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ABSTRACT 

 

Nitrogen (N), phosphorus (P), and potassium (K) are nutrients that are essential for food 

production and are often referred to as NPK: NPK fertilizers are a crucial part of modern 

agriculture.   Urine is one of the rich sources of  nitrogen, phosphorus, and potassium and can be 

converted to struvite a kind of orthophosphate mineral that is precipitated by Mg, ammonium, and 

phosphate ions in equal molar ratios.(MgNH4PO4.6H2O) and its derivative struvite-K, potassium 

magnesium phosphate hexahydrate (MgKPO4·6H2O) to serve as fertilizer.However, it is 

commonly contaminated with bacterial pathogens, plasmids, phages, and residual antibiotic drugs 

which are hazardous to human and animal health.  The goal of the current study was to assess the 

presence of these contaminants and their fate during the optimal process of producing struvite and 

its derivative K sample is a sample of potassium magnesium phosphate hexahydrate 

(MgKPO4·6H2O), from composite human urine. To this end, fresh pee, stored urine, and struvite 

samples throughout the struvite synthesis process were collected for DNA extraction and residual 

antibiotics analysis for Penicillin G, Cephalosporin, Cefotaxime, Ciprofloxacin, Tetracycline, 

Oxytetracycline and Doxycycline, Sulfamethoxazole. The community structure of the bacteria 

(pathogen) was studied with shotgun metagenomic and bioinformatic analysis, whereas the 

chemical contaminants were analyzed by ultra-high liquid chromatography mass spectrometery. 

The data showed that the Gram negative, Pseudomonadota (syn, Proteobacteria) was the most 

dominant bacterial phylum isolated from accounting for 60% and 43% followed by the Gram 

positive Bacilliota (Firmicutes) with 25% and 39% of the fresh and stored samples, respectively. 

The phylum Bacilliota (61%), Pseudomonadota (18%), and Bacterodota (12%) dominated the 

struvite-K sample.   Amongest the Phylum Proteobacteria, members of the gamma-Proteobacteria 

displayed OTU counts of 12,116 on fresh urine samples which was twice (6,155) more than the 

OTU counts recorded from struvite (stored) samples.  The Genome sequence analysis also showed 

that the genera Streptococcus, Bacillus, and Escherichia phages predominate; in fresh urine, 

where the Streptococcus phage is almost 50% of the OTU counts. Interestingly, the data showed 

he stored urine contained higher number of genes for antibiotic resistance than the fresh urine 

samples.   Acinetobacter, Aeromonas, and Enterococcus are the key pathogens analyzed, whereas 

the top five resistance genes in all three samples were the aminoglycosides, carbapenem, 

chloramphenicol, erythromycin, and efflux pump. Despite a change in gene families, the 
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carbapenem, aminoglycoside resistance, and efflux pump families were found to be persistent in 

struvite. Ciprofloxacin, cefotaxime, oxytetracycline, and tetracycline were among the 

antimicrobials. The calibration curves showed linearity coefficients (R2) ranged from 0.9778 to 

0.9945. Tetracycline's mean recovery percentage was 92.86 ± 7.26, while sulfomethoxazole's 

ranged from 71.46 ± 12.62. However, the intra-day precision, which ranged from 5.05 percent for 

oxytetracycline to 17.66% for sulfomethoxazole, satisfied EPA and EU standards. The potential 

antibiotics had limits of quantification and detection that varied from (1.47-0.91) μg/kg and (3.03-

9.77) μg/kg, respectively. Among the assessed antibiotics none was detected in the product struvite. 

Based on this study, the presence of pathogen genomes, antibiotic resistance genes and their 

carriers requires due attention   during urine sanitization. The absence of residual antibiotic drugs 

in struvite indicates its potential safety for agricultural application while further study on the 

mechanism of disappearance is recommended. 

 

Key words: struvite, human urine, fertilizer, mobilomes resistomes, pathogens 
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CHAPTER ONE 

1. INTRODUCTION 

Human excreta is the bulk of domestic wastewater, also called sanitary sewage, discharged from 

homes. In a recent review, Du et al. (2024) gave a historical background on the use of human 

excreta within the context of theoretical interpretations and ecological significance. Thus, human 

excrement was used as fertilizer in China emerged in the Western Han Dynasty (B.C. 202–A.D. 

8), such records did not become prevalent until the Southern Song Dynasty (A.D.1127–1279). 

Human excrement was so important to agricultural development in China that John Macgowan 

(A.D. 1835−1922), wrote that “human excrement, affordable and of good quality, was one of the 

best fertilizers applied by Chinese farmers, and that there would be no China of the day without 

excrement (Macgowan, 1909). It was even considered “top-class fertilizer” and served as the most 

essential fertilizer in farmland fertilization.  

According to German chemist Justus von Liebig (A.D. 1803-1873), China was a fertile country, 

the farmland fertility of which kept improving instead of deteriorating after three thousand years 

of farming. In his 49th “Letter on Chemistry,” the chemist highly praised that, without the guidance 

of any scientific theories, Chinese farmers had found a miracle the recycle and utilization of human 

excrement (Radkau, 2008) Karl Max (A.D. 1818-1883) also held that the consumption of human 

excrement was vital to agriculture. While capitalism was wasteful of excrement, people were 

significantly economical on excrement in Asia, such as southern China (Marx, 1993). 

In the early 20th century, on his way to China, American soil scientist Franklin King (A.D. 1848-

1911) signed, “We had gone from practices by which three generations had exhausted strong virgin 

fields, and were coming to others still fertile after thirty centuries of cropping.” After his visit, he 

pointed out explicitly in his world famous Farmers of 40 Centuries; or, Permanent Agriculture in 

China, Korea, and Japan, “One of the most remarkable agricultural practices adopted by any 

civilized people is the centuries-long and well-nigh universal conservation and utilization of all 

human waste in China, Korea, and Japan, turning it to marvelous account in the maintenance of 

soil fertility and in the production of food” (King, 1911; Song, 2017) 

 



2 
 

Household wastewater can be divided into three fractions by origin; urine, faeces and grey water. 

(Aniko, 2015). The authors showed that ddistribution of pollution load of urban wastewater shows 

that 99% of bacteria originated from faeces; 11% of N-content originated from faeces, 87% from 

urine and 2% from greywater (GW); 40% of P-content originated from faeces, 50% from urine, 

10% from GW; 47% of organic matter content originated from faeces, 12% from urine, 41% from 

GW. So, 99% of bacteria, 98% of N-content, 90% of P-content and the total amount of drug 

residues and hormones are in the human excreta, which is less than 2% of the total wastewater 

volume.  

Once human excreta are removed by water from households, then we are not able to regain its 

original organic material compounds. During flow into the sewer system human excreta already 

begin to degrade. Urease enzymes hydrolyse the urea content of urine and this reaction generates 

ammonium ion and CO2 (Diasi et al., 2024). During waste water treatment the ammonium is 

oxidized to nitrate and the organic phosphorus compounds of human excreta are converted into 

inorganic phosphates. So, we can say that the valuable organic N and P compounds of human 

excreta are converted into water pollutants by waste water treatment.    

Most people sadly are not aware of the fact that the greatest environmental harm is not this water 

load, but withdrawal of the very valuable organic matter content of human excreta from the cycle 

of biosphere (Zseni and Nagy, 2016). This leads to a vicious circle discharging human excreta to 

freshwater: waste water treatment convert human excreta to water pollutant, while we replace 

missing nutrients to soils artificially, which lead to the exploitation of soils in the long run. 

Urine make up less than 1% of municipal wastewater flows but contains 80% Nitrogen, 56% of 

phosphorus and 63% of potassium (Randall and Naido, 2018). The largest nutrient and smallest heavy 

metal contents are found in the urine, which is easily collected separately using a urine-diverting toilet. 

The urine diversion from wastewater can improve conventional wastewater treatment plants to be 

energy-efficient and cost-effective, as a considerable quantity of nutrients in wastewater is derived 

from urine.  

Traditionally, nutrients in the solid and liquid wastes are considered as a waste that needs to be 

removed however the recent concept has been changed to look into nutrient as a resource for 

recovery and reuse (circularity) rather than as a waste (linearity) (Diaz et al., 2022; Jiménez-Arias 

et al., 2022).This new concept is driven mainly by two major issues: very high energy and carbon 

https://www.sciencedirect.com/topics/chemical-engineering/wastewater-treatment-plant
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footprint of the synthetic fertiliser nutrients (mainly nitrogen-based fertiliser) and phosphorus 

being a finite resource with mine reserves limited to only few countries. The source separated urine 

is much concentrated form for more effective nutrient recovery and reduces nutrient loading in the 

WWTP which can help reduce wastewater treatment costs (Zseni and Nagy, 2016). There has been 

a global wave of efforts to separate urine from sewage and recover nutrients as fertiliser, with 

initiatives observed in countries such as the United States, Australia, Switzerland, South Africa, 

and Ethiopia (Sohn et al., 2023). However, urine diversion toilets, which are the first step in this 

paradigm shift, are still limited to off-grid locations with poor toilet infrastructure and low-income 

settings.  

Pilot projects in Europe and Thekwini, South Africa have shown the limitations of urine diversion 

toilets, which include being unwieldy, smelly, and unreliable (Sohn et al., 2023). Moreover, it is 

impractical to retrofit urban settings with separate sewer pipes to transport urine to a central 

location. It is worth noting that the widespread adoption and success of nutrient recovery from 

urine would also be contingent upon the socio-economic context of a region or country, including 

factors such as cultural acceptance and regulatory frameworks to support sustainable practices 

(Udert et al., 2003). 

Struvite can be produced with less microbial load if drying and urine storage are reasonable (Lahr 

et al., 2016; Bischel et al., 2014) It is also inconvenient for most microorganisms, since the 

ammonia in urine kills microorganisms during storage step before struvite making (Lahr et al., 

2016). WHO, 2006 also reported that urine stored at 20 0C for 1 month is safe to fertilize plant 

foods which are going to be processed further but not eaten raw. However, nothing was reported 

yet about the fate of antibiotics resistance genes and their carriers together with pharmaceuticals 

in urine derived fertilizer.  

Thus, we hypothesised that struvite can also be a dish of different hazardous biological and 

chemical contaminants which can be dangerous for human, animals and the environment. If urine 

sanitization does not consider these two. These biological contaminants are antibiotic resistant 

genes in which they may distinctly spread to the genomes, plasmids and phages of pathogenic 

microbes via horizontal gene transfer. These resistance genes may have the ability to enter in to 

the food chain then to potential pathogens. This gives an advantage to pathogens to be untreatable. 

On the other hand, genomes of pathogens from struvite may also transform and convert soil 
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microbial strains. On the other hand, the chemical contaminants are hormones and other 

pharmaceuticals such as antibiotics taken by human beings to work in their physiology to fight 

disease. These chemicals are long persistent therefore can affect unimportantly the physiology of 

other organisms in the environment which are exposed to these (Halling-Sorensen et al., 1998). 

Thus, before applying struvite on soils as fertilizer there is a need to assess its safety from both 

sources of the contaminants.  

Therefore, pertinent information about such contaminants should be gathered along with proper 

methods that need to be designed and implemented to avoid these hazardous contaminants before 

applying struvite on soils as a fertilizer.   

1.2. Objectives of the study 

1.2.1. General Objective 

The overall objective of this study is to evaluate the occurrence and fate of pathogenic 

microorganisms, antibiotic resistant genes and pharmaceuticals in urine-derived struvite fertilizer. 

1.2.2. Specific Objectives 

 The Specific objectives are: 

• To investigate the microbiome of composite urine collected for struvite production 

• To determine the microbiological safety of struvite produced from urine using optimal 

process parameters 

• To evaluate the presence and fate of mobile genetic elements (MGE) in struvite 

• To examine pharmaceuticals in urine and struvite 

• To analyse the chemical composition of struvite compound 

Hypothesis 

Ho: Human urine and its derived struvite contain pathogenic microbes, antibiotic resistant genes 

and pharmaceuticals which are very dangerous to health and unsafe to the environment. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

 

Human excreta had been used since the past centuries in different parts of the world. Human urine, 

when separated from the rest of the wastes contains N, K and P in economically feasible amount 

which recovery can be reasonable. Especially, producing socially acceptable fertilizer from human 

urine is a paramount though concerns of safety from pathogens, resistance genes and their carriers 

together with pharmaceuticals consumed by urine donors is there. These concerns are revealed by 

different works claimed in this section. For example, antibiotic resistant bacteria were observed to 

migrate from the soil amended with pig manure to phylosphere of the plant observed. On another 

occasion, on different works, plants were observed to absorb residual antibiotics from soil 

amended with waste water sludge. This shows the importance of assessing the fate of the 

contaminants in the human urine derived fertilizer. 

2.1. History of reuse of human excreta 

Human excreta have been used for crop fertilization in many countries since the earlier times (Du 

et al., 2024). In Japan utilization of human excreta for agriculture is thought to be introduced in 

the 12th century (Esrey et al., 1998; King, 1911; Song, 2017). Urine used to be separated and 

considered as valuable fertilizer in Japan (Sene, et al., 2019). In China, human and animal excreta 

were composted for thousands of years (Esrey et al., 1998; Du et al., 2024). Ancient Koreans had 

the practice of separation of urine and faeces and prevented mixing of water to the excreta (Han 

and Kim, 2014). They had special containers to transport the urine and faecal matter separately 

(Figure 1). In Sweden, the fertilizing content of urine was known to be 6 times the faeces since 

1867 (Drangert, 1998). In Germany, urine was used to be separated from faeces to produce 

manageable proportion of fertilizer (Wiedner, et al., 2015).  Other than its fertilizer uses in ancient 

Rome, human urine was used for tanning hides and production of gun powder (Heth, 2015). In 

Denmark, stored human urine was used as a detergent for washing clothes (Drangert, 1998). 

Similarly in Sweden, human urine was as an agent to dry wounds and as therapy for internal 

problems via mouth intake (Marshall and Davis, 1914).  

In most parts of Africa, use of human urine or faeces for agriculture was not explicitely reported 

and human excreta is considered to be a taboo (Anderson, 2015; Adewole, et al., 2013; Timmer 
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and Visker, 1998). Despite this, modern day reports indicate that dried faeces were utilized as fuel 

after separating from urine by evaporation in Yemen (Esrey, et al., 1998) and urine was claimed 

for its medical and antiseptic purposes in South Africa (Okem, et al., 2013).  

 

Figure 1: Manual containers to transport urine (left) and faeces (right) in Korean tradition (Han 

and Kim, 2014) 

 

2.2. Overview of human urine 

Human urine is one of the human excreta rich with different chemical compounds. It is produced 

as a result of metabolism in human body when body cells produce nitrogenous wastes, various 

chemicals and water that are removed through the urinary system.  Urine is colourless to amber in 

colour. It contains very small carbohydrate. Human urine is part of the nitrogen cycle. It is with a 

PH range of 5.5-7 (Richert et al., 2010) and specific gravity of 1.003–1.035. 

Normal human urine consists of nitrogen, phosphorus, potassium, sodium, calcium, magnesium, 

sulphur, bicarbonate, chlorine, zinc, iron, manganese, copper, creatinine, urea, uric acid, water, 

proteins, hormones, metabolites, urobilin (responsible for amber color of urine) and vitamins (B) 

(Bouatra et al., 2013). About 85% of the Nitrogen in urine is found in the form of urea (Lahr, et 

al., 2016). In stored urine the urea get hydrolyzed into ammonia (Lahr, et al., 2016). Additionally, 

urine contains sufficient amount of organic compounds to support microbial growth (Zhang et al., 

2013). Uric acid and trace levels of heavy metals are found in small amounts under healthy 

circumstances (Bouatra et al., 2013). There is production of organic acids such as acetic, propanoic 

and butyric acids in stored urine, which are produced by microbial actions (Zhang et al., 2013). 

These acids are responsible for the pungent smell of stored urine together with the ammonia 

(Zhang et al., 2013). 

https://en.wikipedia.org/wiki/Creatinine
https://en.wikipedia.org/wiki/Urobilin
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The earlier thought that connotes urine as a sterile fluid is being revised through numerous studies 

that indicated the presence of various groups of bacteria (Larsen and Monif, 2001). Microbiota-

based Studies indicate that urine collected from infants contain Lactobacillus (Ackerman and Chai, 

2019). Urine collected from individuals of age one till puberty was dominated by diphtheroids, S. 

epidermidis, streptococci, and E. coli. Urine collected from individuals at puberty and beyond upto 

adulthood is expected to be contaminated by L. acidophilus, corynebacteria, peptostreptococci, 

staphylococci, streptococci, and Bacteroides (Larsen and Monif, 2001). In females after 

menopause, urine was shown to be contaminated with yeasts such as Torulopsis and Candida while 

the microorganisms in adult male human urine are mainly Lactobacillus spp. (Larsen and Monif, 

2001).  Quantitiative study showed that urine contains as small as 240 microbes if collected clean 

catch from a healthy adult (Lahr, et al., 2016), dominated by the following bacterial orders; 

Actinomycetales, Bacteriodales, Clostridiales, Enterobacteriales, Lactobacillales and 

Pseudomonadales, if not contaminated with faecal and vaginal microbiota (Richert et al., 2010).   

Undiluted urine was observed to contain 3-7g N per liter and around 1g of P per liter (Richert et 

al., 2010 ; Lahr et al., 2016) which this makes it a nice N and P source to produce struvite. Thus, 

urine becomes an option as source of a good quality fertilizer since it is eco-friendly to recycle 

waste especially it is environmental friendly since it is surplus all the time and its manageability 

to a slow releasing struvite. It is also a win-win phenomenon to use it since it is also answering 

sanitation issues. 

2.3. Source-separation of human urine 

Source separation of urine is an act of separation of urine from its origin and treating separately. 

Source separation of urine is derived from Terra Preta Sanitation, an effieicent method for the 

management of human excreta in the ancient Amazonian Civilization (de Gisi, et al., 2014).  

Currently, Urine Diversion Dry Toilets (UDDT) are the commonly used designs for toilets that 

separately collect urine and faeces (Mnkeni and Austin, 2009; Münch and Winker, 2009). The 

urine fraction of the wastewater contains 70-80 % of the nitrogen and 50% of the phosphorous and 

potassium while in volume, urine constitutes only 1% of the wastewater (Wilsenach and van 

Loosdrecht, 2003). 

A premier quality in urine for making source separation important is that urine contains a very low 

amount of heavy metals compared to the faecal matter, which is loaded with various heavy metals 
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in high concentration (Ronteltap et al., 2007; Jönsson et al., 2000; Jönsson et al., 1997; Jönsson et 

al., 1999 ; Johansson et al., 2001; Stephanie and Treavor, 2015 and Vinnerås, 2001). It would be 

a loss if we mix such a solution with large amount of heavy metal content, the other fractions of 

the waste water. Besides urine separated toilets were observed to save flush water by 80% ( 

Jönsson 2000; Jönsson et al., 1997; Jönsson et al., 1999 and Johansson et al., 2001 and Vinnerås, 

2001). 

Source separation is found to be more effective in recovering plant nutrients with reports of 

harvesting 27 times more N, 35 times more phosphorous and 25 times more potassium than the 

conventional system (Jönsson, et al., 1997; Jönsson, et al., 1999 and Johansson, et al., 2001). 

Source separation of urine saves energy of about 32 MJ/ person and year since it decreases 

nutrients from waste water system along with urine replaced chemical-fertilizers, which requires 

75MJ/ person and year to produce (Larsen and Gujer, 1996 and Vinnerås, 2001). Thus, urine 

separation saved a total of 63MJ/ person and year since it only requires 44MJ/ person and year for 

transporting the urine mixture 33 km with a truck to a farm and spread it as fertilizer (Liu et al., 

2013). 

The potential of urine as Nitrogen source was found to perform as 90% to that of the commercial 

ammonium-nitrate fertilizer according to studies in Sweden (Johansson et al., 2001). The 

phosphorous effect was found out to be equal to that of the chemical fertilizer (Kirchmann and 

Petterson, 1995 and Hellström et al., 1999). Experimental studies on barley, oat and wheat showed 

the absence of toxic effect observed from ammonia.  

Though source separated human urine has a paramount advantage in agriculture, the presence of 

pharmaceuticals (such as propranolol, ibuprofen, diclofenac and carbamazepine), hormones (such 

as estrone, estradiol and ethinylestradiol) require attention due to potential accumulation through 

long-term usage. In order to alleviate the issues with regard to traces pharmaceutical and biological 

hazards, pre-treatment with membrane filtration (Prakash et al., 2004), electro dialysis with 

ozonation (Lamichhane and Babcock, 2012) or ion-exchange treatment (Landry and Boyer, 2013) 

from urine were claimed necessary. But these treatments are not effective, for example 

nanofiltration can not avoid dalton size pharmacetucal residues and ozonation changes only the 

chemical nature of pharmaceuticals without total elimination. Besides, the proposed methods are 
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expensive for low-income countries and cause nutrient loss during treatment. So, according to 

experiments on the fate of pharmaceuticals scientists have studied (Ronteltap et al., 2007) during 

struvite precipitation and found promising results for future use of struvite for agriculture. 

2.4. Struvite as fertilizer 

Historically, the term struvite is referred as a type of kidney stone, made of magnesium ammonium 

phosphate (MgNH4PO4·6H2O). They are formed when urine becomes more alkaline, often due to 

a urinary tract infection. It was later used to identify a slow-release fertiliser for sustainable 

phosphorus management (Talboys et al., 2015). It is extracted from recycled sources of 

phosphorus (P), from wastewater, with a potential to substitute for more soluble manufactured 

fertilisers and help reduce the long-term threat to food security from dwindling finite reserves of 

phosphate rock (PR). 

Struvite compounds are characterized by the formula A+2 B+ PO4-3 yH2O, where A+2 depicts a 

bivalent cation like (Mg+2, Mn+2, Ca+2); B+ is a monovalent cation such as, Rb+, Mn+, K+, NH4+ 

Na+ or Ti+ whereas y=6-8 (Banks et al., 1975, Mathew et al., 1979).  Historically, struvite was 

considered a product of disturbance in wastewater treatment plants (WWTPs) rather than a 

recoverable product for use as a fertilizer. Struvite usually creates a major maintenance problem 

by blocking piping and preventing flow in the side stream biological nitrogen and phosphorus 

removal treatment plants and anaerobic digesters (Le Corre et al., 2009).  The high concentrations 

of phosphorus and nitrogen combined with turbulence of flow encourage the spontaneous 

precipitation of struvite in pipes and pumps along with digesters, thus decreasing the treatment 

capacity 

Struvite crystals or urine derived fertilizer is another option of urine fertilizer. Struvite-NH4 is a 

crystal or powder with its average size 2±3.8 mm (Abe, 1995; Etter et al., 2011; Wilsenach et al., 

2007; Liu et al., 2008a, 2008b; Antonini et al., 2011; Decrey et al., 2011 and Winker et al., 2009). 

It is a phosphorus, nitrogen and magnesium rich fertilizer which contain them in 13, 5 and 10% 

respectively (Rahman et al., 2014; Etter et al., 2011; Wilsenach et al., 2007; Liu et al., 2008a, 

2008b; Antonini et al., 2011; Decrey et al., 2011 and Winker et al., 2009). Struvite-NH4 can be 

made from MgO addition for P recovery through MgNH4PO46H2O or from a mixture of MgO and 

Na3PO4 for maximum P and N recovery through NH4H2PO4 (Liu et al., 2013). 
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Struvite-NH4 is an alternative eco-friendly phosphate fertilizer to maintain agricultural production 

(Munch and Barr, 2001, Shu et al., 2006 and Massey et al., 2007). It is also a cheap source of N 

and P for fertilizer industries. On the contrary rock phosphate is a non-renewable source of 

phosphate fertilizer. The present consumption of it reaches over one million tonnes yearly 

(Rahman et al., 2011). On the other hand nitrogen fertilizer consumption reaches 3 million tonnes 

per year (Rahman et al., 2011). These amounts of fertilizers are produced from consumable sources 

and require unreasonably high energy which make these fertilizers non eco- friendly.   

