Removal of Acetaminophen from Aqueous Systems
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ABSTRACT

The study focuses on the removal of the pharmaceutical drug acetaminophen from aqueous
systems. A comparison of physical and biological method of removal was done using column
studies. Physical adsorption was performed using aquifer material and biodegradation was done
through biofilm developed on pumice stone. Batch studies were also performed to determine
adsorption constants. The batch studies showed that adsorption followed Freundlich isotherm.
However comparison of physical and biological methods showed biodegradation as a better
method for removal of acetaminophen from aqueous systems.
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1. INTRODUCTION

Acetaminophen is one of the most commonly used pharmaceutical drugs worldwide to reduce
temperature and pain. It is used in many brands of non-prescription medications. It is often
combined with other drugs in some prescription pain medications. There are two main sources of
acetaminophen to the environment. When acetaminophen is consumed, about 30 percent of it
passes out of the body (unchanged) in urine.

This means it gets flushed down the toilet and mixes with wastewater. Other sources of
acetaminophen to wastewater are people disposing off excess or expired medication in the sink or
toilet as well as untreated wastewater from treatment plants or manufacturing units
.Acetaminophen is generally found in wastewaters at a concentration of about 30-40 pug/L[1]. It has
also been detected at high concentrations of 400ug/L. on water from pharmaceutical industries and
hospital wastewaters.[2] The objective of this report is to compare physical and biological methods
for removal of acetaminophen from aqueous systems.

2. MATERIALS

The acetaminophen was obtained from Sigma-Aldrich. Solutions were made in tap water. The
aquifer material for adsorption study was taken from Srinagar. UV-A (ultra violet absorption at
Amax) was measured using HACH model DR-5000. The pumice stone for biodegradation studies
was enriched with activated sludge from the sewage treatment plant in Haridwar.
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3. METHODOLOGY 1: ADSORPTION

Batch studies: All adsorption experiments were carried out on a mechanical shaker at 200 rpm
using 300 mL conical flasks. A series of experiments were carried out at room temperature (25°C).
The first experiment was to study the isotherm for different acetaminophen concentration. 100 mL
of solutions with different initial concentrations of 50, 100, 200 and 300 ppb were prepared. Then,
the solution and 0.2 g of aquifer material was added into the flasks and then horizontally shaken for
1 hour at 200 rpm and then centrifuged at 30,000 rpm for 1 hr. The supernatant was measured
absorbance by using UV-spectrophotometer at Amax equal to 291nm [3, 5].

Continuous experiment: Columns packed with aquifer material from Srinagar were used for
continuous experiment. The parameters of the soil column used in the experiments are given along
with Fig 1 .A tap water solution containing the substance of interest ie. acetaminophen was
continuously fed through a fixed-bed column. Samples were taken from the column outlet and the
measured concentration was plotted versus time to get a breakthrough curve.[4]
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Fig 1: Experimental setup for adsorption analysis

Methodology 2: Biodegradation

Experiment: Biological degradation of acetaminophen was studied in the laboratory using a
biologically active test filter. Fig. 2 shows a typical test filter set-up. The filter column was filled
with an inert solid material. In this experiment, the material used was pumice stone[4,6]. The
details of the column are given in Fig2. As a first step, the filter was conditioned with activated
sludge for 2 weeks having high BOD. It was then conditioned with fresh river water from the
Ganges. This water was percolated through the fixed bed for about one week to form a biofilm of
typical microorganism populations. After conditioning, the reservoir bottle was filled with a
solution of tap water containing the test compound. The spiked river water was percolated through
the filter material. Biological degradation takes place in the biofilm and the decrease in
concentration was determined by taking samples from the reservoir after defined time intervals.[6]
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Fig 2: Experimental setup for biodegradation analysis

4. RESULTS AND DISCUSSIONS
Sieve analysis: From sieve analysis the effective size D,y was estimated to be 0.04 mm. It can be
seen that the aquifer material has a high percentage of fines.

