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Abstract 
 

Most pharmaceutical wastewaters contain amoxycillin trihydrate in trace or significant amounts. These 

compounds are toxic to aquatic life; and by extension to humans. Adsorption is one of the successful 
methods used to remove these pollutants from water. However, most pharmaceutical effluents occur in a 
wide range of pH which is a key parameter of adsorption process. This study aimed at evaluating the 
most feasible pH value for optimized adsorption of amoxycillin trihydrate using Maerua decumbens 
activated charcoal. M. decumbens charcoal and activated charcoal were prepared and characterized for 
functional groups. 500ml of 5g/L amoxycillin trihydrate sorbate was then subjected to batch adsorption 
at 300rpm for 2 hours. The sorbent weight used was 2.25g for both normal and activated charcoal. 
Parallel studies were conducted at 200C and 250C at varying pH values from 2.0 to 10.0. The initial (Co) 

and final concentrations (Ct) were analyzed by spectroscopic absorbance at 334.5nm. The activated 
sorbents had more functional groups compared to that of the normal M. decumbens. This led to more 
adsorption efficiency of up to 77% for the activated sorbent compared to 67% for the normal sorbent. 
Increase in pH values increased adsorption efficiency up to pH 8.0 after which adsorption efficiency 
decreased. The adsorption isotherms conducted revealed formation of both monolayers and multiple 
layers. These findings will greatly impact on wastewater purification strategies to eradicate water 
pollution globally. 
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Introduction 

Pharmaceuticals products have shown adverse effects on aquatic 

and human life. Presence of estrogen from birth control pills and 

post-menopausal hormone treatment have feminizing effect on 

male fish which alter the male-to-female ratios [1]. There are 

appreciable risks to health of humans arising from exposure to 

trace levels of pharmaceuticals. The presence of antibiotic-

contaminated effluents in water lead to bacteria that are 

antibiotic-resistant [2]. Residues of hypertensive-inducing drugs 

such as penicillin and their degradation products may also elicit 

allergic reaction in humans [3]. Penicillin antibiotics were among 

the first medication to be effective against many bacterial 

infections caused by Staphylococci and Streptococci [4]. 

Penicillin make up for four groups that belong to the B lactam 

class of antibiotics [5]. Within this group, the most consumed 

subgroup is amino penicillin which include ampicillin, 

amoxicillin, epicillin and bacampicillin [6]. Amoxicillin is a 

broad-spectrum semisynthetic aminopenicillin antibiotic with 

bactericidal activity. Amoxicillin binds to and inactivates 

penicillin binding protein (PBP) located on the inner membrane 

of the bacterial cell wall. Inactivation of PBPs interferes with 

cross linkage of peptidoglycan chains necessary for bacterial cell 

wall synthesis [7]. This results in weakening bacteria cell wall 

and cause cell lysis [7]. Amoxicillin trihydrate is a broad 

spectrum semisynthetic antibiotic similar to ampicillin [8]. Its 

resistance to gastric acid permits high serum levels with oral 

administrator. Amoxicillin and ciprofloxacin antibiotics are 

excreted in significantly large quantities in pharmaceutical areas 

or production industries [9]. They are therefore likely to end up in 

domestic wastewater in significant quantities. Presence of these 

compounds in water bodies thereafter cause harm to marine and 

human life. Amoxicillin trihydrate has a broad structure with 

expansive sites [6]. Due to its structure, adsorption is the most 

suitable means for its removal. The expansive sites of carbon 

(especially charcoal) make it a prime adsorbent material. 

Activation of the charcoal by heating with salts at high 

temperatures is used to optimize on adsorption efficiency of 

charcoal [10]. Activated charcoal is an odorless and tasteless 

powder. It is able to absorb thousands of times its own weight in 

gases, heavy metals, poisons and chemical often making them 

ineffective [11]. Activated charcoal has been used in adsorption 

of several drugs [12]. Some of these drugs include 

acetaminophen, digoxin, theophylline, tricyclic and 

antidepressants [13]. The type of tree used in preparation of 

charcoal and activated charcoal is also fundamental in the 

ultimate adsorption efficiency of the activated charcoal. Charcoal 

from Maerua decumbens tree has been characterized to have 
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numerous adsorption sites [14]. Maerua decumbens is a shrub or a 

woody herb species in the Capparaceae family [15]. It grows to a 

height of 0.5m to 3m with a large swollen root. It mainly occurs 

naturally in arid and semi-arid areas in Kenya. This plant was 

traditionally used by rural communities in Kenya for medicinal 

purposes. Its charcoal was used for water purification. This study 

aimed at investigating the effects of adsorbate pH on the 

efficiency of adsorption of amoxycillin trihydrate using M. 

decumbens activated charcoal. This is because most 

pharmaceutical effluents containing amoxycillin trihydrate occur 

in a wide pH range. A lot of effort is used in adsorption of these 

effluents without knowing the exact adsorbent pH for efficient 

removal of the pollutants.  

