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Abstract 
 

Background: Commercial detergents are chemical formulations designed to dissolve or disperse grease, grime, and dirt by making them 

water soluble or suspending it in water. They are best known for their wide use in laundry industry and household cleaning. After use, the 

wash waters along with the residual detergents are discharged into sewage system and are carried to water bodies, which result in damag-

ing the biodiversity of aquatic environment due to the non-degradable nature of the active detergent matter present in these cleansing 

agents. 

Method: A critical analytical study was conducted on the quality of popular detergent powders sold in the Indian market viz. Ariel, Surf 

Excel, Rin and Tide with respect to their moisture content, active and total alkalinity, active detergent matter, water-insoluble matter, 

oxygen releasing capacity and pH. Two natural cleansing agents viz. Areetha and Shikakai were tested for the same parameters. Bacterial 

cultures were isolated from detergent-rich soil in Dhobighat, Mumbai and used to study detergent degradation over a period of time. 

Methylene Blue Photometric Assay was used to estimate the reduction in active detergent matter. 

Result and Conclusion: Areetha and Shikakai were found effective as detergents but with certain limitations. Degradation was seen in 

the commercial detergents over a period of time. 
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1. Introduction 

Detergents, by definition are anything that cleans; which include 

soaps, synthetic detergent powders and liquids, alkaline materials, 

solvents etc. But popularly, the term ‘detergent’ is used for pack-

aged cleansing products added to water for household laundry 

(Synthetic Detergents in Perspective - their relationship to sewage 

disposal and safe water supplies, The Soap and Detergent 

Association, New York). Laundry detergent or washing powder is 

a type of detergent (cleaning agent) that is added for cleaning 

laundry. The mixtures of chemical compounds that include alkyl 

benzene sulfonates, which are similar to soap but are less affected 

by hard water, are commonly used for the manufacturing of deter-

gents. 

1.1. Utilization of detergents 

The synthetic detergent industry is a profitable industry due to the 

need for laundry and cleaning by every individual considering the 

increasing world population (Smulders et al. 2012). The commer-

cial sector is enlarging its market share rapidly by increasing the 

influence on consumers with the help of mass media. The deter-

gent market has grown into a highly competitive one, where vari-

ous vivid brands grapple to get consumers’ recognition. Each 

brand claims to clean spotlessly and brighter, employing techno-

logically questionable phrases like fighting granules, dirt gravita-

tor etc. Large quantities of surfactants are being used in household 

and industries daily, and most of which disseminate in soil and 

water (Abayomi & Omoniyi, 2013). Surfactants are usually the 

largest contributor of artificial organic carbon to the aquatic eco-

system. The sewage treatments in countries like India are extreme-

ly poor, and the use of detergents is increasing exponentially. 

(Siwiński et al.1998). In India, the detergent sector in the laundry 

care industry has grown from INR 57 billion in 2003 to INR 130 

billion in 2011, registering a growth of ~11% during the period. It 

is estimated, that the industry would reach levels of INR 241 bil-

lion by 2017 (“Market Research Report on Detergent Industry in 

India” NPCS, 2014). 

1.2. Adverse effects of detergents 

Detergents being used on large scale and their poor sewage treat-

ment are responsible for its toxic effects on aquatic animals such 

as fishes and microbes like yeasts and bacteria (Singer et al. 1992, 

Feisthauer et al. 2004). Eutrophication, commonly known as nu-

trient pollution, is also a pressing issue caused by excessive depo-

sition of surfactants in freshwater bodies. Aquatic plants like algae 

use the readily available nutrients like phosphorous, nitrogen and 

carbon from the detergents, which rapidly cause algal blooms. 

This in turn led to a decrease in the concentration of dissolved 

oxygen in water. This creates hypoxic and anoxic conditions kill-

ing fish, producing foul odour and increasing the anaerobic patho-

genic flora (Huddleston et al. 1963). 

