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ABSTRACT

Active Pharmaceutical Intermediates in waste waters is emerging contaminants in the aquatic
environment because of their adverse effect on aquatic life and Environment. The API have high
COD value and low BOD3 and hence difficult to treat biologically. In this study, advanced
oxidation processes (AOPs) utilizing the H,O,/Fe*?, Fenton, reactions were investigated in lab-
scale experiments for the degradation of Furosemide containing waste water streams. The
experimental results showed that the Fenton process using H,O,/Fe'? was the most effective
treatment process. With Fenton processes, COD Reduction of wastewater can be achieved
successfully. It is suggested that Fenton processes are viable techniques for the degradation of
Furosemide from the Waste water stream with relatively low toxicity of the by-products in the
effluent which can be easily biodegradable in the activated sludge process, and other less
degraded streams with high total dissolved solids can be taken to multiple effect evaporator or
Reverse osmosis. In addition, study the degradation of Furosemide by advanced oxidation
Fenton process under optimum conditions. The Fenton process with H,O,/Fe'? is considered a
suitable pretreatment method to degrade the Active pharmaceutical molecules and improve the
biodegrability of the waste water.
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INTRODUCTION

Due to high consumptions of the API by the humamddot of APl are passing from the
manufacturing units to the environment through waste water discharged from the factories.
This is due to the low biodegradability of the ARblecules. In the past two decades, advanced
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oxidation processes (AOPs) have been proven towenful and efficient treatment methods for
degrading recalcitrant materials or mineralizingb&, inhibitory, or toxic Contaminarnits
Advanced oxidation processes are those groupscbhtdogies that lead to hydroxyl radical
(.OH) generation as the primary oxidant (second HgRewerful oxidant after the fluorine)
Hydroxyl radicals are non-selective in Nature amelytcan react without any other additives with
a wide range of contaminafits These hydroxyl radicals attack organic molecudgseither
abstracting a hydrogen atom or adding hydrogen arthe double bonds. It makes new
oxidized intermediates with lower molecular weigitt carbon dioxide and water in case of
complete mineralization.

This paper aims at studying the effect of the ojregaconditions (pH,HO./Fe™ ratio, reaction
time) of the advanced oxidation processes usig@ptffie™ for the different waste water streams
containing Furosemide and Furosemide spiked waiter.HO,/Fe? is used as the oxidant. The
optimum conditions of the Fenton process were tiieddifferent furosemide containing waste
water streams.

MATERIALSAND METHODS

2.1. Wastewater Characterization: The characterstics of waste water of differergastrs from
furosemide has been given in table 1.

Table 1: Properties of wastewater streamsfrom the Furosemide Manufacturing Unit

Waste Stream pH COD(mg/lit) TDS (mgl/lit) Furosemide %
AcidicMain ML Acidic 10780 - 12000 | 25000-40000 0.035

Acidic washing ML Washing | Acidic 10000-12000 | 8000-10000 0.055

Second crop ML Neutral | 67000 - 78000 | 67000-60000 | 0.5

Reagents:. Waste water streams of Furosemide Manufacturing, uspiked water with
Furosemide. Hydrogen peroxide solution (33%, w/wWeptahydrated Ferrous sulfate
(FeS0O4:7H20) were all commercial grade. All reagieahployed were not subjected to any
further treatment. Distilled water used throughastdiluents. Compressed air was used from
small compressor

Experimental set-up: All experiments were performed in a Round bottoaskl in laboratory.
Compressed air was used for purging to keep theiosamass mixing. The addition of the®}
and ferrous sulphate was done manually at Room.#mepeaction was carried in batch mode
for each of the above stream separately.

HO
0
ol
‘"‘;S NH O
cl

Fig 1: Molecular structure of Furosemide

The chemical name of fureseminde is 4-Chloro-Ntfyit5-sulfamoylanthranilic acid.
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Fenton Reaction: After addition of the iron and the hydrogen per@xithey are going to react
together to generate some hydroxyl radicals dsoivs in the following equations:

Fe* + Hy0; -—-->Fe®* + .OH + OH’

Fe* + H,0, > Fe® + OOH + H*

After that the hydroxyl radicals are going to reath the pollutants to oxidize its. Actually the
hydroxyl radicals can react according 4 kinds afct®ns with the pollutants:

. Addition: '‘OH + CgHg ----> (OH)CGHG

« Hydrogen Abstraction: OH + CH3;0OH ----> CH,OH + H,0

. Electron Transfer: ‘OH + [F&(CN)g]* ----> [FE(CN)g]* + OH"
- Radical Interaction: ‘OH + OH ----> H,0,

During the Fenton's reaction all the parametersaajasted to promote the two first kind of
reaction between the pollutant and the hydroxyicals.

