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Eutrophication, regarded as the most immediate envi-
ronmental consequence of extensive phosphorus usage
in contemporary societies, has received wide attention.
If the current level of human-induced global environ-
mental impacts continues, there is a chance of occur-
rence of nearly 2.4-2.7-fold increase in nitrogen and
phosphorus driven eutrophication of terrestrial, fresh-
water and marine ecosystems in the near future. The
main sources of phosphate in aquatic environment, is
through household sewage water containing deter-
gents and cleaning preparations, agricultural run-off
containing fertilizers, as well as, industrial effluents
from fertilizer, detergent and soap industries. The
consumption of synthetic detergents is increasing
year-by-year due to increasing urbanization and most
of them contain phosphate as a ‘builder’, which in-
creases phosphate loading rates in water bodies. The
estimated annual consumption of phosphate-containing
laundry detergents for the current population in India
is about 2.88 million tonnes and the total outflow of P
is estimated to be 146 thousand tonnes per year.
Therefore, a major point of concern for checking
eutrophication of water bodies, particularly in sensi-
tive areas, is how to reduce P inputs to surface waters.

Keywords: Aquatic ecosystem, detergents, eutrophica-
tion, phosphate loading.

PHOSPHORUS (P) is one of the major nutrients needed to
sustain all forms of life and cannot be substituted. Similar
to fossil fuels, phosphorus (P) is a non-renewable
resource and its availability for future generations is
becoming obscure. Moreover, with increase in population
growth, change towards meat-rich diets and growing
demands for food production will further push an increas-
ing demand for phosphate in the near future'. Globally,
148 million tonnes of phosphate rock is mined every year
and approximately 90% is used for food production®”
primarily for the production of agricultural fertilizers
(82%) and a smaller fraction for animal feed additions
(7%) and food additives (1-2%). The remaining 9% goes
to industrial uses such as detergents and metal treatment
and other industrial applications®. Over a few decades,
phosphate use in India which is dependent on imports™®
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has increased largely and almost doubled in quantity
between 2002 and 2009 (80% increase)’. It is clear that
agriculture is the main user of mined phosphorus globally
and only 20% of the phosphorus used in agriculture
reaches the food we consume; most of the remaining
phosphorus is lost in inefficient steps along the phospho-
rus cycle. Nearly, 33% of phosphorus entering the soil
system is lost by erosion (both water and wind) and the
livestock system loses about 45% of the phosphorus en-
tering its system. On the other hand, only about one-tenth
of the phosphorus entering the agriculture system is actu-
ally consumed by humans, but roughly 90% of the phos-
phorus entering human system is lost to water bodies
through sewage discharge®™. Domestic sources of phos-
phorus which include sewage, mostly from human and
household waste and detergents, is most important as it
contributes much of the bioavailable phosphorus for
algal bloom. This lost phosphorus from several sources
finally ends up in water systems causing widespread pol-
lution in lakes, rivers and coastal areas, algal blooms, and
dead zones in the oceans (together with nitrogen). Thus,
ironically, phosphorus represents both a scarce non-
renewable resource and a pollutant for living systems.

Environmental impact of phosphorus uses

There exists a broad range of phosphorus-related envi-
ronmental issues. In socioeconomic context, the major
environmental issues are mineral reserve conservation,
soil erosion and degradation of soil fertility, animal waste
management, sewage and detergent use, and eutrophica-
tion. For many years, eutrophication has been regarded as
the direct environmental consequence of widespread
usage of phosphorus; and problems associated with it
have received greater attention, particularly with respect
to its effects on freshwater ecosystems'®!!. Recent report
of the United Nation Environmental Programme (UNEP)
indicates that globally around 30—40% of the lakes and
reservoirs have been affected by eutrophication'?. Fur-
ther, a national survey also reveals that more than half of
the 40 lakes in China suffer from greater nitrogen and
phosphorus enrichment?.