Struvite-NH4 is produced in an equimolecular concentration of Mg +2, NH+
4, PO-3 at alkaline 

condition (7.5-9) (Hao et al., 2008 and Bouropoulos and Koutsoukos, 2000). It is made according 

to the following chemical reaction: Mg+2 + NH+
4 + H2PO 4̅ + 6H2O→ MgNH4PO4.6H2O + 2H+. It 

is made by addition of Mg to waste water or human urine. It has a molecular weight 245.43gmol-

1 ̅. It is sparingly soluble in neutral and alkaline solutions but readily soluble in acid (Chirmuley, 

1994). Its solubility is 0.018g 100ml-1 in water and 0.178g 100ml-1 in 0.01N HCl at 25˚C (Le Corre 

et al., 2009) and its solubility constant is 10 1̅3.26 (Ohlinger et al., 1998). Efficiency of struvite 

crystallization depends on concentration and molar ratios of Mg+2 + NH+
4 + PO ̅4

3, PH, aeration 

rate, temperature and presence of Ca+2 in the reacting mass (Stratful et al., 2001, Le Corre et al., 

2005, Hao et al., 2008 and Yetilmezsoy and Zengin, 2009). Struvite-NH4 is heat sensitive. It should 

not be heated above 40-50˚C to avoid the risk of ammonia loss (Bhuiyan et al., 2008 and Frost et 

al., 2004). 

It is a compound that its nutrients not flashed faster by rainfall; this makes it a good fertilizer (Lee 

et al., 2009). It releases its nutrients very slowly in water. Struvite-NH4 is a slow leaching nutrient 

fertilizer, unlike the rock phosphate and urea fertilizers which are exposed to fast leaching of N 

and P, volatilization of NH3 and denitrification. This leads to surface water contamination which 

result eutrophication followed by aquatic death (Khan and Ansari, 2005 and Lee et al., 2003). In 

addition, ground water contamination through percolation is another problem with these fertilizers 

(Liang et al., 2007,). Severely, the different forms of nitrogen and phosphorous from the chemical 

fertilizer; ammonia, nitrite, nitrate, orthophosphate and monophosphate, are toxic to aquatic life 

(Rahman et al., 2014). Thus, using struvite-NH4 fertilizer is a solution to all the problems related 

with chemical fertilizers since it is a slow leaching compound so that a lower or no volatilization 

of nitrogenous compounds (Rahman et al., 2014). In addition, using struvite-NH4 is a win-win 
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phenomenon to rock the green economy at optimum; using waste as source of fertilizer.  

As an additional fertilizer quality of struvite, it increases PH of soil. Struvite-NH4 addition to acidic 

soils is helpful since it increases soil PH unlike chemical fertilizers which decrease (Rahman et 

al., 2014). Struvite-NH4 was found helpful fertilizer in semiarid environment, where, it contains 

large amount of elemental and ionic substances (Massey et al., 2009). Together with this, over 

application of struvite-NH4 does not burn roots since it release nutrients slowly (Scope Newsletter, 

2003). It also decreases global warming with its slow nutrient release therefore plants use all the 

N without loss (Nelson, 2000; Lee et al., 2009 and Westerman et al., 2009). Unlike urea fertilizer 

its losses nutrients faster and N loss occurs in different forms to contribute the global warming 

gases (NO, N2O and CH4) (Matson et al., 1998, Perala et al., 2006, Chu et al., 2007 and Aguilera 

et al., 2013). About 60 % of the urea is lost always unlike the case in struvite (Liang et al., 2007). 

Generally, when we use urea as fertilizer, we contribute 39% of CH4 and 60% of N2O of the 

greenhouse gases (OECD, 2000). We can see how damaging is using urea to the environment but 

at the same time having a slow nutrient releasing fertilizer; struvite is a success despite the danger 

we have now.  

In addition, struvite-NH4 was observed to have an increased yield and P uptake by lettuce than 

phosphate rock fertilizer (González-Ponce et al., 2009). This was thought that the Mg incorporated 

with struvite has a cooperative effect on P uptake (González-Ponce et al., 2009). In another 

experiment also struvite-NH4 increased yield in ryegrass and bioavailability of phosphrous was 

higher (Deinert et al., 2020) than chemical fertilizer. In the same study phytate consuming 

microbes were higher in the soil where struvite was added. This shows microbes can also 

participate in bioavailability of struvite. 

Struvite-NH4 is not only a good quality fertilizer but it has also problems with regard to traces 

pharmaceuticals and biological hazards. Thus, pre-treatment with membrane filtration (Prakash et 

al., 2004), electro dialysis with ozonation (Lamichhane and Babcock, 2012) or ion exchange 

treatment (Landry and Boyer, 2013) from urine were claimed neccesarry. But these treatments are 

not hundred percent effective, for example nanofiltration can not avoid dalton size pharmacetucal 

residues and also ozonation it changes only chemical nature of pharmaceuticals but it can not avoid 

in general. Besides, the proposed methods are expensive for developing countries like Ethiopia. 

In addition, to strengthen struvite-NH4 use as fertilizer cheap sources of Mg are being introduced 
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by different scientists. For example, sea water (Dai et al., 2014), wood ash (Sakthivel et al., 2012), 

bittern or brine (Etter et al., 2011) and geological reserves in case like Ethiopia are some of the 

proposed.  

Preparation of struvite-NH4 from urine has another advantage since struvite crystalization also 

helps to separate nutrients from micropollutants. Especially, the organic micropollutants from 

natural urine which these have inhibitory effects on photosynthesis of algea (Escher et al., 2006). 

If struvite-NH4 is used no detected micropollutants will be found on it, this was proofed by studing 

the toxicity of solutions prepared from struvite-NH4 on the green unicellular algae called, 

Desmosdesmus subspicatus photosynthesis rate (Escher et al., 2006). 

2.5. How to prepare struvite from human urine?  

Solid fertilizer which contains nitrogen and phosphorous can be prepared using human urine 

(Battistoni et al., 2000 and Kabdasli et al., 2006). Solid urine fertilizer is prepared by adding a 

required amount of magnesium to the human urine. The addition of equimolecular concentration 

of magnesium at alkaline condition at around 7.5-9 PH (Hao et al., 2008 and Bouropoulos and 

Koutsoukos, 2000) make the phosphorous and nitrogen sources in the urine to make a compound 

called struvite. Pure struvite-NH4 or with high struvite-NH4 content > 95% is produced at neutral 

PH (7.0-7.5) though at this PH range struvite-NH4 formation is slower that can take up to 3 months 

(Hao et al., 2013). But at PH (8.0-9.0) the struvite-NH4 content decreased to 30-70% and at PH 

range above 9.5 the struvite-NH4 content decreased to less than 30%. Struvite-NH4 consists Mg+2, 

NH+
4, H2PO ̅4 and 6H2O. The chemical reaction to make struvite-NH4 is Mg+2 + NH+

4 + H2PO ̅4 + 

6H2O → MgNH4(K
+ or Na+2, etc) PO4.6H2O + 2H+. The solid struvite-NH4 is made when 

magnesium is added to the urine. Struvite-NH4 is collected solid after the chemical reaction.  

For struvite-NH4 precipitation the kinetics is divided it to two; these are nucleation and growth. 

Nucleation is when ions combine to form crystal embryo which is a foundation of growth. 

Nucleation occurs when supersaturation (higher amount of ion exist) (Ohlinger et al., 1999). In 

case of nucleation in urine it happens heterogeneous nucleation where this nucleation happens 

when there are impurities in solution and there is no highly supersaturation of constituent ions 

(Sohnel and Garside, 1992). In solutions the driving force for nucleation is the difference in 

chemical potential of the super saturated (µ1) solution and solid states (µ2): ∆µ = µ2- µ1. However, 

the induction time for heterogeneous nucleation is:  
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Log tind = A/(log Sa)
2 –B, where A= β(γs)3v2f(θ)/(2.3 KB T) v2 ; B = Ωhet = if f(θ) < 1.  

f(θ) = correction factor for heterogeneous nucleation; θ = wetting angle of solid phase by liquid; 

Ωhet = heterogeneous pre-exponential factor; v = molecular volume; γs = surface energy; Sa = 

Activity based supersaturation ratio; T = absolute temperature; KB = Boltzmann constant; β = 

geometric factor (Nielsen, 1955; Packter 1968; Gunn and Murthy, 1972 and Sohnel and 

Handlirova, 1984) cited in (Ohlinger et al., 1999).  

On the other hand growth is another precipitation kinetics. It is the process of incorporation of 

constituent ions to a preexisting embryo to form a visible crystal. After the time elapsed between 

mixing of constituent and the appearance of measurable precipitate (induction time) crystal growth 

continues until equilibrium is reached. Efficiency of struvite-NH4 crystallization depends on 

concentration and molar ratios of Mg+2 + NH+
4 + PO ̅4

3, degree of supersaturation, PH, aeration 

rate, temperature and presence of Ca+2 in the reacting mass (Yetilmezsoy and Zengin, 2009). 

Struvite-NH4 is not restricted to urine but it can be prepared from any waste which contains 

phosphorus and nitrogen source. Struvite-NH4 can be solidified as fine solid or large crystals in 

regular and irregular forms by using different technologies. Even a struvite-NH4 is in the market 

these days as a label called enhanced struvite-NH4; it is a struvite-NH4 treated with phosphoric 

acid to achieve a modified form of DAP (diammonium phospate), one of the most used fertilizer 

in the world (Gaterell et al., 2000).  

In the present time different countries around the world develop legislation for minimum 

phosphorous content of treated waste water that joins rivers, that is 0.1mg/L (Clean Water 

Services, USA). To reach this amount people have developed technologies to recover struvite-NH4 

from waste water. In different countries struvite-NH4 is being recovered using fluidized bed 

reactors for example in Japan (PHOSNIX), Canada (Ostara), Netherland (PHOSPAQ™, AirPrex), 

and Germany (Seaborne, AirPrex) at industrial level. 

One of the technologies to recover struvite-NH4 is Ostara’s Pearl Nutrient Recovery Process which 

this process is found cost effective than avoiding phosphorous using microbes which this may 

expose for formation of struvite-NH4 causing blockage of the system. This will lead for extra cost 

to clean systems. The ostara technology is recovering struvite-NH4 as fertilizer by the name of 

crystal green which this sustainable fertilizer closes the nutrient loop (Ostara, 2010). Ostara’s Pearl 

Nutrient Recovery Process uses fluidized bed reactors which recovers N and P from sludge 
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dewatering centrate and produce high quality N, P and Mg fertilizer.  

In addition, Ostara and other the like technologies are big hope in the future to recover nutrients 

from source separated urine to make waste management easier. As it can recover phosphorous and 

nitrogen from source separated urine, which is 1% of the sewage but contains the largest amount 

of N and P content would be cost effective (Larsen and Gujer, 1996).  

 

Separating urine from source is cost effective and less treatment intensive where it becomes easier 

in waste water management, water conservation and using urine as source of phosphorous and 

nitrogen (Lahr et al., 2016). Though a big challenge to use urine as fertilizer is its nutrients are 

diluted in big amount of water. Thus, to avoid the large amount of water different solutions were 

suggested such as evaporation, reverse osmosis, freeze-thaw, electrodialysis and dehydrating urine 

using wood ash (Ek et al., 2006, Ganrot et al., 2007 and Senecal and Vinneras, 2017). 

Experiments were run in different times to recover nutrients from source separated human urine. 

As an example, in South Africa in eThekwini people have recovered struvite-NH4 using automated 

reactors (Grau et al., 2015). Besides they measured the efficiency of their reactors in recovery. It 

is not only in South Africa but people around the world has awaken for urine for example in Nepal, 

Vietnam and Durban (Bischel et al., 2016). In another instance in Netherlands (Wilsenach, et al., 

2007) they have found that urine has a much higher phosphate concentration than sludge reject 

water. Thus, magnesium ammonium phosphate as well as potassium magnesium phosphate are the 

two types of struvite’s successfully precipitated. The fluidized bed reactor used was also successful 

to remove the two types of struvite’s. 

2.6. Fertilizer potential of struvite 

Struvite-NH4 is a compound that its nutrients not flashed faster by rainfall; this makes it a good 

fertilizer (Lee et al., 2009). It releases its nutrients very slowly. Thus, using struvite-NH4 fertilizer 

is a solution to all the problems related with chemical fertilizers since it is a slow leaching 

compound so that a lower or no volatilization of nitrogenous compounds (Rahman et al., 2014).  

As an additional fertilizer quality of struvite-NH4 it increases PH of soil. Struvite-NH4 addition to 

acidic soils is helpful since it increases soil PH unlike chemical fertilizers which decrease (Rahman 

et al., 2014). Struvite-NH4 was found helpful fertilizer in semiarid environment, where there is 

high amount of salts and ions (Massey et al., 2009). Together with this over application of struvite-
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NH4 does not burn roots since it release nutrients slowly (Scope Newsletter, 2003). It also decrease 

global warming with its slow nutrient release therefore plants use all the N without loss 

(Westerman et al., 2009).  

In addition, struvite-NH4 use as fertilizer is cheap as it is made from continously available resource, 

urine. Together with this the cheap sources of Mg are being introduced by different scientists for 

example sea water (Dai et al., 2014), wood ash (Sakthivel et al., 2012) and bittern or brine (Etter 

et al., 2011). But incase of Ethiopia we have a dolomite   Ministry of Mines and Petroleum) in 

nothern, western and southern Ethiopia.  Together, magnesite reserve in nature as magnisum 

source for instance we have in Adola, Harar, Wolloga, Sidamo, Moyalle and Assosa in 

economically fisible amount (Ministry of Mines and Petroleum).  

Our work is worthwhile to do since the 95% of Ethiopian population that is the farmers are poor 

to afford chemical fertilizers and our farm lands are in short of nitrogen and phosphorous. As a 

result, this big society needs a cheap solution. In addition, urine is cheap to find and using human 

urine as a source of struvite-NH4 resolves contamination of aquatic environments by nitrogen and 

phosphorus. 

2.7. Struvite-K nature, preparation and its potential as fertilizer 

Magnesium potassium phosphate hexahydrate (MgKPO4.6H2O), also known as struvite-K, is an 

isomorphous crystalline compound of struvite with the replacement of NH4 ion with K ion (Banks 

et al., 1975). Struvite-K has crystallographic properties similar to those of struvite and Studies 

have reported its potential application as an efficient fertilizer like struvite (Xu, et al., 2015).  As 

a result, struvite-K was a mineral approved for fertilizer application in 2003 by the Commission 

on New Minerals and Mineral Names, International Mineralogical Association (Burke and 

Ferraris, 2004).  

Struvite-K is a phosphate fertilizer to maintain agricultural production (Munch and Barr, 2001; 

Shu et al., 2006 and Massey et al., 2007). It is also a cheap source of K and P for fertilizer 

industries. On the contrary rock phosphate is a non-renewable source of phosphate fertilizer 

(Rahman et al., 2011).  

Struvite-K is a compound that is not flashed by rainfall making it an eco-friendly fertilizer 

(Rhaman et al., 2014). It releases its nutrients very slowly in water. Struvite-K is a slow leaching 
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nutrient fertilizer, unlike the rock phosphate and K fertilizers which are exposed to fast leaching 

of K and P. This leads to surface water contamination which result eutrophication followed by 

aquatic death (Khan and Ansari, 2005 and Lee et al., 2003). In addition, ground water 

contamination through percolation is another problem with these fertilizers (Liang et al., 2007,). 

In addition, using struvite-K is a win-win phenomenon to rock the green economy at optimum; 

using waste as source of fertilizer.  

Preparation of KMgPO4.6H2O from urine has an advantage since struvite-K crystallization 

separates nutrients from the majority of the chemical micropollutants (Escher et al., 2006) as it 

was shown by experiments on the chemically analogous compound, struvite.   

The substitution of NH4+ with K+ in struvite-K causes a slight difference in crystal structure as 

the ionic radius of K+ is analogous to that of NH4+ (Chauhan et al., 2011). However, it has a 

higher density (1.864g/cm3) than struvite-NH4
+ (1.711g/cm3.) (Ohlinger et al., 1998). Optimal PH 

for struvite-K production is 10 and 11 (Xu et al., 2011 and Wilsenach et al., 2007). It is formed by 

the following chemical formula at PH 10; Mg+2+ K+ +HPO4
-2 + 6H2O → MgKPO4.6H2O+H+ 

(Wilsenach et al., 2007). 

The recovery of struvite-K is affected by pH, proportion of Mg: P: K and presence of competitive 

ions such as sodium and calcium (Kabdaşh, et al., 2022). Its solubility product was found to be 

between 10.77 and 12.22 (Kabdaşh et al., 2009, Yang et al., 2019 and Lothenbach et al., 2019). It 

exhibits a difference with struvite that is between 12.6 and 13.26 (Xu et al., 2015). The presence 

of ammonia and calcium prevents the formation of struvite-K. In urine, struvite-K co-precipitates 

with MgNaPO4.7H2O. Thus, impurity is another issue for struvite-K precipitation. Different 

modelling studies involved in preparation of optimum production conditions from various types 

of waste-water revealed that the molar ratio of 2:1:2 of Mg:K:P as optimal for optimal yield of 

struvite (Xu et al., 2015, Yang et al., 2019 and Lee et al., 2016).  

Similar to struvite, struvite-K consists of tetrahedra PO4-3, octahedral [Mg (H2O)] +2 and K+ and 

these are connected with hydrogen bonds (Mathew et al., 1979; Ohlinger et al., 1998, and Shih et 

al., 2016). Each K+ is bound to penta oxygen atoms which one comes from phosphate tetrahedra 

and the other from water molecules (Mathew et al., 1979). Thus, struvite-K has an orthorhombic 

needle like crystalline structure. It is also transparent to whitish in appearance (Wilsenach et al., 

2007: Graeser et al., 2008: Shih et al., 2016). 



17 
 

Struvite-K has a potential to supplement and replace the supply of inorganic phosphate and 

potassium reserves (Kabdaşh et al., 2019, Kuşcuoğlu, 2008 and Hidayat and Harada, 2021). This 

struvite family is sparingly soluble in water (Kabdaşlı, et al., 2022), though the exact solubility is 

yet to be known. Besides, struvite-K is heavier than struvite (Ohlinger et al., 1998) which makes 

it insoluble during application in floody areas (Rahman et al., 2014). Particularly, the low 

solubility permits for a slow nutrient release during plants growing season therefore, avoiding 

overloading of soil and plants with nutrients. This prevents burning of root of fertilized plants 

(Gaterell et al., 2011 and Dunseth et al., 1970). In addition, as a slow release fertilizer, its nutrients 

are effectively absorbed by plants hence leaching, drainage and percolation are avoided, thus 

preventing aquatic pollution (Gaterell et al., 2011, Dunseth et al., 1970 and Liu et al., 2011). 

Additionally, the thermal dissociation of struvite-K starts above 75 oC and thus, it dries up within 

a short period of time (Chauhan et al., 2011). This property has an advantage in large-scale 

production of the fertilizer.  

Application of K-struvite to acidic soils helps amend the soil.  Moreover, the fertilizing value of 

struvite-K was compared against struvite on ornamental plants, vegetables, turfgrass (El Diwani 

et al., 2007, Ryu et al., 2012, Uysal et al., 2010, Uysal et al., 2014, Siciliano 2016 and Liu et al., 

2011) and crops (Hidayat and Harada 2021). In a study of Ryu et al., 2012, struvite-K was better 

fertilizer than struvite as a result of its richness in potassium. Like struvite, its crystals do not carry 

or react with heavy metals, thus its safety from heavy metal threats (Ryu et al., 2012). 

2.8. Economic factors to use human urine derived fertilizers 

The cost is in production of urine diversion toilets in every house hold. The starting installation 

construction cost is high but less than the conventional toilets (Larsen et al., 2001). Both the 

construction and maintenance costs were observed in the USA. Studies in South Africa and Niger 

also indicate subsistence farmers have profited from the diverting toilet than using chemical 

fertilizer and using no fertilizer (Richert et al., 2010). Even these farmers could cover the eco-

toilet installation cost within less than 2 years after selling their urine fertilized plant products and 

selling urine respectively. This shows installation cost is not comparable with the profit from the 

fertilization benefit from urine stored in diverting toilets. But installation of urine diversion toilets 

could remain unprofitable in urban areas unless people sell the urine to some organizations who 

prepare urine fertilizer.  
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In another instance in Switzerland people have studied the efficiency of source separating toilets 

they call them NoMix technology, it was observed to be successful to collect about 70-75% of 

what was expected (Rossi et al., 2009). Together with this in Germany, people have used UDT for 

about three years at the main office of GIZ. The people found out that more must be done on the 

efficiency of water and urine separation of the toilets. In addition, cleaning and maintenance 

instructions were claimed required before using them widely (Blume and Winker, 2011). 

On the other hand, water used to wash struvite will not be economical for developing countries 

since there is no a trend to reuse water. As a result, consumption of water to clean struvite from 

heavy metal and micro-pollutants is another economical limitation in Southern gobe. (Fry et al., 

2008). Thus, struvite should be accessed for chemical hazards unwashed just to measure how 

heavy is the burden to use unwashed struvite. 

2.9. Constrains to use human urine derived struvite 

Generally, the issues summarized into four categories come on the way to wide-scale application 

of urine-derived struvite from humans. These are; pathogenic microorganisms, antimicrobial 

resistance genes (ARGs), pharmaceuticals as well as social acceptance. Pathogenic 

microorganisms may survive carrying virulence genes and/or antimicrobial resistance genes with 

the ability to transform into other microorganisms. Antibiotic resistant genes can be carried and 

transported by integrons, plasmids, phages and transposon genes. Pharmaceuticals which they are 

low molecular weight chemical compounds (Dalton size: 200-500/1000Da where 1Da= 1.66x10-

27kg) (Pynnönen and Tuhkanen, 2012) after uptake and excreted through urine after consumption 

either partially or non-metabolized. These four issues are detailed in the subsequent subsections 

with the need to be addressed through continuous research and data-driven policies.   

2.9.1. Pathogenic microorganisms in source-separated urine 

In apparently healthy individuals, urine is thought to contain non-pathogenic microbes derived 

from the urethra (Shaw, 2010). But if infections happen due to Escherichia coli (Andreu, 2005), 

Salmonella typhi, Leptospira interrogans, Salmonella paratyphi, Schistosoma haematobium 

(Faeacham et al., 1983), Mycobacterium tuberculosis and M. bovis (Grange and Yates, 1992), 

polyomaviruses (Bofill-Mas et al., 2000) and Hepatitis B virus (Knutsson and Kidd-Ljunggren, 

2000), the urine carries any of the above-mentioned microbes/ova from infected individuals. Thus, 

transmission can be due to either direct contact with the urine during application, or via the food 
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products during consumption.  Contamination by faeceal matter happens in the diverting toilet or 

urinal if there is misuse of separating toilets (Schonning et al., 2002) and if there is lack of 

occasional maintenance to such toiletes (Kraft, 2010). Thus, a large number of bacteria, viruses, 

protozoal and helminth ova can contaminate urine through faecal crossover (Fane, 2004 and Prüss 

et al., 2002). A study in South Africa revealed that urine was found contaminated with Aeromonas 

spp., Shigella spp., E.coli O157:H7, Clostridium perfringens and viruses like polyomavirus, 

rotavirus and adenovirus (Bischel et al., 2015). 

The common pathogenic viruses detected in faeces are rotavirus, enteric adenovirus, Norwalk-like 

virus (Tauxe and Cohen 1995), reoviruses, hepatitis A virus (Feachem, 1983). Most enteric viruses 

are resistant to both low (3.5) and high pH (10) (Snowdon et al., 1989a and Gerba, 1996).  On the 

other hand, examples of helminths that can contaminate human urine are hookworms 

(ancylostomiasis) and whipworms (trichriasis). Ascaris ova were recovered from soil after several 

years of applying human excreta (Snowdon et al., 1989a; Lewis-Jones and Winkler 1991). 

Possibly helminth ova and enteric viruses are the resistant pathogens that can contaminate urine 

and soil (Bischel et al., 2016). Ascaris ova are among the most resistant of all the helminth ova as 

a result of their multi-layered chitin and lipid (Wheeler and Carroll, 1989). 

