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ABSTRACT

Photo-catalysis has emerged as a powerful technological boon to ultimately decompose and recycle the
non-biodegradable organics. Detergents that are considered to be stringently non-biodegradable or
sparingly degradable are severe concerns for the agriculturists as they gradually render the soil unfit for
agriculture. The present research study has applied photo-catalysis technology to degrade commercial
detergents available in the sullage (washroom wastewater) of the residential campus of an engineering
college. The COD (Chemical Oxygen Demand) has been taken as a parameter for monitoring the
degradation rate of detergent. Photo-catalyst used is TiO,. The degradation studies are conducted under
artificial source of UV radiations in an indigenously designed reactor. Dose of photo-catalyst is varied
and optimized. It has been observed that the COD has been effectively brought down to the level of 40
mg/L with an optimal dose of 35 mg/L photo-catalyst. The sullage is rendered to be fit for gardening
applications. The research outcomes find significant applications in the recycling of sullage for gardening
and irrigation applications and will save huge amount of water and electricity both.
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INTRODUCTION

Till 1960s BOD was the most important parameter of concern in wastewaters (Metcalf et al., 2002).
However with the advancement in science and technology, the synthesis of variety of non-biodegradable
organics has become very common. They have become integral part of our day to day life. The
concentration of detergents, variety of cleansers used in households, pesticides, fertilizers, insecticides,
plastic traces, polythene traces etc is increasing in wastewaters rapidly. They are non-biodegradables and
are persisting in nature. They create difficulties in conventional wastewater treatment. They join food
chains and accumulate in human bodies exhibiting long term disorders. Conventional technologies for
removal of non-biodegradable organics are quite inefficient. However, photo-catalysis has emerged a
powerful boon for degradation of non-biodegradable organics (Somorjai et al., 1989). Detergent is one
such commonly used non-biodegradable organics which is commonly present in domestic wastewaters,
and laundry wastewaters.

With rising population and over exploitation, the water resources are depleting day by. There is great need
for recycling of water. Sullage is the wastewater generated from bathrooms (Steel et al., 1985). It is rich
in terms of urine but BOD is not high. It also contains significant quantity of detergents. At may water
scarce places the sullage is recycled for gardening applications. However the detergents present in the
sullage affect to the fertility of soil in long term. Thus they require to be removed. Photo-catalysis can be
applied for removal of detergents from sullage as well as from various wastewaters. The present work
explores the photo-catalysis technology for treatment of detergent containing wastewaters. Some
parameters of process are investigated experimentally and optimized for highest rate of degradation.
Detergents and their Chemistry

In a dictionary detergent is simply defined as cleaning agent. However, the word detergent has tended to
imply synthetic detergents specifically, generally termed as surface-active agent or surfactant. The
synthetic detergents are made from petrochemicals (Tyebkhan G 2002). Synthetic detergents dissolve or
tend to dissolve in water or other solvents. To enable them to do this, they require distinct chemical
characteristics. Hydrophilic (water loving) groupings in their molecular structure, and hydrophobic (water
hating) groupings, help the detergent in its “detergency” action. This detergency depends on the balance
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of the molecular weight of the hydrophobic to the hydrophilic portion. This is called the HLB value.
There are four main classes of detergents, anionic, cationic, onionic, mphoteric.

Problems due to Detergents in Wastewater

Detergents pose a variety of problems in the wastewater treatment. They are surfactants. Thus they hinder
the transfer of oxygen from atmosphere to the water in the process of aeration. They reduce the oxygen
transfer efficiency to 15%. The hinder the biological treatment also. They trap the colloidal particles and
keep them on surface thus reducing the efficiency of coagulation. Once they find a way in to surface of
sub-surface waters, they join to food chain. They accumulate in body and exhibit long term disorders like
carcinogentity, mutagenicity, fertility loss, loss of potency, allergy etc in long term. During coagulation of
water they form halides. The above-mentioned bad effects are even exaggerated.

Limitations of Conventional Wastewater Treatment Technologies in Detergent Removal

The linear alkyl sulfonates are biodegradable under aerobic conditions, but not in anaerobic conditions.
The benzyl sulfonates are strongly resistant to biodegradation. Generally the removal of detergents from
wastewater is favored by methods like adsorption. But these methods simply transform the problem from
one phase to another. They do not solve the problem. The final disposal of solid sorbent material
containing detergents is again a problem. From this bulk, detergents may again find way in to surface and
sub-surface waters.