Eutrophication is the natural ageing of streams or lakes
by nutrient enrichment and ultimately promotes aquatic
vegetation or algae and phytoplankton causing several
problems such as lack of oxygen needed for fish and
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higher mortality rate; thus, disrupting normal functioning
of the aquatic ecosystem. Although eutrophication is a
natural process, human activities can greatly hasten the
process by increasing the rate at which nutrients and
organic substances enter the aquatic ecosystems from the
surrounding areas. If the human-induced global environ-
mental impacts continue, nearly 2.4-2.7-fold increase in
nitrogen and phosphorus-driven eutrophication will occur
in terrestrial, freshwater and marine ecosystems'*. Pri-
mary nutrient, such as carbon, nitrogen, phosphorus and
in certain cases, silicon contribute to eutrophication. In
fresh water ecosystem, phosphorus is the primary agent
for eutrophication, as many algae are able to obtain N
from the atmosphere'’; whereas in estuaries and other
marine ecosystems, nitrogen is mainly a limiting fac-
tor'®!”. Moreover, if one element is limiting in excessive
presence of other elements, carbon, nitrogen and phos-
phorus can generate its weight by 12, 71 and 500 times,
respectively in algae'®. Further, in many countries, a huge
amount of untreated municipal sewage effluent is
discharged directly into freshwater. Therefore, checking
eutrophication of water bodies particularly in sensitive
areas requires reducing P inputs to surface waters, despite
the fact that P is an essential nutrient for crop and animal
production.

Sources of P in the aquatic ecosystem

The main sources of phosphate in aquatic environment
are household sewage water containing residues of deter-
gents and cleaning preparations, agricultural runoff con-
taining fertilizers as well as industrial effluents from
fertilizer, detergent and soap industries'”. Normally, point
sources refer to the discharges from industry and urban
wastewater. Diffuse sources (non-point sources) include
background losses, losses from agriculture, losses from
scattered dwellings, and atmospheric deposition on water
bodies. The relative contribution from different sources
may vary on regional and local scales depending upon the
degree of urbanization, sewage management and intensity
of agricultural practices. While industrial sources are
locally important, the two major widespread sources of P
into surface water are diffuse agriculture inputs and mu-
nicipal wastewater. Around 16% of the phosphorus enter-
ing surface water of the European Union (EU) is derived
directly from the application of fertilizers, whereas 34%
is derived indirectly from livestock. The domestic sources
of phosphorus include sewage mostly carrying human
and household waste (24%) and detergents (10%),
accounting for 34% of the phosphorus that enters surface
waters in the EU (Figure 1)*°. This source is particularly
important, as it appears to represent much of the bioavail-
able phosphorus entering fresh waters’'. Therefore, in
areas around lakes without intensive agriculture (Lake
Geneva and Lake Endine) where municipal wastewater is
the primary source of phosphorus, wastewater treatment
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has been successful for controlling eutrophication. In
contrast, agricultural inputs of phosphorus from intensive
agriculture are dominant in Lake Sempach, Switzerland,
where fertilizer phosphorus represents the main source of
eutrophication and therefore an amalgamation of meas-
ures including best land management practices and
improved wastewater treatment need to be employed.
Majority of P leaked into the environment, enters natu-
ral water in non-bio-available form, bound to particulate
matter (from runoff and erosion), while only 5-10%
occurs in soluble form. Phosphorus fractions in the
pre-monsoon stage water samples of Upper Lake, Bhopal
revealed that 68.94% of the total P (0.39 mg/l) was in
particulate form (more than 450 nm) and remaining
31.06% was in ionic and dissolved form (less than
450 nm; Table 1)*2. Basically, water samples were
filtered with 450 nm membrane filter”, to separate the
particulate form from the dissolved P. In contrast, the
soluble P may account for up to 90% of the total P con-
tent®* as in case of municipal sewage water where P-
containing detergents and human excreta are the main
sources of phosphorus in the aquatic ecosystem. A case
study of Lake Dianchi in southern China showed that the
total net phosphorus load was 1693 tonnes in 2000, of
which mining, phosphate industry, farming, livestock,
urban and rural population subsystems contributed to
0.1%, 1.7%, 12.9%, 23.2%, 33.6% and 28.5% respec-
tively”’. Apparently, the human source, which accounted
for 1052.1 tonnes phosphorus and agricultural activities,
including both farming and livestock breeding responsi-
ble for 610.9 tonnes phosphorus load, dominated the
sources for influencing the phosphorous-related water
environmental problems in the Lake Dianchi®.