Constant exposure to detergents is also dangerous to mammals, 

including humans (Fendinger et al. 1994). A study conducted to 

http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJAC


2 International Journal of Advanced Chemistry 

 
perceive the Indian consumers’ conditions due to the adverse ef-

fects of detergents on health, showed that 77.6 % of subjects had 

experienced some kinds of skin irritation due to the detergent use 

and the major population among them, comprised of washer men 

and rural women. The primary reason for health problems is due 

to conventional laundry detergents that leave chemical residues on 

clothes, which enter the human body via the skin or through the 

lungs. The usual result of a steady and intemperate exposure of the 

skin to detergents is drying, fissuring and dotting of the keratin 

layer leading to increased permeability that causes sensitization, 

which may develop into dermatitis.  

Elderly people are more susceptible to infections that may lead to 

developing eczema. Other health problems could be allergies, skin 

infections and in rare cases, cancer as detergent may contain car-

cinogens (Yuan et al. 2014). The fragrances used in laundry deter-

gents can trigger allergies and may aggravate the lungs, causing 

serious health effects to people with asthma or chronic heart prob-

lems (Huddleston et al. 1963). Detergents are also partly responsi-

ble for the decline of coastal plants subjected to polluted spray; the 

cloudy water phenomenon, i.e. formation of large foam ponds due 

to excessive foaming in rivers and for the contamination of 

groundwater by contributing nutrients and mineral salts such as 

phosphates, nitrates, ammonium, boron, etc. (Payne 1963, Payne 

et al. 1965, Fannin et al. 1981) Due to these growing complica-

tions, some form of bioremediation of detergents is a necessity. 

1.3. Biodegradability of detergents 

Biodegradability is simply defined as the breakdown of an organic 

substance to simpler substances (carbon dioxide, water, methane 

or other simple organic molecules) by micro-organisms (bacteria, 

fungi) or other biological means. The rate of biodegradation de-

pends on pH, temperature, oxygen, microbial population, degree 

of acclimation, accessibility of nutrients, chemical structure of 

compound, cellular transport properties, and chemical portioning 

in the growth medium (Fannin et al. 1981). 

A number of bacterial species are known to degrade surfactants 

and most of them are isolated from contaminated soil, water or 

sediments. Many aerobic bacterial species have the potential to 

degrade surfactants in the peptone mediums gratuitously, but very 

few species grow in a defined medium with surfactant as a sole 

carbon/energy source (Goodnow et al. 1972). 

2. Methods 

Four brands of marketed detergent powders were procured from 

the open market in India, and taken up for the study of commercial 

detergents.  

 

Brand name Manufactured by Barcode No. 
Date of 

Packing 

Ariel 
Procter & Gamble 

Company, Mumbai 

4 

902430651783 

Packed 

on 9/15 

Surf Excel 
(Quick wash) 

Hindustan Unilever 
Ltd. (HUL), Mumbai 

8 
901030515927 

Packed 
on 7/15 

Rin 

(Whites like 
new) 

Hindustan Unilever 

Ltd. (HUL), Mumbai 

8 

901030454301 

Packed 

on 3/15 

Tide Plus 

(Jasmine and 
Rose)  

Procter & Gamble 

Company, Mumbai 

4 

902430653176 

Packed 

on 7/15 

 

The powdered seeds of Areetha (Sapindus trifoliatus) and Shika-

kai (Acacia concinna) were taken up for the purpose of studying 

natural detergents. 

2.1. Moisture content 

About 1 g of the material was weighed accurately into a dry tarred 

dish, and dried to a constant mass in a hot air oven at a tempera-

ture of 105 ± 1ºC. It was cooled in a desiccator and was weighed.  

 

Moisture content = (M – m) * 100/M 

 

M = mass in g of the material taken for the test and m = mass in g 

of the material after drying 

2.2. Alkalinity 

25 ml of stock sample solution was pipetted out and titrated 

against 0.1 N HCl, till it became colourless (using Phenolphthalein 

as Indicator), that burette reading was taken as ‘A ml’ for deter-

mining Active Alkalinity. For the same solution, titration was 

continued with 0.1 N HCl, till the colour changed from yellow to 

orangish red (using Methyl Orange as indicator), that burette read-

ing was taken to be ‘B ml’ for determining Total Alkalinity. 

