: (a) Returning the drugs to the manufacturer, (b) Landfill, partly 

adopted by NAFDAC, which could be opened uncontrolled non-engineered 

dump, and engineered landfill. (c) Waste immobilization by encapsulation. 

(d) Waste immobilization by inertization. (e) Sewer, (f) Burning in open 

container. Medium temperature incerniration (180oC) retention time of 

two seconds. (h) High temperature incerniration (1450-2000 OC), and (i) 

Chemical decomposition. Heat tolerant antibiotics is use in 

polymethylmethacrylate (PMMA) spacers which has historically been 

limited to those which are "heat-stable" and thus retain their antimicrobial 

properties after exposure to the high temperatures which occur during 

PMMA curing (Carli et al., 2018).   

It has also revealed in a study that Sulfonamide and Lincomycin are heat 

tolerant at 100 OC and 121oC (Hsieh 2011). Similarly, a report on heat-

stability and heat-labile shows that at 100 °C, the general trend amongst 

antibiotic classes of β-lactams, tetracyclines is the most heat-labile 

antibiotics followed by lincomycin, amphenicols, sulfonamides, 

oxfendazole , and levamisole  in that order. Levamisole is the most heat-

stable compared to the rest (Lei et al., 2017). 

Thermostability is an important property of antibiotics especially in the 

treatment of orthopaedic infections. Drugs meant for such treatment are 

heat stable. A study on thermal stability and antibacterial activity of 

ciprofloxacin, ceftriaxone, gentamycine and vancomycine in high 

temperature conditions and tested activity against S. aureus. The in 

javascript:;
javascript:;
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vitro temperature-response curves showed that zone of inhibition 

diameter decreases logarithmically with elevated temperatures. 

Gentamicin was the only drug that was found to be affected to some extent  

(Tuleubaev et al., 2018 

 

MATERIALS AND METHODS   

Sample Collection:  Permission was requested from the Nigeria Drug Law 

Enforcement Agency (NDLEA), the custodian of the dumpsite for collection 

of soil samples.  Composite Soil sample from NAFDAC drug disposal site 

was collected from different locations at the perimeter of the dumpsite in 

Kano, at a depth of 0-15cm, with an auger into a clean polythene bag, which 

was labelled and store in dark in the laboratory until analysis (Niteen, 

2014).  Old- burnt soil (burnt two months before collection), was obtained 

from BUK sanitation dumping site. A sample of new-burnt soil (burnt five 

hours before collection), was obtained by burning log of woods over 

collected soil sample. And control soil sample (unheated soil from 

uncultivated land) at BUK old site. 

Physicochemical analysis of the soil samples was conducted using Near 

infrared spectroscopy analyzer model, (NIRS DS2500) and Micro plasma 

atomic emission spectroscopy. 

The soil sample was homogenized by weighing 10g of soil from each 

location 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 Ammonia Oxidizing Bacteria (AOB) and Nitrite Oxidizing 

Bacteria (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 

https://online.boneandjoint.org.uk/doi/abs/10.1302/1358-992X.2018.16.034
https://online.boneandjoint.org.uk/doi/abs/10.1302/1358-992X.2018.16.034
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with the following composition of sterilized inorganic salts (g/l) 

(NH4)2SO4, 2.0g; K2HPO4, 1.0 g; MgSO4.7H2O, 0.5 g; NaCl, 2.0 g; FeSO4.7H2O, 

0.4 g; CaCO3, 0.01 g, for isolation of AOB and (g/l): KNO2, 0.1g; Na2CO3, 1.0 

g; NaCl, 0.5 g; and FeSO4.7H2O, 0.4 g, for isolation of  NOB as described by 

(Nwoba, 2014: Niteen, 2014). These ware incubated aerobically at 30oC for 

21 days using rotary shaker at 120 rpm. (Niteen, 2014). Winogradsky agar 

for plates and slants were obtained by dissolving 15g agar into 1000ml of 

AOB and NOB broth, sterilized at 121oC at 15p.s.i for 15minutes. 

