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Abstract 

Nowadays, the water contamination which is due to pharmaceuticals is increasing and 

alarming. The pharmaceuticals in water are very hazardous and toxic not only for the human 

life but also for environment. One of the promising methods of removing pharmaceuticals from 

the contaminated water is adsorption. Agricultural and industrial wastes or by-products can 

be used as low-cost adsorbents for pharmaceuticals removal. Low-cost adsorbents provide 

particular economic and environmental advantages. This paper presents an overview of 

utilizing of the waste-based adsorbents (mainly spent coffee grounds) for the removal of 

pharmaceuticals from water.  
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INTRODUCTION 

Water is the most important substance for life on Earth, and access to drinking water is a 

major global challenge for the 21st century. Pure and uncontaminated water is the basic pre-

requisite for all living organisms [1]. Over the years, quality of water keeps deteriorating, which 

is due to the anthropogenic activities, population growth, rapid industrialization, unskilled 

utilization of natural water resources, etc. [2]. The presence of toxic metals, dyes, 

pharmaceuticals and microorganisms even in the trace amounts is very dangerous to the human 

and animal health as well as the environment [1, 3]. Pharmaceutical compounds pose a major 

environmental problem, since they have been detected in all aquatic environmental matrices, 

including drinking water, surface water, groundwater, wastewater treatment plants effluents 

and landfill leachates in many different countries [3, 4]. Potential toxicity, high persistency and 

low biodegradability are the most important features of numerous pharmaceuticals. Prolonged 

exposure to those compounds (also at low concentrations) could cause irreversible and long-

term changes to the microorganisms genome and behaviour of aquatic organisms [3]. 



23 
 

Various methods (such as filtration, oxidation, precipitation, coagulation, flotation, 

distillation, evaporation, reverse osmosis, electro-chemical, ion exchange and 

adsorption) developed and used for water treatment may be applied for the removal of 

pharmaceuticals. Adsorption is considered as one of the appropriate methods for removal of 

contaminants, as it has a lot of advantages, (e. g. easy operation, and a wide range of adsorbents 

that can be used for removal of different pollutants) [5]. Cost analysis is one of the most 

important criterion for the selection of a water treatment method. Cost of adsorption methods 

depends on the cost of the used adsorbent [6]. Therefore, low-cost adsorbents (wastes or by-

products from the agricultural, household, and industrial sectors) have been recognized as a 

sustainable solution to water treatment. They allow the removal of contaminants (such as 

pharmaceuticals, toxic metals and dyes) from water, and at same time they contribute to the 

waste minimization, recovery and reuse [2]. 

PHARMACEUTICALS IN THE ENVIRONMENT 

Pharmaceuticals are synthetic or natural chemicals which contain active ingredients that 

have been designed to have pharmacological effects and confer significant benefits to society. 

They generally include prescription medicines or over-the-counter drugs, veterinary or human 

drugs as well as nutraceuticals administered for the prophylaxis/therapeutic and health 

supplements purposes [7, 8]. 

Pharmaceuticals are generally classified based on the therapeutic use, the ways they work 

in the body (pharmacological effect), and chemical groups [8]. They can be classified into 

different active organic groups of compounds including, but not limited to, (i) antibiotics (e.g. 

penicillin, tetracycline, clarithromycin, sulfonamides, macrolides, fluoroquinolones, 

chloramphenicol), (ii) steroids hormones (e.g. estrogens, estrone, estriol, 17-β-estradiol, 17-α-

ethinylestradiol, testosterone), (iii) analgesic and non-steroidal anti-inflammatory drugs (e.g. 

acetaminophen, diclofenac, ibuprofen, naproxen, acetaminophen), (iv) antiepileptic drugs (e.g. 

carbamazepine, primidone), (v) blood lipid regulators (e.g. bezafibrate, gemfibrozil, fenofibric 

acid, clofibric acid), (vi) β-blockers (e.g. salbutamol, atenolol, sotalol, theophylline, metoprolol, 

propanolol), (vii) antineoplastic/cytostatic drugs (e.g.  ifosfamide, cyclophosphamide), (viii) 

contrast media (e.g. diatrizoate, iopromide) [9, 10]. According to [9], pharmaceuticals also 

include antimicrobial agents, fungicides, disinfectants, synthetic musks, some preservatives, 

some sunscreen UV filters, etc. However, it depends on the description of use.  

Pharmaceutical industry is responsible for the research, development, production and 

distribution of drugs. The market has experienced significant growth during the last two 

decades. Revenue of the worldwide pharmaceutical market was totalled 1,250.4 billion U.S. 

dollars in 2019 (963.2 billion U.S. dollars in 2011, 390.2 billion U.S dollars in 2001) [11, 12]. 