 

Active alkalinity (x) = A * 0.1 * 31 / 1000 g of Na2O 

 

Total alkalinity (y) = B * 0.1 * 31 / 1000 g of Na2O 

2.3. Active detergent matter 

10 ml of sample was pipetted out. 10 ml of chloroform and 5 ml of 

0.005% methylene blue solution was added to it. It was shaken 

well. The chloroform layer (lower) was coloured blue. The mix-

ture was then titrated with addition of 0.5 ml standardized cetri-

mide solution at a time. After each addition, the titrand was shak-

en well and the phases were allowed to separate. Initially the chlo-

roform phase was coloured blue. Towards the end, the colour 

started migrating to the aqueous layer. The reading which had the 

colour intensity equivalent in both the phases was noted  

 

x ml of 0.002 M Cetrimide = x* 0.002 * 348 / 1000 g of SLS 

2.4. Water insoluble impurity 

A G4 grade crucible was weighed and was fitted to a Buchner 

flask, to which suction was applied. 1% sample solution was 

poured through a sintered glass filter funnel. The residue was 

dried in a hot air-oven at a temperature of 105 ± 2°C. It was 

cooled in a desiccator and weighed till constant mass was ob-

tained.  

 

Matter insoluble impurity = 100 (m / M) 

 

m = mass in g of the matter insoluble in water, and M = mass in g 

of the sample taken for the test. 

2.5. Oxygen releasing capacity 

50 ml of 1% solution was pipetted out in conical flask. To this, 1 

test tube of HCl was added and titrated against 0.1 N KMnO4 till 

faint pink colour persisted.  

 

x ml of O.1 N KMnO4 = 8 * 0.1 * x / 1000 of O2 in 50ml 

2.6. pH 

1 ± 0.001 g of the material was weighed and transferred to a 100 

ml volumetric flask. The flask was partially filled with distilled 

water and agitated until the sample was completely dissolved. The 

solution was filtered through Whatman filter paper: 41, in case of 

residual solids. The temperature of the solution and the distilled 

water was adjusted to 30 ± 0.5º C; the volume was made up to the 

calibration mark with distilled water. The flask was stoppered, 

mixed thoroughly, and the solution was allowed to stand at a tem-

perature of 30º C for two hours before measuring the pH. The pH 

of the solution was measured using a glass electrode. 

2.7. Biodegradation of synthetic detergents 

2.7.1. Source of bacterial sample and collection 
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Soil from the outlet of laundry washing water from Dhobighat, a 

commercial laundry cleaning area in Mahalaxmi, Mumbai, Maha-

rashtra, India was collected in sterile containers, stored at 4˚C till 

processed and serially diluted. This served as the source of deter-

gent-degrading bacteria. The bacteria were isolated on Nutrient 

Agar plates supplemented with a synthetic detergent. Gram nature 

and colony characteristics of two bacterial isolates were studied. 

2.7.2. Cultivation of isolated bacterial cultures 

Isolated bacteria was sub-cultured on sterile Nutrient Agar slant 

and M9 media supplemented with a synthetic detergent and incu-

bated at 37⁰ C for 48 hours to screen its degradative capacity. The 

48 - 72 hour cultures were suspended in sterile saline and set to 

0.1 O.D.at 540 nm. 

2.7.3. Sterilization of detergent sample 

1 g of detergent samples viz. Ariel, surf excel, Rin and Tide were 

weighed, packed in packets and was put in a dry hot air oven for 

sterilization. 

2.7.4. Inoculation of bacterial sample 

2.7.4.1. Sterile M9 media (incomplete mineral medium) was used 

as growth media to check for the 2 bacterial cultures’ capability to 

use detergent as a primary source of carbon. 

2.7.4.2. Sterile 250 ml conical flask labelled as 1, 2, 3, 4, 5, 6, 7, 8, 

9 and 10 were filled with 100 ml sterile saline. Flask 1, 3, 4, 5 and 

6 was inoculated with 1 ml mix culture of the two types of organ-

isms. Flasks 3, 4, 5, 6, 7, 8, 9 and 10 contained 1 g of surfactant. 