 

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). 

 

Morphological and Biochemical test for Nitrifying Bacteria (Nitrosomonas 

and Nitrobacter sp)  

Pure isolates from the corresponding agar slants was identified using 

morphological (cell and colonial morphology, shape, motility, Gram 

reaction, and biochemical test such as catalase test, oxidase test, urease 

test, ammonia oxidizing test and nitrite oxidizing test (Abiola and Oyetayo 

2016; Nwoba, 2014; Cheesbrough, 2006; Williams and Dilosi, 2018; and  

Douglas and Dilosi, 2019). 

 

Purification of Isolates 

Different discrete colonies that developed on the Winogradsky agar media 

for AOB and NOB after 3 weeks of incubation were aseptically sub-cultured 

repeatedly on freshly prepared Winogradsky agar media, respectively. All 

the plates were incubated aerobically at 300 C for another 5 days. The pure 

isolates were transferred to Winogradsky agar slants and stored in the 
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refrigerator for further use (Winogradskyi’s method as reported by 

Nwoba, 2014). 

 

Heat treatment for Drugs 

Four different Antibiotics comprising of Tetracycline, Lincomycin, 

Ampiclox and Co-trimoxazole, of the Greenfield pharmaceutical brand, 

were purchased from a medicine store at Hotoro, in Kano. They were taken 

to the Microbiology Laboratory and placed into Hot -air oven, set at 120oC 

for 20 minutes to obtained heat treated antibiotic residues.  

 

The Effect of Heat Treated Antibiotic Residues on Survival of Nitrosomonas 

and Nitrobacter species 

Twelve sterile Erlenmeyer conical flasks were arranged in table among 

which six for ammonia oxidizing bacteria Winogradsky broth and the 

remaining six for nitrite oxidizing bacteria Winogradsky broth. Different 

volumes in mililitre (100, 99.5, 99, 98, 95 and 90) of AOB broth and NOB 

broth were dispensed into 250ml Erlenmeyer flasks respectively. It were 

autoclaved at 121oC at 15p.s.i for 15minutes, this was followed by the 

addition of 0.5g (0.5%),  1g(1%), 2g(2%), 5(5%) and 10g(10%) of the 

drug residues respectively. The control was set-up without drug residues. 

2ml of the broth culture was transferred to each flask, using continuous 

aeration with rotary shaker and incubated aerobically at 30oC for 

120hours. The growth of both Nitrosomonas and Nitrobacter sp were 

measured by withdrawing sample from the medium at every 24hours to 

record the optical density readings at 600nm using Spectrophometer 

(Nwoba, 2014) 

 

Evaluation of the Effect of Heat Treated Antibiotic Residues on Nitrification 

The effect of antibiotic drug residues on the nitrification by Nitrosomonas 

and Nitrobacter sp. isolated from drugs disposal site, were assessed by 

taking 2ml of the pure culture of each microorganism to be tested and 

inoculated into sterilized 100ml, 99.5ml. 99ml, 98ml, 95ml and 90ml, of 

AOB broth and NOB broth dispensed in each   250ml Erlenmeyer flasks 
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respectively. Followed by the addition of 0.5%, 1%, 2%, 5% and 10% of 

heat-treated antibiotic residues (Tetracycline, Lincomycin, Cotrimoxazole 

and Ampiclox) into their various flasks respectively. The control was set-

up without drug residues, and using continuous aeration with rotary 

shaker at 100 rpm, it was incubated aerobically at 30oC for 5 days. 5ml of 

the culture was withdrawn into test tubes and three drops of Griess-Ilosvay 

reagent were added and observed for oxidation of ammonia by production 

of pink coloration and the oxidation of nitrite by forming yellow 

colouration (Nwoba, 2014).    

 

RESULTS AND DISCUSSION 

Table 1: Physicochemical Analysis of some Soil Samples Parameters. 