Analytical method: After the completion of the reaction time, the s&spvere removed from
RBF and the samples were made alkaline (Ph-10-diaplu5odium Hydroxide. These removed
samples were digested for 1 hrs on hot water badhkept overnight and then filtered to remove
the insoluble ferric hydroxide. The filtrate colled was used for estimation of COD by Open
Reflux Method as given below.APHA were used for C@talysis; The COD was determined
by an open reflux method (Eaton, 1995). The samae refluxed with a known excess of
potassium dichromate for two hours. After digestithre excess dichromate was titrated against
standard ferrous ammonium sulfate.

RESULTSAND DISCUSSION

The results of Fenton process for Pure-spiked feuanate containing water stream are as below:

Table2: COD reduction after four hours

Effluent qty-Furosemide H Initial COD | H,O, | FeSO4| COD after 4 Hrs| Percentage Reduction
spiked water(500mg/lit) b (mgl/lit) (ml) (9) (mg/lit) of COD

500 ml 2.0 469 10 1.0 262 45

500 ml 2.0 469 15 15 204 57

500 ml 2.0 469 20 2.0 180 62

500 ml 2.0 469 25 2.5 144 70

From the table 2, it is observed that the Furoseripiked water is degraded with the advanced
oxidation process. The max COD reduction was foumnte 70 % with the peak condition of
H202 at 25 ml and Ferrous sulphate at 2.5gms im fmwr duration. From the above it is
concluded that the Furosemide molecule can be ssitdly degraded from the water with the
application of the advanced oxidation Fenton Preces

The COD reduction for the above water spiked witlhoSemide is about 70 % by the Fenton

process and the trials were highly encouraging.
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Fig 2 COD reduction of furosemide containg waste water
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From fig 2, it is evident that the COD reduces wehpect to time. The COD reduction with T-4
conditions is maximum with COD reduction upto 7pedcentage.

Table 3:Variation of COD reduction FeSO4

Sr. No Qty of HO,-mi Qty of FeSQg COD Initial-mg/I COD After 4 hrs-mg/l
1 10 0.25 469 440
2 10 0.5 400
3 10 1 268
4 10 1.5 294

Fig 3: Effect of varying concentration of ferrous sulphate on COD reduction
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Table 3 showing COD reduction at 10 ml of Hydrogemoxide and varying concentration of
Ferrous Sulphate.

Table 4: Effect of variation of timeon COD reduction

Sr. Qty of Qty of Volume of Spiked COD Initial- | Time | COD After %

No | H,O,-ml | FeSQ g | spiked samplel Impurity-mg/| Mg/l in hrs | 4 Hrs mg/l | Reduction
1 25 2.5 500 Furosemide 469 1 230 51
2 25 2.5 500 Furosemide 2 200 57
3 25 2.5 500 Furosemide 3 180 62
4 25 2.5 500 Furosemide 4 140 70

From the table 4.it is evident that the COD redusih respect to time. The COD reduction is
maximum upto 70 percentage.

Fig 4: Variation of COD with time

Graph showing COD reduction of Furosemide
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Fig4 shows the hourly COD reduction, with COD reghrccompletes maximum at 4 hours and
COD reduction in 4 hours is 140 mg/lit i.e. redantbf 70 percentage

Further trials are required to establish the fmalcome for the COD reduction of actual waste
water streams containing Furosemide as an ActieerRdceutical Ingredient.

Table5: COD reduction with pH of the waste water streams

Sr Initial COD | H,0, H FeSQ | COD after 4 Percentage
No (mg/l) (ml) P (9) Hrs (mg/lit) | Reduction of COD
1 571 25 1.0 2.5 340 41

2 571 25 2.0 2.5 240 58

2 571 25 3.0 2.5 390 32
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From the above table it is evident that the ratdefdegradation of the Furosemide molecule is
maximum at PH 2.0.At pH-2 the maximum COD reduci®opto 58 Percentage

Fig 5: Effect of pH on COD reduction
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CONCLUSION

1.With the above trial on the spiked water with d3@mide and advanced oxidation Fenton
process on it shows about 70 % COD reduction.

2.The said method is very efficient, economical] esbust and can be reproduced at large scale
level for the reduction of COD from the Furosemdagsste water stream.

3.This process can be used as an pretreatmentivatad sludge process, thereby making the
biodegradability easy in aeration tank of the attd sludge process.

4.The pre Fenton treatment for Furosemide wasterwsteam can help in reducing the ETP
construction const as the COD load to ETP willdduced with the application of fenton process
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