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Abstract

Antibiotics, an important type of pharmaceutical pollutant, have attracted many researchers to the study of their removal from aqueous
solutions. Pharmaceuticals, which are frequently detected in natural and wastewater bodies as well as drinking water have attracted
considerable attention, because they do not readily biodegrade and may persist and remain toxic. As a result, pharmaceutical residues pose on-
going and potential health and environmental risks. Activated carbon (AC) has been widely used as highly effective adsorbent for antibiotics
because of its large specific surface area, high porosity, and favorable pore size distribution. In this article, the adsorption performance of AC
towards major type of antibiotics such as tetracyclines,. According to collected data, maximum adsorption capacities of 477.1 mg/g were
reported for tetracyclines ,. AC adsorption demonstrated superior performance for drugs, thus being efficient technology for treatment of these

pollutants.
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INTRODUCTION:

Pharmaceuticals as emerging pollutants have become a major
concern because of their low biodegradability, high persistence,
and facile bioaccumulation[1]. Pharmaceuticals or drugs are
extensively consumed to improve the health statuses of humans
and animals[2] Common drugs are antibiotics, analgesics, anti-
inflammatory agents, lipid regulators, hormones, and B-blockers
[3] These biologically active chemicals appear in effluents of
hospitals, drug factories, and landfills [4, 5]. In recent years,
pharmaceuticals and personal care products (PPCPs) have been
widely used in all aspects of life and their presence in the
environment has aroused dramatic attention [6], since a lot of
effluents from wurban wastewater treatment plants are
contaminated with PPCPs residues [7]. As a general consensus,
the existence of PPCPs can not only affect drinking water quality,
but also exist a potential risk for ecosystem and human health in a
long term [8]. In particular, tetracycline (TC), the second highest
antibiotics in production and use, which belongs to one kind of
PPCPs, is universally used as human and veterinary medicines to
treat diseases and promote growth [9]. However, it is non-
biodegradable and has toxicity [10] , and in some cases the TC
concentrations in surface soil and surface water were detected to
be as high as 86-199 pg/kg and 0.07-1.34 pg/L, respectively [11,
12]. Obviously, it is imperative to develop efficient methods to
remove TC.

Several methods, including electrocoagulation [13]
,biodegradation[14] , ultrafiltration membrane [15] ,ozonation
[16], , and adsorption[17], used to process pharmaceuticals. some
these methods, adsorption is the simple , inexpensive, and
more versatile technique for removel these pollutants [18],
biochar [19], Activated carbon [20], zeolite [21], mesoporous
silica [22], carbon nanotubes (CNTs) [23]. clays [24], chitosan
[25], . biomass wastes [26], resin [26] . and graphene oxide [27] ,
magnetic resin  [28], alkali bio-char [29], HCI-modified
zeolite [30], MCM-41 impregnated with , La-impregnated MCM-
41 materials[31] [32], anaerobic granular sludge[33] , graphene
oxide functionalized magnetic particles[34], NaOH-activated
sludge, Sorbet commercial activated carbons, merck commercial
activated carbons[35] , bamboo charcoal[36, 37] activated carbon
fiber modified by microwave[38, 39], , illite[40], , multi-walled
carbon nanotubes, nitrifying granular [41] clays, humic
substances, and  clay-humic  complexes [42], marine
sediments [43], mesoporous BiOl microspheres [44], the red soil
(RS, UdicFerrosols) [45], palygorskite [46], ITAC-Fe [47], .The

fundamental feature of using activated carbon to removel
pharmaceuticals is that it does not output poisonous or
pharmacologically active products. According to the literature,
activated carbons generally elucidate a high ability to absorbs
pharmaceuticals [48],[49],[50] [51, 52],[53],[54] . conducted an
inclusive study on the adsorption of antibiotics (nitroimidazoles)
on various types of activated carbons, finding an increase in the
adsorption rate with a decrease in the percentage of oxygen and an
increase in the hydrophobicity of the carbon.  generally,
hydrophobic interactions seem to govern the adsorption Kinetics.
Nitroimidazole adsorption was largely determined by the
chemical properties of the carbon.