S
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Key: N = NAFDAC soil. OB = Old burnt soil. NB = New burnt soil. U = 

Uncultivated soil (control). OM = Organic matter. 

Physicochemical analysis of the soil samples in Table 1 shows that NAFDAC 

soil and old burnt soil have pH values 4.86 and 5.21 respectively, while the 

control sample had pH 7.10. The low pH in NAFDAC soil could be as a result 

of the presence of drugs at the site of sample collection (Parmpress 2006). 

Similarly, acidic nature of old burnt soil was as a result of ash content which 

promoted the growth of nitrifying bacteria whose nitrification process 

lowers the pH of the soil sample (Misra 2010). 

The new burnt soil had low Moisture content of 0.17% as heating reduces 

moisture (Thomaz et al., 2014), but had relatively high organic matter content 
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with 1.92% due to the presence of ash (Ubuoh et al., 2017). Low soil moisture 

content promotes growth of aerobic bacteria in soil while too much 

moisture supports anaerobic condition, which is unfavorable for 

chemolithotrophic nitrifying bacteria (Borowik 2016). Similarly, due to the 

same reasons stated above, the organic matter content in old burnt soil was 

relatively high (1.81%) compared to the NAFDAC soil (0.80%). While the 

moisture content in NAFDAC soil was higher (0.47%) than that of old burnt 

soil (0.33%).  

Epstein and Bloom; Havlin et al. (2005) reported that availability of micro 

and macronutrients is based on their relative abundance in plant tissue 

rather than on their necessity for plant growth. Macronutrients are 

generally present in plant tissue at concentrations above 0.2%, whereas 

micronutrients are present below 0.01% (dry weight basis). C/N ratio was 

deduced from Table 4.1, to obtained 5.75/1, 5.25/1, 4.88/1 and 9/1 for 

NAFDAC soil, old burnt soil, new burnt soil and uncultivated soil 

respectively. All are below the approximate normal value of 20/1. The 

implication is C/N ratio above 20 results in loss of Nitrogen from the 

system. Conversely, ratio below 20 enables microbes to convert 

ammonium and nitrate to biomass like proteins and nucleic acids (Willey 

et al., 2008) by the activities of nitrifying bacteria through the process of 

nitrification (Bona et al., 2011).   

 

Table 2 Total Aerobic Count of Nitrifying Bacteria (CFU/g) of Soil 

 NAFDAC SOIL, 

(2 months after 

burning) ,cfu/g 

Old burnt soil,  

(2 months after 

burning), cfu/g 

New burnt soil 

 cfu/g 

Uncultivated  soil 

cfu/g 

AOB 
 1.93×10

6

  7.2×10
6

 
  

  

  7.0×10
5

 
     

 

 9.03×10
6

 

NOB 
 1.03×10

6

  4.03×10
6

 4.0×10
5

  3.7×10
6

 

Keys: AOB = ammonia oxidizing bacteria. NOB = nitrite oxidizing bacteria. 

Table 2 Shows total aerobic bacterial counts for Ammonia oxidizing 

bacteria, with NAFDAC soil colony counts (1.93×106 cfu/g)  lower than 

(control) uncultivated soil sample (9.03×106 cfu/g) and old burnt soil 
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(7.2×106 cfu/g) respectively. This may not be unconnected with the 

combined effect of drugs and heating which affects the microbial 

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

Banerjee, 2010).   Colony counts from new burnt soil was lower (7.0×105 

cfu/g) than colony counts from old burnt soil (7.2×106 cfu/g) which could 

be due to volatilization of nutrients that support growth at the early stage 

of fire while mineralization resulted in increased in microbial biomass at 

the later stage of the fire respectively (Ramírez Rojas et al., 2016 and 

Asuunta et al. (2004). All colony counts except for new-burnt soil 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 old burnt soil and the 

(control) uncultivated soil (4.3×106 cfu/g ) and (3.7×106 cfu/g) 

respectively, which could be due to the same reasons as stated above. High 

sorption coefficient value of some antibiotics to soil and long half-life could 

result in the accumulation of drugs in soil, thus interfering with growth and 

cell division (Stephanie and DeVies 2016). The old burnt soil had relatively 

more ash content which accounts for it high colony counts 4.03×106 cfu/g 

than the control soil 3.7×106 cfu/g (Ubuoh et al., 2017). It could also be 

due to the low moisture and organic matter content of the control soil 

(Figure 1). The colony counts for new-burnt soil was relatively lower 

(4.0×105 cfu/g due to volatilization of minerals to atmosphere including 

both microbial biomass C and N (Ramírez Rojas et al., 2016).  