Materials and Methods 

Design of experiment 

Activated charcoal was obtained from mixing M. decumbens 

charcoal with concentrated sulfuric acid. M. decumbens charcoal 

was characterized for change in adsorptive functional groups 

before and after activation. Adsorption studies of amoxycillin 

trihydrate were carried out at varying adsorbate pH (i.e from pH 

2.0 to 10.0). UV VIS spectroscopy was used to quantify the levels 

of the adsorbate removed. Thereafter, adsorption modelling 

studies were carried out to determine the nature of the processes 

at different temperature conditions. Monitoring of the adsorption 

columns was done at Maasai Mara University, Narok, Kenya 

while UV VIS analysis was conducted at Lab and Allied 

pharmaceuticals Co., and Nairobi, Kenya. 

Methods 

Chemicals and reagents used 

Sulfuric acid (98% pure), nitric acid (65% pure) and sodium 

hydroxide (95% pure) were all obtained from Sigma (St Louis, 

USA). Amoxycillin trihydrate solution and standards (all 98% 

pure) were obtained from Lab and Allied Pharmaceuticals 

(Nairobi, Kenya). 

Preparation of adsorbate 

M. decumbens was collected from Narok region in Kenya. Its 

charcoal powder was mixed with concentrated sulfuric acid (10ml 

of the acid for every 100g of the charcoal powder). The mixture 

was left for 48 hours then washed with enough distilled water. 

The mixture was then concentrated to remove any moisture and 

acid mists present before re-crushing to fine powder. The 

activated carbon was dried in an oven at 120°C for 6 hours and 

stored in a desiccator until use. A sample of the powder was 

characterized for functional groups before and after activation. 

Shimadzu-119 FT-IR was used for this characterization. The dry 

powder was then adjusted to varying pH levels using dilute nitric 

acid and sodium hydroxide solutions. pH levels of 2.0 to 10.0 

were prepared. A pH meter, Hanna G-114 model was used.  

Preparation of adsorbent and adsorption process 

A batch model reactor with 2.25g of the adsorbent and 500ml of 

amoxycillin trihydrate in a 1000ml flask. The reactors were 

agitated using a magnetic stirrer at 300rpm. 5g/L amoxycillin 

trihydrate solution (C0) was used for adsorption. Adsorption 

was carried out at room temperature with a constant contact time 

of 2 hours. Analysis of the adsorbate concentration before and 

after analysis was carried out using UV VIS spectrometer (model 

UV 25-1950). The absorbance was checked at the wavelength 

334.5nm. A calibration curve was obtained from which the 

sample concentrations were calculated. Distilled water was used 

as the blank in the analyses. 

Data analysis 

Data was represented as mean ± standard deviation; for each 

quadruple analysis. The level of significance was set at 0.05. 3 

degrees of freedoms were used. Statistical analysis was done 

using Ms Excel and OriginLab (version 6.5). 

Results and Discussions 

Characterization of Functional groups in M. decumbens 

charcoal 

Activation of M. decumbens charcoal imprinted more functional 

groups onto the adsorbent. As a rule of thumb, the more the 

organic functional groups present, the more the adsorption sites 

increase. A good adsorbate should have many active sites for the 

mobile adsorbate to attach to. Activation of M. decumbens 

increased the peak at 3805.4cm-1, resulting from adsorbed water 

as a result of the activation process. A peak due to alcoholic -OH 

at 3184.4cm-1 was slightly shifted to 3199.2cm-1 with slight 

increase in its intensity. This peak is crucial in attracting and 

binding protons in the adsorbate which are in solution. The sp 

acetylenic triple carbon bond at 2550.6cm
-1

 in the normal 

charcoal was shifted to 2651.0cm-1. Acetylenic groups are quite 

unstable and thus form a site of reaction in their compounds. A 

similar peak shift was observed for amide groups in the adsorbent 

(from 2198.7cm-1 in the normal charcoal to 2089.0cm-1 in the 

activated charcoal) (Figure 1). Pyrrole, which has this functional 

group have frequently been used to enhance the adsorption 

efficiency of cellulose [16]. Other compounds containing amide 

groups have also been used to functionalize various adsorbents 

(with varying success rates) [17]. These peaks are seen to result 

from amino groups due to unburnt biomass in the charcoal. 