The vegetative stages of most of the above-mentioned pathogens have low survival outside the 

host after excretion due to environmental stress (Ahmed et al., 2017). Viruses, spores of protozoa 

and helminth ova are exceptions to survive and cause disease in humans (Ahmed et al., 2017 and 

Decrey et al., 2011). For example, enteric viruses are the major causes of gastrointestinal infections 

in humans in the middle- to high-income countries (Mead et al., 1999). Therefore, the process of 

converting urine to struvite need to be optimized in a way to minimize pathogens transmission. 

Ahmed and colleagues (2017) studied the persistence of E.coli and MS2 phage in urine from 15˚C 

to 37 ˚C and reported that E. coli persisted for 5 days at at 35˚C while MS2 Phage persisted for 10 

days at 25˚C respectively. Other studies also reported on the persistence of ΦX174 and the eggs 

of Ascaris suum in source-separated urine stored for 37-47 days and the subsequent struvite 

(Decrey, et al., 2011). The results indicated that both the phage and ova persisted for upto 10 days 

and also were found retained on the struvite product, with ascaris ova showing accumulation in 

the struvite (Decrey, et al., 2011). They also found that air-drying the struvite for several days did 

not inhibit both the phage and the ova from being infective (Decrey, et al., 2011). A decrease in 
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number of ova occurred at drying conditions with increased temperature (35˚C) and decreased 

relative humidity (Decrey, et al., 2011). 

Viruses need very low viral load to contaminate urine (Höglund et al., 1998). The probability of 

high persistence of enteric viruses was reported by (Höglund et al., 2002). In their report, rotavirus 

and phage 28B took 35 and 71 days to decrease significantly in urine at 20˚C and pH 9. Together 

with this, bacterial persistence was observed on struvite product at lower humidity and a 

temperature of 35˚C (Bischel et al., 2016). Increasing the relative humidity and simultaneous 

heating to 35˚C was shown to decrease the bacterial count (Bischel et al., 2016). In another study 

by (Makaya, et al., 2014), the bacteria Clostridium perfringens and Enterococcus faecalis were 

observed to be persistent in treatments of pH 8.6 and temperature 35 ˚C and 42˚C in urine stored 

up to 30 days. Various species of the genus Enterococcus was found resistant at 10 ˚C and 42 ˚C 

at pH 9.6 and at salt concentration of 6.5% (Kenner, 1978; WHO, 1993; Cooper and Olivieri, 

1998). The studies show that using insufficiently treated urine for struvite production may result 

in pathogens capable of being infective. As a message, it is important to make struvite with low 

public health risk before applying into soil.   

2.9.2. Resistome and mobilome in source separated-urine derived from 

different bacterial Species 

 

A myriad of antimicrobial resistance genes present in a sample/specimen is termed as resistome.  

Urine collected for fertilizer production purpose are of composite nature, from various individuals 

at various time and space and thus it is assumed to contain a various types of antimicrobial 

resistance genes of chromosomal and extrachromosal origin, hence the term resistome is used in 

this study.  Antimicrobial resistance (AMR) is reported to increase from time to time all over the 

world mainly as a result of anthropogenic pressure, rather than spontaneous mutation (Ali, et al., 

2018). Ultimately, around 50,000 lives per year are reported to be lost every year in the USA and 

Europe (Simlai et al., 2016). If AMR is left unimpeded, it will become the cause of 10 million 

deaths annually by 2050 (WHO, 2019). 
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Antimicrobial resistant genes are naturally carried in chromosomes flanked by integron gene 

cassette or on plasmids, phages and on transposons. Most of the time resistant genes are found 

naturally in bacteria which produce antibiotics as a result of evolution. These genes can be 

transferred in biofilms of bacteria either to phylogenetically related or distant bacterial species 

through mobile genetic elements such as integrons, plasmids, conjugative transposons, phages and 

chromosomal islands.  

Rapid spread of antimicrobial resistance happens during horizontal transfer of antimicrobial 

resistance genes via plasmids and integrons among individuals, species, and bacterial kingdoms. 

(Hall and Barlow, 2004). In human gut, horizontal gene transfer through conjugation and 

transduction under normal circumstances, thus making the human gut microbiota a reservoir of 

antibiotic resistant genes (Forslund et al., 2013 and Hu et al., 2013). 

Intrinsic antimicrobial resistance is the result of inherent structural or functional behaviors while 

acquired resistance is the result of mutation on chromosomal gene or through horizontal gene 

transfer. The two mechanisms of intrinsic resistance are reduced permeability of plasma membrane 

and increased efflux.  Reduction of permeability in gram negative bacteria was achieved by 

limiting entrance of antibiotics by down regulation of the expression of the non-specific channels 

called porins or by replacing them with more specific channels (Baroud, et al., 2013 and Wozniak, 

2012). Members of the family Enterobacteriaceae, Pseudomonas spp. and Acinetobacter spp. 

exhibit intrinsic resistance through reduced permeability by downregulating porins to resist newer 

drugs such as carbapenems and cephalosporins (Baroud, et al., 2013 and Wozniak, 2012). The 

increased efflux is a mechanism of pumping out what enters into the cell. These proteins reside 

along the plasma membrane. It is the result of upregulation of the expression of specific or non-

specific efflux proteins which causes resistance. Specific efflux proteins pump specific type of 

antibiotic drugs structurally similar antibiotic drugs with the prominat example of the protein 

encoded by the Tet genes (Huang et al., 2022).  On the other hand, non-specific efflux proteins 

pump out dissimilar antibiotic drugs, thus called multidrug efflux pumps (Hu et al., 2012). 

Clinically important multidrug resistance efflux pumps recently are product of the resistance gene 

Mde in Streptococcous mutans, FuaABC in Stenotrophomonas maltophilia, KexD in Klebsiella 

pneumoniae and LmrS in Staphylococcus aureus (Floyd et al., 2010; Hu et al., 2012 and Ogawa, 
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et al., 2012). Genes encode for efflux pumps can be transferred through plasmids despite their 

presence in most bacteria (Dolejska et al., 2013). 

The acquired resistance mechanisms are: Changes in antibiotic targets by mutation, modification 

(and protection) of antibiotics targets, inactivation of antibiotics by hydrolysis and inactivation of 

antibiotic by transfer of a chemical. The mechanism of changes in antibiotic targets by mutation 

is a change in the structure of an antibiotics target. This prevents efficient antibiotics binding but 

still the target is enabled to undergo normal function. For example, linezolid is an antibiotic used 

against Gram positive bacteria, targeting the 23S rRNA ribosomal subunit. A point mutation 

occurred on one of the genes of the 23S rRNA changes the structure of this subunit and resistance 

occurred (Eliopoulos, et al., 2004). Another example of target change resistance is in methicillin-

resistant S. aureus (MRSA) (Katayama et al., 2000), which is acquisition of gene homologous to 

original target penicillin binding protein. The homologous gene which acquires mutation is 

penicillin binding protein 2, which functions similar to the former protein when it is inhibited by 

antibiotics. This is carried by staphylococcal cassette chromosome mec (SCCmec) element. It 

carries a penicillin binding protein 2 gene which produces beta-lactam insensitive protein (Liu et 

al., 2016). 

The mechanism of modification (and protection) of antibiotic target sites is not mutation of genes 

rather binding of a group of chemicals into targets to alter target patterns. For example, the 

erythromycin ribosome methylase (erm) family of genes adds methyl group into 16S rRNA and 

alter the drug-binding site. As a result, it prevents the binding of macrolides, lincosamines and 

streptogramins (Kumar, et al., 2014). Another example is the protective action of pentapeptide 

repeat proteins which prevent binding to and protect topoisomerase IV and DNA gyrase from the 

lethal action of quinolones by interacting drug-target complex and promote release of antibiotics 

(Vetting et al., 2011). On the other hand, colistin resistance occours in bacteria due to addition of  

phosphoethanolamine to lipid A; this causes the reduction of negative charge on colistin target 

lipopolysacharide which results in failure to bind to colistin (Beceiro et al., 2011). 

The mechanism of inactivation of antibiotics by hydrolysis is an act of hydrolyzing the antibiotics 

by enzymes. The powerful enzymes are extended spectrum beta lactamases, carbapenemases, 

including imipenemase, Verona integron encoded metallo β-lactamase, carbapenemase, 

oxacillinase and the NDM enzymes in Gram-negative bacteria such as K. pneumoniae, E. coli, P. 
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aeruginosa and A. baumannii, that have had caused the emergence of isolates that are resistant to 

all beta lactam antibiotics (Voulgari et al., 2013, Johnson and Woodford 2013, Lynch et al., 2013).  

For example, the CTX-M14 and CTX-M15 enzymes are the most widely isolated extended 

spectrum beta lactamase worldwide, especially in cephalosporin-resistant E. coli and K. 

pneumoniae (Poirel, et al., 2012 and Zhao et al., 2013). 

Most importantly, horizontal gene transfer of antibiotic resistant gene pre-dates the human use of 

antibiotics as it was seen in OXA-type beta-lactamases which have already been carried on 

plasmids and these were transferred between bacteria for millions of years (Barlow, 2002). A near 

time history, the presence of tetQ on plasmid in the gut microbes before the use of tetracycline in 

human is another evidence. The strictly anaerobic human gut microbes such as Bacteriodes 

transfer antibiotic resistant genes to either a closely related bacteria or unrelated bacteria which 

might be an opportunistic pathogen (Barlow, 2012). These bacteria can have access to urine 

derived fertilizer and may cause public health issues. 

On the other hand, antibiotic misuse is being reported to increase transfer of genetic materials 

containing resistant genes (Waters and Salyers, 2013; Jernberg et al., 2007 and Girardi et al., 

2011).  Due to different mechanisms such as biofilm formation favouring (Cargill and Upton, 

2009; Kaplan et al., 2011; Rachid et al., 2000; Schadow et al., 1988; Dunne 1990; Wang et al., 

2010; Qu et al., 2010; Linares et al., 2006; Hoffman et al., 2005). The concentration at which 

resistant genes give protection to their host is below the minimum inhibitory concentration 

established in clinical settings (Singer et al., 2016). Antibiotics are found to increase biofilm 

formation if they are introduced in sub-inhibitory concentration by upregulating carbohydrate 

synthesis and downregulating protein synthesis (Ferrer, et al., 2016). The carbohydrates colanic 

acid and glycogen used as thick networks and coverages in biofilm of bacteria (Sailer et al., 2003 

and Siva et al., 2014). These biofilms which is a group of bacteria stick to a place and producing 

a polymeric substance (EPS), which is a matrix made up of proteins, polysaccharides, lipids, and 

nucleic acids (Tetz et al., 2009 and Sutherland, 2001). This polymeric matrix gives protection 

against sub-inhibitory concentration of antibiotics by protecting penetration (Smith, 2005). 

Biofilm can be favourable for conjugation, transposition, transduction and transformation, which 

leads to the spread of antibiotic resistance genes (ARG) in biofilm since it allows the presence of 

high density cells in high proximity (Krol et al., 2011; Aminov, 2011 and Salcedoa et al., 2014). 
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Sub-inhibitory concentrations of antibiotics also found to trigger error-prone SOS response and 

error correcting repair systems (Baharoglu and Mazel, 2014). The way the antibiotics (beta-

lactams, quinolones, and aminoglycosides) trigger these responses is by favouring formation of 

free radicals of oxygen species, which are mutagens (Kohanski et al., 2010). Thus, the induction 

of these DNA damage and repair cascade by low concentration of antibiotics leads to an increase 

in mutation rates, which can result in the emergence of multi-drug resistance (Kohanski et al., 

2010). The SOS response not only cause mutations but also trigger horizontal gene transfer, 

thereby providing a mechanism for the spread of antibiotics resistant genes from antibiotics 

exposed previously (Beaber et al., 2004). Thus, in countries where antibiotics use is not well 

regulated and policy enforced; misuse and abuse are high, thus high AMR frequency. 

Resistant genes are found to be more spread in areas where there is no sufficient sanitary conditions 

in addition to a wide spread use of antibiotics (Pehrsson et al., 2016). Such areas are wide spread 

in low-income countries. In these areas there is no a good record of the gene’s distribution and 

there is no sufficient treatment for infections caused by multidrug resistant bacteria. So, most of 

the case death is the ultimate fate of large number of people. In addition, in the low to middle 

income countries, abuse and misuse of antibiotics occur since the sale of antibiotics and supply 

chain is unregulated and purchase is without prescription (Ayukekbong et al., 2017). 

The presence of antimicrobial resistance genes in human excreta was indicated in a study in South 

Africa where people found the existence of sulfonamide resistant gene (sul1) in urine sample 

collected from eThekiwi province (Bischel et al., 2015). It has been observed that the plasmid 

mediated resistance (mcr1) was detected in faecal samples of a cohort in China (Gündoğdu, 2016).  

If not properly managed, the presence of resistant genes in human urine and the application of its 

product in agriculture can be a means of spreading these hazards in soil organisms.  

The mechanisms that resistance genes transferred from one bacterium to another are via 

conjugation, transformation, and transduction and vertically from an ancestor to progeny. The 

mobile genetic elements ruled by these are; phages, plasmids, genomic islands or integrative 

conjugative elements (ICEs), transposons and integrons (conjugative or carried by phage). 

Transposons and integrons can be transferred through conjugation. The difference between 

integrons and transposons is the earlier contain integrase and the later contain transposase to 

integrate them in the chromosome. Genomic islands are either mobile or sometimes can be 
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transferred by transformation, conjugation or transduction with the ability of excision and 

integration. They are different in GC content from the recipient's chromosome. Thus, they are 

different materials than the chromosome of the recipient. Integrative conjugative elements are a 

combination of plasmid and composite transposons (composed of more than one insertion 

sequence). These have the ability to excise, integrate to chromosome and transfer but unlike 

plasmids they can not replicate autonomously (Wozniak and Waldor, 2010). These are an 

intermediate state between plasmids and transposons. For example, some excise from the 

chromosome and form an intermediate circular DNA then transfer (Salyers et al., 1995). 

On the other hand, phages can be used as vehicles to distribute resistance genes. As they are 

relatively persistent in different adverse extracellular environments (Muniesa et al., 2013a, 2013b). 

Together, their ability of infecting many bacterial genera also contributes to their higher ability to 

resistance gene transfer (Evans et al., 2010; Petrovski et al., 2011; Souza et al., 1972). Thus, the 

contribution of phages is important in the environment (American Academy of Microbiology, 

2009). Studies show the involvement of ARGs in viral particles collected from contaminated water 

bodies (Balcazar, 2014; Colomer-Lluch et al., 2011a, 2011b, 2014; Muniesa et al., 2004). 

Identified phages responsible to transport ARG are P1-like phages that were reported to carry β-

lactamase genes in E. coli (Billard-Pomares et al., 2014). On another instance, P22 phages were 

reported to carry β-lactamase genes in Salmonella (Schmieger and Schicklmaier, 1999). 

Transduction of different resistant genes in Streptococcous was observed for tetracycline 

resistance, acquisition of multiple resistance to chloramphenicol, macrolide antibiotics, 

lincomycin and clindamycin or erythromycin (Hyder and Streitfeld, 1978; Ubukata et al., 1975).  

In addition, the prophage Wβ was observed to carry fosfomycin resistance in Bacillus anthracis 

(Schuch and Fischetti, 2006). 

Bacteriophages can undergo either specialized, generalized or lateral transduction (Bushman, 

2002). Specialized transduction is packing of only a few specific genes while generalized 

transduction is mobilization of any fragment of the bacterial genome. The bacteriophages λ and 

T7 undergo specialized mobilization by packing DNA by the cos mechanism. In this mechanism 

the phage pack the adjacent bacterial genome piece with the viral genome. In contrast, the 

Bacteriophages; P22, P1, T4 pack DNA by generalized transduction depending on pac site 

homology that this site is recognized mistakenly by the viral machinery. In this case the bacterial 
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genome piece is packed with out the viral genome. A few Bacteriophages appear in either circular 

or linear plasmid for example the phage ExPΦs in S. aureus was reported to mobilize ARGs and 

virulence genes (Utter et al., 2014). 

In general, transduction phages were observed to mobilize parts of plasmids (Zinder and 

Lederberg, 1952). In Pseudomonas aeruginosa, a conjugative phage which was able to transfer 

imipenem, aztreonam and ceftazidime resistance genes both by transduction and conjugation of 

phages AP-1 and AP-12 was reported by (Blahová et al., 1993). On the other hand, a phage which 

carries a transposon was observed in   Actinobacillus actinomycetemcomitans and streptococcous 

pyogens. The phages both transduce and move along bacterial genome like transposons containing 

ARGs (Willi et al., 1997 and Banks et al., 2003). Phages were also observed to mobilize genomic 

islands in S. aureus (Mašlaňová et al., 2013). The staphylococcal cassette chromosome mec 

(SCCmec) was observed packaged in phages. 

Lateral transduction is another type of transduction in virus (Davidson, 2018). It was discovered 

in the temperate phages of S. aureus (Chen et al., 2018). This is another means of bacterial genetic 

material transporting means. In this transduction the viral machinery recognizes the pac site and 

excise around 7 head full of the adjacent genes of the bacteria starting from the viral genome and 

packs it in the viral head. After cutting by terminases in to pieces of headfull size. This transduction 

does not happen by mistake rather it is the viruse’s natural life cycle does. This transfers bacterial 

gene 1000-fold more than the other two transduction means which they happen because of erorr. 

Thus, mobilomes such as phages and plasmids are worth attention taking to study in struvite. 

Therefore, this phenomenon is a big concern when we plan to use human urine derived fertilizer. 

Since while using, we can distribute resistant genes and make soil microflora to harbour resistance 

and may resistance reaches human pathogens. As a result, freeing of this fertilizer from resistant 

genes should be a major work. 

2.9.3. Possible hazards of pharmaceuticals in urine-derived fertilizer 

Though urine can be a good source of struvite it can also be a dish of different problems to human 

health and the ecosystem. This is as a result of involvement of different naturally excreted 

hormones and anthropogenic pharmaceuticals (Bischel et al., 2015). Since, most of the 

pharmaceuticals consumed are excreted via urine as a parent compound and as metabolite though 



27 
 

there are small portion via faeces (Jjemba, 2006; Jones et al., 2007 and Kümmerer, 2009). These 

chemicals since they are designed to affect biochemical and physiological conditions in human at 

the same time, they can bring biochemical and physiological changes in microbes in soil, aquatic 

animals and plants. Especially, the chemical cocktail of the pharmaceuticals in drinking water is 

under fear by scientists specifically to children, child bearing age women, elderly and to people 

who are immune compromised (Darlymple et al., 2007). The fear is strong as they are continuously 

introduced into the environment (Chatzitakis et al., 2008). In more detail (Kolpin et al., 2002) had 

summarized the fear types as pharmaceuticals may cause: abnormal physiological processes and 

reproductive impairment, development of antibiotic-resistant bacteria, potential increased toxicity 

of chemical mixtures, increased incidences of cancer and potential effects on humans and the 

aquatic environment roughly understood. 

The main concern of scientists to study the fate of pharmaceuticals is as a result of different 

reasons. These are; pharmaceuticals are lipophilic so that they can pass membranes, and they are 

persistent so that they don’t get inactivated before they give cure like xenobiotics (Halling-

Sorensen et al., 1998). Thus, pharmaceuticals have bioaccumulation effect in both aquatic and 

terrestrial ecosystems (Kayode-Afolayan et al., 2022). Even experimentally, (Hektoen et al., 1995) 

has proofed the persistence of anti-bacterial; oxytetracycline, oxolinic, flumequine, sarafloxacin, 

florfenicol, sulfadiazine and trimethroprim in marine sediments without losing their antibacterial 

effect. In addition, some of these substances were observed to adsorb into marine sediments 

(Hektoen et al., 1995). 

Amazingly, it is not only necessary to be concerned about the parent pharmaceutical rather of the 

metabolites resulted after metabolism. As an example, Ibuprofen after its metabolism when it exits 

the body it became more reactive and more toxic than the parent substance (Halling-Sorensen et 

al., 1998). This is as a result of change in chemical and physical nature of the parent chemical to 

more water soluble (Halling-Sorensen et al., 1998). In general, the anthropogenic pharmaceuticals 

got changed into polar water soluble during metabolism this is in order that excreted through 

kidneys (Sheldon et al., 1986 cited in Larsen et al., 2004). Thus, different former works has shown 

the adverse effects of pharmaceuticals and their metabolites to different groups of organisms both 

in aquatic and terrestrial. The effect of micro-pollutants on microorganisms was reported by 
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(Elvers and Wright, 1995). They reported that Ibuprofen was observed to be anti-dermatophyte 

fungi, and gram-positive bacteria at concentration of > 150µg/ml at lower PH. 

On the other hand, the example of hormones found to cause endocrine disruption even at nanogram 

per liter levels are estrogens which are excreted naturally from female human and after taken the 

synthetic once for contraceptive purpose (Lamichhane and Babcock, 2012). These hormones 

observed to cause feminization of fish in rivers (Rodgers-Gray et al., 2000). In addition, other 

hormones affect gene expressions in living organisms when they get the access to cells (Länge and 

Dietrich, 2002). 

Cyclosporine and staurosporin inhibit P-glycoprotein which is a member of the ABC family of 

transport proteins, in fresh water mussels (D. polymorpha and C. fluminea) (Länge and Dietrich, 

2002). And this causes reduction of excretion of reactive metabolic products. Thus, this causes 

self- intoxication and accumulation of other xenobiotics in the body.  Other compounds found to 

have P-glycoprotein inhibiting effect are calcium channel blockers, calmodulin antagonists, anti-

hypertensives, vinca alkaloids, steroids, anti-arrhythmics, anti-parasitics and anti-estrogens (Epel 

and Smital, 2001). 

In phytoplanktons the effect of pharmaceuticals and their metabolites was reported by (Harrass et 

al., 1985). These people have revealed the inhibition of six blue green algae species at 

concentration of 0.09 -0.86 mg/l. According to another study by (Escher et al., 2006) not only 

pharmaceuticals spiked in urine had toxicity to photosynthesis rate of the green unicellular algae, 

Desmosdesmus subspicatus but also human urine itself. This is, as a result of the presence of large 

concentration (> 0.3mM) of phytotoxic organic compounds with lower hydrophobicity than many 

pharmaceuticals. In this work the cocktail of pharmaceuticals spiked in urine which had toxic 

effect on the algae by reducing the rate of photosynthesis were carbamazepine, diclofenac, E2, EE2, 

ibuprofen, propranolol, and sulfamethoxazole at concentration of 0.5mM as cocktail.This shows 

the pharmaceutical-cocktail which joins the environment can have adverse effects on the 

organisms in water. In one instance in Israel on micro estuarins, ibuprofen, carbamazepine and 

caffeine were observed to have negative risks on fish, crustaceans and algae (Topaz et al., 2020). 

On the other hand the effect of pharmaceuticals and their metabolites on plants, where a study 

showed that pinto beans were very sensitive to antibiotics; chlortetracycline and oxytetracycline 

(Batchelder, 1981:1982). In addition, these antibiotics had varying effects on different species of 

http://pubs.rsc.org/en/results?searchtext=Author%3AKrishna%20Lamichhane
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plants. On another instance other antibiotics were found to be up-taken by plants from soil and 

joining the food chain of human (Kumar et al., 2005 and Tanoue et al., 2012). These chemicals 

are hazardous to human health since they select resistant bacteria against the non-resistant once 

and promote antibiotic resistance. This disrupts the normal distribution of normal flora in human 

body. Besides, bioaccumulation of pharmaceuticals was witnessed in tomato fruits where plants 

were fertilized by human urine derived fertilizer spiked with pharmaceuticals (de Boer et al., 

2018). This shows the danger of pharmaceuticals can reach to human and animals through the food 

chain. 

When we see crustaceans/copopods (Macri et al., 1988) identified the acute toxicity of 

furazolidone 3-[(Nitrofurfurylidene) amino]-2-oxazolidione on Dapnia magna. On the other hand, 

another scientist had shown raising Temora turbinate in pharmaceutical waste concentration above 

1ppm, which he observed smaller adult size, reduced egg production rates and abnormal growth 

pattern (Halling-Sorensen et al., 1998). In addition, on another study on marine amphipod 

Amphitoe valida which chronically exposed to pharmaceutical waste concentration above 1% had 

lower survival rates and low fertility when compared to control group (Lee and Arnold, 1983). 

