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ABSTRACT:

Pharmaceutical residues, which occurrence in natural water system are in many cases virtually unaffected by
conventional wastewater treatment. Accumulated in the environment, however, they can significantly impact
aquatic life. The present study indicates that many pharmaceutical residues found in wastewater can be removed
with activated carbon in a cost-efficient system that delivers higher resource utilisation and security than other
carbon systems.Recent research has put a closer focus on adsorption with powdered activated carbon (PAC)
than on granular activated carbon (GAC). Various experiments were studied using batch adsorption technique
under different conditions of reaction time, initial pollutant concentration, adsorbent dosage, and pH. The
treatment of the optimum conditions found is reaction time of 45min, pH of 7, and adsorbent dosage of

1000mg/I that is of 94+2%.
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l. INTRODUCTION:

In the past few decades, there has been a
significant increase in the consumption of
pharmaceuticals, which leads to an increase in their
content in various environmental emission (1,15).
Water is the most essential element to life on earth.
In its purest form it is odourless, colourless and
tasteless. Level of contaminants in aquatic
ecosystems has increased due to discharge of
industrial effluents in water which in turn has led to
water demand for domestic and industrial purpose
(, 9, 11, 12, 1516, 17, 18, 19).Organic
micropollutants are ubiquitously found in the
effluent wastewater of municipal wastewater
treatment plants at concentrations in ng-pg/L range
(thus the name), due to various human caused
discharge (18). It is recognized that public
perception of water quality is greatly influenced by
the organic content. The presence of very small
amounts of organics in water (less than 1ppm) is
highly toxic and undesirable (2, 8).

Pharmaceutical compounds are typically
produced in batch processes leading to the presence
of a wide variety of products in wastewaters which
are generated in different operations, wherein
copious quantities of water are used for washing of
solid cake, or extraction, or washing of equipment.
The presence of pharmaceutical compounds in
drinking water comes from two different sources:
production processes of the pharmaceutical industry
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and common use of pharmaceutical compounds
resulting in their presence in urban and farm
wastewaters. The wastewaters generated in different
processes in the manufacture of pharmaceuticals and
drugs contain a wide variety of compounds. Further,
reuse of water after removal of contaminants,
whether pharmaceuticals or otherwise, is required
by industry. In view of the scarcity of water
resources, it is necessary to understand and develop
methodologies for treatment of pharmaceutical
wastewater as part of water management. This has
to be removed from the wastewater before its
discharge in to the environment (3, 10).

The adsorption process is one of the
effective methods for removal organics and color
from the waste effluent. The process of adsorption
has an edge over the other methods due to its sludge
free clean operation and completely removed
pollutants, even from the diluted solution. Activated
carbon (powdered or granular) is the most widely
used adsorbents because it has excellentadsorption
efficiency for the organic compound. Furthermore,
regeneration using solution produced
smalladditional effluent while regeneration by
refractory technique.

In this study the treatment of pharmaceutical
wastewater using activated carbon.
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1. MATERIALS AND METHODS:

Pharmaceutical sample has been collected
from the jeedimetla industrial estate. The initial
characterization of the effluent has been done using
standard methods for water and wastewater 2005
(APHA,2005).

Commercially available activated carbon
has been used in this study. The four factors effect
of contact time, concentration, pH and adsorbent
dose have carried. The experiment performed by
changing one of the parameters at a time while the
other parameters were fixed. The batchadsorption
tests have been carried out by shaking 250ml
working solution in a stoppered conical flask. The
conical flasks were placed on rotary shaking
machine for one hour at 150 rpm. The progress of
adsorption during the experiment was determined by
removing the flask after desired contact time and
analyzing the supernatant solution spectro-
photometrically and APHA, 2005. Different
concentration of the pollutants maintained using
dilution method. Adsorption tests were performed
attemperature 29°C +2. The spectrophotometric
readings were recorded and further calculations
were doneto see the removal efficiency of the
adsorbents. The removal efficiency was calculated
using following formulae:

% Removal efficiency
Cf
Where, Ci is the initial concentration of pollutant in
solution and Cf is final concentration of pollutant in
solution.