Activation of the charcoal also introduced some peaks which 

were absent in the normal M. decumbens charcoal. There were 

peaks between 1500-2000cm-1 as a result of carbonyl groups, 

aromatic and aliphatic double bonds. These peaks further increase 

the reactivity of the adsorbent. Presence of the carbonyl peak (at 

1733.3cm-1) as well as -C-O-H peak (at 1031.2cm-1) in the 

activated charcoal indicate presence of carboxylic groups [18]. 

Found out that aliphatic and phenolic hydroxyl groups as well as -

COOH groups in adsorbent surfaces promote more reactions with 
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the adsorbate leading to higher efficiency rates. One of the major 

adsorption reactions mentioned is esterification [19]. Several 

aromatic groups have also been used to functionalize adsorbents 

in wastewater purification [20]. These functionalizing and 

modifier groups also increase the re-usability potential of the 

adsorbent. An adsorbent with these groups embedded on its 

surface (like activated M. decumbens charcoal powder) is thus 

likely to have a longer life span. The activated charcoal powder 

had peaks between 650-1000cm-1 due to benzylic groups, 

organometallic and organohalide compounds. These groups are 

attributable to impurities in the sulfuric acid used for activation. 

The peaks are however crucial in enhancing more ion-exchange 

reactions with the adsorbate.  

 

Figure 1: FT-IR spectra of M. decumbens charcoal and activated 

charcoal powder. 

 

Figure 2: Percentage removal of amoxycillin trihydrate using normal M. 

decumbens charcoal powder. 

 Figure 3: Percentage removal of amoxycillin trihydrate using activated 

M. decumbens charcoal powder. 

Effect of pH on adsorption process 

The activated charcoal powder was found to have a higher 

adsorption efficiency compared to the normal one (Tables 1 and 

2). The samples exposed to a higher temperature (250C) were also 

found to be slightly more efficient in the adsorption process. The 

optimum adsorption efficiencies were found at pH 8.0. 

Adsorption efficiency increased with increasing pH from pH 2.0 

up to pH 8.0 and decreased after this pH value. These findings 

concur with those of Boukhelkhal [21]. Who observed efficient 

removal of amoxycillin using wheat bran at pH 7.0 and 250C. 

From the table, there was a significant increase in adsorption 

efficiency from the normal to the activated charcoal. This can be 

attributed to the increase in the active adsorption sites imprinted 

onto the charcoal during activation process. Increase in adsorption 

with pH values results from the ionization of amoxycillin 

trihydrate compound in solution. The structure of amoxycillin 

trihydrate contain ionizable protons, amine and hydroxyl groups. 

At neutral pH, the zwitterionic form of this compound exist. The 

structure is thus quite polarized and can easily bind onto the 

adsorbent material. Organic acids and bases, like amoxycillin 

compounds depend on the correlation between pH and pKa 

values. At pH 8.0, the pKa of amoxycillin is less than its pH 

increasing the dissociated amoxycillin compounds. This has a 

positive effect on the rate of adsorption. (Figures 2 and 3) below 

shows the extent of amoxycillin trihydrate adsorbed at varying pH 

values. At low pH values, the dissolution constant, pKa of 

amoxycillin trihydrate is quite high limiting ionization of this 

compound. Therefore, the compound is less polar and interactions 

with the adsorbent are limited. This trend decreases gradually and 

at pH 8.0, the pH value is more than the dissolution constant. The 

compound easily ionizes and is charged leading to more 

interactions with the adsorbent. However, at high pH values 

above 9.0, there is more competition for the active sites between 

the adsorbate and hydroxyl ions from the buffering reagent 

(sodium hydroxide). This competition limits the chances of 

adsorption of amoxycillin trihydrate. The samples subjected at 

250C experienced a higher adsorption efficiency compared to 

those at 200C. This is attributed to increased polarization of the 

adsorbate with temperature leading to more interactions with the 

adsorbent.  