Constituents of detergents

The term ‘detergent’ is now being applied to all synthetic
washing substances. Initially, detergents were used
mainly for hand and dish washing, and fine fabric laun-
dering. Later on, with the advent of technologies,
all-purpose laundry detergents were first introduced in
the US in 1946. Detergents are generally referred to as
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Table 1. Dissolved and particulate P content in water sample of Upper Lake of Bhopal®

% of Total P

Dissolved P (<450 nm) Particulate P (>450 nm)

Stages Total P (ppm)

Premonsoon stage Range 0.28-0.47
Mean STDEV 0.386 + 0.045

Post-monsoon stage  Range 0.31-0.59
Mean STDEV 0.424 £ 0.071

20.51-43.24 56.75-79.48
31.06 £5.962 68.94 +5.962
24.47-47.56 60.56-82.46
27.49 £3.20 7251 £11.71

synthetic compounds that contain an active agent called
surfactant. Surfactant has hydrophilic and lipophilic func-
tional groups that emulsify the oily matter and keep the
fabric wet and the soil in suspension. Apart from surfac-
tants, another substance called builder is added to deter-
gents to increase efficiency. Phosphate in the form of
sodium tripoly phosphates (STPP) is the most commonly
used builder which forms complexes with Ca”" and Mg""
ions creating a favourable condition for detergent action
by reducing hardness of water. Soda ash, sodium chlo-
ride, sodium sulphate, sodium silicate and zeolite are also
used as builders in the detergent. However, STPP as a
builder in detergent, is preferred largely due to its greater
ability to clean. In addition to builders, detergents have
additives such as anti-re-deposition, whitening, bluing and
bleaching agents; foam regulators, certain enzymes, per-
fumes and substances that assure crispness of the material.
Common laundry detergent contains over 40% STPP
(NasP;0y9), although the global development is towards
reducing this quantity, because it adversely affects the
quality of the aquatic ecosystem and induces eutrophica-
tion (algal blooms, kills fishes and poor water quality).
The P content in the STPP of detergent is 25.27%. The
STPP content of the commonly used detergents in differ-
ent countries’® is provided in Table 2; and in India, it
ranges from 8-35% (ref. 27). Detergent standards in India
require minimum quantity of phosphates as an ingredient;
11% for grade 1 and 7% for grade 2 detergents. However,
laboratory testing carried out in 2008 showed that almost
all the detergents had much higher phosphorus®™. No
detergent brand available in the market has opted for the
Indian eco-label (known as the Ecomark), which certifies
environment-friendliness of a product. Further, the deter-
gent P as STPP when released along with the laundry
waste water is quickly hydrolysed to orthophosphate.
Thus, where STPP is used as builder in laundry deter-
gents, it is estimated to contribute 25-50% of soluble
(bio-available) P in untreated municipal water.

Scenario of P emissions from detergent use in India

Synthetic detergent, being a mass consumption item, has
shown dramatic growth since its inception in 1957. Dur-
ing the last five years, the demand for detergents has been
on the rise at an annual growth rate of 10-11% (Figure 2).
In India, because of increasing urbanization, the
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consumption of synthetic detergents is increasing year-
by-year, but is less, in comparison to the other Asian
countries. In India, the per capita consumption of deter-
gent is approximately 2.8 kg per year (ref. 30), whereas,
in countries such as Philippines and Malaysia, the per
capita consumption is 3.7 kg, and in USA it is around
10 kg. P contributions from the use of phosphates in de-
tergents are largely dependent on use patterns and mar-
keting conditions. It is a matter of concern that not much
information is available about the current production and
consumption of phosphate-containing detergent types in
India. Due to lack of published data, some assessment
about the scenario of P-emissions from detergents in
India can be made in the following two ways:

(1) As per the data compiled by Indiastat from Central
Statistical Organisation (CSO), about 817,933 tonnes of
synthetic detergents were produced during 2009-2010
(Figure 2). Almost all the laundry detergents in India
contain STPP, ranging from 8-35% and the STPP content
to the tune of 20% can be considered as average value?®’.
Thus, total amount of STPP use in detergents is estimated
to be 0.16 million tonnes. Since, STPP contains 25.27%
P, the estimated outflow of P from detergents is around
41,000 tonnes.