Together with these, anthelmintics taken up by animals had been observed having adverse effect 

on non-targeted organisms found in dung (Blume et al., 1976 cited in Halling-Sorensen et al., 

1998). In this study degradation of dung was observed delayed as a result of the claimed 

pharmaceutical presence. 

On another occasion where the effect of pharmaceuticals was studied drug resistance is one 

phenomenon. Thus, different people have reported the occurrence of resistance to antibiotics in 

fish farms (Nygaard et al., 1992). The resistance can be as a result of mutation of some genes, 

transfer of resistance genes and due to selective pressure of inhibiting non-resistant and favouring 

resistant once. 

The other phenomenon related with adverse effect of pharmaceuticals is mutagenicity to 

organisms. One report showed the mutagenicity of urine of patients in therapeutic treatment with 

tinidazol (Espinosa-Aquirre et al., 1996) and metronidazole to bacteria (Connor et al., 1977). 

These therapeutic agents are prescribed against protozoal infections. 
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Antibiotics are mostly prescribed pharmaceuticals in Ethiopia to diseases related to hygine such 

as for typhoid fever. But these and other antibiotics have never been studied for their effect to the 

environment and to human health after metabolism. Besides their distribution in the waste is not 

yet assessed. But we discuss the effect of antibiotics on nature and human as keeping in mind the 

potential risks of the antibiotics we use in the country. 

Some antibiotics are found to get metabolized in to more toxic to human than the parent compound 

in human and animals’ body. For example, sulfamethoxazole is acetylated to be more toxic 

(Kümmerer, 2009). If this join drinking water its effect could be harsh. On the other hand, 

according to studies in Germany about 70% of the antibiotics administered in the body of human 

and animals is excreted as parental compounds which are active in their activity (Kümmerer and 

Henninger, 2003). 

Bio-accumulation and bio-transformation of the antibiotics; sulfadiazine, sulfamethoxazole, 

trimethoprim, enrofloxacin, ofloxacin, clarithromycin and azithromycin were assessed in sea 

cucumber (Apostichopus japonicus) (Zhu et al., 2020). The antibiotics were observed to 

accumulate in the Echinoderms’s tissues at higher concentrations. It was also found out that the 

antibiotics had bio transformation possibility since they were also located in the digestive tract. 

Different tests have shown that manure which contains antibiotics when applied on soil, it was 

observed different plants take up into their tissues the antibiotics. For example, vegetables were 

found taking up such as carrot roots (tubers), lettuce leaves (Boxall et al., 2006), green onion 

(Allium cepa L.), and cabbage (Brassica oleracea L., Capitata group) absorbed chlortetracycline 

(Kumar et al., 2005 and Grote et al., 2007). And from crop plants corn was observed to take up 

chlortetracycline (Kumar et al., 2005). The antibiotics sulfamethazine was also observed to be 

taken up by corn, lettuce and potato (Dolliver et al., 2007). Though there is also an observation 

that not all antibiotics taken up by all plants but different plants absorb different antibiotics 

sometimes (Boxall et al., 2006). Boxall et al., 2006 in his work on carrot roots and lettuce leaves 

showed that the lettuces taken up only florfenicol, levamisole and trimethoprim but the carrot roots 

were found taking up diazinon, enrofloxacin, florfenicol, and trimethoprim. 

In addition, long persistence of FQs, macrolides (human antibiotics) in soil were observed after 

amending it by sewage sludge which contained these antibiotics. The soil was found containing 

the antibiotics for several months after application (Golet et al., 2002 and Giger et al., 2003a). This 



31 
 

means the antibiotics are active to kill microbes in the soil which this can lead to disturbance of 

the soil ecology and hinder nutrient cycle. The same is true for struvite application which may 

contain antibiotics. 

Phyllosphere microflora was found changed in aquatic plants after long time exposure of them to 

antibiotics (Rico et al., 2014). In addition, onion, cabbage and corn plants were observed taking 

up the antibiotics chlortetracycline (Dolliver et al., 2007). In another instance sulfamethazine was 

observed to be taken up by corn, lettuce and potato (Dolliver et al., 2007). Wheat plant also was 

observed to take up chlortetracycline on grain (Tasho and Cho, 2016). In another study also 

lettuces and carrot were observed taking up trimethoprim (Boxall et al., 2006). Sub-inhibitory 

concentrations of antibiotics are found to have affects in plants on seed germination and root 

elongation (Pan and Chu 2016). 

Antibiotics were observed also to have adverse effects on aquatic organisms. According to works 

of (Macrì et al., 1988; Migliore et al., 1993, 1997; Brambilla et al., 1994 and Wollenberger et al., 

2000), the hatching rate of Artemia sp. cysts significantly slowed down, high mortality rate for 

naupli and toxic effects on reproduction of Daphnia magna was recorded in the presence of 

antibiotics. In another work by (Macrì et al., 1988) the antibacterial, furazolidone caused toxicity 

on Culex pipiens molestus larvae, Daphnia magna and Artemia salina. Also, antibiotics were 

observed changing the behaviour of aquatic organisms. For example, the phototaxis property of 

Daphnia magna was observed to be changed because of antibiotics (Dojmi di Delupis et al., 1992 

and Brambilla et al., 1994). In an additional study by (Kim et al., 2007) acute toxicity of 

sulfamathoxazole, sulphachlorpyridazine, sulfathiazole, sulphamethazine, sulphadimethoxine, 

and trimethoprim was observed on a marine bacterium (Vibrio fischeri), a freshwater invertebrate 

(Daphnia magna), and the Japanese medaka fish (Oryzias latipes). Again, another work on aquatic 

organisms’ susceptibility to antibiotics was (Park and Choi, 2008). In this work the antibiotics 

neomycin was observed to be the most toxic for acute exposure to the aquatic organisms, Vibrio 

fischeri, Daphnia magna, Moina macrocopa, and Oryzias latipes, toxicity followed by 

trimethoprim, sulfamathoxazole and enrofloxacin. Sulphamethazine, oxytetracycline, 

chlortetracycline, sulphadimethoxine and sulfathiazole had intermediate toxicity, while ampicillin 

and amoxicillin were the least toxic. In chronic toxicity neomycin affected adversely adult survival 

and reproduction of D. magna and M. macrocopa with low mg L-1 levels exposure. Another acute 
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toxicity of antibiotics was tested by (Yamashita et al., 2006). The antibiotics, levofloxacin and 

clarithromycin were found highly inhibiting for the growth of microalgae. The authors claimed the 

phyotoxicity of clarithromycin was 100-fold higher than that of levofloxacin. In addition, on 

toxicity tests of the antibiotics’ on Daphnia reproduction the authors showed that both of the 

antibiotics have been found with toxicity. 

Together with this, different studies have revealed the toxicity of some pharmaceuticals to the 

aquatic organisms. For example (Lienert et al., 2007 and Sanderson et al., 2004) have found that 

the drugs prescribed to hepatitis B, C, HIV and Ibuprofen are found toxic to aquatic animals. They 

are predicted to cause reduced growth and fertility together with another lethal physiological effect 

according to a model formed from information on experimental data found on another drugs (using 

(Q)SAR modeling of 3000 different compounds). 

The problem with pharmaceuticals is even bigger in developing countries since there is no proper 

sanitation (Pynnönen and Tuhkanen, 2012). Besides there is no any information on the amounts 

of substances excreted and mixed with drinking water and their effect to the environment 

(Pynnönen and Tuhkanen, 2012). However, there are indications that people are consuming large 

amounts of antiamoebiasis, antiprotozoal and drugs designed to treat HIV infections these include 

antiviral, antiretroviral, cocktail of antibacterial and anti-tuberculosis drugs with drinking water in 

Sub Saharan (Pynnönen and Tuhkanen, 2012). Together with these, the authors indicated that there 

is accumulation of micro-pollutants in soil and in the aquatic environment. Though these all 

problems are there with respect to micro-pollutants to humans and the ecosystem there is no any 

information on the presence of all most taken micro-pollutants in the ecosystem and their harm to 

both human and the ecosystem in Ethiopia. For example, typhoid is a common problem in Ethiopia 

so the medication to treat it may have a big abundance in the environment. 

Though, struvite is a sustainable means to collect nutrients with small contamination with the 

existing pharmaceuticals and other natural chemicals in urine as it was described elsewhere. 

However, there are inconvienences to wash away pharmaceuticals in water stressed areas like 

Ethiopia. A study of (Ronteltap et al., 2007) showed that it was possible to separate struvite from 

pharmaceuticals in urine up to more than 98% if we wash it with clean water. This study also 

shows that the pharmaceuticals never precipitate in the struvite crystal rather when the struvite is 

made they remain in solution and stick on the surface. Though, washing is not a promising step 



33 
 

for areas like Africa where water is a scarce resource. As a result, the extent of pharmaceuticlas 

should be known in an washed struvite. So that, to devise another means to address the issue of 

cleaning up of struvite from pharmaceuticals. 

Besides to flourish the green economy in Ethiopia recycling urine as fertilizer is a great success 

but considering its safe use from micro pollutants. Together, it is a win-win phenomenon to recycle 

waste since it is also cleaning the cites from a big nusance which is urine along every street of the 

cities. But most of all Ethiopia is a country with millions of poor farmers who cannot afford 

chemical fertilizer so that, this study is a big promise of the future to use human urine and struvite 

as eco-friendly, acceptable and cheap fertilizer. 

2.9.4. Social acceptance  

Social perception is another obstacle to use human urine as fertilizer. Especially in the developing 

world utilizing human waste for growing food cannot be resisted as a result of disgust, cultural 

norms and taboos, considering it as spiritual pollutant, personal prejudice, as a result of ethical 

issues and fear of disease (Mugivhisa and Olowoyo, 2015; Adewole et al., 2013, and Andersson, 

2015). Together with these the other obstacle in the developing world is people resist using latrines 

(Timmer and Visker, 1998). They do prefer bushes (Timmer and Visker, 1998). 

Fast growing population and increasing water shortage are problems in Africa, thus these hinder 

to provide quality sanitation and sewerage connections (Moe and Rheingans, 2006). Utilizing urine 

in agriculture helps to reduce both environmental and health risks related with poor sanitation 

(Jackson, 2005). Besides, utilizing nutrients from urine improves food availability in Ethiopia, 

even in Africa. As a result of food prices are getting higher as a result of exhaustion of phosphorus 

supply in the world (Cordell and White, 2006). Though to apply urine-based fertilizer in 

agriculture, in Africa needs a big effort to create awareness through trainings. For example, in case 

of Ethiopians there is a big despise for toilet use in agriculture as a result of different traditional 

beliefs just like other African countries. 

An attitude study in South Africa (Mugivhisa and Olowoyo, 2015) on human urine fertilizer on 

about 225 people who are staff and Limpopo university students shows 82.7% and 81.1% would 

not eat spinach and maize fertilized with urine respectively. Only 38.3% said they would eat 

vegetables fertilized with animal urine making it more tolerable as compared to human urine. 

Health reasons were given as the main reasons why respondents were unwilling to eat crops 
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fertilized with human urine. However, 69.9% of the respondents were positive to eat human urine 

fertilized foods if they get good information on the safety of using it for agricultural purpose. On 

another study in Ghana, Nigeria and Uganda (Cofie et al., 2010; Adewole et al., 2013 and 

Andersson, 2014) on farmers; they do not want to use urine as a result of cultural norms. And the 

others never want to use because of religious objections. On another study in Nepal on 201 people 

indicates 68% of the people are not interested to use urine as fertilizer and 38 % of them believe 

urine will not be accepted as fertilizer. 

A study in Nigeria reveals that lack of awareness to fertilizing values of human urine had been 

seen to reduce interest of using urine as fertilizer by participants. But, after awareness was created 

participants of 80% became willing to use urine fertilizers (Sridhar et al., 2005). With the rest of 

these participants the main obstacle not to accept urine as fertilizer is as a result of fear of health 

risks. In another study it was found in Ghana and Nigeria teaching people focusing on the quality 

of urine grown agricultural product in relation to health will increase confidence and acceptance 

of the biological fertilizer (Cofe et al., 2010). 

Another study again, in rural areas of eThekwini municipality, South Africa the acceptance of 

urine was assessed among samples of the society. In this study, disgust and unpleasant odour, fear 

of disease and fear of social stigma were the biggest reasons not to accept human urine-based 

fertilizers (Okem et al., 2013). Only to a few extent religion affected the acceptance of the 

fertilizers. In another study also, urine-based fertilizers acceptance was hindered as a result of 

health issues (Beler Baykal et al., 2011) and as a result of unpleasant smell (Mariwah and Drangert, 

2011). 

From an experience in Kenya awareness works on human urine derived fertilizers, Ethiopian 

researchers and policy makers can learn a lot. Approachable awareness works show changes in 

different societies towards urine-based fertilizers (Uddin, et al., 2012). In Kenya of one district 

called Nyanza, people were interviewed and their attitudes were collected by different approaches. 

About 99% of studied groups appreciated using urine diversion dehydration toilets (UDDT) and 

products of these toilets for agriculture (Uddin, et al., 2012). In addition, among the participant 

group of UDDT non users, around 88% supported use of DDDT products in agriculture (Uddin, 

et al., 2012). This result in attitude change is gotten by movements of different responsible groups 

in Kenya. The main role players were mass media, NGO and mainly two women associations who 
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mobilized the society in that district (Uddin, et al., 2012). This is a promising beginning in Africa 

as a whole especially in Ethiopia where there are a lot of despising for toilet contents. From this 

experience, training the society of the rural farmer approaching through respected elders of women 

and men could be a promising way in Ethiopia. 

In another experience in Uganda also traditional beliefs and taboos not to use human waste were 

broken as a result of practical researches and discussions with the rural farmers (Anderson, 2015). 

It is a success story in Uganda from participatory action research. Farmers got satisfied from 

fertilization of their farmland with human urine. In this study farmers and researchers planted 

maize in different plots using different fertilization and they have gotten that human urine 

fertilization yielded a good result in maize yield. The farmers changed their attitudes towards urine 

through discussion and practical exemplary works of the study. The farmers already adopted to 

utilize urine for fertilization these times and spread the knowledge to surrounding neighbouring 

farmers around 80 in number. 

Generally, awareness development on the safety of using human urine is very essential. Works 

must be there to change perception of reusing nutrient rich wastes like urine. In addition, teaching 

societies sustainable development; being eco-friendly is helpful for societies to accept urine as 

fertilizer. Since this will make them aware what is happening to the world as a result of Global 

warming and lack of nutrients like P and consumption of unreasonably large amount of energy. 

As a big solution, including waste recycling concepts in school books, influencing religious units 

and using mass media which can play a big role in this situation to convince people showing 

different experiences from Europe, China, North America and Japan on nutrient recycling. 

A survey at Addis Ababa University on acceptance of urine fertilized and struvite fertilized 

agricultural products showed that about 60% of the participants agreed struvite as fertilizer than 

simply being urine (Unpublished data). Thus, this shows struvite is acceptable among a good 

percentage of participants. 
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CHAPTER THREE 

 

3. MATERIALS AND METHODS  

3.1. Urine collection and yield-based process optimization  

Fresh urine sample (90 L) was collected from Piazza where a variety of people (men passer-bys) 

can be found on March 22, 2018. It was stored for 20 days in a seald container in the laboratory. 

Then, the amount of phosphate was measured in order to calculate the amount of Mg to be added. 

To measure the phospate amount the palintest of phosphate (Wagtech,UK) was used. The amount 

of Phosphate was measured following vanadomolybdate method (Nelson, 1954) where it is made 

by Wagtech WTD method where all the reagents required are provided in the form of test tablets. 

The test was carried out simply by adding a single tablet to urine sample. A supplementary tablet 

was used for removal of Silica interference. In this test Phosphate reacted with ammonium 

molybdate in the presence of ammonium vanadate, to form the yellow phosphovanadomolybdate. 

The colour intensity is equivalent to the amount of Phosphate. The colour extent was measured by 

Wagtech WTD automatic wavelength selection photometer, UK. Our actual experiment was as 

follows. Test tube was filled with urine sample to the 10 ml mark. To avoid silica contamination 

phosphate SR tablet was crushed and mixed to dissolve. One phosphate HR tablet was crushed 

and mixed to dissolve. Mixture was incubated for 10 minutes to allow full colour development 

Phot 29 was selected on the photometer and reading was recorded after blanking with urine. 

3.2. Struvite Production 

Struvite production was following a method in (Nebiyat and Adey, 2023). At first the amount of 

PO4
-3 was measured using photometer (Phot 29) (Wagtech). Then, an equimolecular amount of 

MgCl2 to PO4
-3 was prepared to mix in the 20 days stored urine. The pH of the urine was adjusted 

to 10 by 5M NaOH. Then the calculated amount of MgCl2 mass was added to the pH adjusted 

urine which was put in a batch reactor (30 L). The mixture was incubated at ambient temperature 

with stirring by hand for 10 min. The struvite powder was allowed to settle for 30 min followed 

by decanting to separate the struvite from the urine. Then, struvite was dried into powder in the 

refrigirator by leaving the container open at 8 oC. 
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3.3. Genomic DNA Extraction from Struvite 

DNA extraction was done by NucleoSpin Soil kit (Macherey-Nagel) following manufacturer’s 

recommendations. 250 mg of struvite was added to a MN Bead Tube Type A containing ceramic 

beads. Then 700 μL of Buffer SL1 was added. There after 150 μL Enhancer SX was added. Then 

sample was vortexed at full speed at room temperature (25 °C) for 5min. Then sample was 

centrifuged for 2 min at 11,000 x g to eliminate the foam caused by the detergent in Buffer SL1. 

Then 150 μL of Buffer SL3 was added to sample followed by vortexing for 5 s. This was then 

incubated for 5 min at 4 °C to facilitate contaminant precipitation. Then sample was centrifuged 

for 1 min at 11,000 x g. Lysate was filtered by Placing a NucleoSpin Inhibitor Removal Column 

in a Collection Tube (2 mL). The 700 μL clear supernatant was then pipetted onto the filter. Then, 

this was centrifuged for 1 min at 11,000 x g. Then, flow through was collected and the NucleoSpin 

Inhibitor Removal Column was removed. Thereafter, 250 μL Buffer SB was added followed by 

vortexing for 5s. Then a NucleoSpin Soil Column was placed in a Collection Tube (2 mL) followed 

by loading of 550 μL sample onto the column. This was then centrifuged for 1 min at 11,000 x g. 

The flow through was discarded and the column was placed back into the collection tube. The 

remaining sample was loaded onto the column followed by centrifugation for 1 min at 11,000 x g. 

Flow through was discarded and the column was placed back into the collection tube. Then Bound 

DNA was washed four times. In the first wash, 500 μL Buffer SB was pipetted to the NucleoSpin 

Soil Column. This was followed by centrifugation for 30 s at 11,000 x g. Then flow through was 

discarded and the column was placed back into the collection tube. The same procedures followed 

by three successive washes with same procedures except increasing the volumes of buffers SW1, 

SW2.  Then, at this stage the membrane which carried the DNA was dried by spinning the column 

for 2 min at 11, 000x g. Here the NucleoSpin Soil Column was placed in a new microcentrifuge 

tube. Then 50 μL of Buffer SE was pipetted to the column. Without closing the lid, column was 

incubated for 1 min at room temperature (25 °C). Then closing the lid, column was centrifuged for 

30 s at 11,000 x g to collect the eluted DNA. 
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3.4. Bacterial DNA extraction from fresh and stored urine 

Both the fresh and stored urine samples stored at -20 oC were thawed at 8oC to extract DNA 

following the methods described by Tsai and Olson, (1991); Silva et al., (2013); Geissler et al., 

(2012) with slight modifications. Briefly, urine samples were shaken before use to mix in case they 

developed solids.  About 5 ml of each of the urine samples were poured into the falcon tubes. 

Samples of urine were kept on ice, and 2 ml of buffer (0.15M NaCl, 0.1M Na2 EDTA, pH 8), 

which was on ice, was added (Tsai and Olson, 1991). Then, samples were ultrasonicated using an 

ultrasonicator (Bandelin Sonopuls, Germany), putting samples on ice at 2 x 10-4 Hz for 45 s 

every15 min (Geissler et al., 2012). Before that, the ultrasonicator was cleaned using sodium 

hypochlorite and washed using UV-treated autoclaved distilled water. Samples were left on ice, 

and 2 ml of the second solution (0.1M NaCl, 0.5M Tris, 10% SDS, pH 8, where it was adjusted by 

HCl) was added to each (Tsai and Olson, 1991). The mixtures were immediately transferred to 

ambient temperatures. Then 40 µl of proteinase K (20mg/ml) that was on ice was added to each of 

the mixtures (Silva et al., 2013). Then the mixtures were incubated for 1 hour at 60oC. The 

incubated mixtures were then mixed with a 2 ml phenol:chloroform:isoamyl (24:25:1) mixture 

from Sigma, Germany. Then the samples were centrifuged at 5000 rpm for12 min. The 3 ml upper 

aqueous part from each was taken into a new falcon, and these were mixed with 2.5ml) of 

chloroform, followed by spinning at 5000 rpm for 12 min. The above aqueous part (3 ml) in each 

was transferred to new falcons. The aqueous part of each of the samples was mixed with 2 ml of 

cold isopropanol (-20 oC ) from ISLAMPUR, India, followed by spinning at 5000 rpm for 12 min. 

The supernatant was removed, and pellets were rinsed with 2 ml of cold 70% ETOH. This was 

then spun at 5000 rpm for 12 min. Each of the falcons was blotted with tissue paper. Pellets of the 

two samples were then air dried in a safety cabinet for 1 h. Pellet was then dissolved with sterile 

UV-treated 50 µl Mili-Q (Applichem, Germany) water, followed by incubating mixtures at 

ambient temperature for 12 min, pipetting up and down. Then extracted DNA was transferred into 

an eppenddorf tube, followed by measuring the quality of DNA using a nanodrop (Thermo 

Scientific, USA). Finally, crude DNA was stored at -20 oC before sequencing.  
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3.5. Viral genome (gRNA) extraction from struvite 

Inorder to extract gRNA from virus TRIzol Reagent was used. TRIzol Reagent is a monophasic 

solution of phenol and guanidine isothiocyanate. TRIzol reagent lyses viral particles and maintains 

the integrity of the RNA by being highly effective inhibitor of RNase activity while disrupting 

cells and dissolving cell components during sample homogenization. In this experiment 250 mg 

of struvite was first dissolved with 2.5 ml of Trizol (Invitrogen) and homogenized. Chloroform of 

0.5 mL was added and incubated for 3 minutes. Then lysate was centrifuged for 15 minutes at 

12,000 × g at 4°C. The RNA in aqueous upper layer was transferred to a new tube and precipitated 

from the aqueous layer with isopropanol of about 1.25 mL. This was incubated for 10 minutes. 

Then it was centrifuged for 10 minutes at 12,000 × g at 4°C. After centrifugation RNA precipitate 

was observed forming a white gel-like pellet at the bottom of the tube. The supernatant was then 

discarded. Pellet was resuspended in 1 mL of 75% ethanol. It was vortexed briefly followed by 

centrifugation for 5 minutes at 7500 × g at 4°C. Supernatant was discarded and pellet was vacuum 

dried for 5 minutes. Then pellet was resuspended in 20 μL of RNase-free water, 0.1 mM EDTA. 

Followed by incubating in a water bath at 55–60°C for 10–15 minutes. 

3.6. Purification of viral genome (gRNA) obtained from Trizol extraction 

RNA in the lysate was purified using RNeasy plus mini kit (Qiagen). The homogenized lysate was 

transferred to a gDNA Eliminator spin column placed in a 2 ml collection tube. This was 

centrifuged for 30 s at 10,000 rpm.  The column was discarded, and the flow-through was saved. 