Effect of temperature on the adsorption isotherms 

Langmuir isotherms of the adsorbents showed that the adsorption 

processes gave monolayers. A homogenous type of adsorption 

had occurred in all the adsorbents. The R2 values for the 

isotherms was unity (one) (Figures 4 and 5) thus ascertaining 

homogenous adsorptions [22]. Found out similar adsorption 

isotherms in adsorption of amoxycillin from pharmaceutical 

wastewater. Increase in temperature did not have a significant 

effect on the R2 value of the models. However, temperature 

increase reduced the adsorption capacities (from the y-intercept 

values) of both normal and activated M. decumbens charcoal. The 

adsorption isotherms were confirmed for formation of multiple 
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layers by Freundlich and Temkin isotherms.  

 
Figure 4: Langmuir isotherms for adsorption of amoxycillin trihydrate using normal charcoal at 200C (a) and 250C (b). 

 

(a) (b) 

Figure 5: Langmuir isotherms for adsorption of amoxycillin trihydrate using activated charcoal at 200C (a) and 250C (b). 

(a) (b) 

Figure 6: Freundlich isotherms for adsorption of amoxycillin trihydrate on normal M. decumbens charcoal at 200C (a) and 250C (b). 

The adsorption process was found to linearly fit Freundlich 

isotherm model of both normal and activated adsorbents. The 

temperature of adsorption process did not play any significant 

role in determining the formation of heterogenous layers. The 

slopes of all the adsorbent models were relatively similar (0.44 ± 

0.005). However, the y-intercepts were quite negligible citing less 

adsorbate intensity in the models (Figures 6 and 7) below 

illustrates the Freundlich models plotted. Since both the Langmuir 

and Freundlich isotherms linearly fitted in almost all the sorbents 

used, it is feasible to conclude that the adsorbents had different 

particle sizes to enable both homogenous and heterogenous layers 

[22]. Such an adsorbent is efficient for optimized removal of 

pollutants in pharmaceutical wastewater. The y-intercept of the 

activated and normal sorbents were quite similar (0.81± 0.005). 

However, the slopes of the activated sorbents were significantly 

higher than those of the normal sorbents (α ≥ 0.05, n= 3). This 

implies that while the minimum adsorption capacity of M. 

decumbens charcoal powder was similar for normal and activated 

charcoal, their adsorption intensities varied. There were also 

indirect adsorbent/adsorbate interactions arising from interactions 

between the adsorbent and sorbates. This information was 

confirmed by the Temkin models in (Figures 8 and 9) below. The 

R2 values of the models were found to increase with temperature 

for the two sets of adsorbents (i.e normal and activated M. 

decumbens). Increase in temperature led to more interactions due 

to increased kinetic motion of the adsorbates around the 
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adsorbent. The heat of adsorption (ΔHads) of the molecules in the 

adsorption processes decreased with increase in temperature since 

adsorbent coverage is increasing [22].  

(a) (b) 

Figure 7: Freundlich isotherms for adsorption of amoxycillin trihydrate on activated M. decumbens charcoal at 200C (a) and 250C (b). 

(a) (b) 

Figure 8: Temkin adsorption models of amoxycillin trihydrate on normal M. decumbens charcoal powder at 200C (a) and 250C (b). 

(a) (b) 

Figure 9: Temkin adsorption models of amoxycillin trihydrate on activated M. decumbens charcoal powder at 200C (a) and 250C (b). 

Table 1: Effect of pH on adsorption of Amoxycillin trihydrate using 
normal M. decumbens charcoal. 

Adsorbate 

pH 

Initial 

concentration 

(Co) (g/L) 

Final concentration (Ct) 

(g/L) 

200C 250C 

2.0 5.0 3.35 3.13 

4.0 5.0 3.12 2.89 

6.0 5.0 2.68 2.30 

8.0 5.0 1.93 1.65 

10.0 5.0 2.57 2.16 

 

 

Table 2: Effect of pH on adsorption of Amoxycillin trihydrate using 
activated M. decumbens charcoal. 

Adsorbate 

pH 

Initial 

concentration 

(Co) (g/L) 

Final concentration (Ct) 

(g/L) 

200C 250C 

2.0 5.0 3.01 2.88 

4.0 5.0 2.65 2.54 

6.0 5.0 2.10 1.90 

8.0 5.0 1.31 1.15 

10.0 5.0 2.12 2.03 
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The slopes of the models of sorbents with activated charcoal 

were significantly higher than those of normal M. decumbens 

charcoal (α ≥ 0.05, n = 3). The slope of the models can be 

equated to RT/b where R is universal gas constamt, T is 

absolute temperature and b is Temkins heat of sorption. It can 

therefore be concluded that the activation process reduced the 

heat of sorption (thus enabling more adsorption process). There 

was no specific trend in the adsorption capacities from the y-

intercept values of the models obtained. 