3. Results and Discussion 

3.1. Moisture content 

Table 1: Moisture content of various detergents 

Sr. No. Sample Moisture content (%) 

1. Ariel 2.639 

2. Surf Excel 6.312 

3. Rin 2.320 
4. Tide 2.881 

5. Areetha 6.390 

6. Shikakai 6.395 

As shown in Table 1, only Surf Excel has 6.312% moisture which 

is equal to 6.39% moisture in both the natural products (Areetha 

and Shikakai). One can understand the presence of moisture in 

natural products, but if commercial criteria are adopted, it be-

comes difficult to justify the moisture content in Surf Excel. 

3.2. Alkalinity 

Table 2.1: Active alkalinity of various detergents 

Sr. No. Sample 

Active Alkalinity (mg Na2O) 

Fresh 

Sample 

After 15 

days 

After 30 

days 

1. Ariel 8.06 8.99 10.51 
2. Surf Excel 10.23 10.85 11.56 

3. Rin 5.58 6.51 7.71 

4. Tide 7.13 7.44 6.66 

 
Table 2.2: Total alkalinity of various detergents 

Sr. No. Sample 

Total Alkalinity (mg Na2O) 

Fresh 

Sample 

After 15 

days 

After 30 

days 

1. Ariel 16.43 18.91 21.37 
2. Surf Excel 19.22 20.46 22.47 

3. Rin 13.33 12.71 15.41 

4. Tide 14.57 13.33 14.36 
5. Areetha 2.17 1.24 1.75 

6. Shikakai 1.55 3.72 2.45 

 

The alkaline nature of the detergents is a key determinant of its 

effectiveness as a cleansing agent. Oil or grease can be removed 

from the cloth only in alkaline conditions; also mild alkaline con-

ditions make the hard water soft and improve the detergency ac-

tion. Effectiveness in hard water is the advantage that detergents 

have over soap. The alkalinity of a detergent is measured in terms 

of active alkalinity (or bicarbonate alkalinity) and total alkalinity 

(or carbonate alkalinity). Active alkalinity helps in water softening 

and total alkalinity helps in the removal of oil and grease.  

As the detergents are predominantly non-biodegradable, it is ex-

pected to show the same alkalinity after a long span of time when 

they are disposed in water. Hence, the known concentrations of 

detergent solutions were preserved in an open container (beaker) 

for about a month. The same procedure was followed, and read-

ings were taken after 15 days and 30 days from the date of prepa-

ration. The results obtained for the Active and Total alkalinities of 

the samples are reported in Table 2.1 and Table 2.2. The graphical 

representation of data is given in Fig. 1 and Fig. 2. 

 

 

 
Fig. 1: Active alkalinity of detergent samples. 
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Fig. 2: Total alkalinity of detergent samples. 

3.3. Active detergent matter  

Table 3: Active detergent matter of the samples of various detergents. 

Sr. No. Sample 
Active detergent matter (mg of SLS) 

Fresh 
Sample 

After 15 
days 

After 30 
days 

1. Ariel 18.792 18.742 16.704 

2. Surf Excel 24.012 24.36 20.88 

3. Rin 15.66 16.008 13.92 
4. Tide 15.98 16.704 14.964 

The activity of a detergent varies with its active detergent matter  

 

 

content like Sodium Lauryl Sulphate. The effectiveness of a deter-

gent can be easily correlated with the active detergent matter. As it 

is known that the detergents are predominantly non-biodegradable, 

this indicates that Sodium Lauryl Sulphate remains unaffected in 

the solution for a longer time. 

 

The solutions once prepared were kept for one month in an open 

atmosphere and the measurements were carried out for the active 

detergent matter on the first, 15th and the 30th day. The results 

obtained are shown in Table 3 and represented graphically in Fig. 

3. As the natural detergents had no Sodium Lauryl Sulphate, it 

could not be detected in any case of sample and period. 

 

Fig. 3: Active detergent matter of the samples of various detergents. 
 

3.4. Water insoluble impurity 

Table 4: Insoluble matter in various detergents 

Sr. No. Sample Insoluble matter (%) 

1. Ariel 14.24 

2. Surf Excel 16.80 

3. Rin 1.72 
4. Tide 0.56 

5. Areetha 47.80 

6. Shikakai 88.78 

 

As the detergents are non-degradable, the insoluble matter in the 

detergents remains in water body for a long time. This has made 

determination of the insoluble matter of detergents a point of in-

terest. The amount of insoluble matter in the various detergent 

samples is shown in Table 4. 