(2) In 1994, per capita consumption of detergents in
India was 2.8 kg/annum® and it is expected to rise to over
4 kg/annum. Assuming that 60% of the total detergents
are consumed as laundry detergents, the estimated con-
sumption of phosphate-containing laundry detergents for
the current population is about 2.88 million tonnes and the
total outflow of P is estimated to be 145,555 tonnes/annum.

Thus, in India, total out flow of P from detergents to
the wastewater is somewhere between 41,000 to 145,555
tonnes/annum.

Trophic status of surface water bodies: global
and Indian perspective

On a global basis, researchers have demonstrated a strong
correlation between total phosphorus inputs and algal
biomass in lakes®'. Since 1950, phosphorus inputs to the
environment have been increasing as the use of phos-
phate-containing fertilizer, manure and laundry detergent
has become more common®>. Eutrophication is a serious
threat to many European lakes®, for example Lake
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Pamvotis in Northwest Greece™ is under eutrophic condi-
tion for the last 40 years. In South Africa, hypertrophic
conditions are prevailing at all monitoring stations of
Berg River; moreover, the phosphate levels have in-
creased 10-fold due to anthropogenic inputs over the last
20 years®. In Zimbabwe, Lake Chivero was also reported
to be hypertrophic®®. According to an estimate in 1965,
greater than 80 tonnes of phosphates from sewage, deter-
gents and fertilizers were added daily in the Lake Erie’’.
In China, nutrient unloading from local industries and ag-
ricultural fields to the Lake Taihu leads to eutrophication,
particularly at Meiliang Bay®. Similarly, coastal eutro-
phication has also received greater attention as a result of
nutrient enrichment through runoff from agricultural land
into the ocean via rivers and streams. Sewage has been
discharged into the oceans all over the world, mostly
from urban settlements. The annual global loss of ecosys-
tem service including damage to fisheries from coastal N
and P pollution-related hypoxia alone amounts to an
estimated US$ 170 billion™.

According to an estimate by Central Pollution Control
Board (CPCB), nearly all the sewage (2.5 billion litres
per day) generated along the banks of River Ganga goes
directly into the river’’. Out of the total waste dumped
into River Ganga, municipal wastewater and industries
contribute 80% and 15% by volume respectively. In the
middle Ganga basin, between Allahabad to Ballia, domestic

Table 2. STPP contents of some of the known brands of detergents?®?”*
Detergents with STPP builders

Countries having STPP content (%)

Denmark 20

Finland 10

France 50

Greece 50

Portugal 70

Spain 60

Sweden 15

UK 45

Hungary 70

Poland 85

India* 8-35
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Figure 2. Industrial production of detergents in India (November
1994 to December 2010).
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waste water drains are the major sources of pollutants®'.
Usharani e al.* observed that River Noyyal in Perur,
Tamil Nadu, is used for washing purposes and the deter-
gents had enhanced the P load of this river. Similarly at
Lake Ranchi, the entry of nutrients particularly P, was
due to the use of detergents and the influx of sewage
water from surrounding areas™. In the 15 years from
1959 to 1974, phosphate—phosphorus concentration in the
near-shore waters of Bombay increased from 0.82 to
1.13 umol/l, i.e. by about 40% and it increased to
2 umol/l in 1984 (refs 44, 45)