Conclusions 

Activation of M. decumbens charcoal powder increased the 

number of adsorption peaks in the sorbent. This led to an 

increase in the adsorption efficiency of up to 77% in the 

activated charcoal compared to 67% in the normal charcoal. The 

adsorption efficiency increased with pH increase from pH 2.0 to 

pH 8.0 before reducing in pH 10.0. Optimum adsorption was 

thus achieved at pH 8.0. According to Langmuir and Freundlich 

adsorption isotherms, both homogenous and heterogenous 

adsorptions were obtained. From the Temkin isotherms, an 

increase in temperature from 200C to 250C decreased the 

interactions of amoxycillin trihydrate and M. decumbens 

sorbent.  

Acknowledgement 

The authors wish to acknowledge Mr. Patrick Lumumba and 

Kenneth Rutto for their dedicated assistance during preparation 

of the sorbents. The authors are also grateful to Lab and Allied 

Pharmaceuticals for provision of Amoxycillin trihydrate and 

analysis of the compound. Mr. Sila Frederick was particularly 

helpful in carrying out the analysis of the sorbate 

concentrations. 

Conflicts of Interest 

The authors declare to have no conflicts of interest. 

Sources of Funding 

No funding was received for this work. 

Data availability Statement 

All the data used is enclosed within this manuscript or any 

supplementary sheets attached. 

References 

1. Kidd KA, Blanchfield PJ, Mills KH, Palace VP, Evans RE, 

Lazorchak JM, et al. Collapse of a fish population after exposure 

to a synthetic estrogen. P Nal Aca Sci U S A. 2007; 104: 8897-

8901.  

2. Kraemer SA, Ramachandran A, Perron GG. Antibiotic pollution 

in the environment: from microbial ecology to public policy. 

Microorganisms. 2019; 76:180.  

3. Bhattacharya S.The facts about penicillin allergy: a review. J Adv 

Pharm Technol Res. 2010; 1:11-17. 

4. Lobanovska M, Pilla G. Penicillins discovery and antibiotic 

resistance: Lessons for the Future. The Yale J Bio Med. 2017; 90: 

135-145. 

5. Kong KF. Schneper L, Mathee K. Beta-lactam antibiotics: from 

antibiosis to resistance and bacteriology. APMIS; Acta pathologica 

micr immunologica Scandinavica. 2010; 118: 1-36.  

6. Akhavan BJ, Vijhani P. Amoxicillin. StatPearls Treasure Island 

StatPearls.2019. 

7. Nikolaidis I, Stabile FS, Dessen A. Resistance to antibiotics targeted 

to the bacterial cell wall. Protein Sci Pub Protein Soci. 2014; 23:243-

259.  

8. National Center for Biotechnology Information. PubChem Database 

Ampicillin. 

9. Fair RJ, Tor Y. Antibiotics and bacterial resistance in the 21st century. 

Perspectives Medicin Chem. 2014; 6:25-64.  

10. Ravichandran P, Sugumaran P, Seshadri S, Basta AH. Optimizing the 

route for production of activated carbon from casuarina equisetifolia 

fruit waste. Royal Society Open Sci .2018; 5: 171578. 

11. Zellner T, Prasa D, Färber E, Walbeck HP, Genser D, Eyer F. The 

Use of activated charcoal to Treat intoxications. Deutsches Arzteblatt 

Int. 2019; 116: 311-317.  

12. Neuvonen P. Clinical pharmacokinetics of oral ativated charcoal in 

acute intoxications. J Clin Pharmacokinet. 1982; 7: 465.  

13. Katz MCEF, Sullivan LE, Nallani S. Drug interactions of clinical 

importance among the opioids, methadone and buprenorphine and 

other frequently prescribed medications: a review. The Am J 

Addictions. 2019; 19: 4-16.  

14. Elizabeth K. Facilitative effects of Aloe secundiflora shrubs in 

degraded semi-arid rangelands in Kenya. J Arid Environments. 2008; 

72:358-369.  