Based on this information and also according to [13], the global pharmaceutical market 

(consumption of pharmaceuticals) is expected to keep growing in the upcoming years, which is 

due to several reasons, e.g. population’s age and life-span increase; economy growth – 

particularly in emerging economies – and, along with it, an increasing ability and expectations 

to treat the ageing-related and chronic diseases; emergence of new diseases; the engineering of 

new pharmaceuticals; exacerbation of existing diseases due to climate change (non-

communicable diseases and respiratory, water-borne, vector-borne and food-borne toxicants 

and infections are expected to become more common as climate change intensifies); use of 

pharmaceuticals for medical prophylaxis and therapy and for viability sustenance of 

commercial aquaculture and livestock agriculture [9, 13, 14]. 

Pharmaceuticals (drugs) are continuously released into wastewater via urine, and faeces 

(through sewage) as parent compounds, derivative conjugates or metabolites. They can be 

introduced into the aquatic environment through direct discharge from industries, hospitals, 
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domestic wastewater, through agricultural runoff comprising livestock manure, from incorrect 

disposal of unused pharmaceuticals (e.g. discarding drugs into municipal waste and then their 

accumulation into landfills, discarding drugs into toilets), from irrigation with wastewater, from 

disposal of carcasses of treated animals, etc. (Figure 1). The main route through which 

pharmaceuticals are discharged into the aquatic environment are wastewater treatment plants 

(WWTPs) [7, 9]. 

 

 

Figure 1 Fate and transport of drugs in the environment. Adapted from [15]. 

 

More than 80 % of pharmaceuticals are released into the environment from the human body 

without transformation (i.e. in the parent form un-metabolized). These are fed through into the 

WWTPs for removal or decomposition during the water treatment process [9]. WWTPs play an 

important role in removal of harmful contaminants (such as pharmaceuticals) from wastewater, 

although most pharmaceuticals, hormones and their metabolites cannot be completely removed 

by the processes used in WWTPs (efficiency of most WWTPs range between 50–90 %) [16]. 

Conventional WWTPs are not designed to, nor do they fully remove pharmaceuticals from 

wastewater. Therefore, pharmaceuticals have been found as residues in sediments, sludge, 

lakes, rivers, groundwater, marine, coastal area waters, and drinking water [7, 9, 14, 16]. 

 

Chemical persistence, microbial resistance and synergistic effects of pharmaceuticals are 

still unknown. Despite the fact that pharmaceuticals are found in the environment at trace 

concentrations, there is a cause for concern. Certain pharmaceuticals in water environment have 

been proven to cause undesired adverse effects to ecosystems, including mortality, as well as 

changes to physiology, behaviour, and reproduction [14, 17]. Some of the greatest concerns are 

hormones, antibiotics, analgesics, antidepressants and anticancer pharmaceuticals used for 

human health; as well as hormones, antibiotics and parasiticides used as veterinary 

pharmaceuticals [14]. 

 

Table 1 shows the examples of adverse effects of certain pharmaceuticals in the 

environment on aquatic organisms as well as the human and animal health [14]. 
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Table 1 Examples of adverse effects of certain pharmaceuticals in the environment on aquatic 

organisms, and human and animal health [14] 

Therapeutic group Impact and effected organisms 

Analgesics 

Organ damage, reduced hatching success (fish)  

Genotoxicity, neurotoxicity, and oxidative stress (mollusc)  

Disruption in hormones (frog) 

Antibiotics  
Reduced growth (environmental bacteria, algae, and aquatic plants)  

Indirect effects of antibiotic resistance (humans and animals) 

Anticancer  
Genotoxicity  

Mutagenicity, carcinogenicity, toxicity to foetus 

Antidiabetics  Potential endocrine-disrupting effects (fish) 

Anticonvulsants  Reproduction toxicity (invertebrates), development delay (fish) 

Antifungals  
Reduced growth (algae, fish), reduced algae community growth  

Disruption with hormones (mammals including humans) 

Antihistamines  
Behaviour changes, growth and feeding rate (fish)  

Behaviour changes and reproduction toxicity (invertebrates) 

Antiparasitics  Growth and reduced reproduction (invertebrates) 

β-blockers Reproduction behaviour (fish), reproduction toxicity (invertebrates) 

Endocrine disrupting 

pharmaceuticals  

Disruption with hormones causing reproduction toxicity (fish, frogs)  

Increased risk of breast or prostate cancer (humans) 