Surface active agent known as ‘surfactant’ is the basic
component of the detergent which has greater biodegrad-
ability and is moderately toxic to aquatic organisms, par-
ticularly fish. The threshold values which are detrimental
for aquatic life are 3—12, 20 and 3-38 mg/l respectively
for anionic, cationic and non-ionic detergents. A study
revealed that surfactant values in the groundwater and
surface waters in urban Kolkata were 0.29 and
0.148 mg/l, respectively; while the corresponding values
were 0.025 and 0.90 mg/l in semi-urban districts of Hugli
and Howrah®. It is clear that groundwater shows lower
concentration of surfactants than surface water. At certain
places of Kolkata Metropolitan District, the anionic sur-
factant values in groundwater (0.015 to 0.032 mg/l) and
surface water (0.025 to 0.425 mg/l) exceed the critical
level of 0.2 mg/l. However, for drinking purpose in India,
they are within the permissible limit of 1.0 mg/l (ref. 47).
In another study, STPP content in sewage water samples
collected from sewage outlets was influenced by the
different income groups of the city (Table 3)*. Despite
the fact that the source apportionment in this article gives
a generic picture about India, the information clearly
shows the relative importance of detergent P released to
our ecosystems.

Specific action plan to reduce P from detergents
to aquatic ecosystem

Environmental impact of phosphates in detergents leads
to introduction of different control measures and restric-
tion on the use of phosphate-based detergent for house-
hold purposes in order to reduce P loading in the surface
water bodies. During the last decades, several countries
have taken action to reduce phosphorus loading in surface
water bodies. Most studies, indicate that a phosphorus
reduction by 70-90% is compulsory to trim down the

Table 3. STPP levels (mg/l) in sewage water in the domestic sewage
outlets from different income group of four major cities of MP*®
Cities HIG MIG LIG
Bhopal 11.93 2.38 10.78
Indore 12.87 4.56 9.45
Jabalpur 9.54 2.47 7.84
Gwalior 10.23 3.21 9.48
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Table 4. Total treatment efficiency (P-removal) in
sewage treatment containing phosphorus®’

Sewage treatment P removal (%)

Primary treatment 5-15
Secondary treatment 10-40
Tertiary treatment >90

eutrophication level and recover original trophic status of
water bodies. A significant load reduction up to 40% on
phosphorus that enters the surface water bodies can be
achieved by imposing a ban on phosphate-based deter-
gents; however, this alone cannot be sufficient for any
sizeable improvement. Wastewater treatment facility
improvements may result in 30% reduction of phosphorus
loading in the aquatic ecosystem. In several developed
countries, major improvements in surface water bodies
(up to 70-90% reduction in phosphorus loading) were
observed when enhanced wastewater treatment and
reduced phosphate detergent usage measures were im-
plemented together (Table 4)*°°. Apart from phosphate
load reduction and sewage treatment, there has been
extensive research to find alternatives to phosphates and
STPP as a builder in detergents. Sodium citrate, ethylene-
diamine-tetraacetic acid (EDTA), nitrilotriacetic acid
(NTA) and Zeolite A — polycarboxylate have been exten-
sively researched worldwide as an alternative to phos-
phate builder. As compared to STPP, sodium citrates are
not effective in removing calcium and magnesium cations
and also not cost-effective’’. Similarly, EDTA and NTA
builders are less effective in particle dispersing properties
as compared to STPP*>. Moreover, NTA binds with car-
cinogenic heavy metal ions in the sewage sludge and in-
creases its mobility’>. A better alternative for STPP has
been Zeolite A, which is comparatively inert and derived
from aluminium oxide®. Zeolite A is non-toxic to
humans and aquatic fauna; and produces relatively less
toxic by-products. Developed countries such as USA,
Switzerland, many countries of the European Union
including Germany and Italy have widely adopted use of
Zeolite-A as a substitute for STPP*,

In India, Class-1 cities and Class-II towns together
generate 38,254 MLD of sewage, out of which only 30.8%
(11,787 MLD) is being treated®. Thus in our country, sew-
age or domestic waste, is a major cause of aquatic pollution
and would undoubtedly be a major threat in years to come.

In order to tackle problems related to phosphate-
containing detergents, the following action plan is sug-
gested.

e In India, none of the synthetic detergents is phos-
phate-free due to lack of mandatory legislations.
Therefore, there is need for enacting strong mandatory
legislation to regulate phosphate content in laundry
detergents.

e There is need to create a national database on the total
production and consumption of phosphate containing
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detergents in India and total out flow of P in rural and
urban sectors.