15. Musyoki JK, Wachira N, Mwitari P, Tolo F, Kuria J, Adipo N, et al. 

Use of maerua decumbens as a natural coagulant for water 

purification in the dry lands of kenya. Int J Sci 2016; 2: 1-9.  

16. Olatunji MA, Khandaker MU, Amin YM, Mahmud HN. Cadmium-

109 radioisotope adsorption onto polypyrrole coated sawdust of 

dryobalanops aromatic: Kinetics and Adsorption Isotherms 

Modelling. PloS one. 2016; 11:1-8. 

17. Wang Y, Qu R, Mu Y, Sun C, Ji C, Zhang Y, et al. Amino- and Thiol- 

Polysilsesquioxane simultaneously coating on poly(p-

Phenylenetherephthal Amide) fibers: bifunctional adsorbents for 

Hg(II). Frontiers in Chem. 2019; 7: 465.  

18. Anne, J. M., Boon, Y. H., Saad, B., Miskam, M., Yusoff, M. M., 

Shahriman, M. SRaoov, M. (2018). β-Cyclodextrin conjugated 

bifunctional isocyanate linker polymer for enhanced removal of 2,4-

dinitrophenol from environmental waters. Royal Soc Open Sci.2018; 

5: 180942.  

19. Čebular K, Božić BĐ, Stavber S. 1,3-Dibromo-5,5-dimethylhydantoin 

as a Precatalyst for Activation of Carbonyl Functionality. Molecules. 

2019; 24: 2608.  

20. Yang J, Hou B, Wang J, Tian B, Bi J, Wang N,et al. Nanomaterials 

for the Removal of Heavy Metals from Wastewater. Nanomaterials 

Basel Switzerland. 9; 3: 424.  

21. Boukhelkhal A, Othmane B, Hamadache M, Ghalem N, Hanini S, 

Amrane, et al .Adsorptive removal of amoxicillin from wastewater 

using wheat grains: equilibrium, kinetic, thermodynamic studies and 

mass transfer. Desalination Water Treatment. 2016; 57: 1-13.  

22. Ayawei N, Augustus N, Donbebe W. Modelling and interpretation of 

adsorption isotherms. J Chem. 2017; 11. 

 