TETRACYCLINE

Antibacterial substances secluded from Streptomyces
aureofaciens are called tetracycline antibiotics (TCs); TCs inhibit
Gram-positive and Gram-negative bacteria, mycoplasmas
,chlamydiae, protozoan parasites and, rickettsiae [55]. As a typical
PPCP (pharmaceutical and personal care product), TCs mainly
contain, oxytetracycline ,tetracycline and chlortetracycline . TCs
are widely used in the treatment of stock farming and animal
diseases, and its incomplete metabolization in animals and
humans has resulted in a significant number of residues in the
aqueous environment[56] . These residues exert adverse effects on
aquatic ecosystems, not only resulting in the generation of a
variety of resistant bacteria[55] but also affecting the aquatic
animal life[57]. Additionally, these residues pose a potential threat
to human health through drinking water, the food chain, etc. The
structure of TCs and the pKa corresponding to the different
deprotonations are shown in Table 1[58]. Obviously, the pH plays
a crucial role in the removal process of TCs.

Pharmaceutical pollutants

Pharmaceuticals or drugs are extensively consumed to improve
the health statuses of humans and animals [59, 60].

Antibiotics are commonly used pharmaceuticals that protect
humans and animals against diseases and infection caused by
bacteria[61] These chemicals pollutant also used to get better
the animals and growth of plants [62] The most important
antibiotics are penicillins, tetracyclines (TCs) ,sulfonamides,
quinolones and macrolides [63] The continual existence of
antibiotics in aquatic systems continually produces harmful
bacteria[5, 64] .

2252


https://www.sciencedirect.com/science/article/pii/S0045653516303861%23tbl1

Aseel M. Aljeboree et al /J. Pharm. Sci. & Res. Vol. 10(9), 2018, 2252-2257

Table 1. The structure and main physicochemical properties of tetracycline.

Molecular structure Name R: R, Rs R, PKa1,2,3
Minocycline N(CHjs), H H H 2.8,7.8,9.3
o = “HMN,H’ Epitetracycline, Tetracycline H CH; | OH H 3.3,7.8,9.6
1 2 Hj 1 s
. % H M oH Chlortetracycline Cl CH; | OH H 3.3,75,93
- N Ny
L o e | B rA Meclocycline cl O | = |OH| 41,6996
A - L -~ JMH -
38 e - b T W Demeclocycline cl H | OH | H 3.4,7.4,94
. “l OoH W
OH Q OH (o] 0 Doxycycline H H CH; | OH 3.0,8.0,9.2
Oxytetracycline H CH; | OH | OH 3.2,75,89

Anti-inflammatory agents and Analgesics are drugs utilized to
relieve pain and block inflammation. The most known analgesics
are aspirin and acetaminophen [65] naproxen (NA) ,diclofenac
,ketoprofen, and Ibuprofen (IB), are common anti-inflammatory
agents. Drugs belonging to the class of anti-inflammatory agents
and analgesics are classified as hazardous pollutant because of
their immutability in aqueous solutions [66] .

Hormones are very important drugs given their wide use and
hazardous effect on humans and animals. estrogens type of
Common natural hormones [67] such as estriol along with its
derivatives, whereas the synthetic counterpart is 170-
ethinylestradiol [68], Therefore, estrogens have been categorized
as abundant pollutants. Their presence in wastewaters poses a
significant hazard to ecosystems[69] .

B-Blockers are extensively utilized drugs for treating
cardiovascular diseases, such as hypertension and angina . These
drugs include propranolol atenolol and metoprolol (MTP) [70].
MTP is a widely consumed drug [71] and its metabolism in the
human body produces metoprolol acid and other derivatives that
comprise about 85% of the urinary content. Metoprolol acid
constitutes the main component of the MTP metabolite and can be
produced from MTP by biodegradation [72].

Lipid regulators represent important drugs that impede
cardiovascular disease progression and reduce cholesterol
concentrations to prevent heart diseases [73], These drugs mainly
consist of statins and fibrates. The first group of lipid regulators is
rarely present in the environment because metabolites are the
main source of statins [74], By contrast, the second group
decreases the amount of cholesterol by impeding lipoprotein
formation. Clofibric acid and its derivatives are among the fibrates
most frequently detected in waters [75].