There is need to generate research-based data on the
relative input of P into surface water from human
excreta, detergents and agriculture for different re-
gions of India.

As urbanization in India shows an increasing trend,
the per capita consumption is also likely to increase,
as a result of which the total out flow of P from deter-
gents to the sewage system will also increase
remarkably in the near future. Therefore, there is need
for mandatory legislation to set up sewage treatment
plants in almost all cities so as to recover P not only
from detergents, but also from human excreta.

A partnership approach needs to be promoted in
eutrophication management, at both local and national
levels, since solutions are generally beyond a single
regulatory body or party.

. Cordell, D., Neset, T. S. S., Drangert, J. O. and White, S., Pre-

ferred future phosphorus scenarios: a framework for meeting long-
term phosphorus needs for global food demand. International
Conference on Nutrient Recovery from Wastewater Streams, Van-
couver, 10-13 May 2009 (eds Mavinic, D., Ashley, K. and Koch,
F.), ISBN: 9781843392323. IWA Publishing, London, UK, 2009.
Smil, V., Phosphorus in the environment: natural flows and human
interferences. Annu. Rev. Energ. Environ., 2000, 25, 53—88.
Gunther, F., A solution to the heap problem: the doubly balanced
agriculture: integration with population. 2005; http://www.holon.
se/folke/kurs/Dis-tans/Ekofys/Recirk/Eng/balanced.shtml

. Prud” homme, M., World Phosphate Rock Flow, Losses and Uses.

International Fertilizer Industry Association, Phosphate 2010
International Conference, Brussels, 22-24 March 2010.

Jasinski, S. M., Phosphate Rock, Mineral Commodity Summaries,
US Geological 2008; http://www.minerals.usgs.gov/minerals/pubs/
commodity/phosphate_rock/

Rosmarin, A., The precarious geopolitics of phosphorus. Down to
Earth: Sci. Environ., 30 June 2004, pp. 27-31.

FAOSTAT, 2012; http://faostat.fao.org/site/575/default

Cordell, D., Drangert, J. O. and White, S., The story of phospho-
rus: global food security and food for thought. Glob. Environ.
Change, 2009, 19, 292-305.

Cordell, D., Rosemarin, A., Schroder, J. J. and Smit, A. L.,
Towards global phosphorus security: a systems framework for phos-
phorus recovery and reuse options. Chemosphere, 2011, 84, 747-758.

. Lee, G. F., Rast, W. and Jones, R. A., Eutrophication of water

bodies: insight for an age old problem. Environ. Sci. Technol.,
1978, 12, 900-908.

. Foy, R. H. and Bailey-Watts, A. E., Observations on the spatial

and temporal variation in the phosphorus status of lakes in the
British Isles. Soil Use Manage., 1998, 14, 131-138.

. UNEP, Millennium Ecosystem Assessment Synthesis Report.

Pre-publication Final Draft Approved by MA Board on 23 March
2005, The United Nations Environment Programme.
Charles, D., Fertilized world. Nat. Geogr., 2013, 98-111.

. Tilman, D. et al., Forecasting agriculturally driven global envi-

ronmental change. Science, 2001, 292, 281-284.

. Schindler, D. W., Evolution of phosphorus limitation in lakes. Sci-

ence, 195, 260-262.

. Diaz, R. J.,, Nestlerode, J. and Diaz, M. L., A global perspective

on the effects of eutrophication and hypoxia or aquatic biota. In
7th International Symposium on Fish Physiology, Toxicology and
Water Quality (eds Rupp, G. L. and White, M. D.), Tallinn, Estonia.

CURRENT SCIENCE, VOL. 108, NO. 7, 10 APRIL 2015



SPECIAL SECTION: SUSTAINABLE PHOSPHORUS MANAGEMENT

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

US Environmental Protection Agency, Ecosystems Research Divi-
sion, Athens, Georgia, USA. EPA600/R-04/049, 12—-15 May 2004,
pp. 1-33.