= (Ci-Cf) x 100
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Il. RESULTS AND DISCUSSION
Table. 1: Initial characterization of the
pharmaceutical sample

S. No. | Parameters | Concentration (mg/l)
1 pH 7.2 +0.2

2 COD 1700 + 10

3 TOC 1200 + 10

4 BOD 940 +5

5 TS 1940 + 10

3.1 Effect of Initial Concentration and Contact
Time

It is well-known that the pollutants
concentration plays as an important role in the
adsorption process, which can impel strongly the
solute molecules to overcome mass transfer
resistance between the liquid and the solid phases
(4). Figures-1 show the effect of different initial
concentrationson the adsorption capacity of GAC.
As seen from the Figure the percentage of
adsorption  decreases with increasing initial
concentrations of pollutants with AC. Almost 71.5%
of COD removal was observed for 4times dilution
with AC. Figure shows that the initial concentration
has a marked effect on the contact time necessary to
reach adsorption equilibrium. It can be found that a
rapid uptake occurred for the initial concentration at
3times dilution, where over 70.4% of COD removed
with AC within 45 min. Whereas, for the initial
concentration of direct sample found relatively slow
uptake and could be observed 46% removal with
AC. At low concentration, the ratio of dye
molecules to the number of available adsorption
sites on adsorbent may be limited and consequently
the adsorption process may mainly occur on the
exterior surface. The rate of adsorption is fast in this
stage, resulting in short time. With an increase in the
amount of pollutant molecules, the situation changes
and lots of dye molecules are probably adsorbed by
the interior surface of adsorbent by pore diffusion
after the adsorption of the exterior surface reaches
saturation. Similar discussion has been reported by
Hameed et al. for studying adsorption processes for
methylene blue (5).

DOI: 10.9790/9622-110507313532|P ag e




Gangadhar Reddy. International Journal of Engineering Research and Applications

www.ijera.com

ISSN: 2248-9622, Vol. 11, Issue 5, (Series-VI1) May 2021, pp. 31-35

80
70
60
50
4
3

% Removal
N
o o o

=
o

Direct 2nd time

3rd time 4th time

Dilutions

B 15min ®30min M 45min 60min

Fig-1 Effect of Initial Concentration and Contact Time

Conditions: Volume of the sample: 250ml; Adsorbent dosage: 100mg/l; Reaction time: 15, 30, 45, 60min,
Dilution: Direct, 2, 3, 4 times, pH-7.

3.2 Effect of Adsorbent Dosage

To understand the effect of adsorbent
dosage and initial concentration, the adsorbent
dosage varied between 100mg/l and 1000mg/l and
the typical results are shown in Figure-2. As
expected, an increase in adsorbent dosage leads to
an increase in the percentage removal of COD
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Initially, a rapid enhancement of COD removal was
observed with increasing the dosage from 100 to
1000 mg that is of 44 to 94.6. As the adsorbent
dosage increases, the adsorbent sites available for
the dye molecules also increase and consequently
better adsorption (4).
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Fig-2 Effect of Adsorbent Dosage

Conditions: Volume of the sample: 250ml; Adsorbent dosage: 100, 200, 400, 600, 800, 1000mg/l; Reaction
time: 15, 30, 45min, Dilution: Direct; pH-7.
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3.3 Effect of pH:

The pH of the solution plays as an important factor
in the adsorption process, which may alter the
surface properties of the adsorbent as well as the
degree of ionization of the dye. The influence of pH
on the organics adsorption onto AC was studied and
amount of adsorbent 1000 mg/l in the pH range of
2-11 and the results are shown in Figures. Clearly,
the amount adsorbed and the percentage removal
efficiency of COD on adsorbent increased as the pH

At low pH
Carbon- OH + H*

Carben- OH,"

At high pH
Carbon-OH + OH"

of aqueous solution increased from 2 to 11. This
might be due to cationics presence in its structure. In
carbon-aqueous systems the potential of the surface
is determined by the activity of H" ions, which react
with the carbon surface. For the carbon surface the
potential determining ions are H and OH, and
complex ions formed by bonding with H1 and OH,.
The broken bonds along the surface of the carbon
result in hydrolysis.

» Carbon-O" + H,O

In our studies the rate of adsorption is high at higher pH.With the increase of pH value, the negative
charge increaseson the surface of adsorbent and the surface will then exhibita cation exchange capacity (6, 7).
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Fig-3 Effect of pH
Conditions: Volume of the sample: 250ml; Adsorbent dosage: 1000mg/I; Reaction time: 15, 30, 45min,
Dilution: Direct; pH-2,4,6,7,8,10,11.