Pharmaceutically active compounds (PhACs),

They are among water pollutants that have been frequently
detected in the effluents of wastewater treatment plants (WWTPs)
[76] PhACs are widely used as prescription or non-prescription
medicines and after their usage, they find their way into
wastewater through urine and feces either as intact substances or
metabolites [77], It is a matter of concern that WWTPs are not
able to efficiently remove these pollutants due to their persistent
nature, resulting in their discharge into surface water [78]. Due to
the persistence and high lipid solubility of some of the organic
pollutants, they can bioaccumulate in the fatty tissues of living
organisms [79]. Recently, some evidences have been found that a
few pharmaceutical compounds can mobilize towards the food
chain, and hence their concentration is increased[80] The presence
of PhACs in waterways may lead to several issues in the
environment, such as male fish feminization as a result of
exposure to steroidal hormones and development of antibiotic-
resistant genes due to released non-metabolized antibiotics into
water [81].

The worldwide annual consumption of PhACs is estimated to be
100,000 tons or more and the trend is increasing due to the

diseases and aging population [82], For instance, about 877 tons
of diclofenac, listed as 12th best-selling generics in the world[83]
,and 942 tons of carbamazepine, listed as 8th bestselling
psychiatric drugs worldwide [84], were sold in 2007 in 76
countries. A significant portion of these PhACs are released into
the environment in intact or metabolized form. The increasing
concern over the accumulation of micropollutants in the aquatic
media triggered many research works to evaluate their
biodegradation in wastewater treatment systems [85]. The results
implied that unlike traditional wastewater treatment processes,
such as conventional activated sludge, recently-developed
methods for wastewater treatment including membrane
separation, advanced oxidation processes (AOPs) and adsorption
onto activated carbon, are able to achieve high efficiency for
PhACs removal[86-88]. However, still, challenges remained with
these technologies including the formation of more toxic by-
products during AOPs [89], the disposal of the concentrated
stream in membrane separation [90] and the regeneration of
absorbents [91] Therefore, development of effective treatment
processes to remove PhACs from wastewater is always of high
importance. In Table 2, the information about physicochemical
properties of the most studied compounds has been presented as
they are helpful in the prediction of the efficiency of enzymatic
treatment. In the following sections, removal efficiencies of
PhACs by different forms of the enzyme (whole-cell culture,
crude extracts and immobilized) are also discussed.

Activated carbon

Activated carbon, a widely used adsorbent in industrial processes,
is composed of a microporous, homogenous structure with high
surface area and shows radiation stability. The process for
producing high-efficiency activated carbon is not completely
investigated in developing countries. Furthermore, there are many
problems with the regeneration of used activated carbon.
Nowadays, there is a great interest in finding inexpensive and
effective alternatives to the existing commercial activated carbon
[92].

Active carbons can be produced from a variety of carbonaceous
materials, by chemical or physical activation. It is well known that
their structural properties (external surface area ,micropore
volume, and pore size distribution) depend on the carbonization
and the activation processes. [93]. The costs of commercial
activated carbon very expensive compared costs of activated
carbon prepared from biomaterials are very low compared to the
costs of commercial activated carbon very expensive . Waste
materials that have been successfully used to manufacture
activated carbon in the recent past include bagasse , coir pith[94]
apricot stones (ASAC) [95], pine cone ,[96]coconut shell
[92].sunflower seed hull [97], pine-fruit shell [98] hazelnut husks,
rice hulls, oil palm shell [99], and Coconut husk[100]
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Molecular Molecular Water
Compound Acronym weight solubility Classification | Log Ko pKa
formula
(g/mol) (mg/L)
Tetracycline TC C2H24N,04g 444.435 231 Antibiotic -1.37 3.3
P, =3.30
Chlortetracycline CTC C22H23CIN,Og 478.882 8.6 Antibiotic —0.68 P, =7.55
P;=9.33
P, =34
Doxycycline DC CyH24N,0g 444.43 630 Antibiotic 35 P,=7.7
P3 =97
P; =33
Oxytetracycline oTC CaH24N20g 460.434 313 Antibiotic -0.90 P,=7.3
P3 =9.1
Ciprofloxacine CPF C17H18FN30; 331.346 30000 Antibiotic 0.28 6.09
Enrofloxacin EFC C19H2FN303 359.4 146 Antibiotic 3.48 El i ggg
2 — O.
Sulfamethoxazole SMX C1oH11N305S 253.3 610 Antibiotic 0.89 El f éZ‘,
2= 9.
Sulfamonomethoxine SMM C11H1pN405S 280.302 10000 Antibiotic -0.04 5.9
Sulfapyridine SPY C1:H11N30,S 249.29 268 Antibiotic 0.35 8.43
Norfloxacin NOR CisH18FN303 319.331 178000 Antibiotic 0.46 El f 23‘51'
2— 0.
Oseltamivir OST Ci16H2sN204 312.40 1600 Antiviral 0.95 7.7
Propranolol PPL Ci6H21NO, 259.34 61.7 Beta-blocker 3.48 9.6
Sulfadimethoxine SDM C1oH1sN4O4S 310.33 343 Antibacterial 1.63 5.9