UNEP and WHRC, Reactive nitrogen in the environment: too
much or too little of a good thing, United Nations Environment
Programme and Woods Hole Research Center, Paris, 2007.
Wetzel, R. G., In Limnology, Saunders, Philadelphia, 2nd edn,
1983.

Pradyot, P., Hand Book of Environmental Analysis, Chemical Pol-
lutants in Air, Water, Soil and Solid Wastes, CRC/Lewis Publish-
ers, Boca Raton, Florida, ISBN-10: 0873719891, 1997, 2nd edn,
p. 584.

Morse, G. K., Lester, J. N. and Perry, R. T., The Economic and
Environmental Impact of Phosphorus Removal from Wastewater
in the European Community, Selpher Publications, London, 1993.
Mainstone, C. P., Ashley, S., Gunby, A., Parr, W., Woodrow, D.,
Turton, P. and McAllen, Y., Development and testing of general
quality assessment schemes: nutrients in rivers and canals. NR A
R&D Project Record 469/11/HO, National Rivers Authority,
Bristol, 1995.

Subba Rao, A., Saha, J. K. and Vassanda Coumar, M., Newsl.,
1ISS, 2011, 14(2), 1-4; http://www.iiss.nic.in/July-Dec-2011.pdf
Franson, M. A., Standard Methods for the Examination of Water
and Wastewater, American Public Health Association. Washing-
ton DC, 19th edn, 1995.

Metzner, G., Phosphates in municipal waste water — an analysis of
input and output in sewage treatment. Tenside Surf. Det., 2001,
38(6), 360-367.

Liu, Y., Chen, J. N. and Mol, A. P. J., Evaluation of phosphorus
flows in the Dianchi Watershed, southwest of China. Pop. Envi-
ron., 2004, 25(6), 637-656.

Wind, T., Henkel KGaA. and Diisseldorf, The role of detergents in
the phosphate-balance of European surface waters, E-Water, Euro-
pean Water Association (EWA), 2007; http://www.ewaonline.
de/journal/2007_03.pdf

Pattusamy, V., Nandini, N. and Bheemappa, K., Detergent and
sewage phosphates entering into lake ecosystem and its impact on
aquatic environment. Int. J. Adv. Res., 2013, 1(3), 129-133.
MSME, Detergent powder and cake. In IPP-Layout, Micro, Small
and Medium Enterprises Development Institute, Ministry of
MSME, Government of India, Ahmedabad, 2003, pp. 54-60;
http://www.decmsme.gov.in/publications/pmryprof/chemical/ch10.
pdf.

Glennie, E. B., Littlejohn, C., Gendebien, A., Hayes, A., Palfey,
R., Sivil, D. and Wright, K., Phosphate and alternative detergent
builder, final report. EU Environmental Directorate, W.Rc Ref.:
4011, WRC Swinton, England, 2002.

Toxics Link, Detergents under scrutiny, 2002;
indiatogether.org/environment/articles/tlink-1002.htm
Anderson, D. M.., Glibert, P. M. and Burkholder, J. M., Harmful
algal blooms and eutrophication: Nutrient sources, composition,
and consequences. Estuaries, 2002, 25(4), 704—726.

Litke, D. W., Review of phosphorus control measures in the US
and their effects on water quality. National Water Quality
Assessment Program: Water-Resources Investigations Report.
Report no. 99-4007, 1999.

Sondergaard, M. et al., Lake restoration: Successes, failures and
long-term effects. J. Appl. Ecol., 2007, 44(6), 1095-1105.
Romero, J. R. et al., Seasonal water quality of shallow and eutro-
phic Lake Pamvotis, Greece: implications for restoration. Hydro-
biologia, 2002, 474(1-3), 91-105.

Villiers, S., The deteriorating nutrient status of the Berg River,
South Africa. Water SA, 2007, 33(5), 659-664.

http://www.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Nhapi, 1., Options for Wastewater Management in Harare, Zim-
babwe, PhD thesis, Wageningen University, Wageningen, The
Netherlands, 2004.