At this step the gDNA was removed by the column in collaboration with high salted buffer. One 

volume of 70 % ethanol was added to the flow-through, and mixed by pipetting. Ethanol provides 

suitable binding conditions for gRNA. Up to 700 μl of the sample was transferred to an RNeasy 

spin column placed in a 2 ml collection tube. This was centrifuged for 15 s at 10,000 rpm. Flow-

through was discarded. To wash the column membrane, 700 μl Buffer RW1 was added to the 

RNeasy spin column. This was then centrifuged for 15 s at 10,000 rpm and the flow-through was 

discarded. After discarding the flow-through, theRNeasy spin column membrane was treated with 

500 μl Buffer RPE, for another wash and centrifuged 10,000 rpm for 15 s and repeated with the 

same for another wash with a 2 min centrifugation. Then, the RNeasy spin column was placed in 

a new 1.5 ml collection tube followed by adding 30 μl RNase-free water directly to the spin column 

membrane. This was then centrifuged for 1 min at 10,000 rpm to elute the RNA. 
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3.7. Shotgun Sequencing of DNA 

3.7.1. Quantification of dsDNA before library preparation of gDNA of 

bacterial  

To quantify dsDNA before library preparation the Qubit dsDNA HS (High Sensitivity) Assay Kit 

(Thermo Fisher Scientific) was used with the Qubit Fluorometer (Thermo Fisher Scientific). In 

this assay, dyes bind selectively to dsDNA. When they bind to dsDNA they emit florescence. The 

kit provides concentrated assay reagent, dilution buffer, and 2 DNA standards. The reagent was 

diluted using the buffer provided by 1:200 dilution. Then 200 μL of working solution for each 

standard and sample was prepared. In each tube, either 190 μL of diluted solution was added with 

10 μL of standard or 198 μL of diluted solution was added with 2 μL of sample, then the solution 

was vortexed for 3 sec. The solutions were then incubated for 2min at room temperature. 

Thereafter, the concentration was read using the Qubit Fluorometer 4.0. Qubit Fluorometer detects 

fluorescent signal emitted only as a result of the fluorescent dye binding specifically to dsDNA. 

3.7.2. Control of dsDNA ‘s integrity before library preparation  

Integrity of gDNA was checked using Tapestation from Agilent. Reagents were allowed to 

equilibrate at room temperature for 30 min before use. It was followed by Vortex mixing for 10sec. 

Ladder was prepared by mixing 10 μL Genomic DNA Sample Buffer with 1 μL Genomic DNA 

Ladder. Sample was prepared by mixing 10 μL Genomic DNA Sample Buffer with 1 μL genomic 

DNA sample (10 ng/μL). Then it was spinned down, then vortexed using IKA vortexer and adaptor 

at 2000 rpm for 1 min. There after it was spinned down to position the sample at the bottom of the 

tube. 

The 2200 TapeStation Controller Software was then launched. There after Genomic DNA 

ScreenTape device was loaded and tips were loaded into the 2200 TapeStation instrument. Then 

samples and ladder were loaded into the 2200 TapeStation instrument. Then the required samples 

were selected on the 2200 TapeStation Controller Software. Each lane of the ScreenTape can be 

recognized by the software since there are barcodes in each lane of the screenTape device. 

Thereafter Start was clicked to load sample on screenTape device, electrophorese the samples and 

analyse picture by the algorithm. This took about 2 min. Then the algorithm produces a gel image, 

as well as the electropherogram to show the size of gDNA. 
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3.7.3. Shearing of gDNA from bacteria and virus 

DNA (200ng and 55μl) was sheared to around 500 bp Covaris LE220 ultrasonicator following the 

manufacturer’s protocol. The condition was: Peak Power-450 (the peak electrical power used to 

drive the ultrasound transducer), Duty Factor-15 (ratio between the on-time of the transducer and 

total operation time), Cycles per Burst-200 (the number of electrical signals used in each acoustic 

“burst” of the transducer). The sound transducer works like a loud speaker which converts 

electrical signals into focused acoustic energy. It works to make electrical energy to create 

mechanical vibration to disturb the surrounding liquid producing sound. 

3.7.4. Library Preparation from gDNA of viral and bacteria 

The sequencing library were prepared using KAPA HyperPrep Kit (Kapa Biosystems) following 

manufacturer’s recommendation. In brief, 200ng of input DNA was sheared by Covaris LE220 

ultrasonicator. Then it was end-repaired (blunted) by addition of nucleotides to overhangs of both 

3' and 5′. Then it was followed by 3'-dA tailed (non-templated deoxyadenosine 5′-monophosphate 

(dAMP) was added to 3' blunted DNA side. Adapter (dual-indexed) was then ligated with 

complementary 3'-dTMP (dT) overhangs to the DNA, and ligated product was PCR amplified and 

cleaned up using SPRIselect Reagent (Beckman Coulter). 

3.7.5. PCR amplification of adapter ligated libraries derived from gDNA of 

bacteria and virus 

Adapter ligated libraries were amplified following KAPA hyperprep protocol recommendations. 

That includes, initial denaturation at 98°C for 45 sec, denaturation at 98°C for 15 sec, annealing at 

60°C for 30 sec, extension at 72°C for 30 sec and final extension at 72°C for 1 min. This program 

was run for 6 cycles for 50ng initial concentration of libraries and 0.5 μM amount of primers. 

3.7.6. Size selection of libraries from gDNA (viral) and gDNA (bacterial) and 

cleaning up using Solid phase reversible immobilization (SPRIselect) 

At high concentration of (20% polyethylene (PEG) and 2.5 M NaCl final concentrations) DNA 

binds to the surface of carboxyl and iron coated paramagnetic (magnetic only around magnetic 

field) particles with size 1uM. In this chemistry DNA’s negatively charged phosphate will be 

shielded by Na+.  The water hungry hydrophilic PEG, which precipitates DNA by disrupting the 

water cloud around DNA. At this point the DNA precipitates and aggregate to one another and 

bind to the negatively charged beads.  Because DNA is away from the water it precipitates. Then, 



42 
 

the Na+ (positively) shielded DNA aggregate then binds to a negatively charged pellet. But during 

elution or addition of water after removing the bead solution, the negatively charged DNA and the 

beads repel to one another and DNA remains soluble in water. The size selection by beads depends 

on the concentration of PEG. Higher molecular mass of DNA precipitates at lower PEG 

concentrations rather lower molecular mass DNA precipitates at higher PEG concentration. This 

is as a result that DNA fragment size affects the total charge within molecule. The larger the DNA 

size the larger are the charges. These charges promote an electrostatic interaction with the beads 

and displace smaller fragments. 

For the libraries of bacterial and viral the double size selection was performed by SPRIselect 

Reagent (Beckman Coulter) following manufacturer’s recommendations. First, the right size 

selection was done as follows.   

 

The SPRIselect was mixed thoroughly to re-suspend the SPRI beads. Then the required volume of 

SPRIselect for the desired ratio (SPRI beads volume per sample volume) to the sample. Volume 

of sample * ratio = volume of SPRIselect. The total reaction volume was mixed by pipetting 10 

times and it was incubated at ambient temperature for 1 minute. The reaction vessel was put on 

magnetic stand and the SPRI beads were allowed to settle to the magnet. Here, 0.5x ratio removes 

most of the library fragments >1000bp. Decreasing the ratio of SPRIselect volume to sample 

volume will increase the efficiency of binding larger fragments at the right size selection. Then, 

the clear supernatant, was transferred to a new reaction vessel since it contains the right side (small 

fragments) selected DNA libraries. The reaction vessel with the remaining beads (larger 

fragments) was put to discard the larger fragments. To the right side selected sizes of DNA 

containing supernatant, the required volume of SPRIselect was added using the calculation below 

to undergo left size selection, Sample Volume μL () * (Left size ratio (0.12x) - Right size ratio 

(0.5x)) = volume of SPRIselect. 

 

The total reaction volume was mixed by pipetting 10 times and incubated at ambient temperature 

for 1 minute. The reaction vessel was then put on magnetic stand and the SPRI beads were allowed 

to settle to the magnet. Here, DNA fragments >400bp were bound on the beads by using 0.7x ratio. 

In principle, the larger the ratio of SPRIselect bead volume to DNA solution volume, the larger 

the efficiency of binding smaller fragments. Then the clear supernatant was removed and 

discarded. With the reaction vessel still on the magnet, 180 μL of 85% ethanol (non-denatured) 
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was added. Followed by incubation at ambient temperature for 30 seconds. The ethanol 

supernatant was removed and discarded. The reaction vessel was removed from the magnet and 

50 μL of molecular biology grade water was added to reaction vessel to elute. The total elution 

volume was mixed by pipetting 10 times to re-suspend the beads and incubated at ambient 

temperature for 1 minute. The reaction vessel was put on the magnetic stand and allowed the SPRI 

beads to settle to the magnet. Finally, the eluate (size selected libraries) was transferred to an 

appropriate storage vessel. 

3.7.7.  Viral gRNA sample quantity measurement 

The quantity of gRNA was measured by RNA qubit. The Qubit working solution was prepared by 

diluting the Qubit RNA HS Reagent to a ratio of 1:200 in Qubit RNA HS Buffer. Distribute the 

diluted working solution into the 2 of standard tubes (190 μL) and sample tube (198 μL). Then 10 

μL of standard RNA was added into each standard tubes and 2 μL into sample tubes. Each mixture 

was vortexed for 3 seconds and incubated for 2 minutes at room temperature.  The Qubit 

Fluorometer 4.0 was calibrated using the standard solutions. Thereafter, the concentration of 

sample was read by the calibrated instrument. 

3.7.8. Control of Integrity (quality) of gRNA 

Quality of gRNA was checked using RNA Tapestation (Agilent). Reagents were allowed to 

equilibrate at room temperature for 30 min. Reagents were vortex mixed. Followed by sample 

RNA thawing on ice. Ladder was then prepared by mixing 5 μL RNA Sample Buffer with 1 μL 

RNA Ladder. Sample was prepared by mixing 5 μL RNA Sample Buffer with 1 μL RNA sample. 

Sample and ladder were spinned down and then vortexed using IKA vortexer and adaptor at 2000 

rpm for 1 min. Then both get spinned down to position the RNA at the bottom of the tube. Then 

denaturation of ladder and sample followed. Ladder and sample were heated at 72 °C for 3 min. 

Then ladder and sample were put on ice for 2 min. This was followed by spinning down to position 

RNA at the bottom of the tube. Then, sample, ScreenTape device and loading tips were loaded 

into the 2200 TapeStation instrument. Thereafter, the 2200 TapeStation Controller software was 

launched. RNA protocol was selected and Start was clicked to undergo the automated process to 

continue. 
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3.7.9. Library preparation for gRNA 

Library was prepared from gRNA following Library prep, SMARTer Stranded Total RNA-Seq 

Kit v2 - Pico Input Mammalian. 50ng of input gRNA was used to produce high quality libraries. 

cDNA synthesis proceeds without fragmentation of gRNA since the gRNA was highly degraded 

therefore, we followed a protocol suited for degraded gRNA. At first, 8 μl RNA (50ng) and 1 μl 

SMART Pico Oligos Mix v2 were mixed on ice. The tube was incubated at 72°C in a preheated, 

hot-lid thermal cycler for exactly 3 min. Then, immediately the sample was put on an ice-cold 

PCR chiller rack for 2 min. To undergo cDNA synthesis 4 μl 5X First-Strand Buffer, 4.5 μl 

SMART TSO Mix v2, 9 μl RNA (50ng) from above, 0.5 μl RNase Inhibitor and 2 μl 

SMARTScribe Reverse Transcriptase were mixed on ice. This was followed by Mixing by 

vortexing for 2 sec, then spinning the tube to collect the contents at the bottom. The tube was 

incubated in a preheated hot-lid thermal cycler with the following program: 42°C for 90min, 70°C 

for 10 min. This program produced the cDNA for the downstream process. 

 

At this next step, adapters were bound to the cDNA from above by amplification as follows. A 

PCR master mix was prepared for the reaction by combining 2 μl Nuclease-Free Water, 25 μl 

SeqAmp CB PCR Buffer (2X) and 1 μl SeqAmp DNA polymerase. This was mixed and spinned 

in a microcentrifuge. This master mix was mixed with the cDNA from the above. Then, 1 μl of 

each 5’ and 3’ PCR Primer HT was added to the mixture. Mixture was mixed by vortexing and 

was spinned down. The tubes carrying the mixture was placed in a preheated hot-lid thermal cycler 

to perform pcr. The program for the pcr was:  94°C for 1 min and for 13 cycles by the following 

program. 98°C for 15 sec, 55°C for 15 sec, 68°C for 30 sec and 68°C for 2 min. After this step the 

libraries were ready for cleaning, that was the next step. 

 

At this step, purification of the amplified RNA-seq libraries was undergone by using AMPure 

beads. First, AMPure beads were equilibrated at room temperature for 30 min before use. Then, 

40 μl of AMPure beads were added to library sample. This was mixed by pipetting followed by 

incubating at room temperature for 8 min. This allowed the libraries to bind the beads. Then, 

sample was spinned to collect liquid at the bottom. Sample was then placed on a magnetic 

separation device for some minutes until the solution became clear. Once the solutions became 

clear, the supernatant was pipetted out and discarded, while the sample was on the magnetic device. 

Already kept sample on the magnetic device, 200 μl of freshly diluted   80% ethanol was added to 
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sample without disturbing the beads. Then sample was kept for 30 sec and supernatant was pipetted 

out and discarded. Here the cDNA remained bound to the beads and the contaminants were washed 

away by the ethanol. The washing step was done twice. Then, the sample-tube was removed from 

the magnetic device. Followed by spinning at 2000xg for 1 min to collect the left ethanol at the 

bottom of the tube. Here, the tube was placed back on the magnetic device for 30 sec. Without 

disturbing the beads, pipette out the remaining ethanol. To dry the pellet, the tube was left opened 

for 5 min, the sample-tube, while resting on the magnetic device. Then, sample-tube was removed 

from magnetic device and 30 μl of nuclease free water was added. This was mixed thoroughly by 

pipetting up and down. At this step the beads were released from the libraries and suspended free. 

In order to settle the unbound beads at the bottom, the sample-tube was put on the magnetic device. 

Here the libraries remained in the supernatant. So, libraries were collected pipetting out 

supernatant and putting it in a fresh tube. Here, we have the purified libraries in the fresh tube. 

3.7.10. Sequencing by Synthesis 

For sequencing by synthesis illumina hiseq X machine was used. The flow cell contained 

oligonucleotides which were complementary to the adapter region. Each library, which was made 

single strand by NaOH (company’s confidential), bound by hybridization into the oligonucleotides 

on the flow cell during washing of with adapter solution. Then, clustering occurred threfore, before 

sequencing, single-molecule of DNA templates were bridge amplified to form clonal clusters 

inside the flow cell. For cluster formation repeated thermocycling (pcr) process occurred. At each 

step of amplification, all the new strands were maintained on the flow cell. At last, all the reverse 

strands were washed off from flow cell. Only the forward strands remained intact to the flow cell. 

This step was to create millions of individuals, dense clonal clusters containing approximately 

2,000 molecules. This is followed by blocking of the 3’-ends of the DNA strands and flow cell-

bound oligonucleotides to prevent interference with the sequencing reaction. The flow cell 

contained greater than 200 million clusters with approximately 1,000 molecules/cluster, and it was 

ready for sequencing. Then the sequencing was proceeded. A primer was attached to the forward 

strands adapter primer binding site, on the unbound ends of the templates in the clusters. Then a 

fluorescently tagged dNTP was added by a high fidelity DNA polymerase to the DNA strand. Only 

one base was added per round due to the fluorophore acting as a blocking group; though, the 

blocking group was reversible. Each of the four bases had a unique emission of color, and after 

each round, the machine recorded which base was added. Once the color was recorded the 
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fluorophore was washed away and another dNTP was added to the continuing strand and the 

process was repeated until a required sequencing coverage (20 million reads per sample for viral 

and bacterial gDNA and 40 million read per sample for viral gRNA). 

 

3.8. Sequence data Analysis 

Quality contol of sequence data was using FastQC (V 0.11.7) by using Phred score of 30. Adapters 

were trimmed using trimmomatic trimmomatic (V 0.33). Trimmed sequence data was assembled 

using velvet (V 1.2.9) using values N50, q25. Antibiotic resistance genes were predicted by 

abricate under 97% cutoff values. Clinically important microbs were predicted by binning from 

the metagenomic data base of bacterial and viral bioinformatics resource center (BV-RBC). 

Plasmids were predicted from genoms of the clinically important genoms by a machine learning 

tool called RF plasmid (van der Graaf-van Bloois et al., 2021). From the clinically important 

viruses antibiotic resistance genes were predicted by ResFinder under selected %ID (percentage 

identity) threshold is 50 and selected minimum length for ResFinder 60 (Kleinheinz et al., 2014). 

Inference organisms for plasmids carring was searched on ncbi. In order to annotate metagenomic 

sequence data was submitted to MGRAST (Metagenomics Rapid Annotation using Subsystems 

Technology). The data from MGRAST was cleaned using openrefine (3.2 version). 

 

3.9. Spectrometry Sample preparation and Analysis 

3.9.1. Analytical Standards, Chemicals, Reagents and Equipments 

Certified reference standards of the highest purity grades from eight antimicrobial types from six 

classes including B-lactams (Penicillin G (89.5%)), Cephalosporin (Cefotaxime (95%)), 

Fluoroquinolones (Ciprofloxacin (98 %)), Tetracycline (Tetracycline (97.5%), Oxytetracycline 

(91.3%) and Doxycycline (85.7%)), Sulfonamides (Sulfamethoxazole (purity)). They were from 

United States Pharmacopoeia and Sigma Aldrich. 

 

Chemicals like ACN (acetonitrile) and MeOH (methanol), the HPLC grade were supplied from 

Sisco Research laboratories (SRL) (Maharashtra, India). anhydrous citric acid (99%), disodium 

EDTA dihydrate (99%), anhydrous dibasic sodium phosphate (Na2HPO4.2H2O (99%), formic acid 

(FA) (99%) was acquired from (Val de Reuil, France). Deionized water of resistivity 18.2 MΩ cm-

1 was produced in-house using Barnstead GenPure Pro UV – TOC/UF water purification system 
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from Thermo scientific (Langenselbold, Germany). Sample extraction cartridges were from 

Waters (Milford, Massachusetts, USA) Oasis Hydrophilic-Lipophilic Balance (HLB) cartridges 

(6cc, 200 mg and sorbent type Oasis® HLB, 30µm). 

 

In this study, different types of sample processing apparatus were used. The main instruments 

which, were used in sample preparations include, sample cleaner and concentrator. Sample cleanup 

and concentration steps were used using vacuum manifold (Supelco, Germany) and nitrogen 

sample concentrator (MultiVap 54 Lab Tech, USA) respectively. Analytical microbalance (± 

0.01mg, Sartorius Lab instruments Goettingen, Germany), pH meter (HANNA pH-ORP, 

HI11310; USA). Discovery of analytes of interest was performed with an Agilent 1290 Infinity II 

Ultra-High Performance Liquid Chromatography (UHPLC) system. It was equipped with a 

reversed phase (RP) Phenomenex® Synergi hydro- (4.6mm × 150 mm; 4 µm) analytical column 

through security guard cartridge system (4x3.0 mm) for chromatographic separation. The LC 

system was coupled with an Agilent 6470 LC/TQ/ triple quad mass spectrometer (Agilent 

Technologies Ltd., Singapore) via an electrospray ionization source which was operating with 

MassHunter software. 

3.9.2. Preparation of mobile phase and standard solutions 

Aqueous mobile phase or mobile phase (Water with 0.1% formic acid (FA)): 1.0 mL of FA was 

added to a half-filled volumetric flask of 1.0-liter capacity, then filled to 1L with deionized water. 

The flask was degassed offline using Sonicator for 10 minutes, and then transferred to the aqueous 

reservoir of the machine. Mobile phase B or organic mobile phase (acetonitrile or ACN with 0.1% 

FA) was prepared by mixing 1.0 mL of FA pipetted into a 1 L volumetric flask and completed to 

1L using ACN. 

 

In order to prepare standard solutions, the stock solutions were prepared at concentrations 

corresponding to 1.0 mg/mL (1000μg/ml) in appropriate solvent. Standard solutions were prepared 

separately by transferring 10.0 mg equivalent of the base materials quantitatively in to 10.0 ml 

volumetric flasks. Oxytetracycline, ciprofloxacin and tetracycline were dissolved in methanol. 

Howevere, penicillin-G, cefotaxime, sulfamethoxazole and doxycycline were prepared in 

deionized water and diluted to the volume accordingly. 

 



48 
 

Intermediate standard solutions for oxytetracycline, erythromycine, ciprofloxacin and tetracycline 

were prepared by pipetting 400μl aliquot of stock and diluting in a 10 ml volumetric flask with 

methanol to 40ng/μl. Intermediate standard solution for penicillin-G, cefotaxime, 

sulfamethoxazole and doxycycline (20 ng/μl) was prepared by transferring 200μl stock of each 

followed by diluting to 10 ml final volume with water. All intermediate stocks were stored in 

amber vials at ≤ -20 0C. A working standard (WS) was made by pipetting 1.0 ml of each of 

intermediate solutions into a 10 ml volumetric flask and diluting to the mark with diluent (80:20 

water/Acetonitrile) giving final concentrations of 4 ng/μl and 2 ng/μl respectively. 

3.9.3. Solid Phase Sample Extraction and Clean up Procedures 

Solid phase extraction of antibiotics was performed following Jin et al., 2009 by centrifugation 

speed modification. The extraction was performed from urine sample which was collected from 

piazza using frame shift urinals, struvite solution and from the control urine with known history 

of no antibiotics added but spiked with antibiotics. About 10 ml of each urine sample was taken in 

to conical centrifugation tubes and these were spinned at 4500 rpm for 15 min. The supernatant 

was transferred to a new conical centrifugation tube followed by addition of 1 ml of EDTA 5% 

(m/m) and PH was adjusted 4 by HCl. The mixture was shaken for 5 min followed by solid phase 

extraction. Then, the concentrated residues were reconstituted with 1 ml initial mobile phase, 

recapped and vortexed for 30 seconds followed by centrifugation for 15 min at 4500 rpm at 4 0C. 

Then, very clear supernatant supposed to contain antimicrobial residues of interest, were 

transferred into autosampler vials and closed tightly to make it ready for injection. Finally, a 

volume of 10 µl injection was injected from each preparations in to the UHPLC-MS/MS system. 

3.9.4. Analysis method 

Analysis was performed by UHPLC of an Agilent 1290 Infinity II system (Agilent Technologies 

Ltd., USA) interfaced to an Agilent 6470 LC/TQ/ triple-quadrupole mass spectrometer (MS/MS) 

equipped with Agilent jet stream electrospray ionization source. It was operated in positive mode 

(AJS-ESI +) and controlled by MassHunter software. Antimicrobials separation was 

chromatographically achieved on Phenomenex Synergi hydro-RP, (4.6 mm × 150 mm; 4 µm, 80 

A◦ dimensions) column with guard cartridge system (4 x 3 mm). The mobile phase was a  teritiary 

gradient mobile phase with flow rate of 1 ml/min for a total run time of 22 min (Table 1). 

 



49 
 

Table 1: Mobile phase gradient profile 

Steps Time Mobile phase -A Mobile phase -B Mobile phase -C 

         1 5.50 min 90.00 % 5.00 % 5.00 % 

2 5.51 min 80.00 % 10.00 % 10.00 % 

3 11.50 min 80.00 % 10.00 % 10.00 % 

4 20.00 min 40.00 % 50.00 % 10.00 % 

5 22.00 min 90.00 % 5.00 % 5.00 % 

 

3.9.5. Liquid Chromatography mass spectrometer condition (LC-MS/MS) 

The column compartment was operated at 30 °C, rather, the auto-sampler temperature was set at 

10 °C. The injection volume was 10 μL. The auto sampler was rinsed after each injection using a 

solution of H2O:MeOH (50:50, v/v). The system was conditioned with a mobile phase for more 

than an hour prior to actual analysis. Gradient elution of mobile phase was used for separation of 

multi-class antimicrobials. 

The Electrospray ion source in +ve modes specific to Agilent company (AJS-ESI +) was used with 

data acquisition in multiple reaction monitoring (MRM) mode. This was analyzed using 

MassHunter software. The triple quad mass spectrometer parameters were adjusted and the source 

parameters were set as follows: gas temperature, 350 °C; gas flow rate, 12 L/min; sheath gas 

temperature, 250 °C; sheath gas flow, 11 L/min; nebulizer pressure, 40 psi; capillary voltage, 4 

KV; nozzle voltage, 500 V. 