IV.  CONCLUSION:
1.The optimum reaction time, pH, and adsorbent
dosage isof 45min, 7 and 1000mg/l and found the
maximum removal of 94.6% of COD.
2. This study concludes that the Activated carbon is
useful for the treatment of the pharmaceutical
wastewater.

REFERENCES:

[1]. M.Yasmin Regina, S. Saraswathy, B.Kamal,
V.Karthik, K. Muthukumaran, Removal of
nickel (ii) ions from waste water using low
cost adsorbents: a review, Journal of

WwWWw.ijera.com

Chemical and Pharmaceutical Sciences, 2015,
1-6.

[2]. Gre’gorio Crini, Non-conventional low-cost
adsorbents for dye removal: A review,
doi:10.1016/j.biortech.2005.05.001.

[3]. Chandrakanth Gadipelly, Antia Pérez-
Gonzélez, Ganapati D. Yadav, Inmaculada
Ortiz, Raquel Ibanez, Virendra K. Rathod,
and Kumudini V. Marathe, Pharmaceutical
Industry  Wastewater: Review of the
Technologies for Water Treatment and
Reuse, Ind. Eng. Chem. Res., 2014, 53 (29),
pp 11571-11592.

DOI: 10.9790/9622-110507313534|P ag e



http://pubs.acs.org/author/Gadipelly%2C+Chandrakanth
http://pubs.acs.org/author/P%C3%A9rez-Gonz%C3%A1lez%2C+Ant%C3%ADa
http://pubs.acs.org/author/P%C3%A9rez-Gonz%C3%A1lez%2C+Ant%C3%ADa
http://pubs.acs.org/author/Yadav%2C+Ganapati+D
http://pubs.acs.org/author/Ortiz%2C+Inmaculada
http://pubs.acs.org/author/Ortiz%2C+Inmaculada
http://pubs.acs.org/author/Ortiz%2C+Inmaculada
http://pubs.acs.org/author/Ib%C3%A1%C3%B1ez%2C+Raquel
http://pubs.acs.org/author/Rathod%2C+Virendra+K
http://pubs.acs.org/author/Marathe%2C+Kumudini+V

Gangadhar Reddy. International Journal of Engineering Research and Applications
www.ijera.com
ISSN: 2248-9622, Vol. 11, Issue 5, (Series-VII) May 2021, pp. 31-35

[4].

[5].

[6].

[7]1.

[8].

[9].

[10].

[11].

[12].

Www.ijera.com

Almeida, C.A.P., Debacher, N.A., Downs,
AlJ., Cottet, L., & Mello, C.A.D. (2009).
Removal of methylene blue from colored
effluents by adsorption on montmorillonite
clay. Journal of and Colloid Interface
Science, 332, 46-53.

Hameed, B.H., Din, A T.M., & Ahmad, A.L.
(2007). Adsorption of methylene blue onto
bamboo-based activated carbon: Kinetics and
equilibrium studies. Journal of Hazardous
Material, 141, 819-825.

Gong, R., Sun, Y., Chen, J., Liu, H., & Yang,
C. (2005). Effect of chemical modification on
dye adsorption capacity of peanut hull. Dyes
Pigments, 67, 175-181.

Baskaran, P.K., Venkatraman, B.R., &
Arivoli, S. (2011). Adsorption of malachite
green dye by acid activated carbon-kinetic,
thermodynamic and equilibrium  studies.
Journal of Chemistry, 8, 9-18.

Bhagawan. D, Saritha Poodari, Shankaraiah
Golla, Vurimindi Himabindu, S Vidyavathi
Treatment of the petroleum refinery waste
water using combined electrochemical
methods, Published online 20 Dec 2014 in
“Desalination and Water Treatment”, DOI:
10.1080/19443994.2014.987175

Bhagawan. D, Saritha Poodari, Gujarathi.
Ravi kumar, Shankaraiah Golla, Ch.Anand,
Kumara  Swamy .Banda, Vurimindi
Himabindu, S. Vidyavathi, “Reactivation and
Recycling of Spent Carbon Using Solvent
Desorption Followed By Thermal Treatment
(TR)” Published online Feb., 2014 in
“Journal of Material Cycles and Waste
Management”,. (DOl 10.1007/s10163-014-
0237-y).