https://europepmc.org/article/pmc/pmc1874224
https://europepmc.org/article/pmc/pmc1874224
https://europepmc.org/article/pmc/pmc1874224
https://europepmc.org/article/pmc/pmc1874224
https://www.semanticscholar.org/paper/Antibiotic-Pollution-in-the-Environment%3A-From-to-Kraemer-Ramachandran/01dc3e439df3d25db4dba0a7e4a03e3687cc93e1
https://www.semanticscholar.org/paper/Antibiotic-Pollution-in-the-Environment%3A-From-to-Kraemer-Ramachandran/01dc3e439df3d25db4dba0a7e4a03e3687cc93e1
https://www.semanticscholar.org/paper/Antibiotic-Pollution-in-the-Environment%3A-From-to-Kraemer-Ramachandran/01dc3e439df3d25db4dba0a7e4a03e3687cc93e1
https://www.unboundmedicine.com/medline/citation/22247826/The_facts_about_penicillin_allergy:_a_review_
https://www.unboundmedicine.com/medline/citation/22247826/The_facts_about_penicillin_allergy:_a_review_
https://www.semanticscholar.org/paper/Penicillin%E2%80%99s-Discovery-and-Antibiotic-Resistance%3A-Lobanovska-Pilla/65769d19cd5dac5b11332061ce12506d82697305
https://www.semanticscholar.org/paper/Penicillin%E2%80%99s-Discovery-and-Antibiotic-Resistance%3A-Lobanovska-Pilla/65769d19cd5dac5b11332061ce12506d82697305
https://www.semanticscholar.org/paper/Penicillin%E2%80%99s-Discovery-and-Antibiotic-Resistance%3A-Lobanovska-Pilla/65769d19cd5dac5b11332061ce12506d82697305
https://insightsovid.azurewebsites.net/apmis/apmis/2010/01/000/beta-lactam-antibiotics/1/00002108
https://insightsovid.azurewebsites.net/apmis/apmis/2010/01/000/beta-lactam-antibiotics/1/00002108
https://insightsovid.azurewebsites.net/apmis/apmis/2010/01/000/beta-lactam-antibiotics/1/00002108
https://onlinelibrary.wiley.com/doi/pdf/10.1002/pro.2414
https://onlinelibrary.wiley.com/doi/pdf/10.1002/pro.2414
https://onlinelibrary.wiley.com/doi/pdf/10.1002/pro.2414
https://www.semanticscholar.org/paper/Antibiotics-and-Bacterial-Resistance-in-the-21st-Fair-Tor/b92d6fd3b3fbda0afdf87b0f381f6fa4c6cfc11b
https://www.semanticscholar.org/paper/Antibiotics-and-Bacterial-Resistance-in-the-21st-Fair-Tor/b92d6fd3b3fbda0afdf87b0f381f6fa4c6cfc11b
http://xueshu.baidu.com/usercenter/paper/show?paperid=3d5139c37ad60754834ecfcc07697ae4
http://xueshu.baidu.com/usercenter/paper/show?paperid=3d5139c37ad60754834ecfcc07697ae4
http://xueshu.baidu.com/usercenter/paper/show?paperid=3d5139c37ad60754834ecfcc07697ae4
https://www.aerzteblatt.de/int/archive/article/206972/The-use-of-activated-charcoal-to-treat-intoxications
https://www.aerzteblatt.de/int/archive/article/206972/The-use-of-activated-charcoal-to-treat-intoxications
https://www.aerzteblatt.de/int/archive/article/206972/The-use-of-activated-charcoal-to-treat-intoxications
https://scinapse.io/papers/2039727414
https://scinapse.io/papers/2039727414
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1521-0391.2009.00005.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1521-0391.2009.00005.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1521-0391.2009.00005.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1521-0391.2009.00005.x
https://www.sciencedirect.com/science/article/abs/pii/S0140196307002212
https://www.sciencedirect.com/science/article/abs/pii/S0140196307002212
https://www.sciencedirect.com/science/article/abs/pii/S0140196307002212
https://www.semanticscholar.org/paper/Use-of-Maerua-Decumbens-as-a-Natural-Coagulant-for-Musyoki-Wachira/1771053ca35ee3eed9e191e22cd7ab3b91a288cb
https://www.semanticscholar.org/paper/Use-of-Maerua-Decumbens-as-a-Natural-Coagulant-for-Musyoki-Wachira/1771053ca35ee3eed9e191e22cd7ab3b91a288cb
https://www.semanticscholar.org/paper/Use-of-Maerua-Decumbens-as-a-Natural-Coagulant-for-Musyoki-Wachira/1771053ca35ee3eed9e191e22cd7ab3b91a288cb
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0164119
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0164119
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0164119
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0164119
https://www.readcube.com/articles/10.3389/fchem.2019.00465
https://www.readcube.com/articles/10.3389/fchem.2019.00465
https://www.readcube.com/articles/10.3389/fchem.2019.00465
https://www.readcube.com/articles/10.3389/fchem.2019.00465
https://eurekamag.com/research/065/744/065744868.php
https://eurekamag.com/research/065/744/065744868.php
https://eurekamag.com/research/065/744/065744868.php
https://eurekamag.com/research/065/744/065744868.php
https://eurekamag.com/research/065/744/065744868.php
https://www.wizdom.ai/publication/10.3390/MOLECULES24142608/title/1_3_dibromo_5_5_dimethylhydantoin_as_a_precatalyst_for_activation_of_carbonyl_functionality
https://www.wizdom.ai/publication/10.3390/MOLECULES24142608/title/1_3_dibromo_5_5_dimethylhydantoin_as_a_precatalyst_for_activation_of_carbonyl_functionality
https://www.wizdom.ai/publication/10.3390/MOLECULES24142608/title/1_3_dibromo_5_5_dimethylhydantoin_as_a_precatalyst_for_activation_of_carbonyl_functionality
https://www.mdpi.com/2079-4991/9/3/424
https://www.mdpi.com/2079-4991/9/3/424
https://www.mdpi.com/2079-4991/9/3/424
https://www.tandfonline.com/doi/abs/10.1080/19443994.2016.1166991
https://www.tandfonline.com/doi/abs/10.1080/19443994.2016.1166991
https://www.tandfonline.com/doi/abs/10.1080/19443994.2016.1166991
https://www.tandfonline.com/doi/abs/10.1080/19443994.2016.1166991
https://www.scilit.net/article/863ae4518b310675021bd9a38d1022b4
https://www.scilit.net/article/863ae4518b310675021bd9a38d1022b4