The Photo-Catalysis Technology

The photo-catalysis is a phenomenon recognized by Fujishime (1972). Blake et al., (1991; 1996)
described the reactor design and process parameter aspects in his bibliographic work: semiconductors
have a property that they emit an electron when light wave of appropriate wave length fall upon them.
Some of the common conductors are Titanium di oxide, silicon di oxide, zinc oxide etc. Titanium di oxide
is considered to be the most active. TiO, emits electron when UV radiation falls on it which ultimately
results into hydroxyl radical formation (Turchi et al., 1990):

TiO, + UV = Ti02+ +e

H,O=H" + OH"

OH - e +Ti0," = TiO, + OH’

OH" + organic compound = products of mineralization

The UV radiation is obtained from sun or it can be obtained from UV lamps.

Review of Research in Photo-Catalysis

The process has so many variables listed as- pH, temperature, intensity of light, concentration of organic
compound, concentration of catalyst, specific surface area of catalyst etc. The process is complex and is
still in nascent stage for degradation kinetics modeling (Okamoto et al., 1985a; Okamoto et al., 1985b).
Alberici et al., (1997) have used this technology for removal of VOCs. Brillas et al., (1998) presented a
scientific look into the process and described the electron transfer phenomenon. Augugliaro et al., (1999)
and Cao et al., (2000) applied the process for treatment of toluene in gaseous phase. Alex et al., (2003)
used this technology for removal of benzoic acids using specially designed cascade reactor configuration.
Later researchers showed interest in the investigations of formation of intermediate products of the
process too Pal et al., (2000). Al Hakimi et al., (2003) applied photo-catalysis technology for treatment of
industrial wastewaters. Alpert et al., (1991) treated hazardous waste using photo-catalysis. Chong et al.,
(2010) has presented a review of recent developments in photo-catalysis technology. In fact the great deal
of research going on in the arena of photo-catalysis can be described by the bibliography given at the end.
The present work proposes to use the same technology for removal of detergents from sullage.

MATERIALS AND METHODS

The detergent used for experimental studies is commercial detergent available from the local market in
the brand name of Nirma. It is dissolved in distilled water to obtain desired concentrations. The photo-
catalyst used is Qualigens grade. The indigenously designed reactor is as shown in the figure 1. Figure 2
gives the inside view of the same. The reactors are provided with mercury vapor lamps - Narva UVK-125
W (Germany) having peak wavelength at 332 nm.
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Figure 2: Inside view of slurry type reactor

RESULTS AND DISCUSSION

The present work has focused on optimization of the most crucial parameter of the process that is catalyst
concentration. The same has been varied in the range 25 to 45 mg/L and the COD removal with time is
observed. The results are depicted in figure 3 to 7:

The overview of figures from 3-7 makes it evident that the TiO, is a powerful photo-catalyst to
decompose detergent. In fact as the process has used commercial detergent, which is not 100% pure. As
per the technical information provided by the producer of the Nirma detergent, it is only 11% detergent
and rest is boosters, binders, enzymes and some base materials including aromatic compounds. The COD
is a combined parameter that takes into account all organics together. The figures also indicate that the
catalyst concentration has a profound effect on the degradation rate. 35 mg/L catalyst concentration has
come out to be the optimum as it results into the minimum COD.
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Fig 3: COD Removal with time, catalyst concentration is 25 mg/L
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Fig 4: COD Removal with time, catalyst concentration is 30 mg/L
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Fig 5: COD Removal with time, catalyst concentration is 35 mg/L
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Fig 6: COD Removal with time, catalyst concentration is 40 mg/L
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Fig 7: COD Removal with time, catalyst concentration is 45 mg/L

The catalyst concentration has complex effect on degradation of organics. As the degradation reaction
takes place on the surface of the catalyst, the higher surface area will obviously have high degradation
rate. In consequence, it requires higher concentration of the catalyst. However. The reaction is driven by
UV radiation. Hence its penetration in the liquid slurry is also equally important. The higher
concentration of the catalyst can hinder the radiation penetration, resulting into lowered reaction rate.
Hence, an optimization is required. In the present study, the optimal catalyst concentration comes out to
be 35 mg/L. it must be recognized that the optimum dose is subjected to other variable combinations like
pH, intensity of light, initial organic concentration etc.

Conclusions

Photo-catalysis is an effective method of removal of detergents from water. The method can be
effectively applied for sullage which is produced in large quantity from residential areas and campuses. It
can be easily recycled for irrigation applications. The laundry wastewaters are rich in terms of detergents.
They can also treated by this method. The present work has optimized the catalyst concentration for
degradation of detergent, the future researchers may like to optimize other parameters also for the same.
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