Test of specificity, accuracy, linearity and precision of method was undergone using the aquired 

data from spiked standards. A test on the method specificity and confirmation on the absence of 

potential interfering compounds around the retention time of each antimicrobials was performed. 

About 20 blank extract of the matrix and 20 spiked extracts were analyzed. Then were checked for 

the presence of significantly interfering peak at each mass transition of targeted antimicrobials 

within 2.5 % margin of the retention time. (EPA, 2007, EU, 2000)  

Linearity of the method was verified by constructing a matrix-matched calibration curves (MMC) 

of aliquots obtained from samples spiked with antimicrobial standards of interest. Calibration 

standards were prepared by spiking urine matrics with a known quantity of target analytes of 
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calibration range comprising the MRLs. The spiked concentrations were 50, 100 and 150ppb times 

of the corresponding MRLs, each in triplicates, with expected concentration equidistantly ranging 

from 25 to 300 µg/L. The plot of the MMC for each compound was based on the peak areas of 

each analyte at various concentrations. 

The accuracy, expressed in terms of recovery was calculated by dividing the mean measured or 

calculated concentration of the analyte to respective spiked level to express the result as a 

percentage. However, precision of the method was assessed for each analyte using aliquots of a 

blank matrix fortified in triplicates at concentrations corresponding 0.5, 1 and 1.5 times (US-

Environmental Protection Agency, 2007). Precision of the procedure was evaluated in terms of 

within-laboratory reproducibility (WLR). Precision of intra-day variation was calculated as the 

relative standard deviation: 

 

Precision = Standard deviation × 100                                         

                       Mean 

At one hand, the limit of detection (LOD) is the lowest concentration of antimicrobials that can be 

detected at a specified level of confidence. In order to determine LOD, a concentration of 10 µg/L 

(one tenth of MRLs) of matrix-matched samples of the six mixed standards were prepared in ten 

different replicates. Then independent measurements of each samples were taken ten times and 

their standard deviation (Stdv.) were calculated and the LOD determined as LOD = 3 X Stdv. On 

the other hand, to know the limit of quantification (LOQ), which is “the lowest concentration at 

which the performance of a method is acceptable for a specified use”, calculated as LOQ = 10 X 

Stdv. (Magnusson and Örnemark, 2014).   

 

3.10. X-ray Diffraction Experiment to Analyze the Content of struvite family 

derived from urine 

Powdered form of struvite was delivered to chemistry laboratory at Addis Ababa University. It 

was run on X-ray diffraction spectroscopy (Mini-flex 600 PXRD). The measurement mode was 

continuous and scan axis was 2θ = 10 ~ 90°, step width was 0.02°, scan speed was 4° / min (20 

min.). To visualize the graph OriginLab2024 was used. In order to make peak matching profile of 

the graph it was visualized by Origin2024 a trial Match software (version) was used, where this 

soft ware refers the XRD database called COD (Crystallography Open Database). 
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3.11. Statistical Analysis 

Statistical analysis and visualization of data was done using R 4.2.2 programing language and 

packages such as ggplot2, reshape2, tibble, phyloseq, dplyr and linux built in Libre calc were used. 
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CHAPTER FOUR 

4. RESULTS 

4.1. X-ray diffraction analysis of struvite 

Matching peak profile by Match software resulted that the XRD scanned fertilizer contained 

struvite-K. Evidently, different physical characteristics such as crystal system (shape) was 

orthorhombic and the cell parameters are a= 6.87300 Å b= 6.16000 Å c= 11.08700 Å. These cell 

parameters are the angles between edges of the cell of struvite-K which are a, b and c and they are 

specific to it. The diffraction pattern below in Fig. 2 is a combination of diffraction patterns of the 

fertilizer at different phase of the fertilizer at different angles. The intensity of the diffracted rays 

scattered at different angles of struvite-K are plotted to display in Fig. 2. Each phase of the struvite-

K below is a unique diffraction pattern due to the fertilizer's specific chemistry and atomic 

arrangement. 

 

Figure 2 matching peak profile of experimental XRD result (blue) with a standard struvite-K (red) 

origin of standard from Mathew and Schroeder, 1979 
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4.2. Microbial community composition and abundance through struvite 

making 

In the process of struvite making the distribution and structure of microbial community was 

assessed at different taxa level. The distribution of microbial community and its structures were 

distnict in the three different samples (Fig. 3, 4 & 5). The taxonomic levels which were assessed 

were phyla, class, family, and genus. Moreover, measurement of richness and coverage of 

microbial dynamics were assessed by different alpha diversity indicies (Fig. 4 & 5). 

Using a paired-end format and an average insert size of 150 bases, a total of 20.16 giga bases (Gb) 

with 4.7, 6.8, and 4.0 Gb reads were produced for the fresh, preserved stored urine and struvite 

samples, respectively. For the fresh, preserved stored urine and struvite samples, the average GC 

content for the readings was 37, 57, and 40%, respectively. The fresh, preserve stored urine and 

struvite samples had 16, 22, and 13 million readings per sample, respectively. 

To make the graphs of OTU abundance in each sample a data subsating was done by selecting the 

most dominant taxa. The most dominant taxa were only if they are among the top 10% of taxa in 

at least half of the struvite, fresh, and preserved urine dataset samples.  

4.2.1. Microbial composition in fresh urine, stored urine and struvite at phyla 

level 

Bacterial composition of fresh urine, stored urine and struvite was accessed through struvite 

production process. A total OTUs of 201,132 from fresh urine, 316,150 from stored urine, and 

246,769 from struvite were counted.  (Table 2 and Fig. 3).  
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Table 2 OTU percent composition of the most prevalent phyla in the three samples were 

represented by Pseudomonadota, Bacillota, and Bacteriodota.  

 

Sample Pseudomonadota 

(Protobacteria) 

(% composition) 

Bacillota (Firmicutes) 

(% composition) 

Bacteriodota 

(Bacteroidetes) 

(% composition) 

Fresh urine 60 26 3 

Stored urine 17 39 9 

Struvite 45 61 11 

 

The most dominant bacterial phyla in fresh and stored urine were Pseudomonadota with 120,925 

otus (60 %) in fresh urine and 143,409 otus (45 %) in stored urine. On the other hand, the dominant 

phylum was Bacillota 60 % (150,200 otus) in struvite. This was followed by the next abundant 

phyla from fresh urine comprising 26 % Bacillota (52090 otus), 7% Actinomycetota (13264 otus), 

3 % Bacteroidota (6880 otus), and 2 % Campylobacterota (3478 otus) among the phyla which 

were counted less that 1 percent. The next abundant phyla in stored urine were Bacillota 39 % 

(124273 otus), 9 % Bacteroidota (29078 otus), Actinomycetota 2% (5126 otus), 

Thermodesulfobacteriota 1 % (2774) and Fusobacteria 1 % (2767 otus) among other phyla which 

represented less than one percent. However, in struvite the next dominant bacterial phyla were 

Pseudomonadota 17 % (44012 otus), Bacteroidota 11% (28334), Thermdesulfobacteriota 2% 

(5932 otus), Actinomycetota 2 % (4015 otus), Fusobacteriota 2 % (4008 otus) and Thermotoga 

1% (1340 otus) among others. In the process of struvite preparation from fresh urine to struvite 

production, the phylum of Pseudomonadota decreased from 60 % to 17 %, while the phylum 

Bacillota increased from 26 % to 60 %. On the other hand, the phylum of Actinomycetota decresed 

from 7 % to 2 %. Together, the phylum Bacteroidota increased from 3 % to 11 %. The phylum 

Campylobacterota decreased from 2 % to less than one percent. However, the phyla 

Thermdesulfobacteriota, Fusobacteriota and Thermotoga increased from less than one in to 2% 

and 1% respectively. 
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Figure 3: Distribution of bacterial phyla found in fresh urine, stored urine and struvite 

 

4.2.2 Microbial representation in fresh urine, stored urine and struvite-K at 

class level 

The data also showed a pattern in class distribution of microbes across during the process of the 

making of struvite. Alphaproteobacteria was the dominant class in fresh urine with OTU count of 

60,773 (30 %) and in stored urine 98,064 (31 %), while this class was only 1 % (2823) in struvite 

(Fig. 4). Rather, in struvite the abundant class of bacteria was Clostridia 92, 166 otus (37 %) which 

this class was only 5 % (9, 794 otus) and 15 % (46, 352 otus) in fresh urine and stored urine 

respectively. The second abundant class in fresh urine was gammaproteobacteria 26 % (52, 815 

otus) but it decreased into 8 % (23, 804 otus) and 10 % (23, 495 otus) in stored urine and struvite 

respectively. Bacilli was the next abundant class in fresh urine with otu counts of 41025 (20 %), 

this class was found out to increase in stored urine in to 63, 443 otus (20 %) but in struvite with a 
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slight decrease 42,405 otus (17%). Betaproteobacteria was found to increase from 3 % (6,588 

otus) in fresh urine to 7 % (20,658 otus) and 6 % (13671) in stored urine and struvite respectively. 

Flavobacteria shown a decrease in stored urine to 3158 otus (1%) from 2% (4712 otus) in fresh 

urine but increased to 2 % (4,884 otus) in struvite. Epsilonproteobacteria was seen to decrease to 

less than 1 % in stored urine and struvite from 2 % in fresh urine. Among the class taxa of the 

bacteria the unassigned in fresh urine was 1 % but then decreased in to less than one percent in 

stored urine and struvite. Bacterodia was observed to increase from 1% in fresh urine to 7 % in 

stored and in struvite to 8 %. The same is true for the Erysipelotrichia increased in stored urine 

from less than one in fresh urine in to 2 % and 1 % in struvite. Similarly, Tissierellia increased 

from less than one in fresh urine to 2 % in stored urine and 5% in struvite. As a similar trend 

Fusobacteria and Desulfobacteria incereased to 1 % in stored urine. Rather, it increased to 1 % 

and 2 % in struvite respectively. 

Figure 4: Bacterial classes found in fresh urine, stored urine and struvite 

 

file:///E:/C:/C:/D:/C:/home/C:/Users/gebreab/Desktop/Nebyat%20thesis.docx


57 
 

4.2.3. Valuation of richness and coverage of microbial dynamics through 

struvite-K making 

Different measures of alpha diversity were applied to the otu abundance data which was used in 

this paper. The indices Shannon, Choa 1 and ACE (abundance-based coverage estimator) showed 

that the fresh urine sample had more individual number of species (richer) than stored urine and 

the struvite sample (Fig. 5). Thus, fresh urine had more richness than the two. Richness increased 

in struvite than stored urine. However, the decanted struvite could be a comfortable place for some 

microbes to grow as the ammonia evaporates in the cooler place open struvite container. The 

measures of evenness such as Simpson and InvSimpson used in this study showed that the stored 

urine was the least in the uniformity of microbial community composition compared to the fresh 

urine and the struvite samples. But still, the individual species in struvite were less in number 

compared to the fresh urine. The fresh urine community is the most even. However, struvite was 

more even than the stored urine. Therefore, fresh urine had the highest diversity than stored urine 

and struvite. 
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Figure 5: Alpha diversity measures for microbes found in fresh urine, stored urine and struvite 
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4.2.4. Shared genera between the samples of struvite, fresh and stored urine 

A total of 568 genera were derived from the metagenome sequence from struvite, fresh and stored 

urine. Out of the total, around 96 % (546) of the genera were shared by the three struvite, fresh 

and stored urine samples (Fig. 6). However, all of the genera found in fresh urine also found in 

stored urine and struvite. About 0.5 % (3) of the genera were shared only by fresh urine and stored 

urine only. About 1.1 % (6) of the genera was detected only in stored urine only. Around 0.5 % 

(3) of the genera were shared between fresh urine and struvite. Around 0.7 % (4) of the genera 

were however shared between struvite and stored urine. About 1.1 % (6) were contained in struvite 

only.  

 

 

 

Figure 6: Number and percentages of shared genera in the three samples fresh urine stored urine 

and struvite 
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4.2.5. Coverage and distribution of OTUs over the samples 

The coverage graph indicated that in all the three samples the number of reads keep on increasing 

as the number of species increase, indicating that the sampling has not yet represented the rare 

groups of the community (Fig. 7). 

 

 

Figure 7: Rarefaction curve indicating the sample coverage and sequencing depth of the fresh, 

stored and struvite samples 

 

4.3. Pathogenic bacteria through struvite formation 

Pathogenic microorganisms are one of the main contaminants in human urine derived struvite. As 

there is a probability of contamination with microbs from the digestive tract or from diseased 

individuals. In our study we discovered the presence of different clinically important 

microorganisms derived from struvite.   

 

4.3.1. Gamma proteobacteria distribution at family level through struvite 

making from human urine 

Gammaproteobacteria is a class of Proteobacteria that are medically important and all Gram-

negative consisting of several groups of aerobic or facultative pathogenic bacteria (Rizzatti et al., 

2017: Vázquez-Rosas-Landa et al., 2017) as a result we focused on their classification in fresh 

urine, stored urine and struvite. From a total of 201,129 otus families, in fresh urine about 52,730 

(26 %) of the otus were among the gammaproteobacteria (Fig. 8 and Appendix 2). Among these, 

Morganellaceae was 31 % (16,304 otus), Pseudomonadaceae (12,647 otus) 24 %, Moraxellaceae 

(6,874 otus) 13 %, Enterobacteriace 7 % (3,555), Yersiniaceae 5 % (2375 otus), Aeromonadaceae 
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4 % (2,297 otus). All the Vibrionaceae (1,164 otus), Pasteurellaceae (950 otus), Shewanellaceae 

(793 otus) were 2 % each. The others such as Erwiniaceae, Chromatiaceae, Alteromonadaceae, 

Ectothorhodospiraceae were each 1 % among the others. 

In stored urine the total otu of the family gammaproteobacteria decreased into 23, 800 otus (14 

%). Among the left otus 27 % (6,423 otus) of them were Pseudomonadaceae, Moraxellaceae 8 % 

(1981 otus), Xanthomonadaceae (1,595 otus) and Enterobactereaceae (1,556 otus) 7 % each. 

Pasteurellaceae (1,137 otus) and Morganellaceae (1,132 otus) were each 5 %. Vibrionaceae 

(1,044 otus), Aeromonadaceae (926 otus), Shewanellaceae (877 otus), Ectothiorhodspiraceae 

(845 otus) counted 4 % each. Yersiniaceae and Altreromonadaceae were observed to be 3 %. 

Chromatiaceae, Pseudoaltromonadaceae and Pectobacteriaceae were observed to be 2 %. Rather, 

Methylococcaceae, Halomonadaceae, Erwiniaceae, Hahellaceae, Halomonadaceae, 

Cellvibrionaceae, Unassigned families, Thiobacillaceae, Legionellaceae, Cardiobacteriaceae, 

Francisellaceae, Piscirickllesiaceae and Psychromonadaceae were observed to be 1 % each. 

Different members of the family gammaproteobacteria that resisted the higher pH and high 

amount of ammonia in stored urine also persisted in struvite resisting the low water activity. The 

number of otus showed a slight decrease to 23, 339 otus (12 %) from the number of otus in stored 

urine. But from the fresh urine number of otus showed a decrease by more than a half. 

Morganellaceae was observed to have a significant decrease to 2 % (402 otus) and the same was 

true with Yersiniaceae (387 otus), Xanthomonadaceae (366 otus) and Ectothiorhodospiraceae 

(351). Rather, the Pseudomonadaceae was observed to increase almost by half to 50 % (11,716 

otus). The most dominating species were P. aeroguinosa. The Enterobacteraceae (951 otus) and 

Pasteurellaceae (841 otus) were observed to decrease to 4 %. On the other hand the 

Aeromonadaceae (1223 otus) and Vibrionaceae (1069 otus) were observed to a slight increase in 

to 5 %. Pectobacteriaceae and Pseudoaltromonadaceae each decreased into 1 %; similarly, 

Thiobacillaceae and unassigned families were decreased to less than one percent. Erwiniaceae, 

Altromonadaceae, Halomonadaceae, Hahellaceae, Alcanivoraceae, Cellvibrionaceae, 

Legionallaceae, Psychromonadaceae and Methylococcous remained the same. Only 

Piscirickettsiaceae was observed to vanish totally in struvite. 
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Figure 8: Gamma proteobacteria families found through struvite making 

4.3.2. Gamma proteobacteria identified through struvite formation at genus 

level 

The number of otus at genus level decreased from fresh urine to struvite from 52, 730 to 23800 to 

23,339 (Fig. 9 and Appendix 2). Thus, roughly by half a decrease was observed. Among these, the 

genera Pseudomonas was dominant in both the samples of fresh urine, stored urine and struvite at 

proportions of 23 % (12,116 otus), 26 % (6,155 otus) and 47 % (10,955 otus) respectively. The 

second dominating genera in struvite were Shewanella (855 otus) and Treponema (943) 4% each. 

Shewanella was observed with a slight difference from otu count 877 in stored urine to in struvite.  

On the contrary, Treponema in stored urine counted (548 otus) but increased in struvite. The third 

dominating genera were Acinetobacter, Vibrio, Azotobacter and Marinobacter each measure 3 % 

with otus count 589, 757, 761 and 660 respectively. Acinetobacter was observed to decrease from 

the otus count in fresh urine (3079 otus) into stored urine (988 otus) and in struvite (589 otus).  

Vibrio showed a decrease from the count in fresh urine 861 otus to 758 in stored urine. Azotobacter 

was observed neither increased nor decreased in the three samples. Marinobacter increased in 

stored urine to 3 % from 1 % but remained the same in struvite-K. The next dominating genera 
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were Psychrobacter (495 otus) and Escherichia (358 otus) counted 2 % each. Psychrobacter 

counted 7 % (3646 otus) in fresh urine and decreased in stored urine in to 4 % (895 otus) and 

following a decrement in struvite. In case of Escherichia, in fresh urine counted 2 % (974 otus) 

otherwise, in stored urine decreased int to 2% (452 otus) and continued decreasing in struvite.  

Among others Salmonella was found out to count 1 % (152 otus) in struvite but in fresh urine 1 % 

573 (otus) and in stored urine 1 % (212 otus). 

 

 
Figure 9: Bacterial genera of gamma-proteobacteria found in fresh, stored urine and struvite 

 

4.3.3. Pathogenic bacteria identified from metagenome assembled genomes 

(MGS) through struvite production 

Approximately forty-two bacterial pathogens have their genomes binned and identified using 

MGS. Just 19% (n=8) of the bacterial genomes were shared by the fresh, stored urine and struvite 

samples, whereas the pathogens' genomes were dispersed throughout the three samples (Fig. 10). 

Only 23% (n=10) of the bacterial genome was detected in fresh urine, whereas struvite and stored 

urine shared roughly 81% (n=34) of the genome. Members of the genera Bacillus, Clostridium, 
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and Carnobacterium comprised the phylum Firmicutes, which had the dominating bacterial 

genome in the fresh urine sample (n=10). 

The phylum Firmicutes, which made about 33% of all the infectious, had a dominant and sustained 

genome in the urine that was stored. Similarly, with 33% of the entire pathogen genome, members 

of the phylum Firmicutes were similarly consistently prevalent in struvite. Struvite contained all 

of the bacterial genomes found in urine that had been stored (Fig. 10). In the urine that was stored, 

23 percent of the bacterial genome were eliminated. However, 81% of the organisms survived in 

stored pee and the struvite that was formed, whereas 19% of the organisms persisted in both fresh 

and stored urine (Fig. 10). 

 

 

Figure 10: Heatmap illustrating metagenome-derived bacterial pathogens from struvite fresh and 

stored urine 
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4.3.4. RNA virus irradication through struvite production 

The genome of RNA virus was observed to be degraded through the activity of struvite formation. 

No intact genome was able to be extracted from struvite. Eventhogh, we followed standard 

procedures to extract and sequence the genome, no meaningful result was produced. The genomes 

were observed to degrade when extracted. But we tried to produce sequence information from 

pieces of RNA as there is a protocol explained in the method for degraded RNA to treat and transfer 

to sequencing. However, we could not be able to produce any meaningful information. 

4.4. Resistome and mobilome from struvite, fresh and stored urine 

4.4.1. Phages identified in fresh, stored urine and struvite 

The metagenome-derived genome sequence (MGS) in (Fig. 11) revealed several bacteriophages, 

and the phages in fresh urine differed somewhat from those in stored pee and struvite (Fig. 11). 

Acinetobacter, Brevibacillus, and Morganella phages were only detected in fresh urine; 

Streptococcus, Staphylococcus, Bacillus, and Escherichia phages were also present in stored urine 

and struvite-K. Streptococcus phage was the most prevalent phage in every sample, followed by 

Bacillus and Escherichia phages (Fig. 11). 

 

 

Figure 11: Phages identified in struvite, fresh and stored urine 
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4.4.2. Antibiotic resistance genes found from bacteria and phages 

The fresh urine samples included seven antibiotic resistance genes that conferred resistance to 

seven antibiotic classes. With resistance to 11 antibiotic families, the number of ARGs found in 

stored urine rose to 23 (Fig. 12). In struvite samples, 18 ARGs that were resistant to eight   

antibiotic families were found (Fig. 12). Resistance to aminoglycosides (n = 10), carbapenem (n = 

7), chloramphenicol and erythromycin (n = 6 each), and efflux pump (n = 5) ranked as the top five 

resistances across all sample types (Fig. 12). It was concluded that pathogenic organisms of the 

genus Enterococcus, Clostridium, and Pseudomonas, among others, were responsible for the 

presence of ARGs in fresh urine samples. Members of the genera Escherichia, Staphylococcus, 

Proteus, and Acenitobacter were found to carry the majority of the ARGs in the urine sample that 

was stored. The majority of the ARGs found in the struvite sample were assumed to be carried by 

members of the Enterococcus, Aeromonas, and Acenitobacter genera.  
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Figure 12: Antibiotic resistance identified in struvite, fresh and stored urine inferred by bacteria 

on NCBI      

 

MGS produced phage genomes were analyzed for antibiotic resistance carraige. It was found out 

that resistances for aminoglycosides, chloramphenicol and carbapenem among the others (Fig. 13). 

The carbapeneme resistance genes were found out to undergo a production of two varients in the 

derived fertilizer from a single varient in fresh urine (Fig. 13). 
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Figure 13: Antibiotic resistance gene identified on phage sequence derived from struvite, fresh and 

stored urine identified by ResFinder 

 

4.4.3. Plasmids carrying ARGs 

From the pathogenic organisms previously mentioned in (Fig. 10), many plasmids containing 

ARGs were found. Both fresh and stored urine and struvite included plasmids containing 

erythromycin, vancomycin, and multi-drug resistance genes (Fig. 14 and Table 3). In all three 

samples, the most prevalent resistance types were vancomycin and multi-drug carrying plasmids. 

Only fresh and stored urine samples contained carbapenemase-producing gene carrier plasmids. 

Struvite and stored urine shared several resistance genes, including those for methicillin-resistant 

type resistance, phenicols, aminoglycosides, and tetracycline. It was found that the struvite sample 

exhibited colistin resistance. As the detected plasmids were stored until the struvite synthesis 

process at 8 oC, it was found that their copy number increased. However, struvite included plasmids 

containing colistin, which were absent from both fresh and stored urine. 
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Figure 14: Plasmids predicted by FS machine learning and inferred on NCBI 

 

The FS-plasmid machine learning tool predicted distinct plasmids in fresh, stored, and struvite 

urine (Table 3). After being inferred on NCBI, the plasmids were found to carry resistance. 