 

3.5. Oxygen releasing capacity 

Table 5: Oxygen releasing capacity of various detergents 

Sr. No. Sample Oxygen releasing capacity(ppm) 

1. Ariel 14.40 

2. Surf Excel 8.00 

3. Rin 4.80 
4. Tide 3.20 

5. Areetha 128.00 

6. Shikakai 176.00 

 

Nascent oxygen generally used for bleaching/cleaning of the cloth. 

The property of releasing oxygen has given detergents a tremen-

dous advantage over soaps. The detergent which releases more 

oxygen is considered to be better detergent. The results of oxygen 

releasing capacity of all the samples are reported in the Table 5. 
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3.6. pH 

Table 6: pH of Fresh 1 % Solutions of various detergents 

Sr. No. Sample pH 

1. Ariel 10.26 
2. Surf Excel 10.27 

3. Rin 10.16 

4. Tide 10.12 
5. Areetha 6.59 

6. Shikakai 6.51 

 

The alkalinity of detergent solutions has already been discussed. 

Although the relevance of pH of the solutions remains immaterial 

for this analysis, pH parameter of the 1% solution of the sample is 

taken to have data for correlation. The results of pH of all the 

samples are reported in the Table 6. 

3.6. Biodegradation of synthetic detergents 

3.6.1. Isolation and cultivation of detergent degrading bacteria 

Two bacterial strains of detergent degrading bacteria were isolated 

from detergent rich soil in Dhobighat, Mahalaxmi, Mumbai, Ma-

harashtra, India. This place was selected because it is a commer-

cial area for the washer men for washing of clothes. Using en-

richment technique, the isolates were inoculated in nutrient media 

supplemented with detergent. The plates were incubated in at 

37⁰C. After 2-3 days, when prominent growth was observed, the 

colony characteristics of the isolates were studied. These isolates 

recovered from Dhobighat were designated as C1 and C2 respec-

tively. 
Table 7: Colony Characteristics of Isolates C1 and C2 

Characteristics C 1 C 2 

Size large medium 

Shape ovoid circular 

Colour colourless cream 

Elevation flat low convex 

Margin entire entire 

Opacity translucent translucent 
Gram nature Gram negative Gram negative 

Morphology coccobacilli coccobacilli 

3.6.2. Degradation of active detergent matter by bacterial cul-

ture isolated from soil in Dhobighat and quantifying the result 

using methylene blue photometric assay 

The determination of the biodegradation for synthetic detergent 

samples is crucial in the outcome of the investigation, and this was 

done using the Methylene Blue Photometric Method. The Meth-

ylene Blue Active substance (MBAS) analysis was used to deter-

mine the concentration of active detergent matter in each of the 

commercial detergent products. The mixtures of 2 isolated Gram-

negative bacterial cultures were used to study detergent degrada-

tion over a period of 30 days. Reduction of absorbance of MBAS 

was used to estimate the reduction in active detergent matter in the 

solutions. Degradation was followed over a period of time. 

A significant reduction was observed in the absorbance and con-

centration of MBAS (shown in Table 7. 1. and Table 7. 2. The 

graphical representation is shown in Figure 7.1 and 7.2) in the 1% 

sample detergent solutions viz. Ariel, Surf Excel, Rin and Tide. 

This indicates that the active detergent matter present in them can 

be degraded slowly by the bacterial cultures isolated from the 

detergent rich soil in Dhobighat.  

The Figure 7. 3. It gives the percentage degradation of the active 

detergent matter of the sample detergents, over a span of 15 days, 

15 – 30 days and overall degradation in 30 days. Ariel, surf Excel, 

Rin and Tide are degraded to 86.21%, 90.14%, 77.88% and 66.42 

% respectively over 30 days. 

Bureau of Indian Standards (BIS) does not enlist the criteria of 

biodegradability of detergents in I.S.: 4955 – 2001.  