Psychiatric dugs  

Behaviour changes – feeding, boldness, activity, sociality (fish)  

Disruption in hormones (fish)  

Behaviour changes – swimming and cryptic (invertebrates)  

Reproduction toxicity and disruption with hormones (invertebrates) 

 

Of the pharmaceuticals, special attention should be paid to antibiotics (used to prevent and 

treat bacterial infections), since their consumption per capita increased by 39 % worldwide 

between 2000 and 2015 [18, 19, 20]. The biggest problem is that antibiotics can persist in the 

environment, as they have been detected in water resources. There is a growing concern that 

residues of antibiotics in the surface water may pose a risk to human health by promoting 

antibiotic resistant bacteria and antibiotic resistance genes. Furthermore, antibiotics in 

ecosystems can have impact on the evolution of microbial structure, thus posing a risk to 

ecological health [18]. According to [19], antibiotic resistance results in the following facts: it 

is one of the biggest threats to global health, food security and development today; it can affect 

anyone, of any age, in any country; it occurs naturally, yet the misuse of antibiotics in humans 

and animals is accelerating the process; a growing list of infections (such as pneumonia, 

tuberculosis, blood poisoning, gonorrhoea, and foodborne diseases) that are becoming harder 

and sometimes impossible to treat, as antibiotics become less effective; it leads to longer 

hospital stays, higher medical costs and increased mortality. 

The adverse effects of pharmaceuticals are the main reason why it is necessary to find the 

effective treatment methods for removal of pharmaceuticals from water environment. 

ADSORPTION AS A PROCESS FOR REMOVAL OF PHARMACEUTICALS 

There is a lot of methods that can be used for removal of pharmaceuticals from various 

water media [5]. Generally, wastewater treatment methods are categorized into physical and 

physico-chemical, chemical, and biological processes. Another group represents the methods 
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which use a combination of the above-mentioned processes [21, 22]. These treatment methods 

can also be divided into: 

 Conventional treatment methods (e.g. coagulation, sedimentation, flocculation, flotation, 

ion exchange, adsorption, conventional activated sludge, membrane bioreactor, 

constructed wetland),  

 Advanced treatment methods (e.g. activated carbon adsorption; membrane filtration: 

reverse osmosis, ultrafiltration, nanofiltration), 

 Advanced oxidation processes – AOPs (e.g. wet air oxidation, supercritical water 

oxidation, Fenton oxidation, photocatalytic oxidation, ultrasound oxidation, 

electrochemical oxidation, ozonation) [5, 9, 21, 22, 23, 24, 25]. 

 

Each of these treatment methods has its advantages and disadvantages that may sometimes 

limit their application in certain cases (e.g. costs, high energy consumption or formation of toxic 

by-products) [22, 26]. Some of these methods are more efficient and effective in removing 

pharmaceuticals compounds of interest than others. [9] The removal efficiency of different 

pharmaceuticals varies greatly and depends on the physical and chemical properties of the 

parent compounds, hydrophobicity, biodegradability of target pharmaceuticals, used treatment 

methods, etc. [9, 27]. 

Pharmaceuticals cannot be thoroughly removed in wastewater treatment plants (WWTPs), 

and therefore they have been detected in surface water, ground water, WWTP influent and 

effluent, urban effluent and hospital effluent [22]. Limited efficiency of WWTPs could be 

attributed to the fact that they use conventional biological wastewater treatment processes. 

[9][16] It is necessary to find efficient methods for removing pharmaceuticals from surface 

water and groundwater, and to minimize the discharge of pharmaceuticals from the WWTPs 

[27]. It would be appropriate if these methods would be also applicable to the existing WWTPs. 

 

One of the methods, which has been widely utilized for removal of pharmaceuticals from 

water environment is adsorption process. Adsorption can be defined as a process that occurs 

when a gas or liquid solute bind to the surface of a solid or a liquid (adsorbent) [1, 28]. The 

substance that concentrates at the surface of adsorbent is called adsorbate. Type of adsorption 

(physical and chemical adsorption) depends on the type of attractions between adsorbate and 

adsorbent [1]. 

Adsorption has certain advantages in comparison with other methods, because the removal 

of contaminants is easy to design and operate (technologically simple and adaptable to many 

treatment formats, it works at mild operation conditions and at a wide pH range), the process 

does not produce any toxic by-product, requires low energy, it is efficient and cost-effective, a 

wide range of products can be used as adsorbent (commercial materials, waste materials or by-

products), it can be used for a wide variety of target contaminants, etc. [17, 26, 27, 29]. 