Adsorption curve: From the column study an adsorption curve was plotted. The adsorption curve
gives the time taken for the column to achieve different percentage of breakthrough. 100%
breakthrough was obtained in a time period of about 54 hours

Adsorption curve of acetaminophen
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Fig3: Graph showing adsorption curve of column study.
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Isotherm studies: Data obtained from batch studies was found to be in conformity with
Langmuir and Freundlich isotherms. Langmuir isotherm was obtained using the linearised equation
(Ce/qe) = (1/bqm) +( Co/qm) and Freundlich isotherm was obtained using ( log q.)=( log ks )+ (1/n
logCe) [5]
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Fig 4:Lamgmuir isotherm Fig 5: Freundlich isotherm
Batch Langmuir isotherm Freundlich isotherm
Batch 1 R’=0.9656 R*=0.994

Table 1 : Comparison of R? values of the batch studies for Langmuir and Freundlich isotherms

The observations indicate that the aquifer material follows Freundlich isotherm
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Fig 6: % removal for different concentrations of acetaminophen
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S. BIODEGRADATION CURVE

Biodegradation curve J = 0.988602b

1 -\
0.8 -
c/c, 0.6 - \\

\ Series2
0.4 -
\. —— Expon. (Series2)
0.2 -
0
0 1 2 3 4 5 6 7 8
Time (days)

Fig 7: Degradation curve for biodegradation analysis

e Degradation rate constant = 0.211 d''

* =13 days

6. CONCLUSION

The adsorption studies of the column indicate that acetaminophen isn’t effectively removed by
adsorption. This could be attributed to the highly hydrophilic nature of the compound having a log
Kow value of 0.46[7].Both batch studies indicate that the soil fits the Freundlich isotherm more
appropriately indicating a heterogeneous adsorption. The percentage removal graphs show no
major increase with the change in concentration of the feed solution or with change in dose of
adsorbent. Biodegradation showed a removal of about 73% in about 5.5 days. Hence it can be
clearly concluded that biodegradation is a better method of removal of acetaminophen from
aqueous systems as compared to adsorption. Further studies can be done using advanced oxidation
processes like ozonation and using Fenton’s reagent to study the removal by chemical methods.

REFERENCES

[1]  Verlicchi P., Al Aukidy M., Zambello E.Occurrence of pharmaceutical compounds in urban
wastewater: Removal, mass load and environmental risk after a secondary treatment—A review
Science of the Total Environment 2009 ; 429 123-155

Global Sustainability Transitions: Impacts and Innovations - ISBN: 978-93-83083-77-0 265



Aparna Prasenan, Indu Mehrotra

[2] Lin A. Y., Tsai.Y Occurrence of pharmaceuticals in Taiwan's surface waters: Impact of waste streams
from hospitals and pharmaceutical production facilities Science of the Total Environment 407 2009;
3793-3802

[3] Sakaew S., Umpuch C. Removal of Azo Dyes from Aqueous Solution by using Chitosancoated-
Montmorillonite clay TIChE International Conference 2011November 10 — 11, 2011 at Hatyai,
Songkhla Thailand

[4]  Worch.E, Grischek T., Bo'rnick H, Eppinger.P. Laboratory tests for simulating attenuation processes
of aromatic amines in riverbank filtration Water Research 2009 ;464 790e4 802

[5] Liu L,Lin Y, Liu Y,Zhu H, He Q, Removal of Methylene Blue from Aqueous Solutions by Sewage
Sludge Based Granular Activated Carbon: Adsorption Equilibrium, Kinetics, and Thermodynamics J.
Chem. Eng. Data 2013 ; 58, 2248-2253

[6] Lin AY,Lin C,Tung H,Chary N S Potential for biodegradation and sorption of acetaminophen,
caffeine,propranolol and acebutolol in lab-scale aqueous environments Journal of Hazardous
Materials 183 2010; 242-250

[7]1  Information on http://web.viu.ca/krogh/chem331/Acetaminophen.pdf

Global Sustainability Transitions: Impacts and Innovations - ISBN: 978-93-83083-77-0 266





