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Activated Carbon Removal of Pharmaceuticals

Introduction on C12

C12 Environmental Services specializes in activated carbon consulting. Specifically, the team excels
at developing and assisting with the selection of activated carbons for numerous applications. The
team has developed one-of-a-kind carbons for mercury capture, food and beverage, potable water,
and a myriad of other applications. The extensive experience provides a foundation to assist with
market analyses, feasibility studies, product development, patent preparation, manufacturing
design, full-scale plant build out, and assistance with plant commissioning/operation.

Activated Carbon Application in Drug Removal/Deactivation

Adsorption by activated carbon is a multipurpose treatment technique practiced widely for
contaminant and chemical removal across various applications worldwide. Activated carbon is ideal
for removing small molecular organic compounds like pharmaceutical drugs due to the availability of
high surface area, the combination of a well-developed pore structure and surface functional group
properties 2 The efficacy of pharmaceuticals removal by activated carbon has been very well studied
worldwide 34587, The most relevant studies are summarized below for specific drugs.

Activated carbons are widely used clinically to treat accidental or deliberate drug overdoses.
Administered in the form of a slurry to prevent drug absorption by the gastrointestinal tract and to
enhance the elimination of drugs already absorbed. This treatment is recommended within 0.5-1.0h
from the ingestion of a toxic amount of a drug.

Removal/Deactivation of Ibuprofen by Activated Carbon

Ibuprofen is a nonsteroidal anti-inflammatory drug that can be used to treat fever and mild to severe
pain. It is a monocarboxylic acid that is a propionic acid in which one of the hydrogens at position 2
is substituted by a phenyl group. The adsorption of ibuprofen onto commercial activated carbons has
been studied by various university research groups successfully. One group looked at comparing
activated carbon removal of ibuprofen to other minerals and concluded that the highest sorption
capacity was found using activated carbon in comparison to montmorillonite, kaolinite and goethite4.
Another research team out of the University of Florida studied the removal of ibuprofen (in addition

" Dgbrowski, A., Podkoscielny, P., Hubicki, Z. and Barczak, M., 2005. Adsorption of phenolic compounds by activated carbon—a critical
review. Chemosphere, 58(8), pp.1049-1070.

21, L., Quinlivan, P.A. and Knappe, D.R., 2002. Effects of activated carbon surface chemistry and pore structure on the adsorption of organic
contaminants from aqueous solution. Carbon, 40(12), pp.2085-2100.

3 Behera, S.K., Oh, S.Y. and Park, H.S., 2012. Sorptive removal of ibuprofen from water using selected soil minerals and activated

carbon. International journal of environmental science and technology, 9(1), pp.85-94.

4 Behera, S.K., Kim, H.W., Oh, J.E. and Park, H.S., 2011. Occurrence and removal of antibiotics, hormones and several other pharmaceuticals
in wastewater treatment plants of the largest industrial city of Korea. Science of the total environment, 409(20), pp.4351-4360.

5 Ternes, T.A., Meisenheimer, M., McDowell, D., Sacher, F., Brauch, H.J., Haist-Gulde, B., Preuss, G., Wilme, U. and Zulei-Seibert, N., 2002.
Removal of pharmaceuticals during drinking water treatment. Environmental science & technology, 36(17), pp.3855-3863.

6 Snyder, S.A., Adham, S., Redding, A.M., Cannon, F.S., DeCarolis, J., Oppenheimer, J., Wert, E.C. and Yoon, Y., 2007. Role of membranes
and activated carbon in the removal of endocrine disruptors and pharmaceuticals. Desalination, 202(1-3), pp.156-181.

" Ek, M., Baresel, C., Magnér, J., Bergstrom, R. and Harding, M., 2014. Activated carbon for the removal of pharmaceutical residues from
treated wastewater. Water Science and Technology, 69(11), pp.2372-2380.
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to 6 other pharmaceuticals) in urine using activated carbon and biochar resulting in greater than
90% removal for each of the pharmaceuticals after just 24 hours 8910,

Removal/Deactivation of Acetylsalicylic Acid (Aspirin) by Activated Carbon

Acetylsalicylic acid (common name of Aspirin) is a nonsteroidal anti-inflammatory drug that can be
used to reduce pain, fever, or inflammation. It is a member of the class of benzoic acids that is
salicylic acid in which the hydrogen that is attached to the phenolic hydroxy group has been replaced
by an acetoxy group. The adsorption of acetylsalicylic acid (ASA) onto high-surface-area, commercial
activated carbons has been investigated in adsorption isotherms at different pH values, including pH
1.5 to simulate conditions existing in the stomach '1.12.13.

