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power, and synthesis time. Optimization was carried out on synthesis variations with Response Surface

Methodology (RSM) using central composite design (CCD) techniques. The response studied was the

value of degradation efficiency (Ef). The best results obtained at R19 with a concentration composition

of Cu 6%, power of 600 W and synthesis time of 60 min resulted in a degradation efficiency value

against Tetracycline of 61.09%. XRD characterization results show that the material formed was phase

α-Bi O  and Garhadite (Cu H NO ) with compositions of 71.9% and 28.1%. FWHM values obtained are

0.2636 and 0.2877, respectively. The resulting crystal size was 31.23874 nm. The results of this

characterization proven that Cu metal has been successfully doped in Bi O  material. © 2022 The
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A R T I C L E  I N F O   

Keywords: 
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A B S T R A C T   

Large volume of urine is continuously released into the environment by both humans and animals, and impacts 
negatively on the environment and ultimately on humans and animals’ health. In this review, the negative 
impacts associated with the release of urine to the environment is highlighted. Instead of releasing urine into the 
environment, it has been used for several important applications. Various ways through which these waste 
discharge have been positively utilized such as in the synthesis of chemicals, evolution of hydrogen, power 
generation, source of raw materials, fertilizer application, diagnosis and treatment of diseases are comprehen-
sively examined. Particularly, the use of urine in the synthesis of nanomaterials is emphasized. Since stabilization 
of urine is necessary for its application, several methods of treating and stabilizing urine are discussed. In 
addition, various analytical techniques used in the detection of substances present in the urine are presented. The 
aim of the present review is to explore different ways by which urine has been utilized so as to trigger more 
research findings on the other novel means of utilizing urine.   

1. Introduction 

Urine is a complex solution generated in the kidney of humans and 
animals through the metabolism of endogenic wastes, drinks, drugs and 
foods [1]. The process through which urine is generated in the kidney is 
known as urinalysis. The composition and properties of urine vary with 
the source, organism’s feeding habits, body size, amount of water 
consumed, environmental factors [2,3] and the health-condition of the 
organism that released the urine [4]. It is composed of diverse inorganic 
compounds such as potassium, phosphorus, nitrogen, and sodium, as 
well as organic compounds including creatinine, creatine, and uric acid, 
as major components [5]. The different components in urine are basi-
cally influenced by the composition of essential elements in the urine 
[6]. 

The composition also varies from country to country. For example, 
high income earning countries typically have the daily mean 

concentration of potassium as 2.2–2.7 g K/L, phosphorus as 0.74–2g P/L 
and nitrogen as 2.2–2.7 g K/L [5,7,8]. Among the components that are 
obtained from urine, 75–90% of nitrogen excreted are mainly in the 
form of urea with the remainder being released in form of uric acid, 
creatinine, and amino acid [7,8]. Urine also contains other ions like Na+, 
Cu2+, Mg2+, Cl− that are essentially required by plant for growth [9]. 
Apparently, human urine is preferably desired for use as fertilizer due to 
trace concentration of heavy metals in urines obtained from animal 
origin. Stored urine has different pH compared to the fresh urine. This is 
because under non-sterile environment, stored urine is hydrolyzed into 
bicarbonate and ammonia. Ammonia and carbon dioxide (from the bi-
carbonate) are released to the environment while the remaining bicar-
bonate raise the pH of the urine solution [10]. The physical properties 
and the composition of urine are summarized in Fig. 1. 

Some of the nitrogenous compounds found in urine are amino acids, 
ammonia, ammonium salts, urea, creatinine and uric acid [11]. Also, 
transition metals such as Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Hg, Sb, Pb and 
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A B S T R A C T   

One of the popular cationic dyes that is environmentally persistent, toxic, carcinogenic and mutagenic is 
methylene blue (MB) dye. It is commonly applied as synthetic dye for dyeing fabrics in clothing and textile 
industries and also for dyeing papers and leathers. Sequel to the magnitude of industrial usage, a large volume of 
methylene blue dye containing wastewater is discharged into groundwater and surface water. At doses more than 
5 mk/kg, the monoamine oxidate inhibitory characteristics of MB dye can induce fatal serotonin toxicity in 
human, apart from being a threat to fauna in aquatic ecosystem. Thus, it is highly imperative to eliminate MB dye 
from wastewaters. A number of different removal strategies have been reported in literature for treating 
methylene blue dye wastewater. In this state-of-the-art review, about 240 review and/or research published 
articles on methods for methylene blue dye wastewater decontamination or decontamination strategies were 
chosen for evaluation. This synthesis also discussed the various toxicities linked to MB dye. The assessment of 
elimination methods revealed that chemical removal methods (photochemical and non-photochemical) could 
generate secondary pollutants while biological methods are characterized with sensitivity of enzyme to pH. 
These drawbacks limit their industrial full-scale applications while adsorption technology was found to offer 
merits over others. The review comprehensively discussed each of these techniques while gaps and/or areas for 
future research are highlighted.   

1. Introduction 

The production of synthetic dyes is on the increase due to their high 
demand, most especially in the textile and clothing industries. These 
chemicals (dyes) are massively produced annually in thousands of tons 
worldwide [1]. Specifically, the annual industrial production of dye 
compounds is ~7 × 105 tons [2]. A few examples of synthetic dyes are 
aniline blue, alcian blue, basic fuchsin, methylene blue, crystal violet, 
toluidine blue, and congo red. The fall-out associated with the huge 
production and usage of synthetic dyes lies in the fact that they end up 
being in the environment post-dyeing and finishing processes [1,3,4]. 
Synthetic dyes remain in the physical environment since most of them 

are difficult to biodegrade [5] and are not usually eliminated during the 
conventional water treatment processes and, as such, persist in the 
environment due to their high stability to temperature, light, water, and 
other substances including soap and detergents [6]. Consequently, the 
so-called ‘treated water’ apparently becomes a threat to biotic compo-
nents in the environment [7]. 

Methylene blue (3,7-bis(dimethylamino) phenothiazine chloride 
tetra methylthionine chloride) is one of the synthetic dyes that is applied 
in large amount as colorant for papers, in wool, silk, and cotton [8]. In 
addition, food, cosmetics and pharmaceuticals industries are not left 
behind in consuming a large quantity of MB dye for their productions 
[9]. Although MB has been proven to possess some medicinal effects, but 
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