Adsorption has also some disadvantages such as relatively high investment and cost of materials 

(valid for adsorbents such as commercial activated carbons, commercial activated alumina), it 

can be inefficient with inappropriate combination of contaminant and adsorbent, more types of 

adsorbents can be needed in the process, adsorbents require regeneration, the process produces 

waste, etc. [29, 30, 31]. Cost effectiveness of adsorption process depends on the used adsorbent 

and its treatment. If waste materials are used as an adsorbent, the process will be cheaper, but 

if commercial adsorbents or adsorbents which need treatment were used, the process would be 

more expensive and economically non-viable.  

Performance of an adsorption process is affected by a characteristic feature of 

adsorbent [17]. An effective adsorbent must have numerous properties – inertness, 

biocompatibility, resistance to mechanical forces, high surface area and high hydrophobicity, 

while exhibiting a high adsorption capacity to be effective in the contaminants removal. These 
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properties are important, since they can determine utilisation of the material. Efficiency of 

adsorption processes also depends on the type of adsorbent, pore size and particle size of 

adsorbent, temperature, pH, concentration and type of contaminant, existence of competing 

organic or inorganic compounds in solution, contact time and speed of rotation, ionic strength 

of solution, as well as the physical and chemical nature of the adsorbate and adsorbent, etc. [1, 

25, 26, 32].  

Various adsorbent materials (Figure 2) can be used for the removal of various types of 

contaminants (e.g. toxic metals, dyes, pharmaceuticals) from aqueous solution. 

 

 

Figure 2 Adsorbents for removal of contaminants from aqueous solution. Adapted from [1]. 

 

The most commonly adopted adsorbent used for the removal of various contaminants from 

water is activated carbons (AC). Its widespread use in wastewater treatment is sometimes 

restricted due to its higher cost and its low adsorption efficiency of trace organic 

contaminants [2, 27]. Adsorption which uses commercial AC is well-suited to removing organic 

compounds, specifically pharmaceuticals, which is due to their high specific surface (more than 

400 m2 g1), and the combination of a well-developed porous structure and the surface chemistry 

properties [4]. 

Generally, the aim is to use low-cost materials for adsorption (such as the agriculture and 

industry waste or by-products, household waste) instead of AC. These wastes or by-products 

currently pose a variety of disposal problems due to their volume, toxicity, or physical nature 

(e.g. fly ash, petroleum wastes, scrap tyres, rice hulls and spent coffee grounds). If these wastes 

could be used as low-cost adsorbents, they would provide a three-fold advantage. Firstly, the 

waste volume or by-products could be partly reduced, secondly, the costs for waste disposal 

would be reduced, and thirdly, the low-cost adsorbent (without or after modification) could 

reduce the contaminants of wastewaters at a reasonable cost [2]. The low-cost adsorbents 

provide mainly economic and environmental advantages. 

Low-cost alternative adsorbents can be prepared from a wide range of raw materials. They 

are cheap, available in large quantities, having high organic (carbon) content, low inorganic 

content and can be easily activated. The agricultural waste or by-products (fruits and vegetable 
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peels/stones/etc.) are the discarded waste materials which find no application anywhere. They 

can be used as adsorbents in their natural form or after some modification (physical or chemical) 

[1, 32]. Agricultural wastes are mainly composed of lignin and cellulose, and act as attractive 

alternative adsorbents due to their specific structure and chemical properties. Specific 

functional groups such as alcohol, phenol, aldehyde, carboxyl and ketone are present in their 

polymer chains which help in the removal of various contaminants from water. Industrial wastes 

are by-products (such as fly ash, blast furnace sludge, waste slurry, lignin, iron (III) hydroxide, 

and red mud, coffee husks, Areca waste, tea factory waste, sugar beet pulp, waste pomace of 

olive oil factory waste, battery industry waste, waste biogas residual slurry, sea nodule residue, 

grape stalk wastes) of industries, and can be used as low-cost adsorbents for the removal of 

toxic metals, dyes and organic compounds from water and wastewater [1]. They require little 

processing to increase its adsorptive capacity [33]. 

Another alternative to AC is biochar. They are defined as carbonaceous by-products 

produced from the pyrolysis of the agricultural, forestry, industrial, and municipal biomass 

waste under oxygen-limited conditions [27]. 