 

Table 3:  Morphological and Biochemical Test of Soil Nitrifying Bacteria. 

 AOB NOB 

TEST  N B U N B U  

Isolates TG TG TG TW TW TW TO 

Gram’s reaction - - - - - - - 

Motility test - - - - - - + 

Spores test - - - - - - - 
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Shape of bacteria SR SR SR SR SR SR SR 

Catalase test + + + + + + + 

Oxidase test  + + + + + + - 

Urease test + + + + + + + 

Ammonia oxidation test + + + - - - - 

Nitrite oxidizing test - - - + + + - 

Keys:  N = NAFDAC soil.  B = Burnt soil.  U = Uncultivated soil. TG = Tiny 

grey.  TW = Tiny white TO =Tiny orange. SR = Slender rod. AOB = 

Ammonia oxidizing bacteria. NOB = Nitrite oxidizing bacteria.  + = Positive 

result. - =Negative result. 

 

The results that was obtained from the Morphological and Biochemical 

Test as presented in (Table 3) revealed three tiny grey colonies, three tiny 

white colonies and one tiny orange colony. All isolates were Gram-negative 

straight rod, non-spore producers. Six isolates were non-motile except for 

the tiny orange colony. All isolates were catalase and urease positive. Six 

out of seven isolates were oxidase positive while one was oxidase negative. 

Six out of seven isolates were Nitrifying bacteria because of their ability to 

oxidized ammonia to nitrate. They have Morphological and Biochemical 

resemblance to the genera Nitrosomonas and Nitrobacter sp. While the one 

isolate resembles to the the genera Seretia sp as per Bergey’s Manual of 

Determinative Bacteriology as described by Half  in (Niteen, 2014). Out of 

the seven isolates three oxidized ammonia to nitrite (Nitrosomonas sp) the 

remaining four were unable to do so. Similarly, three isolates oxidized 

nitrite to nitrate (Nitrobacter sp) while the remaining four did not.  

 

Figure 1-8 shows graphs for the effect of some selected heat treated 

antibiotics on the survival  of Nitrosomonas and Nitrobacter sp 

Fig 1: Effect of TET on Nitrosomonas.                            Fig 2: Effect of TET on 

Nitrobacter.           
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Fig  3: Effect of Linco on Nitrosomonas                          Fig 4: Effect of Linco 

on Nitrobacter  
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Fig 5: Effect of Aplox on Nitrosomonas                      Fig 6: Effect of Aplox on 

Nitrobacter 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Effect of Co-tri on Nitrosomonas      Fig 8: Effect of Co-tri on 

Nitrobacter 
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Figure 1: Shows the result for the effect of heat treated Tetracycline on the 

survival of Nitrosomonas sp. At 24 hours of exposure there was steady 

increased in survival of Nitrosomonas sp of 0% and 0.5% tetracycline 

concentration. At 1% concentration there was steady increased in survival 

to 96 hours after which it began to decline as the time increases to 120 

hours. Similarly, 2% Tetracycline concentration allowed steady increased 

in survival to 72 hours, before it began to decline from 96 to 120 hours. 