Numerous plasmids that carry antibiotic resistance were shared by the struvite, fresh, and stored 

urine. 
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Table 3: Different ARG carrier plasmids derived from struvite, fresh and stored urine (F stands for 

fresh urine, S stands for stored urine and SU stands for struvite) 

Sample Plasmids predicted by FS machine 

learning & inferred from NCBI 

Resistance inferred on NCBI 

Struvite, stored plasmid p3S, plasmid p3SU, Chloramphenicol 

 

Struvite, stored PlasmidS, plasmid pYN2-1S, plasmid pNT1N31-

93kS, plasmid pJAT2091S, plasmid pYH12068-2SU, 
plasmid pYN2-1SU, PlasmidSU, 

 

Tetracycline 

Struvite, stored, fresh plasmid pVE80-1F, plasmid pVE80-1F, plasmid 

pA10290_P2F, plasmid p41-1S, pVEF4-like 

plasmidS, plasmid pVE80-1S, plasmid pHLSASU, 
plasmid pVE80-1SU, plasmid pZA5-1_01SU, 
plasmid pVE80-1SU, plasmid pELF1SU, 
plasmid p41-1SU, 

Vancomycin 

 

Struvite, stored, fresh plasmid pE211-2F , plasmid pT413AF , plasmid 

pBS-02F, plasmid pF104_1F,plasmid p1F, plasmid 

pBS 02F, plasmid delta pWDB100F, plasmid 

pSTE1F, 
plasmid pCQP3-9_1S, plasmid pSTE1S, plasmid 

unnamed2S, plasmid pE505-1S, plasmid pE211-2S, 
plasmid pLI47-1SU, plasmid unnamed2SU, plasmid 

pE505-1SU, plasmid pE211-2SU, plasmid pCQP3-

9_1SU, plasmid pSTE1SU,ICE elementSU, 

Multi-drug resistant 

 

Struvite, stored, fresh plasmid p2F, ICESsuYS146F, plasmid pRHB16-

C24_3F, plasmid pRHB16-C24_3SU 
 

Resistance claimed 

 

Struvite, stored plasmid paadDS, plasmid pKM0218S, plasmid 

paadDSU 
LA-MRSA 

 

Struvite, stored plasmid p17-508_1S, plasmid p17-508_1SU linezolid 

 

Struvite, stored, fresh transposon Tn6003F , plasmid pLFE1S, plasmid 

pLFE1SU 
 

 

erythromycin 

 

Struvite, stored, fresh plasmid TnpAF, plasmid TnpAS, plasmid TnpASU gentamicine 
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Struvite plasmid pCFS3292-1SU colistin 

 

stored plasmid pPPM1000 S, 

 
mercury resistance 

 

stored plasmid pN55972-1S, 

 
Fluoroquinolone 

 

stored pVEF3 plasmidS, omega-epsilon-zeta toxin-

antitoxin 

 

stored plasmid p1S, daptomycin 

 

Stored, fresh plasmid pVIM_Pse-KSS435F, plasmid pYPR31S, 
 

plasmid pJNQH498-1S 

 

carbapenem 

fresh plasmid p1525-aF, 

 
Florfenicol 
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4.5. Micropollutants from struvite, fresh and stored urine traced by LC-

MS/MS 

The standards of the assessed antimicrobials such as cefotaxime, ciprofloxacine, erythromycine 

oxytetracycline, penicillin G, tetracycline, sulfomethoxazole and doxycycline in this work were 

detected in urine matrix which its history was known. It was after spiked by the fore mentined 

antibiotics. (Fig.15A). According to their retention time they were displayed below in figure 15A. 

In comarison the analytes under search in fresh and stored urine sample are displayed in figure 

15B & C. All the antibiotics under search were found in the samples except doxycycline and 

erythromycine according to their retention time and mass to charge ratio compatibility. 
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Figure 15 A, B, C: Total Ion Chromatogram (TIC) of Seven Antimicrobial Standards Mix Fortified 

in history known fresh urine and the chromatogram of six antibiotic types in fresh and 

 stored urine respectively 

 

 

 

 

 

A 

B 

C 
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4.5.1. UHPLC-MS/MS condition during analyte detection 

UPLC-MS/MS technique is commonly for detection of multi antimicrobial residues in animal 

source food (Lee et al., 2018) from this we adopted for detection in urine matrix. From the LC- 

MS/MS optimization, the two strong precursor to product ion transitions per target analyte were 

selected to confirm positive findings for operation in multiple reaction monitoring (MRM) mode. 

Table 4 shows the selected transitions and MRM optimized MS/MS parameters of all target 

antimicrobial analytes in the study. 

 

Table 4: Multiple Reaction Monitoring (MRM) Mass Acquisition Parameters and Retention Times 

of Each Antimicrobials Analyzed 

Classes of 

Antimicrobial

s 

Antimicrobials RT (min) 

Precurso

r ions 

[M+H]+ 

Produc

t ions  

[m/z] 

Fragmentatio

n (V) 

CE 

(V

) 

CA

V 

Sulfonamides 

Sulfamethoxazol

e 

(SMX) 

15.47 

 

254.1 

 

156.0 96 22 7 

92.1 96 8 7 

Cephalospori

n 

Cefotaxime 

(CEFO) 

10.91 456.0 125 60 28 4 

166.9 60 70 4 

Tetracyclines 

 

Oxytetracycline 

(OTC) 

10.67 461.1 426.2 120 16 7 

443.4 120 8 7 

Tetracycline 

(TTC) 

11.77 445.2 427 120 16 7 

154.1 120 15 7 

Doxycycline 

(DXY) 

16.95 445.1 428.1 120 15 7 

153.9 120 34 7 

Quinolones 

Ciprofloxacin 

(CIP) 

12.88244

5 

332.1 314.1 131 21 4 

231.0 131 41 4 

576.3 171 16  

Beta lactams Penicillin G 

(PnG) 

18.95 335.1 176.0 110 13 4 

160.1 110 5 4 

RT, retention time; CE, collision energy; CAV, cell accelerator voltage 
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4.5.2. LCMS/MS method performance evaluation 

Specificity 

Specificity was tested by assessing the retention time of each standard antimicrobial peak deviated 

by less than ±15 seconds from its mean retention time (Table 4). This was compared for meeting 

the US-Environmental Protection Agency (EPA, 2007) standard of ±15 seconds. The result of the 

assay showed that no significant interfering peaks at the retention time windows for all of the target 

antimicrobials. The method shows adequate selectivity. 

 

Linearity 

Antimicrobial standards of eight types (cefotaxime, ciprofloxacin, sulfamethoxazole,  

erythromycin, doxycycline, oxy-tetracycline, tetracycline and penicillin G ) were prepared by 

spiking certified reference antimicrobials at concentrations of 50-200 µg/L. Calibration curves 

were generated, and linearity coefficients (R2) were found out to be in the range of (0.99-0.97)  

(Table 4 and Appendix 1 ) The calibration curves were with reasonable correlation of linearity 

over the range of the concentrations used in constructing the curves characterized by a high 

coefficient. The regression equation (y = ax + b) and the determination coefficient (r2) were 

assessed by the least squares method.  While, y is the response signal or peak, and x the 

concentration of standard solution in µg/L. Certainly, it is possible to say that this analytical 

method is linear for all targeted analytes in the selected concentration ranges (EPA, 2007 and EU, 

2002). 

Accuracy and precision 

The accuracy or recovery of the analytical method was illustrated by calculating the mean recovery 

% ± % relative standard deviation RSD of triplicates of spiked concentrations, ranged from 50 -

200 ug/L. The mean recovery ranged from 71.46 % ± 12.62 % for sulfomethoxazol to 92.86 % 

±7.26 % in tetracycline (Table 3). These values fall within the acceptable limit of 100 % ± 20 % 

recommended by the EPA standard (EPA, 2007 and EU, 2002). Except for erythromycine which 

its validation of methods failed. On the otherhand, precision was assessed using %RSD of triplicate 

recovery at concentrations of 50, 100 and 150 µg/L. The RSD ranged from 5.05 % in 

oxytetracycline to 17.66 % in Sulfomethoxazole (Table 4), meeting EPA standards (2007) of ≤20 

% RSD. 
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4.5.3. Limits of detection and Limit of quantification 

The limit of detection (LOD) and the limit of quantification was measured according to 

(Magnusson and Örnemark , 2014). The LOD and LOQ values of the antibiotics ranged between 

(1.47-0.91) μg/kg and (3.03-9.77) μg/kg respectively according to table 5. 

 

Table 5: Validation of method-results of solid phase extraction UHPLC-MS/MS 

Class Antibiotics Accuracy 

(%) 

Precision 

Intra-day 

(%) 

Linearity 

(R2) 

LOD 

(μg/kg) 

LOQ 

(μg/kg) 

Tetracyclines Doxcycline 88.51± 8.15 9.21 0.9778 0.91 3.03 

Tetracyclines Oxytetracycline 90.33± 5.01 5.59 0.9942 0.91 3.03 

Tetracyclines Tetracycline 92.86± 7.26 7.82 0.9945 2.22 7.40 

Beta-lactam Penicillin G 84.48± 14.14 16.74 0.9895 2.93 9.77 

Sulfonamides Sulfomethoxazole 71.46± 12.62 17.66 0.9921 

 

1.47 4.91 

Quinolones Ciprofloxacine 88.62± 11.16 12.59 0.9909 

 

1.15 3.83 

Cephalosporine Cefotaxime 90.95± 5.37 5.90 0.9874 1.56 5.19 

 

4.5.4. Analyte identification and quantification 

For confirmatory identification, two mass transitions should be there, for a peak at the same RT. 

This should correspond to that of calibration solutions of the standards with a relative deviations 

of ± 2.5 % and an absolute deviation of 0.1 min in RT were acceptable (EPA, 2007 and EU, 2002). 

The ion ratio (qualifier /quantifier) must be within the acceptance criteria for ion ratio, typically 

not more than ± 25% (EPA, 2007 and EU, 2002). Positive identification was done only for those 

mass/ion transitions that simultaneously meet both the retention time and relative ion ratio criteria. 

Thus, accordingly, seven antimicrobials were detected in both fresh urine and stored urine samples 

(Table 6). Rather, there was no any detection of any of the seven antibiotics in struvite sample. All 



77 
 

the detected mass of the antibiotics in fresh and stored urine were between the value of LOD and 

LOQ. 

 

Table 6: Detected and quantified antibiotics in struvite, fresh urine and stored urine 

 

Antibitics Fresh urine (µg/L) Stored urine (µg/L) Struvite (µg/Kg) 

Doxycycline  

< LOD 

 

< LOD 

 

< LOD 

Oxytetracycline 8.47 8.49  

< LOD 

Tetracycline 9.41 9.39 < LOD 

Sulfomethoxazole 25.92 25.42 < LOD 

Penicillin G 18.15 13.63 < LOD 

Ciprofloxacine 10.24 10.22 < LOD 

Cefotaxime 1.79 1.79 < LOD 
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CHAPTER FIVE 

5. DISCUSSION 

5.1. X-ray diffraction analysis to estimate the existence of struvite 

Struvite-K was found in our XRD study (Fig. 14) however, struvite-NH4 was already identified in 

our urine derived fertilizer by qualitative chemical analysis prior to this study as part of a masters 

thesis work (unpublished data). The finding of a different mixture of struvite families at pH 10 is 

possible according to former works (Lind et al., 2000 and Bouropoulos and Koutsoukos, 2000). 

Struvite-K presence in the fertilizer could be as a result of pH rise during our optimization process. 

This resulted the change of much of ammonium ion into ammonia gas (Huang and Shang, 2006). 

On the other hand, during the pilot scale stirring of the reaction mixture was by leaving container 

opened, thus this may cause for the escape of gaseous ammonia from the reactor, which led to 

formation of struvite-K in addition to the presence of struvite-NH4. Struvite-K is an analogous 

fertilizer to struvite-NH4 which has similar chemical and physical properties (Wilsenach et al., 

2007, Graeser et al., 2008, Shih et al., 2016 and Mathew et al., 1979). Struvite-K formation in 

urine is likely higher when pH rises to 10 (Xu et al., 2011 and Wilsenach et al., 2007). 

5.2. Microbial community structure and distribution of pathogens and non 

pathogens derived from struvite, fresh and stored urine 

Microbial community structure and distribution was studied at different levels of taxa such as phyla 

class, family and genus. In our study at phyla level Pseudomonadota, Bacillota and 

Actinomycetota were the most dominant among the others in fresh urine (Fig. 3). Similarily, 

previous studies have revealed that the members of Pseudomonadota, Bacillota and 

Actinomycetota dominantely observed in fresh urine (Perez- Carrasco et al., 2021; Nelson et al., 

2010; Zuber et al., 2023). On the other hand, members of Bacillota, Pseudomonadota and 

Bacteroidota were represented in struvite-NH4 in other study (Lahr et al., 2016) which also 

exihibited comparable results with the current work. 

At class level, a decrease in microbial population was observed in stored urine samples to the 

representation of both alphaproteobacteria and gammaproteobacteria only (Fig. 4). This might be 

due to the harsh environmental conditions such as high pH value of stored urine (Starliper et al., 
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2015), bactericidal effect of NH3 (Mendonça et al., 2021 and Avalos et al., 2020), and the low 

moisture and ventilation conditions of struvite (Qiu et al., 2022) which generally limit the survival 

of the microbes. Besides, some of the groups of this class are claimed to be sensitive to external 

environments outside human host (pressbook.pub on the web). But others such as Bacilli were 

observed to sustain with a slight difference. This happened may be as a result of the ability of cells 

to enter into dormancy state (Wetzel and McBride, 2020). The same outcome was observed by 

Bischel et al., 2015 the Bacilli to persist in stored urine. On the other hand, the others (Clostridia, 

Tissierellia and Bacterodia) were observed to increase in number through fresh urine to struvite 

(Fig. 4). This could be they survived by spore formation and persistence mechanism the harsh 

conditions in stored urine (La Rosa et al., 2022; Wetzel and McBride, 2020), later on they may 

started to change to vegetative cells in the moisture with less ammonia in decanted struvite 

solution. Since the decanted struvite was dried at 8 oC in a refrigerator while container opened. 

The persistence of Clostridia and Bacterodia was also observed in stored urine by (Bishel et al., 

2015 and Lahr et al., 2016) and in struvite (Lahr et al., 2016). 

Quite a number of microorganisms were observed to resist storage treatment and struvite drying 

and seen increasing in number (Fig. 3 & 4). These phenomena could be is true as result of the 

intrinsic strength of some bacteria to switch their dividing vegetative cell in to a metabolically 

dormant state by switching off their vital cellular processes (La Rosa et al., 2022; Wetzel and 

McBride, 2020).  In addition, spore forming bacteria can pass the moment of harsh environment 

by making spores in stored urine and in struvite-NH4 (Bishel et al., 2015; Lahr et al., 2016). Unlike 

our results most of the gram negatives were observed to be inhibited during storage (Bishel et al., 

2015 and Lahr et al., 2016). This difference could be caused by the length of the storage which 

increases the exposure of the bacteria to higher amount of ammonia and alkaline pH (Goetsch et 

al., 2020; Lahr et al., 2016; Xu et al., 2022). Others many decreased during storage and struvite 

drying. In this case the higher pH and the large amount of ammonia may be the reasons to kill 

many cells (Bishel et al., 2015 and Lahr et al., 2016). According to the measurement of different 

alpha diversity analysis the fresh urine had more richer in individual species of bacteria than the 

stored urine and the struvite. This could be as a result of the nutritious and favorable physiological 

condition in fresh urine (Lahr, et al., 2016) The next in richness was struvite. The stored urine as 

a result of its harsh alkaline pH and increased ammonia concentration may kill unfit bacteria or 

inhibit them to unrecognizable amount at our sequencing depth (Lahr et al., 2016). 
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Some of the genera from the gammaproteobacteria were found out to decrease in stored urine (Fig. 

8 & 9) may be as a result of harsh environment (Lahr et al., 2016) as a result of ammonia and 

alkaline pH. Some other were observed to increase in their number in struvite. This was observed 

by Lahr et al., 2016 too in struvite.  This could be as a result of the favorable environment in the 

decanted struvite solution at decreased temperature some proliferated.  They can achieve this after 

resisting the harsh environment in stored urine by cellular mechanisms such as dormancy, spore 

formation and other cellular fitnesses (La Rosa et al., 2022; Wetzel and McBride, 2020; Bishel., 

2015; Lahr et al 2016). For example, Pseudomonas aeruginosa has cellular fitness under law 

moisture (Mund et al., 2017) and at cold temperatures even as low as 80C (Chauhan et al., 2023). 

On the other hand Treponema pallidum DNA could be isolated from human urine (Wang et al., 

2022). Besides, the ability of their growth in struvite in our sample could be as a result of the fatty 

acids required by these species were found in human urine thus in decanted struvite solution 

(Salvatore, et al., 2013). 

Besides, clinically important microbes were found to persist in struvite which was arisen from 

fresh urine (Fig. 8, 9 & 10). This was identified by binning according to the method section. Twenty 

three percent (23%) of the bacteria were removed from the stored urine. This could be as a result 

of the toxic effect of ammonia and subsequent genome degradation because of the elevated pH 

(Starliper et al., 2015). On the other hand, 19% of the organisms persisted in fresh and stored urine 

while 81 % survived in stored urine and the produced struvite (Fig. 9). This could be due to spore 

formation in some cases, or it could be because their membrane is fit, allowing the organisms to 

survive either actively or persistently (La Rosa, et al., 2022). 

Most of the genomes of bacteria persisted through the process of struvite production. This could 

be as a result we sanitized urine minimally for about 20 days. On the other hand, a small portion 

of the bacterial genera were not found in stored urine though found in fresh urine and struvite. This 

could be because of the limitations of metagenome technique to reveal the microbial genera from 

small quantity of genomes of stored urine samples. Another small portion of the genera were 

detected only in struvite only. The genera could be originated from fresh urine though hardly 

detected in fresh urine and stored urine by the technique used. On the other hand the other portion 

of the genera found in stored and struvite only however the others were only found in stored urine. 
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Rather we have not found any RNA virus in struvite in our study. This problem with no any trace 

of viral RNA genome in our study in struvite could be as a result of formerly claimed reasons. One 

was also indicated in a Japanease paper (Bharucha et al., 2019) that RNA viruses are unstable in 

urine. They simply degrade as a result of genome instability in urine sample thus no traces of RNA 

genomes in urine. Thus, our struvite was made passing a harsh urine storage environment which 

could be deleterious for RNA viruses. 

5.3. Resistome and mobilome from struvite, fresh and stored urine 

Both mobilome and resistome were discovered in struvite and through struvite formation in our 

investigation (Figure 11-14 and Table 2). Streptococcus phages were shown to be the most 

prevalent in all three samples (struvite, fresh urine, and preserved urine) in the current 

investigation. Research on the urinary tract microbiome has also corroborated this indirect 

indication of the quantity of Streptococcous hosts in urine (Wojciuk et al., 2019; Żaczek et al., 

2020). According to Lahr et al., (2016), Streptococcus was also one of the most prevalent bacteria 

in fresh urine samples. Bacillus phages are a sign that the urine and struvite samples include the 

species Bacillus. Members of the order Bacillales were discovered in fresh, one-month-stored pee, 

and struvite, despite the fact that the genus Bacillus was not separately reported in a comparable 

urine processing investigation (Lahr et al., 2016). Although Escherichia phages have been 

described in numerous clinical investigations, including (Peng et al., 2018 and Lukman et al., 

2020). 

Three phages—Acinetobacter, Brevibacillus, and Morganella—were not found in the urine and 

struvite that were stored for this investigation (Fig. 13). Their sensitivity to the pH rise and 

ammonia concentration of urine that has been kept may be the cause (Muniesa et al., 2013a; 

Muniesa et al., 2013b). However, Streptococcous phages were shown to be persistent in both dried 

struvite and preserved urine. This could be because Streptococcous bacteria are resistant to both 

conditions (Lahr et al., 2016). 

It is well known that phages can transfer antibiotic resistance genes horizontally (Fig. 14) and that 

they can continue to resist in unfavorable extracellular conditions (Muniesa et al., 2013a; Muniesa 

et al., 2013b). Additionally, their ability to infect a variety of bacterial taxa helps them transmit 

resistant genes widely (Evans et al., 2010; Petrovski et al., 2011; Souza et al., 1972). Accordingly, 

the role of phages in the environment is considered significant (American Academy of 
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Microbiology, 2009). Research indicates that the presence of ARGs in viral particles extracted 

from polluted water sources (Balcazar, 2014; Colomer-Lluch et al., 2011a; Colomer-Lluch et al., 

2011b; Colomer-Lluch et al., 2014 and Muniesa et al., 2004). 

However, the stored urine and dried struvite retained the ARGs in the inferred organisms (Fig. 12 

& 14). According to Vermeulen et al., (2007), this might be because the organisms that were found 

managed to survive despite the high pH, high ammonia content, and low water activity. It is 

concerning that ARGs, which are known as critical priority bacterial strains, were found in struvite 

carried by inferred A. baumannii, P. aeruginosa, K. pneumoniae, and E. coli (Havenga et al., 2019). 

A. baumannii hosted persistent ARGs in stored urine and struvite, including MphE (macrolide), 

which necessitate an intervention solution during the production process. These bacteria were 

found to survive following struvite drying and undertake ARG transfer through plasmids in certain 

cases, albeit this was not demonstrated in the current investigation (Fig. 11).  

The ARGs found in phages were found to be associated with erythromycin, carbapenem, 

aminoglycoside, efflux pump, and chloramphenicol (Fig. 14). A change in the resistance gene 

variations from fresh to stored urine and struvite was noted while preserving the gene families 

(Fig. 14). Similar resistance gene variations were discovered in the struvite and stored urine 

samples. In struvite from fresh urine, the number of carbapenem resistance genes rose from one 

variant (blaCARB-14) to three additional variants (blaCARB-49, blaCARB-5, and blaCARB-16).  

The ecosystem may be at risk from antibiotic resistance genes present on struvite. The genes 

responsible for ARG mobility in bacteria that were discovered on the struvite were located on 

phages and plasmids (Figs. 12 and 13). Applying such a pool of hazards to agriculture necessitates 

adequate urine treatment that takes resistomes and mobilomes into account. According to a study 

by Bischel et al., (2016), a significant decrease in microbial groups was observed when the 

generated struvite-NH4 was dried at a range of temperatures. Given the low sanitizing capacity of 

urine storage in this investigation, particular emphasis should be paid to the observed shift of 

resistance genes and intensity of phage-encoded ARGs. The following resistant genes withstood 

storage and struvite drying: ant (streptomycine), cat (chloramphenicol), aph (aminoglycoside), bla 

(beta-lactamease), msr (streptogamin, macrolide, and phosphnic acid), and mph (macrolide) (Fig. 

12). In Addis Ababa, a prior survey found that amoxicillin, penicillin G, and ampicillin are among 

the most often administered antibiotics (Nebiyat and Adey, 2023: Supplementary material). 
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Techniques for lowering ARGs in struvite are crucial. Since daptomycin is the last treatment for 

Staphylococcal infections, finding a daptomycin-carrying plasmid in stored urine and struvite was 

another major worry (Bayer et al., 2013). Furthermore, the improvement of struvite drying 

processes is crucial for the identification of antibiotic resistances, including colistin (Gündoğdu et 

al., 2016). According to a study, sanitizing and storing struvite at high temperatures led to a 

considerable decrease in certain antibiotics and microorganisms (Bischel et al., 2016). However, 

given Ethiopia's lack of clean water and the fact that temperatures have risen globally, washing is 

not a viable option for Ethiopian-owned struvite facilities. Therefore, it is advised to use cold and 

ambient sanitizing techniques including UV treatment and storage at room temperature. 

5.4. Method validation and investigating the fate of antibiotics in struvite, 

fresh and stored urine 

About six antimicrobials from five classes were detected in fresh and stored urine. The antibitoics 

reasonably detected were oxytetracycline, tetracycline, penicillin G, sulfomethoxazole, 

ciprofloxacine and cefotaxime. The conditions for the technique validation in this work were 

satisfied by seven antibiotics. According to Table 5, they are oxytetracycline, tetracycline, 

cefotaxime, sulfomethoxazole, penicillin G, doxycyclin and ciprofloxacin. We obtained fairly 

consistent results using mobile phases A (water with 0.1% formic acid), B (ACN with 0.1% FA), 

and C (methanol with 0.1% formicacid) 0.1% (Table 1). In contrast to our method, the studies of 

Venkatesh et al., 2013, Radovanovic et al., 2022 and Patyra et al., 2024 have been successful in 

assessing numerous antibiotics utilizing two mobile phases combining the claimed compounds in 

different amounts. The standards employed in this work to validate the method have a working 

concentration ranging from 50 to 150 µg/L. Comparable to other analytical work is this (Venkatesh 

et al., 2013). However, our work included a narrow range of concentrations (50 to 200) µg/L for 

the linearity assessment, which set it apart from previous studies. (Mullen et al., 2017). 