Many researchers have studied adsorption of different pharmaceuticals/drugs (e.g. 

fluoxetine [34], sulfadiazine + sulfamethoxazole [35], paracetamol [36], acetylsalicylic acid, 

acetaminophen, caffeine [37], cephalexin [38], ibuprofen [4, 39, 40, 41, 42, 43]) from 

wastewater using various types of adsorbents (e.g. AC [36, 44], AC prepared by microwave 

and conventional heating methods [45], AC from Albizia lebbeck seed pods [38], AC in alginate 

polymer [46], potassium ferrate-activated porous graphitic biochar [47], amine functionalized 

superparamagnetic silica nanocomposite [48], porous carbons derived from metal-organic 

framework [43], silica particles [49], pyrolyzed tyre char [50], sludge-derived adsorbent [51], 

waste tea residue [52], acid-modified kola nut husk [53], AC from apricot stone [54], AC from 

peach stones [4], rice husk [55], NaOH-activated carbon produced from macadamia nut 

shells [56], walnut shell-based AC [57], multi-walled carbon nanotubes [58], natural 

zeolite [59], etc.).  

WASTE-BASED ADSORBENT 

Coffee production generates a lot of by-products worldwide (e.g. spent coffee ground, 

coffee fruit – coffee cherry, coffee husks, peel, pulp, minor waste: defective green coffee beans, 

coffee tree leaves during harvest). During the extraction of the beverage from coffee powder 

by hot water, a large amount of residue, such as spent coffee grounds (SCG), is produced. 

Considering the worldwide coffee consumption, it can be concluded that tons of coffee waste 

are generated from cafes and domestic production. Chemical composition of coffee brews 

depends on the extractive efficiency, which relies on diverse factors: coffee species, roasting 

degree, grinding grade, coffee/water ratio, water quality, temperature, pressure and percolation 

time. Therefore, different extraction processes will lead to the sensorial and chemically distinct 

brews, and thus distinct SCG. In fact, industrially spent coffee constituents are extracted much 

more effectively, thus resulting in more chemically exhausted remains in comparison to the 

spent coffee obtained after brewing by the cafes/household environments. SCG are composed 

of 12.4 % cellulose, 39.1 % hemicellulose (3.60 % arabinose, 19.07 % mannose, 16.43 % 

galactose), 23.90 % lignin, 2.29 % fat, 17.44 % protein, and 60.46 % total dietary fibre. The 

differences in chemical composition of SCG presented in other papers probably reflect the 

variety of beans and processes used in roasting and extraction [60]. 

SCG  can be used as a source for biodiesel production, bioethanol production, production 

of fuel pellets, burning fuel, source of sugars, composting material, sorbent for metal ions and 

dye removal, biomaterial in the pharmaceutical industry, in the food or polymer industry, 

etc. [61]. Some researchers [6, 27, 35, 37, 62,  63, 64, 65] have used SCG in different forms 
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(e.g. raw SCG, SCG combined with chitosan and poly(vinyl alcohol), biochar from SCG, 

NaOH-activated biochar from SCG, hydrochar from SCG, AC from SCG, AC from SCG with 

chemical activated) as adsorbent for pharmaceuticals removal (such as metamizole, 

acetylsalicylic acid, acetaminophen, caffeine, sulfadiazine, sulfamethoxazole, paracetamol). 

Owing to the adverse effects of pharmaceuticals (mainly antibiotics and the antibiotic 

resistance) on aquatic organisms and the human and animal health, it is very important to pay 

attention to their removal from water environment. For example, tetracyclines represent a large 

group of antibiotics used in the human and veterinary medicine. They are also the most widely 

used antibiotics in the world [20, 66]. Some researchers [44, 62, 63, 64, 67, 68] have studied 

various adsorbents for tetracycline removal.  

The results of Oladipo and his team [63] have demonstrated that SCG can be exploited as 

resourceful raw materials. After modification of SCG, effects of composite SCG/Fe3O4 (SCG 

coated with Fe3O4 nanoparticles) dosage (0.5–8 g L-1), influent tetracycline concentration (50–

200 mg L-1), contact time (10–360 min), temperature (25–85 °C), co-existing ions (K+, Ni2+) 

and pH (1.0–12.0) on tetracycline uptake by SCG and SCG/Fe3O4 were investigated. Column 

adsorption tests were conducted in a glass column (height, 40 cm and inner diameter, 2 cm) 

supported by glass beads and porous sheet at both ends. Column experiments were carried out 

at different bed heights (2–8 cm), flow rates (3.3–10 mL min-1) and influent TC concentration 

(50–200 mg L-1). The composite SCG/Fe3O4 showed high adsorptive potential for tetracycline 

in a batch system with optimal uptake capacities of 184.5 mg g-1 and 285.6 mg g-1 for SCG and 

SCG/Fe3O4, respectively. SCG coated with Fe3O4 nanoparticles demonstrated higher removal 

efficiency compared with SCG; this may be due to the presence of Fe3O4 in SCG/Fe3O4 that 

increased its surface area. High removal efficiency (87 %) was obtained at 3.3 mL min-1 flow 

rate, 8.0 cm bed height and 50 mg L-1 influent tetracycline concentration in a column system. 