However, with 5% and 10% concentration of Tetracycline, the survival of 

Nitrosomonas sp steadily decreased as the time of exposure increases. This 

implies resistance to low concentrations of tetracycline. The result is in 

agreement with Stephanie and DeVries, (2016) whose findings revealed 

that tetracycline brand of drugs tend to accumulate in soil because of their 

high sorption ability to soil and longer half-life making them to have low 

mobility rate in soil 

The results on the effect of heat-treated tetracycline residues on the 

survival of Nitrobacter sp. was shown in (Figure 2). There was steady 

increased in survival of the bacteria as time increases from 0 to 120 hours. 

However, 0.5%, 1%, 2% concentrations, there was steady increased in 

survival of the bacteria but later declined as the time increases to 120 

hours. At 5% and 10% Tetracycline concentrations, there was declined in 

growth at 96hours respectively. This revealed that increased drug 

concentration affect the growth and survival of Nitrobacter sp. This is in 

agreement with Hirofumi et al., (2001), who revealed that a strain of 

Nitrobacter was becoming resistant to tetracycline class of antibiotics in 

soil.  

Figure 3 described the survival of Nitrosomonas sp at different 

concentrations of Lincomycin. There was steady increases in growth of the 

bacteria from 0 hour to 120 hour at 0% (control experiment) and 0.5%. 

However, 1%, 2% 5% and 10% Lincomycin concentrations showed steady 

declined in growth and survival as time of incubation increases from 0 hour 

to 120 hours. This suggest that even at low concentration Lincomycin was 
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able to inhibit growth of Nitrosomonas sp This may not be unconnected 

with its heat- stability as described by Lei et al., (2017).  

Figure 4 described the survival of Nitrobacter sp in different 

concentrations of Lincomycin from time 0 to 120 hours. It was observed 

that 0% (control experiment) and 0.5% concentrations produced steady 

increased in growth of Nitrobacter sp as the time increases. The growth 

and survival increases at 1% and 2% concentrations for up to 72 hours and 

48 hours respectively, then began to decrease as times increases. There 

had been decreased in growth with 2%, 5% and 10% Lincomycin 

concentrations from 48 hours to 120 hours. This implies despite heating, 

Lincomycin residues exit to inhibit Nitrobacter sp (Hsieh 2011).  

Figure 5: It was observed that Heat Treated Ampiclox residue had less 

effect on the survival of Nitrosomonas sp at low concentration of Ampiclox 

0% (control experiment) and 0.5%, as there was a steady increase in 

growth from 24 hour to 120 hours. At 1% and 2 %  concentrations, there 

was steady increased in growth and survival at 24 hours and 48hours 

respectively and then began to decrease as time increases to 120 hours. 

However, 5% and 10% Ampiclox concentrations showed steady decreased 

in growth and survival of the bacteria from 24 hour to 120 hours. The result 

implies that the increase concentration of Ampiclox and time determined 

the survival of Nitrosomonas sp.  

The result for the effect of Heat Treated Ampiclox residue on the Growth of 

Nitrobacter sp as shown in Figure 6, also revealed that 0% and 0.5% 

concentration of Ampiclox permit a steady increase in growth and survival 

of Nitrobacter sp from 24hours to 120 hours. 1% and 2% concentrations 

showed growth for the period of 24 hour to 48 hours respectively, later 

growth and survival of the bacteria began to decline as time increases to 

120 hours .There was also growth at 5% and 10% concentrations between 

24 hours and 48 hours, but there after began to decline at 72 hours to 120 

hours. This implies despite heating, ampiclox residues exit to inhibit 

Nitrobacter sp (Lei et al., 2017).  

Figure 7: The result for the study of the effect of heat-treated Cot-

trimoxazole residue on the survival of Nitrosomonas sp revealed that at 
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0% (control experiment) and 0.5% concentrations there was consistent 

increase in growth and survival from 24 hours to 120 hours. However, 1%, 

2%, 5%, and 10% concentration of drug showed increased in survival only 

at 24hours, which further began, to decline as the time of incubation 

increased from 48 hours to 120 hours. This shows that even at low 

concentration, co-trimoxazole inhibited growth of Nitrosomonas sp. 

Members of the group sulfonamide are the most heat stable (Lei et al., 

2017). Nitrosomonas sp. 