Using the UHPLC-MS/MS, separation and detection were accomplished. Since all of the analytes 

showed higher ionization efficiencies in positive mode than in negative mode, the MS was run 

under +ESI. The tetracycline class of drugs, cefotaxime, and ciprofloxacin all exhibited higher 

ionization efficiencies in positive mode when using our approach. (Mullen et al., 2017 and 

Radovanovic et al., 2022).  
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Precursor ions (m/z), qualitative ions (m/z), and quantitative ions (m/z) were used to monitor the 

antibiotics during the MS analysis (Table 3). Antibiotics were quantified using an external 

calibration method; Table 4 presents the results. To identify the analytes, method validation was 

monitored using specificity, linearity, accuracy, and precision; Table 5 shows the results. According 

to the EPA, 2007 and EU, 2002 guidelines, our separation and detection technique satisfied each 

of these requirements within an acceptable range. (EPA, 2007 and EU, 2002). Similar to our work, 

other investigations also included linearity, specificity, precision, and accuracy; they also validated 

methodologies and detected and quantified multiplexed antibiotic mix in various matrices. 

(Venkatesh et al., 2013 and Patyra et al., 2024). 

Method validation was carried out with specificity, linearity, accuracy, and precision in order to 

identify the analytes; the results are displayed on Table 5. Our separation, quantification and 

detection method fell within an acceptable range for each of these criteria, as per the EPA, 2007 

and EU, 2002 standards. The highest value of mean square for linearity in our work was 0.9945. 

On the contrary in other works the linearity is with mean square (R2) above 0.995 (Venkatesh et 

al., 2013, Radovanovic et al., 2022 and Patyra et al., 2024). The inter day, precision was 16.7 % 

in this work. This is unlike other works which is less than 7 % (Venkatesh et al., 2013, Radovanovic 

et al., 2022 and Patyra et al., 2024). The accuracy ranged in our work 88.51 %–90.95 %. Rather, 

in another works we compared is greater than 95%, (Radovanovic et al., 2022 and Patyra et al., 

2024) and in other occasions closer to our results (Venkatesh et al., 2013).  Just like our work, 

others detected and measured multiplexed antibiotic mix in different matrices (Radovanovic et al., 

2022 and Patyra et al., 2024).  Though, they referenced different validation standards and their 

procedure is different from ours, some of them in using internal standards.    

Despite the fact that their process differs from ours in that some of them use internal standards, 

they made reference to several validation standards. Furthermore, the EPA and EU criteria were 

met for the detection of analytes based on their respective retention duration and the qualifier to 

quantifier ion ratio. These parameters were found to be within an acceptable range. (EPA, 2007 

and EU, 2002) In contrast to our approach, in another work by (Mullen et al., 2017), they tracked 

antibiotics by detecting the ratio of quantifier to qualifier ion area for the analytes vs standard. Our 

work's measured analytes amount exceeded the limit of detection (LOD), demonstrating the 
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accuracy of the findings. (EPA, 2007 and EU, 2002) Compared to other research, we discovered 

that our LOD was greater. (Mullen et al., 2017, Venkatesh et al., 2013, Miller et al., 2016) 

The detection of different antibitics in fresh urine and stored urine is not a wonder since many 

antibitics degrade at acidic pH (Kurjogi et al., 2019, Loftin et al., 2008 and Dehghani et al., 2013). 

However, at room temprature in fresh urine a shift of pH occurs very rapidly to neutral and alkaline 

pH (Lahr et al., 2015). As a result, stability of antibiotics increaseses (Kurjogi et al., 2019 and 

Dehghani et al., 2013) through increament of pH from 5 to 8.9. In case of fresh and stored urine 

which pH ranges from 5 to 8.9 in stored urine according to our sample can be a comfortable place 

for most antibiotics with minimal degradation. For example, Penicllin G, tetracycline, 

erythromycin, doxycycline and oxytetracycline remains active with minimal degradation at basic 

pH range around 8-8.9 (Kurjogi et al., 2019, Dehghani et al., 2013, Xuan et al., 2009 and Toala et 

al., 1970). 

On the contrary, at higher pH where struvite was prepared (pH=10), different antibiotics are 

unstable if exposed for long time (Xuan et al., 2009) thus, degraded. As a result, in this work no 

residual antibiotics was detected in struvite sample. According to (Ronteltap et al., 2007) who 

claimed about washing of struvite cleans it from pharmaceuticals sounds good. However, for water 

scarce areas like Ethiopia preparing struvite at alkaline pH is profitable to get pharmaceutical free 

product according to the results in this work.     

On the other hand, for the reason the antibiotics from fresh and stored urine was not detected in 

struvite could be as a result of microbial degradation while in struvite solution till dehydration. 

The fresh urine was put into -200C with an hour of collection. Within this moment may be no or 

small degradation occurred on the antibiotics. However, during urine storage, the temperature, 

constituents of the matrix, metabolic activity of microbes and type of dominant species vary from 

the struvite. These factors are found to affect bio-degradation of antibiotics in all the samples of 

struvite, fresh and stored urine therefore antibiotics remained intact in stored urine but not in 

struvite-K (Yang et al., 2021). In opposite, in the decanted struvite where ammonia concentration 

dropped and there was moisture and there were nutrients, microbes may manage to grow and 

degrade antibiotics derived from stored urine (Nebiyat and Adey, 2023). Especially the antibiotics 

sulfomethoxazole was observed to be easily degradable in the dominance of Acinetobacter and 

Pseudomonas species (Yang, et al., 2016). In struvite Pseudomonas species were the dominant 
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species which agrees with the idea of the presence of these bacteria may favor degradation as a 

result the antibiotics was not detected in struvite in our work. On the other hand, the reason for the 

absence of ciprofloxacin in struvite sample could be a biological degradation (Amorim et al., 2014, 

Liao et al., 2016, Alexandrino et al., 2017, Maia et al., 2014 and Pan et al., 2018). As, this was 

observed on different samples in different works ciprofloxacin to be degraded by microbes 

(Amorim et al., 2014, Liao et al., 2016, Alexandrino et al., 2017, Maia et al., 2014 and Pan et al., 

2018). According to the aforementioned works Bacteriodete and Proteobacteria species were found 

to degrade ciprofloxacin. These species were abundant in struvite which implies the degradation 

could be because of these. The same fate was observed for erythromycin in struvite it was also as 

a result of biodegradation as this occurred some-where in a different work and (Zhang et al., 2017). 

In conclusion, the synergestic effect of pH and microbial degradation may cleanse the 

micropollutants from struvite as it was referenced on by the above claimed former works. As the 

basic struvite solution around 10 with decreased amount of ammonia as a result of volatilization 

during drying may be was a comfortable place for growth. Evidently, some microbes were 

observed to grew in this solution (Nebiyat and Adey 2021).  
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CHAPTER SIX 

6. CONCLUSION AND RECOMMENDATION 

 

Mobilomes, pathogens and resistome were found in struvite thus either on struvite drying, 

storage conditions of urine, chemical and physical methods such as UV or biological 

treatments (engineered organisms) should be taken in to consideration to free struvite from 

biological contaminants. Most of all the results in our work shows that the human derived 

fertilizer can be a source of biological hazards to the soil environment if untreated properly. 

This may join the food chain of humans and animals. On the other hand, micro-pollutants 

were not found in struvite this may entails that the product can be safe from micropollutants 

at least in this work that may be was affected by pH and microbial degradation. Therefore, 

I recommend the study of the right reasons of the free state of struvite from antibiotics 

should be studied so that one can use it in future applications. 
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8. APPENDICES  

Appendix 1. Calibration curves for the various antimicrobial drug analytes generated by 

LCMS/MS machine 
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5. Sulfamethoxazole 
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OUT  Phylum Class Order Family Genus Fresh Stored Struvite 

23 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 993 356 229 

24 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 19 18 9 

25 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 48 44 22 

26 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 885 103 46 

27 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 69 57 29 

28 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 231 58 52 

29 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 50 39 27 

30 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 776 310 174 

31 Pseudomonadota Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter 8 3 1 

32 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Actinobacillus 19 40 40 

33 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Actinobacillus 0 68 0 

34 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Actinobacillus 93 85 104 

35 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Actinobacillus 48 71 75 

36 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Actinobacillus 245 83 23 

45 Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonadaceae Aeromonas 11 30 2 

46 Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonadaceae Aeromonas 1324 133 73 

47 Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonadaceae Aeromonas 771 132 88 

49 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Aggregatibacter 35 39 27 

50 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Aggregatibacter 24 43 43 

51 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Aggregatibacter 14 21 8 

58 Pseudomonadota Gammaproteobacteria Oceanospirillales Alcanivoracaceae Alcanivorax  73 145 145 

59 Pseudomonadota Gammaproteobacteria Oceanospirillales Alcanivoracaceae Alcanivorax  39 88 86 

63 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Aliivibrio 26 27 42 

65 Pseudomonadota Gammaproteobacteria Chromatiales Ectothiorhodospiraceae Alkalilimnicola  79 240 151 

68 Pseudomonadota Gammaproteobacteria Chromatiales Chromatiaceae 

Allochroma-

tium  328 149 48 

70 Pseudomonadota Gammaproteobacteria Alteromonadales Unassigned Unassigned 132 21 14 

71 Pseudomonadota Gammaproteobacteria Alteromonadales Alteromonadaceae Alteromonas 12 28 23 

107 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Avibacterium 0 1 2 

111 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Azotobacter 531 268 761 

161 Pseudomonadota Gammaproteobacteria Gammaproteobacteria  Candidatus  Baumannia 2 7 4 

163 Pseudomonadota Gammaproteobacteria Thiotrichales Thiotrichaceae Beggiatoa  17 50 30 

165 Pseudomonadota Gammaproteobacteria Oceanospirillales Oceanospirillaceae Bermanella 22 40 38 

216 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Buchnera 14 18 16 

Appendix 2. Identified Gamma proteobacteria and their abundance in Fresh urine, stored urine and 

struvite samples 
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264 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae 

Candidatus 

Blochmannia 5 2 0 

265 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae 

Candidatus 

Blochmannia 1 6 1 

269 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae 

Candidatus 

Hamiltonella 35 104 59 

281 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae 

Candidatus Re-

giella 1 1 3 

282 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae 

Candidatus Rie-

sia 8 10 16 

283 Pseudomonadota Gammaproteobacteria Unassigned Unassigned 

Candidatus 

Ruthturnera 71 148 61 

285 Pseudomonadota Gammaproteobacteria Unassigned Unassigned 

Candidatus 

Vesicomyoso-

cius 8 20 11 

292 Pseudomonadota Gammaproteobacteria Cardiobacteriales Cardiobacteriaceae 

Cardiobacte-

rium 38 74 35 

324 Pseudomonadota Gammaproteobacteria Oceanospirillales Halomonadaceae 

Chromohalo-

bacter 111 170 124 

328 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Citrobacter 8 5 2 

329 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Citrobacter 244 84 36 

330 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Citrobacter 85 22 14 

331 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Citrobacter 68 28 15 

332 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Citrobacter 38 16 4 

371 Pseudomonadota Gammaproteobacteria Alteromonadales Colwelliaceae Colwellia 45 106 88 

375 Pseudomonadota Gammaproteobacteria Cellvibrionales Halieaceae Congregibacter 42 98 31 

401 Pseudomonadota Gammaproteobacteria Legionellales Coxiellaceae Coxiella 22 51 25 

404 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Cronobacter 240 91 42 

405 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Cronobacter 55 25 3 

452 Pseudomonadota Gammaproteobacteria Cardiobacteriales Cardiobacteriaceae Dichelobacter 50 74 60 

453 Pseudomonadota Gammaproteobacteria Enterobacterales Pectobacteriaceae Dickeya 214 110 56 

454 Pseudomonadota Gammaproteobacteria Enterobacterales Pectobacteriaceae Dickeya 66 31 22 

462 Pseudomonadota Gammaproteobacteria Enterobacterales Hafniaceae Edwardsiella 84 26 24 
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463 Pseudomonadota Gammaproteobacteria Enterobacterales Hafniaceae Edwardsiella 100 55 15 

470 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Enterobacter 34 18 6 

471 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Enterobacter 242 103 43 

472 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Enterobacter 266 91 39 

479 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Erwinia 16 10 9 

480 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Erwinia 81 39 12 

481 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Erwinia 31 15 7 

482 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Erwinia 82 35 26 

487 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Escherichia 11 9 12 

488 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Escherichia 867 397 326 

489 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Escherichia 73 31 15 

490 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Escherichia 23 15 5 

508 Pseudomonadota Gammaproteobacteria Alteromonadales Ferrimonadaceae Ferrimonas 44 57 31 

518 Pseudomonadota Gammaproteobacteria Legionellales Legionellaceae Fluoribacter 0 1 0 

519 Pseudomonadota Gammaproteobacteria Thiotrichales Francisellaceae Francisella 31 45 52 

520 Pseudomonadota Gammaproteobacteria Thiotrichales Francisellaceae Francisella 13 31 32 

521 Pseudomonadota Gammaproteobacteria Thiotrichales Francisellaceae Francisella 22 60 38 

549 Pseudomonadota Gammaproteobacteria Alteromonadales Alteromonadaceae Glaciecola 2 4 2 

560 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Grimontia 26 19 11 

561 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus 20 30 18 

562 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus 121 157 125 

563 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus 67 84 66 

564 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus 70 109 114 

565 Pseudomonadota Gammaproteobacteria Oceanospirillales Hahellaceae Hahella 148 240 144 

567 Pseudomonadota Gammaproteobacteria Oceanospirillales Halomonadaceae Halomonas 53 111 98 

568 Pseudomonadota Gammaproteobacteria Chromatiales Ectothiorhodospiraceae Halorhodospira 45 115 50 

570 Pseudomonadota Gammaproteobacteria Chromatiales Halothiobacillaceae 

Halothiobacil-

lus 36 71 33 

602 Pseudomonadota Gammaproteobacteria Oceanospirillales Alcanivoraceae Kangiella 45 88 44 

606 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Klebsiella 468 187 98 

607 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Klebsiella 24 7 12 

608 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Klebsiella 43 16 7 
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652 Pseudomonadota Gammaproteobacteria Legionellales Legionellaceae Legionella  10 29 13 

653 Pseudomonadota Gammaproteobacteria Legionellales Legionellaceae Legionella  18 36 19 

654 Pseudomonadota Gammaproteobacteria Legionellales Legionellaceae Legionella  66 121 79 

676 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Listonella  1 1 5 

686 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Mannheimia 29 60 40 

687 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Mannheimia 54 95 47 

690 Pseudomonadota Gammaproteobacteria Alteromonadales Alteromonadaceae Marinobacter 52 72 87 

691 Pseudomonadota Gammaproteobacteria Alteromonadales Alteromonadaceae Marinobacter 233 255 331 

692 Pseudomonadota Gammaproteobacteria Alteromonadales Alteromonadaceae Marinobacter 147 297 242 

707 Pseudomonadota Gammaproteobacteria Methylococcales Methylococcaceae Methylobacter 34 93 40 

715 Pseudomonadota Gammaproteobacteria Methylococcales Methylococcaceae Methylococcus 78 252 79 

716 Pseudomonadota Gammaproteobacteria Thiotrichales Piscirickettsiaceae Methylophaga 26 46 23 

733 Pseudomonadota Gammaproteobacteria Moraxellales Moraxellaceae Moraxella 5 3 1 

734 Pseudomonadota Gammaproteobacteria Moraxellales Moraxellaceae Moraxella 142 95 29 

735 Pseudomonadota Gammaproteobacteria Alteromonadales Moritellaceae Moritella 23 23 27 

788 Pseudomonadota Gammaproteobacteria Oceanospirillales Oceanospirillaceae Neptuniibacter 33 59 58 

793 Pseudomonadota Gammaproteobacteria Chromatiales Ectothiorhodospiraceae Nitrococcus 45 131 50 

794 Pseudomonadota Gammaproteobacteria Chromatiales Chromatiaceae Nitrosococcus 51 97 61 

795 Pseudomonadota Gammaproteobacteria Chromatiales Chromatiaceae Nitrosococcus 86 223 192 

796 Pseudomonadota Gammaproteobacteria Chromatiales Chromatiaceae Nitrosococcus 18 60 51 

834 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Pantoea 81 35 20 

835 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Pantoea 137 79 40 

836 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Pantoea 86 34 8 

848 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Pasteurella 24 26 15 

849 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Pasteurella 84 125 94 

850 Pseudomonadota Gammaproteobacteria Enterobacterales Pectobacteriaceae Pectobacterium 446 148 62 

851 Pseudomonadota Gammaproteobacteria Enterobacterales Pectobacteriaceae Pectobacterium 131 63 33 

852 Pseudomonadota Gammaproteobacteria Enterobacterales Pectobacteriaceae Pectobacterium 76 35 17 

873 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Photobacterium 48 42 39 

874 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Photobacterium 27 29 39 

875 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Photobacterium 166 154 165 

876 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Photobacterium 9 14 11 
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877 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Photorhabdus 797 58 26 

878 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Photorhabdus 2326 164 112 

918 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Proteus 2869 385 81 

919 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Proteus 676 174 19 

920 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Proteus 9 1 0 

921 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Providencia 781 45 18 

922 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Providencia 6447 92 30 

923 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Providencia 705 46 18 

924 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Providencia 720 80 33 

925 Pseudomonadota Gammaproteobacteria Alteromonadales 

Pseudoalteromona-

daceae 

Pseudoalter-

omonas 83 160 65 

926 Pseudomonadota Gammaproteobacteria Alteromonadales 

Pseudoalteromona-

daceae 

Pseudoalter-

omonas 77 117 137 

927 Pseudomonadota Gammaproteobacteria Alteromonadales 

Pseudoalteromona-

daceae 

Pseudoalter-

omonas 16 39 43 

928 Pseudomonadota Gammaproteobacteria Alteromonadales 

Pseudoalteromona-

daceae 

Pseudoalter-

omonas 31 52 39 

929 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 2193 1027 2592 

930 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 645 223 383 

931 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 2753 2686 1888 

932 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 2 1 0 

933 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 1437 415 1876 

934 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 2449 684 1230 

935 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 4 2 2 

936 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 103 36 109 

937 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 12 9 3 

938 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 1280 431 1694 

939 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 1238 641 1177 

942 Pseudomonadota Gammaproteobacteria Moraxellales Moraxellaceae Psychrobacter 1243 273 125 

943 Pseudomonadota Gammaproteobacteria Moraxellales Moraxellaceae Psychrobacter 1910 342 202 

944 Pseudomonadota Gammaproteobacteria Moraxellales Moraxellaceae Psychrobacter 493 280 168 

946 Pseudomonadota Gammaproteobacteria Alteromonadales Psychromonadaceae Psychromonas 50 70 99 
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947 Pseudomonadota Gammaproteobacteria Alteromonadales Psychromonadaceae Psychromonas 30 50 45 

954 Pseudomonadota Gammaproteobacteria Oceanospirillales Saccharospirillaceae Reinekea 32 77 59 

985 Pseudomonadota Gammaproteobacteria Legionellales Coxiellaceae Rickettsiella 5 9 2 

1013 Pseudomonadota Gammaproteobacteria Cellvibrionales Cellvibrionaceae Saccharophagus  75 152 97 

1019 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Salmonella  573 212 152 

1029 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Serratia  11 1 1 

1030 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Serratia  74 80 32 

1031 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Serratia  717 177 85 

1032 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  43 64 38 

1033 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  104 122 119 

1034 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  13 14 17 

1035 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  28 48 45 

1036 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  49 71 60 

1037 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  28 23 45 

1038 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  33 51 51 

1039 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  62 57 45 

1040 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  45 69 57 

1041 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  14 32 17 

1042 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  50 63 76 

1043 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  46 51 75 

1044 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  230 139 165 

1045 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  18 25 16 

1046 Pseudomonadota Gammaproteobacteria Alteromonadales Shewanellaceae Shewanella  30 48 29 

1047 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Shigella  11 19 9 

1048 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Shigella  37 24 8 

1049 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Shigella  58 17 11 

1050 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Shigella  24 15 11 

1051 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Shigella  4 1 2 

1090 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae 

Stenotrophomo-

nas 201 316 74 

1091 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae 

Stenotrophomo-

nas 70 105 28 
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1154 Pseudomonadota Gammaproteobacteria Cellvibrionales Cellvibrionaceae Teredinibacter 34 62 40 

1191 Pseudomonadota Gammaproteobacteria Chromatiales Ectothiorhodospiraceae Thioalkalivibrio 121 359 100 

1192 Pseudomonadota Betaproteobacteria Nitrosomonadales Thiobacillaceae Thiobacillus 45 197 88 

1193 Pseudomonadota Gammaproteobacteria Thiotrichales Piscirickettsiaceae Thiomicrospira 64 80 62 

1194 Pseudomonadota Betaproteobacteria Burkholderiales 

Burkholderiales genera 

incertae sedis Thiomonas  30 98 47 

1195 Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonadaceae Tolumonas  104 83 79 

1196 Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonadaceae Treponema  67 465 815 

1197 Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonadaceae Treponema  6 26 35 

1198 Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonadaceae Treponema  13 57 93 

1216 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 34 27 40 

1217 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 8 17 5 

1218 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 246 162 172 

1219 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 22 20 14 

1220 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 95 82 105 

1221 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 16 19 20 

1222 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 74 72 70 

1223 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 22 20 30 

1224 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 17 12 23 

1225 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 13 6 10 

1226 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 77 76 54 

1227 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 19 23 16 

1228 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 77 80 77 

1229 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 46 51 49 

1230 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 2 3 4 

1231 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 92 88 68 

1232 Pseudomonadota Gammaproteobacteria Vibrionales Unassigned Unassigned 11 11 9 

1236 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Wigglesworthia 4 5 0 

1241 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae Xanthomonas 28 75 14 

1242 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae Xanthomonas 74 193 42 

1243 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae Xanthomonas 261 538 92 

1244 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae Xanthomonas 0 2 2 



146 
 

 

1245 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae Xanthomonas 17 47 17 

1246 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae Xanthomonas 84 189 45 

1247 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Xenorhabdus 490 45 29 

1248 Pseudomonadota Gammaproteobacteria Enterobacterales Morganellaceae Xenorhabdus 484 42 36 

1250 Pseudomonadota Gammaproteobacteria Xanthomonadales Xanthomonadaceae Xylella 60 130 52 

1251 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 9 10 5 

1252 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 69 15 13 

1253 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 493 96 48 

1254 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 87 21 9 

1255 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 101 42 31 

1256 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 11 19 10 

1257 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 51 23 13 

1258 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 440 124 60 

1259 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 277 81 53 

1260 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 15 23 7 

1261 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Yersinia 20 20 19 

1264 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Actinobacillus 1 0 0 

1269 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Enterobacter 6 0 0 

1271 Pseudomonadota Gammaproteobacteria Vibrionales Vibrionaceae Vibrio 1 0 0 

1274 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Pantoea 1 0 0 

1275 Pseudomonadota Gammaproteobacteria Moraxellales Moraxellaceae Moraxella 2 0 0 

1276 Pseudomonadota Gammaproteobacteria Pasteurellales Pasteurellaceae Mannheimia 2 0 0 

1277 Pseudomonadota Gammaproteobacteria Oceanospirillales Oceanospirillaceae Marinomonas 171 0 0 

1279 Pseudomonadota Gammaproteobacteria Enterobacterales Enterobacteriaceae Klebsiella 3 0 0 

1283 Pseudomonadota Gammaproteobacteria Aeromonadales Aeromonadaceae Aeromonas 1 0 38 

1288 Pseudomonadota Gammaproteobacteria Enterobacterales Erwiniaceae Erwinia 0 0 1 

1289 Pseudomonadota Gammaproteobacteria Enterobacterales Hafniaceae Hafnia 0 0 1 

1291 Pseudomonadota Gammaproteobacteria Oceanospirillales Oceanospirillaceae Marinomonas 0 0 261 

1296 Pseudomonadota Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 0 0 1 

1299 Pseudomonadota Gammaproteobacteria Enterobacterales Yersiniaceae Serratia  0 0 1 

1300 Pseudomonadota Gammaproteobacteria Enterobacterales Bruguierivoracaceae Sodalis 1 0 3 