Table 3. Summary of studies describing the adsorption of Tetracyclines by activated carbon and its composites. The maximum adsorption
capacity and specific experimental conditions such as temperature and pH are listed.

Specific Tetracycline Qe
Material Treatment surface area Y 1 Temp./pH Ref.
7 1 species (mgg™)
(m*g™)
Activated carbons (ACs) by KOH | KOH to TPC weight ratios (W) between 0.5
activation and 6, and activation temperatures from 600 to
800 °C 814 Tetracycline 312 300 K/4.35 | [103]
The Nano porous activated carbon
was prepared from the prepared from apricot shell by chemical
carbonaceous material activation using phosphoric acid
0.05-0.25 Tetracycline 76.97 393K/ 6.5 | [104]
Activated carbon (AC) prepared The adsorbent was produced via a chemical
from apricot shell activation method using phosphoric acid heated
in an air oven at 100 °C for 24 h 307.6 Tetracycline 308.33 303K/6.5 [105]
Agave americana fibres (A) and
mimosa Tannin (T) were used as hydrothermal carbonisation (HTC) step prior to 1200 Tetracycline 80 298K/7 [106]
precursors of activated carbons pyrolysis
(ACs).
new activated carbon form cotton prepared by chemical activation in the presence 1175 Tetracycline 109 293K/6.2 [107]
cloth residues of phosphoric acid and pyrolysis at 600 °C
Activated Carbon The wood thermally treated at 600-800 °C in the 316 Tetracycline 120 77k/6.5 [108]
biochar was obtained by pyrolysis | air/nitrogen atmosphere
of a softwood
NaOH-activated carbon produced Kept at 500 °C for 120 min under .
from macadamia nut shells N2atmosphere, mixed with NaOH under 1524 Tetracycline 455.33 298/8.74 109]
Actlyated carbon prepared from Expgsed to H3POysolution for 12 h and dried at 931.53 Tetracycline | 317.5121 | 293 K/5.50 | [110]
lignin 450 °Cfor1h
Activated Carbon Fiber Hegted_ In & microwave oven under 600 °C and 1153.25 Tetracycline 3125, 293 K/2 [111]
maintained for 15 min under N, atmosphere
& o, inl o,
Actl_vated Carbor)s from Heated at 10 °C min ™" up to 850 °C under 821 Tetracycline 308.8 293 K/4 [112]
Agricultural Residues N,atmosphere
Commercial activated carbon Compared the behavior of commgrual . 1200 Tetracycline, 471.1, 298 K/4-5 | [113]
activated carbons and sludge-derived materials
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The adsorption removal of antibiotics by activated carbon
Adsorption removal of tetracycline

AC has been used as an adsorbent because of its high surface area
and its excellent adsorption capacity for a broad range of
contaminants . The development of activated carbon could be
summarized in two aspects: improving the adsorption capability
by doping active carbon with other inorganic substances to
activate them in different ways and searching for cheap raw
materials and optimal activation methods. Related research is
listed in Table 3.

L. Huang the found prepared ferric nitrate-doped activated
carbons from Iris tectorum, SEM photographs of ITAC (Iris
tectorum with H3PO,) and ITAC-Fe (the mixture of H;PO, and
ferric nitrate). The adsorption of TC exhibited strong pH-
dependent behavior, and the adsorption capacity decreased rapidly
with increasing solution pH. The maximum adsorption capacity of
TC is 769 mg/g. [111]

Martins, pezoti et al. they found The activated carbon (AC) with
macadamia nut shells used as precursors showed a good yield
(19.79%) and high surface area (1524 m? g%) for tetracycline; it
also demonstrated a considerable adsorption capacity
(455.33 mg g 1). [109] .