Figure 8: It was observed that Cot-trimoxazole residues had little effect on 

the growth and survival of Nitrobacter sp as 0% and 0.5% concentrations 

showed steady increased in growth and survival of the bacteria from 24 

hours to 120 hours. 1% concentration also allowed increased in growth 

from 24 hours to 48 hours then began to decline as the time increases to 

120 hours. However, 2%, 5% and 10% concentrations resulted in 

decreased in growth and survival as the time increases from 24 hours to 

120 hours (Lei et al., 2017).  

 

Table 4: Effect of Heat Treated Antibiotic Residues on Nitrification 

(Oxidation of Ammonia to Nitrite) by Nitrosomonas sp Obtained From 

NAFDAC Drug Disposal Site  

AOB  Tetracycline Linomycin Cot‑

trimoxazole 

Ampiclox Mixture 

 %      

 0 + + + + + 

 .5 +  + + + _ 

 1 + _ _ _ _ 

 2 _  _ _ _ _ 

 5 _ _ _ _ _ 

 

 

10 _ _ _ _ _ 

Keys: + = nitrification exist. - = no nitrification. 
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Table 5: Effect of Heat Treated Antibiotic Residues on Nitrification 

(Oxidation of Nitrite to Nitrate) by Nitrobacter sp Obtained From NAFDAC 

Drug Disposal Site 

NO

B 

 Tetracyclin

e 

Lincomyci

n 

Cot‑

trimoxazolel

e 

Ampiclo

x 

Mixtur

e 

 %      

 0 + + + + + 

 .5 + ‑ + + ‑ 

 1 + ‑ ‑ ‑ ‑ 

 2 ‑ ‑ ‑ ‑ ‑ 

 5 ‑ ‑ ‑ ‑ ‑ 

 1

0 

‑ ‑ ‑ ‑ ‑ 

Keys: + = nitrification exist. - = no nitrification. 

 

Table 4: The effect of Heat Treated Antibiotic Residues on Nitrification 

(Oxidation of Ammonia to Nitrite) by Nitrosomonas sp that was obtained 

from NAFDAC Drug Disposal Site.  The result revealed that there was no 

inhibition of nitrification (ammonia oxidation to nitrite) by Tetracycline at 

concentration of 0.5% and 1%, while inhibition occur at 2%, 5% and 10% 

concentration. This is in agreement with Devries and Zhang (2016) who 

reported that tetracycline could only inhibits nitrification at high 

concentration. The results for Lincomycin, Cotrimoxazole and Ampiclox 

showed nitrification taken place at 0.5% concentration but it was 

inhibited at 1%, 2%, 5% and 10% concentrations. This was because 

Lincomycin, Cot-trimoxazole and Ampiclox were more heat stable than 

Tetracycline as was supported by Lei et al., (2017). Mixed drugs inhibited 

nitrification at all concentrations.  

Table 5: Similarly, it was observed that the Oxidation of Nitrite to Nitrate 

(Nitrification) by Nitrobacter sp showed the occurrence of nitrification at 

0.5% and 1% tetracycline concentrations, but at concentration of 2%, 5% 

and 10%, nitrification was inhibited. Lincomycin and mixed drugs 
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inhibited nitrification at all concentrations of the antibiotics, while Cot-

trimoxazole and Ampiclox inhibited nitrification at 1%, 2%, 5% and 10% 

concentrations.  

 

CONCLUSION 

It can be concluded base on the findings of this work that some drugs and 

antibiotics disposed by NAFDAC, could have the ability to be heat tolerant 

as a result retaining it inhibitory substances after exposure to high 

temperature, and capacity  to  affecting the growth and survival of 

Nitrifying bacteria (Nitrosomonas and Nitrobacter).  

 

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 

prevent wild animals and scavengers from encroaching into the 

landfills. 

3. It is essential to have Chemostat or turbidostat for easy culture of 

chemolithotropic nitrifying bacteria. 
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