Whereas, under Environment Protection Authority (EPA) of Aus-

tralia, the Australian Standard for biodegradability (AS1792 – 

methods to determine the Biodegradability of Surfactants) requires 

80% of the mixture to be degraded within 21 days, to carry the 

‘biodegradable’ label. So according to EPA, except for Ariel, the 

other sample detergents are non-biodegradable (Method for De-

termining the Biodegradability of Surfactants, Standard Associa-

tion of Australia). 

 

 
Table 7. 1: The Absorbance of MBAS (mg MBAS/L) on Day 1, Day 15 and Day 30 for various detergent samples 

Sample ( 1% Detergent solution) O. D. at 620 nm for Day 1 O. D. a t620 nm for Day 15 O. D. at 620 nm for Day 30 

Ariel 0.41 0.06 0.06 
Surf Excel 0.09 0.06 0.01 

Rin 0.17 0.10 0.04 

Tide 0.17 0.08 0.06 

 

Fig 7. 1: The Absorbance of MBAS (mg MBAS/L) on Day 1, Day 15 and Day 30 for various detergent samples 

 

 
Table 7. 2: The concentration of MBAS (mg MBAS/L) on Day 1, Day 15 and Day 30 for various detergent samples 

Sample Concentration of MBAS on Day 1 Concentration of MBAS on Day 15 Concentration of MBAS on Day 30 

Ariel 0.682 0.094 0.094 

Surf Excel 0.142 0.094 0.014 

Rin 0.280 0.160 0.062 
Tide 0.280 0.126 0.094 
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Fig. 7. 2: The concentration of MBAS (mg MBAS/L) on Day 1, Day 15 and Day 30 for various detergent samples 

 

 
Fig. 7. 3: The Percent Total Degradation of the Sample Synthetic Detergents in 30 Days. 

 

4. Conclusion 

The purpose of this work was to compare the properties of com-

mercially available detergents viz. Ariel, Surf Excel, Rin, Tide and 

the natural cleansing agents viz. Areetha and Shikakai. After re-

viewing the results that were obtained from chemical and microbi-

al analysis, we observed that natural cleansing agents are almost at 

par with the commercial equivalents. It is an accepted fact that 

natural cleansing agents do not produce the same results with 

commercial samples in some tests, but can be made equivalent to 

the properties of the commercial samples by using minimal quan-

tity of chemical aid.  

The moisture in natural cleansing agents is comparatively high, 

but this could be justified by the process of obtaining the natural 

samples. The natural samples were obtained by crushing of the 

seeds directly, but heat drying was not performed in the oven be-

fore use. Thus it can be stated that, after heat drying, the moisture 

content can be lowered, and the other results would have been 

further improved. 

The natural cleansing agents are very mildly alkaline. This has an 

advantage in washing delicate fibres like wool and other synthetic 

fibres. The colours of the threads are also secured in the moderate-

ly low alkaline detergent solutions, which give natural cleansing 

agents a distinct advantage over commercial detergents. It will be 

of further interest to compare the oil / grease removal capacity of 

natural cleansing agents with specialized commercial detergents. 

Pollution control was another agenda behind this study. If the 

solubility results are reviewed, the natural cleansing agents are not 

sufficiently soluble in water. If the effluent containing natural 

cleansing agents is filtered after use, then the insoluble matter can 

be easily removed. This will help the reduction in load of effluent 

treatment for removal of Chemical Oxygen Demand (COD) / Bio-

logical Oxygen Demand (BOD). 

The functioning of the natural cleansing agents is mainly based on 

its capacity to release the nascent oxygen. Huge amount of oxygen 

is released by these products; that will indirectly help in reduction 

of COD in the effluent. 

Natural cleansing agents are biodegradable and hence can be re-

moved from the effluent with minimal processing, whereas, the 

Environment Protection Authority (EPA) requires 80% of the 

detergent mixture to be degraded within 21 days. This signifies 

that the advantage of natural cleansing agents is limited to 21 

days, over the commercial detergents.  

If some water-soluble softeners and active-detergent matter are 

added, then we can minimize the deleterious effects of synthetic 

detergents and greater performance from the natural products can 

be achieved. The systematic drying and proper packing will im-

prove the performance of the natural materials making a signifi-

cant impact on the environment. 
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