Removal/Deactivation of Lorazepam by Activated Carbon

Lorazepam is an anti-anxiety medication used to calm nerves by releasing inhibitory
neurotransmitters in the brain. It is a member of the benzodiazepines drug class where a benzene
ring and a diazepine ring are attached.

Several studies have found that Lorazepam can be removed from waste waters by activated carbon
adsorption mechanisms 14,1516, Another group, who made a Lorazepam stock solution, discovered
70% adsorption by activated carbon within the first 8 hours after application and over 99% adsorption
after 28 days?’. The surface characteristics - micropore area, micropore volume, and specific surface
area - of activated carbon were considered to be the driving factors.

Removal/Deactivation of Diazepam by Activated Carbon

Diazepam is a medication used for a wide range of conditions including anxiety, seizures, and some
withdrawal syndromes. It acts as an anxiolytic which targets chemical messengers in the brain that
help decrease abnormal excitability. Diazepam is a member of the benzodiazepines drug class where
a benzene ring and a diazepine ring are attached. Removing diazepam from water has been proven
to be highly dependent on the type of activated carbon used 18. In this study, activated carbon showed

8 Solanki, A. and Boyer, T.H., 2017. Pharmaceutical removal in synthetic human urine using biochar. Environmental Science: Water Research
& Technology, 3(3), pp.553-565.

®Gu, Y., Yperman, J., Carleer, R., D'Haen, J., Maggen, J., Vanderheyden, S., Vanreppelen, K. and Garcia, R.M., 2019. Adsorption and
photocatalytic removal of Ibuprofen by activated carbon impregnated with TiO2 by UV-Vis monitoring. Chemosphere, 217, pp.724-731.

0 Guedidi, H., Reinert, L., Lévéque, J.M., Soneda, Y., Bellakhal, N. and Duclaux, L., 2013. The effects of the surface oxidation of activated
carbon, the solution pH and the temperature on adsorption of ibuprofen. Carbon, 54, pp.432-443.

" Beninati, S., Semeraro, D. and Mastragostino, M., 2008. Adsorption of paracetamol and acetylsalicylic acid onto commercial activated
carbons. Adsorption Science & Technology, 26(9), pp.721-734.

2 Raki¢, V., Rac, V., Krmar, M., Otman, O. and Auroux, A., 2015. The adsorption of pharmaceutically active compounds from aqueous
solutions onto activated carbons. Journal of hazardous materials, 282, pp.141-149.

¥ Hoppen, M.1., Carvalho, K.Q., Ferreira, R.C., Passig, F.H., Pereira, |.C., Rizzo-Domingues, R.C.P., Lenzi, M.K. and Bottini, R.C.R., 2019.
Adsorption and desorption of acetylsalicylic acid onto activated carbon of babassu coconut mesocarp. Journal of Environmental Chemical
Engineering, 7(1), p.102862.

4G. Jaria, M. A. O. Lourenco, C. P. Silva, P. Ferreira, M. Otero, V. Calisto, and V. |. Esteves, “Effect of the surface functionalization of a waste-
derived activated carbon on pharmaceuticals' adsorption from water,” Journal of Molecular Liquids, vol. 299, p. 112098, 2020

5 R. Guillossou, J. Le Roux, R. Mailler, E. Vulliet, C. Morlay, F. Nauleau, J. Gasperi, and V. Rocher, “Organic micropollutants in a large
wastewater treatment plant: What are the benefits of an advanced treatment by activated carbon adsorption in comparison to conventional
treatment?,” Chemosphere, vol. 218, pp. 1050-1060, 2019.

6 R. Mailler, J. Gasperi, Y. Coquet, C. Derome, A. Buleté, E. Vulliet, A. Bressy, G. Varrault, G. Chebbo, and V. Rocher, “Removal of emerging
micropollutants from wastewater by activated carbon adsorption: Experimental study of different activated carbons and factors influencing the
adsorption of micropollutants in wastewater,” Journal of Environmental Chemical Engineering, vol. 4, no. 1, pp. 1102-1109, 2016.

7Y, Song, M. Manian, W. Fowler, A. Korey, and A. Kumar Banga, “Activated Carbon-Based System for the Disposal of Psychoactive
Medications,” Pharmaceutics, vol. 8, no. 4, p. 31, 2016.