SCG/Fe3O4 showed remarkable potential to remove antibiotics from wastewater even in the 

presence of toxic metal (Ni2+) via magnetic separation. A delayed breakthrough time was 

obtained in the column tetracycline adsorption by increasing the bed height and decreasing the 

TC influent concentration and flow rate.  

Some authors [62] have used SCG (SCGY: coffee Arabica beans of Yunnan Province of 

China, SCGH: coffee Arabica bean of Hainan Province of China) to study the adsorption of 

tetracycline. The results show that SCG have a great potential to be a low-cost alternative 

adsorbent for tetracycline removal in wastewater treatment. The study detected the effects of 

structural characteristics of SCG, adsorption time (5 min to 24 h), initial pH (2.2–11.37), initial 

tetracycline concentration (10–100 mg L-1), amount of adsorbent (0.2–1.0 g L-1) and ionic 

strength. The results showed that the maximum removal efficiencies of tetracycline                               

(50 mg L-1) of SCGY and SCGH were 97.2 % and 83.1 %, respectively (conditions: shake for            

2 h, pH 6.5). The probability of adsorption is high and balances in about 20 min. The effects of 

dosage of the SCGY on tetracycline adsorption ratio showed that with increasing the SCGY 

dosage, the adsorption ratio of tetracycline increased rapidly, and the adsorption ratio was 

constant after adding a certain dosage. When the dosage of SCGY was 0.6 g L-1, the adsorption 

ratio reached the maximum (97.2 %), and the adsorption amount was 81.0 mg g-1. The 

equilibrium data indicated that the adsorption ability was favourable and can be better described 

by the Langmuir model. SCGY had a strong ability to adsorb tetracycline. The saturated 

adsorption amounts of tetracycline by SCG were 123.46 mg g-1 (SCGY) and 64.89 mg g-1 

(SCGH). Although the surface area of SCGH (451 m2 g−1) was slightly larger than that of SCGY 

(419 m2 g−1), the difference was significant for tetracycline adsorption. The adsorption capacity 

of tetracycline by SCGY was almost twice as high as that of SCGH.  

The effect of pyrolysis temperature on polycyclic aromatic hydrocarbons production and 

tetracycline adsorption behaviour of biochar derived from SCG was studied by Nguyen [64]. 

To evaluate the effects of pyrolysis temperature (300, 500, 700, 900 °C) on adsorption capacity 
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of biochar from SCG (bSCG), experiments were conducted under the following conditions: 

reaction volume of 50 mL, pH of 7.0, temperature of 25 °C, agitation of 100 rpm, equilibrium 

time of 24 h, initial tetracycline concentration of 50 mg L−1, biochar dosage 1000 mg L−1. To 

evaluate effects of pH (2.0–9.0) and salinity (deionized water and seawater ratios of 100:0, 

75:25. 50:50, 25:75, 0:100) on adsorption capacity, and determine the tetracycline adsorption 

isotherm of biochar (initial tetracycline concentration of 10–10 mg L−1), experiments were 

conducted under different conditions. The results showed that biochar synthesized at 500 °C 

(bSCG 500) contained low polycyclic aromatic hydrocarbons (600 µg kg−1) and the highest 

tetracycline adsorption efficiency. The highest efficiency was observed at pH of 7 and the 

presence of ions in salinity solution reduced the adsorption capacity of bSCG 500. The 

maximum adsorption capacity of bSCG 500 was calculated as 39.22 mg g-1. The results from 

this study demonstrate that the bSCG 500 can be used as a low-cost, environmentally friendly, 

and potential adsorbent for the removal of tetracycline from wastewater. 

The study of Torres-Pérez [44] shows that tetracycline adsorption into AC produced from 

agricultural residues (sugar beet pulp, peanuts hulls) is successful. These adsorbents exhibit 

interesting surface properties which provide good performance in terms of the kinetic and 

adsorption capacities and notably, when compared with commercial AC. In this study, the batch 

adsorption isotherms were conducted in the synthetic and natural waters. The maximum 

adsorption capacities deduced from the Langmuir equation follow the sequence: AC 

commercial – AC produced by chemical activation with H3PO4 from wood (817 mg g-1) > AC 

from sugar beet pulp (288 mg g-1) > AC from peanut hulls (28 mg g-1). In real spring waters 

spiked with tetracyclines, adsorption isotherms show that the maximum adsorption capacity of 

AC from sugar beet pulp slightly increased to 309 mg g-1, while it decreased by one third to 

550 mg g-1 in the case of AC commercial. 