Bhagawan. D, Saritha Poodari, Tulasiram
Pothuraj, D. Srinivasulu, Shankaraiah.G,
Yamuna Rani. M, V. Himabindu, S.
Vidyavathi, “Removal of heavy metals from
electroplating waste water by electro
coagulation: case study” Published July,
2014, “Environmental Science and Pollution
Research”, DOI 10.1007/s11356-014-3331-8.
C_esar Ricardo Teixeira Tarley, Marco
Aur_elio Zezzi Arruda, Biosorption of heavy
metals using rice milling by-products.
Characterisation and application for removal
of metals from aqueous effluents,
Chemosphere 54 (2004) 987-995.

Victor Karelid, Towards application of
activated carbon treatment for pharmaceutical
removal in municipal wastewater, KTH
Royal Institute of Technology Stockholm
2016.

[13].

[14].

[15].

[16].

[17].

[18].

M. D. Vedenyapinaa, A. Yu. Kurmyshevab,
A. K. Rakisheva, and Yu. G. Kryazhev,
Activated Carbon as Sorbents for Treatment
of Pharmaceutical Wastewater (Review),
Solid Fuel Chemistry, 2019, Vol. 53, No. 6,
pp. 382-394. © Allerton Press, Inc., 2019.
Mats Ek, Christian Baresel , Jorgen
Magnér, Rune Bergstrdm, Mila Harding,
Activated carbon for the removal of
pharmaceutical ~ residues  from treated
wastewater, Water Sci Technol, .2014;
69(11):2372-80., doi: 10.2166/wst.2014.172.
Bhagawan. D, Saritha Poodari, Shankaraiah
Golla, Vurimindi Himabindu, S Vidyavathi
Treatment of the petroleum refinery waste
water using combined electrochemical
methods, Desalination and Water Treatment
(Taylor and Francis)., 57 (8), 2016, 3387-
3394. DOI:10.1080/19443994.2014.987175.
Bhagawan. D, Saritha Poodari, Gujarathi.
Ravi kumar, Shankaraiah Golla, Ch.Anand,
Kumara  Swamy .Banda,  Vurimindi
Himabindu, S. Vidyavathi, “Reactivation and
Recycling of Spent Carbon Using Solvent
Desorption Followed By Thermal Treatment
(TR)” Published online Feb., 2014 in Journal
of Material Cycles and Waste Management
(Springer), 17 (1), 2015, 185-193, DOI
10.1007/s10163-014-0237-y.

Bhagawan. D, Saritha Poodari, Tulasiram
Pothuraj, D. Srinivasulu, Shankaraiah.G,
Yamuna Rani. M, V. Himabindu, S.
Vidyavathi, “Effect of operational parameters
on heavy metal removal by
electrocoagulation” Published July,
2014, “Environmental Science and Pollution
Research”,(Springer). 21, 2014, 14166-
14173. DOI 10.1007/s11356-014-3331-8.
Bhagawan. D, Saritha Poodari, Chaitanya
narala, Ravi surya, Yamuna Rani. M,
Vurimindi  Himabindu, S  Vidyavathi,
Industrial solid waste landfill leachate
treatment using Electrocoagulation and
Biological methods, Desalination and Water
Treatment (Taylor and Francis).68, 2017,
137-142. doi:10.5004/dwt.2017.20335.

DOI: 10.9790/9622-110507313535|P a g e



https://pubmed.ncbi.nlm.nih.gov/?term=Ek+M&cauthor_id=24901634
https://pubmed.ncbi.nlm.nih.gov/?term=Baresel+C&cauthor_id=24901634
https://pubmed.ncbi.nlm.nih.gov/?term=Magn%C3%A9r+J&cauthor_id=24901634
https://pubmed.ncbi.nlm.nih.gov/?term=Magn%C3%A9r+J&cauthor_id=24901634
https://pubmed.ncbi.nlm.nih.gov/?term=Magn%C3%A9r+J&cauthor_id=24901634
https://pubmed.ncbi.nlm.nih.gov/?term=Bergstr%C3%B6m+R&cauthor_id=24901634
https://pubmed.ncbi.nlm.nih.gov/?term=Harding+M&cauthor_id=24901634