8'S. A. Snyder, S. Adham, A. M. Redding, F. S. Cannon, J. DeCarolis, J. Oppenheimer, E. C. Wert, and Y. Yoon, “Role of membranes and
activated carbon in the removal of endocrine disruptors and pharmaceuticals,” Desalination, vol. 202, no. 1-3, pp. 156-181, 2007.
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90% removal for several pharmaceuticals including diazepam°. Additionally, it was observed that
the potential for adsorption is dependent on how soluble diazepam is in certain solutions2°. Another
study observed higher adsorption rate as time passed: 99% over 28 days of exposure. Additionally,
only 1.6% of diazepam was observed to leach out of the activated carbon?1.

Removal/Deactivation of Suboxone/Buprenorphine by Activated Carbon

Suboxone (buprenorphine and naloxone) is used to treat narcotic addition. Buprenorphine is an
opioid used to treat acute pain, chronic pain, and opioid use disorder. It works by displacing other
opioids from brain receptors, then it binds tightly to those same receptors essentially blocking other
opioids from occupying those sites. Buprenorphine is a morphinan alkaloid that is 7,8-
dihydromorphine 6-O-methyl ether in which positions 6 and 14 are joined by a -CH2CH2- bridge, one
of the hydrogens of the N-methyl group is substituted by cyclopropyl, and a hydrogen at position 7 is
substituted by a 2-hydroxy-3,3-dimethylbutan-2-yl group. Naloxone binds to opioid receptors
potentially blocking the effects of other opioids.

Suboxone - administered orally as a disintegrative film - was found to be successfully adsorbed by
granular activated carbon possibly due to its high solubility rate in water (6-7 mins). The increased
hydrophobicity of buprenorphine onto the non-polar surface of activated carbon is believed to be the
driving mechanism for the 90% deactivation rate 42. In a study examining sewage treatment effluent,
granular activated carbon and ozone treatment together removed 87-95% of 24 pharmaceuticals,
buprenorphine being 1 of 24.

Removal/Deactivation of Methadone by Activated Carbon

Methadone is a synthetic opioid with analgesic activity used for chronic pain and opioid maintenance
therapy. It fully attaches to opioid receptors in the brain and has actions similar to those of morphine
and morphine-like agents. Methadone is a synthetic diphenylpropylamine similar in structure to
acetylmethadol and propoxyphene.

Activated carbon systems alone are effective at removing various pollutants but can also be used
alongside other treatment options. Methadone removal from wastewater utilizing several treatment
options, including a granular activated carbon filter, resulted in a 91% removal outcome. Removal
efficacy depends on the water quality and pollutant competition on the activated carbon 23. Another
study resulted in an average of 98.7% removal for 7 pharmaceuticals in dosed water, methadone
included?4,

9 M. J. Lujan-Facundo, M. 1. Iborra-Clar, J. A. Mendoza-Roca, and M. . Alcaina-Miranda, “Pharmaceutical compounds removal by adsorption
with commercial and reused carbon coming from a drinking water treatment plant,” Journal of Cleaner Production, vol. 238, p. 117866, 2019.
20D, E. Wurster, K. A. Alkhamis, and L. E. Matheson, “Prediction of the Adsorption of Diazepam by Activated Carbon in Aqueous Media,” Journal
of Pharmaceutical Sciences, vol. 92, no. 10, pp. 2008-2016, 2003.

21Y. Song, M. Manian, W. Fowler, A. Korey, and A. Kumar Banga, “Activated Carbon-Based System for the Disposal of Psychoactive
Medications,” Pharmaceutics, vol. 8, no. 4, p. 31, 2016.

2Y. Song, M. Manian, W. Fowler, A. Korey, and A. Kumar Banga, “Activated Carbon-Based System for the Disposal of Psychoactive
Medications,” Pharmaceutics, vol. 8, no. 4, p. 31, 2016.

3 M. R. Boleda, M. T. Galceran, and F. Ventura, “Monitoring of opiates, cannabinoids and their metabolites in wastewater, surface water and
finished water in Catalonia, Spain,” Water Research, vol. 43, no. 4, pp. 1126—-1136, 2009.

24 X. Gao, P. Bakshi, S. Sunkara Ganti, M. Manian, A. Korey, W. Fowler, and A. K. Banga, “Evaluation of an activated carbon-based deactivation
system for the disposal of highly abused opioid medications,” Drug Development and Industrial Pharmacy, vol. 44, no. 1, pp. 125-134, 2017.
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