The study [67] used the AC prepared from the tomato industrial processing waste with 

ZnCl2 (ACTW) for tetracycline adsorption. The impacts of the ACTW dosage (10–50 mg), initial 

tetracycline concentration (200–400 mg L−1), contact time (5–480 min), ionic strength and 

solution temperature (14.85, 24.85, 34.85 °C) at pH 5.7 were studied. Adsorption of the 

tetracycline increased with increased contact time, initial tetracycline concentration and 

solution temperature and ionic strength, while it decreased with the increase in tetracycline 

dosage. The equilibrium between the tetracycline ions in the solution on the ACTW surface was 

practically achieved in 3 h. The maximum adsorption capacity was identified as 500.0 mg g-1 

at 34.85 °C. Results of this study indicate that the ACTW could be employed as an adsorbent as 

an alternative to commercial ones for the removal of tetracycline from water and wastewater. 

Results of the previous studies have showed that SCG or another waste-based adsorbent 

can be used as an effective adsorbent for tetracycline removal when compared to the other ones 

reported in literature studies. Studies have also showed that adsorption capacity of tetracycline 

depends on various parameters (such as type of adsorbent, method of adsorbent treatment, 

conditions of treatment, pH), not only on surface area. The results of [62] indicate that the 

adsorption capacity of SCG to tetracycline depends mainly on the chemical properties of the 

surface rather than the surface area. The adsorption experimental results in [68] suggest that 

efficient adsorption of tetracycline on biochar can be achieved by enlarging their surface area 

and also optimizing their pores. Study of [63] shows that modification of SCG with Fe3O4 

particles has led to increased surface area and availability of more adsorption sites. Results 

in [64] showed that the pyrolysis temperature during biochar production is very important. The 

pyrolysis temperature affects the surface structure and forms of the functional group of biochar, 

which are decisive factors for the ability of biochar to adsorb contaminants. Also, pH is a very 

important factor for adsorption, as it affects the surface charge of adsorbent and forms of 

tetracycline in solution (tetracycline exists in a cationic form at low pH conditions < 3.3, zwitter 

anion at 3.3 < pH < 7.7 and anion form at pH > 7.7), etc.   
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The results of surface area (SBET), pore volume and adsorption capacity from these studies 

are shown in Table 2.  

 

Table 2 Results of various studies of various adsorbents for tetracycline removal 

Adsorbents 
SBET 

[m2 g−1] 

Pore volume 

[cm3 g−1] 

Adsorption 

capacity 

[mg g-1] 

Adsorption 

model isotherm 
Source 

SCG 23.55 0.26 184.5 - [63] 

SCGY 419 0.23 123.46 Langmuir [62] 

SCGH 451 0.27 64.89 Langmuir [62] 

SCG/Fe3O4 86.34 0.54 285.6 Langmuir [63] 

bSCG 500 - - 39.22 Langmuir [64] 

Biochar 34.4 0.028 16.95 Langmuir [68] 

Acid biochar 46.8 0.033 23.26 Langmuir [68] 

Alkali biochar 117.8 0.073 58.82 Langmuir [68] 

ACTW  1093 1.569 500 Langmuir [67] 

AC sugar beet pulp 821 0.6430 288 Langmuir [44] 

AC peanut hulls  829 0.4028 28 Langmuir [44] 

AC commercial 1515 1.2291 817 Langmuir [44] 
SBET  – BET-surface area; SCGY

 – SCG from coffee arabica beans of Yunnan Province of China; SCGH – SCG 

from coffee arabica bean of Hainan Province of China; SCG/Fe3O4 – SCG coated with Fe3O4 nanoparticles; 

bSCG 500 – biochar from SCG synthesized at 500 °C; acid biochar – biochar activated with H2SO4; alkali biochar 

– biochar activated with KOH; ACTW – AC prepared from tomato industrial processing waste with ZnCl2; AC 

commercial – AC produced by chemical activation with H3PO4 from wood 

 

The high cost of commercial adsorbents is the main disadvantage to their application in 

large scale (especially for developing countries) although they provide high removal rates. 