Zhang, Zuo et al. they found Tetracycline (TC) was cost-
effectively removed by coupling of flow-through electro-Fenton
(EF) and in-situ regenerative active carbon felt (ACF) adsorption
system, which used a modified graphite felt as the cathode. It
proved the coupling process achieved a higher removal efficiency
(5-44%) than single flow-through EF system and kept stable
performance in 600 min treatment. [114]

Muthanna J.Ahmed et.al., they found Activated carbon (AC)
because of its high porosity, large specific surface area, and
favorable pore size distribution. using as highly effective
adsorbent for antibiotics the adsorption performance of AC
towards three major types of antibiotics such as quinolones
Jtetracyclines and penicillins maximum adsorption capacities of
638.6 ,1340.8 and 570.4 mg/g were reported for quinolones
Jtetracyclines, , and penicillins, respectively [115].

YajunChen et.al., they found rice husk ash (RHA) , agricultural
waste, has the possibility to be an applicable alternative adsorbent
for the removal of tetracycline (TC) from aqueous solution. study
are the effect of adsorption time, solution pH, initial concentration
of TC, and temperature .[116]

Chen, Wang et al. they found adsorption capacity of RHA
natural adsorbate and cheap for the removal of TC from aqueous
solution. The adsorption capacity increases from 1.51 to 3.41
mg/g and the removal efficiency decreases 60.93% to 34.40%,
when the initial concentration of TC solution increases from 5
mg/L to 20 mg/L[116]

Mojtaba HedayatiMarzbali et.al., hey found removal of
Tetracycline (TC) from aqueous solution using activated carbon
(AC) prepared from apricot shell by activation phosphoric acid.
The , total pore volume ,average pore diameter, and specific
surface area were , 0.191 cm3 g, and 1.957 nm,307.6 m2 g
respectively. The effect of contact time ,adsorbent dosage, initial
TC concentration , initial pH of the solution on TC and
temperature adsorption was studied [105]

R.Acosta et.al., they found TPC-ACs were successfully tested for
tetracycline (TC) abatement. The adsorption equilibrium was
reached after 15 h at 25 °C, TC adsorption was found a
spontaneous process. TPC-ACs maximum TC adsorption of 312
mg g—1, higher than that of the (CAC) used as a reference .[117]
Rivera-Utrilla, et al. they found commercial activated carbons
studied have a high TC adsorption capacity (65-471 mg/g). At the
study pH (pH 4-5), the capacity of carbons to adsorb TC is
directly related to the density of delocalized © electrons in both
the graphene layers of the carbon and the TC aromatic ring. [113]

Rivera-Utrilla et al. (2013b) They found analyzed the adsorption
demeanor of TC and OTC on commercial carbon CAC. The
experimental equilibrium data of both antibiotics were provided
by Freundlich with R? of 0.9851 and 0.9782 compared to 0.9999
and 0.9991 by Langmuir isotherms. For the Langmuir isotherm,
the values of gmax were 413.2 and 471.1 mg/g for OTC and TC,
respectively. [113]

CONCLUSIONS AND FUTURE PERSPECTIVES

environmental pollution is increasingly serious With the rapid
development of human society and the economy,, but on the other
hand, people are increasingly concerned about their health .
Antibiotics in wastewater , groundwater, effluent, seawater pose
and tap water, possible menace to human validity . From the
original activated carbon to the latest graphene, carbon-based
materials play decisive roles in the practicability of removing
antibiotics. . Activated carbon has been commercially used in
wastewater treatment plants ,
Although an increasing number of studies included the adsorption
of pharmaceuticals on ACs from agro-industrial wastes, there are
still several points which need more attention, such as
modification of adsorbent to enhancement adsorption capacity,
utilization of composite adsorbents, multi-component adsorption,
treatment of real effluents, fixed-bed studies, and enhancement of
regeneration. Furthermore, studies should also be extended to
pilot and full scale to evaluate the potential use of ACs at the
industrial level
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