Reutter, J. M., Lake Erie: Phosphorus and Eutrophication. Fact
Sheet 015, 1989, Ohio Sea Grant College Program, Columbus.
Weimin, C., Yuwei, C., Xiyun, G. and Yoshida, I., Eutrophication
of Lake Taihu and its control. Int. Agric. Eng. J., 1997, 6, 109—
120.

Sutton, M. A. et al., Our nutrient world: the challenge to produce
more food and energy with less pollution. Global Overview of
Nutrient Management, Centre for Ecology and Hydrology, Edin-
burgh on behalf of the Global Partnership on Nutrient Manage-
ment and the International Nitrogen Initiative, 2013.

CPCB, Ganga Water Quality Trend, Monitoring of Indian Aquatic
Resources, Series: MINARS/31/2009-2010. Central Pollution
Control Board, India, 2009.

Dubey, V. K., Srivastav, A. I., Singh, P. K. and Sharma, Y. C.,
The nutrients level in middle Ganga Basin, India. J. Appl. Tech-
nol. Environ. Sanit., 2012, 2(2), 121-128.

Usharani, K., Umarani, K., Ayyasamy, P. M., Shanthi, K. and
Lakshmanaperumalsamy, P., Physico-chemical and bacteriological
characteristics of Noyyal River and ground water quality of Perur,
India. J. Appl. Sci. Environ. Manage., 2010, 14(2), 29-35.
Mukherjee, B., Nivedita, M. and Mukherjee, D., Plankton diver-
sity and dynamics in a polluted eutrophic lake, Ranchi. J. Environ.
Biol., 2010, 31(5), 827-839.

Sen Gupta, R. and Sankaranarayanan, V. N., Pollution studies off
Bombay. Mahasagar-Bull. Nat. Inst. Oceanogr., 1975,7, 73-78.
Zingde, M. D., Waste water effluents and coastal marine environ-
ment of Bombay. Proceedings of the Sea Water Quality Demands,
Naval Chemical and Metallurgical Laboratory, Bombay, 1985,
pp- 20.1-20.23.

Ghose, N. C., Saha, D. and Gupta, A., Synthetic detergents (sur-
factants) in surface water and groundwater of Greater Kolkata, In-
dia. J. Water Resour. Protection (JWARP), 2009, Report.

Bureau of Indian Standards, Drinking water quality standards.
Bureau of Indian Standards, No. 10500, New Delhi, India, 1991.
Subba Rao, A., Singh, A. B., Saha, J. K., Sammi Reddy, K., San-
jay Srivastava, Hati, K. M. and Tripathi, A. K., Annual Report,
Indian Institute of Soil Science, 2006-2007, pp. 1-128.

Glennie, E. B., Littlejohn, C., Gendebien, A., Hayes, A., Palfrey,
R., Sivil, D. and Wright, K., Phosphate and alternative detergent
builders, Final Report, Report No. UC 4011, EU Environment
Directorate, WRc Swindon, Wiltshire, 2002; http://ec.europa.cu/
environment/water/pollution/phosphates/pdf/phosphates.pdf
Folke, J., Phosphate, zeolite and citrate in detergents — Technical
and environmental aspects of detergent builder systems, 1996.
Report no. 95002/06, written by MFG—Environmental Research
Group, Gilleleje, Denmark, for Kemisk Tekniska Leverantorfor-
bundet, Stockholm.

Stinson, S. C., Consumer preferences spur innovation in deter-
gents. Chem. Eng. News, 1987, 26, 24-46.

Perry, R., Kirk, P. W. W., Stephenson, T. and Lester, J. N., Envi-
ronmental aspects of the use of NTA as a detergent builder. Water
Res., 1984, 18(3), 255-276.

Landbank, The Phosphate Report, Landbank Environmental
Research and Consulting, London, 1994.

CES (Consultants in Environmental Sciences Ltd), Pollutants in
cleaning agents, Final report, Department of the Environment,
London, 1991.

CPCB, Status of water supply, wastewater generation and treat-
ment in Class I cities and Class II towns of India, 2009, Series:
CUPS/70/2009-10. Central Pollution Control Board, India.

CURRENT SCIENCE, VOL. 108, NO. 7, 10 APRIL 2015

1325