Therefore, the search for alternative low-cost adsorbents is an urgent need. [6] Total coffee year 

production was approximately 171 million bags (1 bag = 60 kg) in 2020 (% change 2019–2020 

is +1.9 %) [69]. About 0.91 g SCG are produced per 1 g of ground coffee [60]. The European 

Union is by far the biggest importer and consumer of coffee, where most of the SCG is currently 

being incinerated or disposed of in landfills [6]. The information about the total year coffee 

production shows how much waste (SCG) is produced every year. The performed studies have 

revealed that SCG can be used as a potential tetracycline adsorbent although adsorption 

capacity is usually lower in comparison to commercial adsorbents (e.g. activated carbon). The 

study of [6] points out that the adsorption capacity is not the only most important parameter to 

evaluate the adsorption process. In this study, cost of fluoxetine removed by waste-based 

adsorbents (SCG, cork waste, pine bark) and commercial adsorbents (granular activated carbon, 

granules of 2.5 mm, Merck) is examined through a detailed cost analysis (Table 3).  

 

Table 3 Comparison of adsorption capacity and cost per gram of fluoxetine removed                    

by various adsorbents [6] 

Adsorbents 
SBET 

[m2 g−1] 

Adsorption capacity 

[mg g-1] 

Adsorption model 

isotherm 

Cost  

[€ g−1] 

SCG  < 4 14.31 Sips 0.16 

Cork waste < 4 4.74 Sips 0.41 

Pine bark  < 4 6.53  Sips 0.92 

Granular AC 1095 233.5 Langmuir 1.07 

Zeolite 13× 576 32.11 Langmuir 3.13 

Zeolite 4a 38.4 21.86 Langmuir 6.85 
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Waste-based adsorbents showed lower adsorption capacities (4.74–14.31 mg g-1) in 

comparison to commercial adsorbents (21.86–233.5 mg g-1). In terms of cost per gram of 

fluoxetine removed, commercial adsorbents present higher costs (1.07–6.85 € g−1) when 

compared to waste-based adsorbents (0.16–0.92 € g−1). SCG is the most economical adsorbent, 

while cork waste is the most environmentally-friendly, since its preparation represents a 

reduced environmental impact, without the generation of solid or liquid wastes. Results of [6] 

indicate that the used waste-based adsorbents with lower adsorption capacity have a big 

advantage – low cost of removed fluoxetine. Therefore, the waste-based adsorbents may be 

successfully applied as low-cost adsorbent. 

The amounts of natural wastes or by-products from the industrial processing of agro-

industry products represent an issue for the producing countries, because their disposal is 

expensive and can severely impact the environment [70]. Currently, it is urgent to implement 

sustainable waste management procedures in order to reduce waste and improve environmental 

health. Most wastes still represent valuable resources of unexploited economic value. In this 

terms, transition from the linear economy to the circular economy concept (that implies the 

materials’ recycling and their return to the industry or market) has been gaining acceptance 

worldwide. Circular economy (arisen from the 3 R’s Rule: Reduce, Reuse and Recycle) puts 

great emphasis to the zero-waste approach and the exploitation of renewable resources [71]. 

The use of waste materials (such as SCG, cork waste, sugar beet pulp, pine bark, peanut hulls) 

as adsorbents is in line with the concept of circular economy and with an increasingly stringent 

environmental regulation that discourages disposal practices such as landfilling and 

incineration. The aim of converting these waste materials (low-cost and profusely available) 

into adsorbents is improves waste management and protects the environment [6]. 

CONCLUSION 

Water is a natural resource needed by all living creatures. Clean water is also used in 

manufacturing and for the social and economic development. Water pollution is one of the main 

environmental issues that we face. There are many man-made pollutants (e.g. toxic metals, 

pharmaceuticals, dyes) that can contaminate water sources and cause water pollution. For 

example, wastewater from homes and pharmaceutical industry typically goes to WWTPs. Some 

of the compounds in the water might be biologically active, toxic, or persistent and most of 

those cannot be sufficiently removed using conventional water treatment processes in WWTPs 

before the treated water is discharged into streams or rivers. Therefore, it is necessary to 

improve treatment processes in WWTPs and adapt them to the new types of contaminants (such 

as pharmaceuticals and their residues) in wastewater. Removal of pharmaceuticals by 

adsorption is one of the most attractive methods for the treatment of water environment, which 

is due to its versatility, low energy consumption, simplicity, and high efficiency in the removal 

of contaminants. Today, agricultural or industrial activities generate a huge amount of solid 

waste materials as by-products. While some of these are reused, others are sent for disposal in 

landfills. Therefore, the possibility of reuse in adsorption processes represents an interesting 

solution mainly because these industrial waste materials are available almost free of charge and 

they represent a major disposal problem. The results of many studies have showed that waste-

based material had a great potential to be a cost-effective, environmentally-friendly, and                        

a potential adsorbent for removal of pharmaceuticals in wastewater treatment. 
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