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Abstract

In this research we have improved a method for the determination of anionic detergent content (ANA) in
greywater samples. Based on the earlier studies at the Department of Environmental Engineering at the
University of Debrecen this new, more reliable method for ANA values is very effective. We examined the
quantity of anionic detergent content in synthetic greywater samples with Hyamine reagent using a two-
phased titrimetric method. We added to the synthetic greywater samples phenolphthalein indicator, acid
mixed indicator and chloroform. Next, we shook the mixture, and we produced two separated phases. We
titrated the mixture with cation active Hyamine reagent. It was shown that the applied method is both rep-

resentative and reliable.
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1. Introduction

The freshwater supply of the Earth is decreasing
as a result of rapid population growth and grow-
ing demand. Therefore it is necessary to look for
opportunities as soon as possible to mitigate [1]
and regulate our water consumption. One pos-
sible method for water saving, is the use of so-
called greywater for example toilet flushing, irri-
gation of green yards, and car washing.

2. Conception of greywater

Greywater is generated as wastewater from the
bath, washing, hand washing and dish washing,
but not including water from the flush toilet.
Greywater can contain a large amount of surfac-
tant, so-called detergent as well, which it is neces-
sary to remove before the reuse or the emission
to water bases. The detergent content can vary
based on the greywater resulting from shampoos,
shower gels, liquid detergent and dish soap etc.
in the household. According to Ghaitiad et al. [1],

the anionic detergent (ANA) content of bathwater
is typically 15 to 60 mgL', ANA of greywater from
washing is 40 to 120 mgL?, and ANA of greywater
from kitchen sink is 40 to 60 mgL'. The composi-
tion of household generated greywater depends
largely on the number of inhabitants, their age
distribution, hygiene habits and geographical
location. In the course of previous studies at the
Department of Environmental Engineering at the
University of Debrecen it was proved with ade-
quate measurements, that the quality of greywa-
ter is very variable [2]. The aim of this research
is to develop a suitable method for determination
of these surfactants from the greywater samples,
and to check later treatment solutions using an
accurate knowledge of ANA content.

3. Determination of detergent

Surfactants are a group of chemical compounds
that are able to reduce the surface tension of sol-
vents, so nowadays they are widely used in dif-
ferent areas, e.g. in industry, in cosmetics prod-
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ucts, in household products and many other fields
[3, 4]. Detergents can be categorized according to
their chemical structure into four groups, anion-
ic, cationic, nonionic and amphoteric detergents
[5, 6]. After use, the detergents and their prod-
ucts are placed in the sewage treatment plants
with communal effluents and can be released into
surface waters and dispersed in the environment
through sludge disposal. The anthropogenic re-
lease of detergents into the environment may be
harmful as it prevents oxygen diffusion in the wa-
ters and may cause algal blooms in high sulphate
content too. They disturb sewage, drinking water
purification and deteriorate the efficiency of self-
cleaning procedures of surface water [7, 8].

3.1 Determination opportunity of anionic
detergent

Several international recommendations (titri-
metric, electroanalytical, and photometric) are
also known for the determination of detergent
content, using a diverse methodology to identify
all the constituents of these materials [3]. Based
on the earlier studies at the Environmental En-
gineering Department of University of Debrecen
ANA values of greywater samples were measured
in accordance with Hungarian Standard MSZ 448-
49: 1981. According to this standard, detergents
form a blue complex in an acidic medium with
a methylene blue indicator and dissolve in chlo-
roform. Thus, they can be removed by extraction
methods because the methylene blue remains in-
soluble in chloroform. The obtained extract’s co-
lour strength up to 2 mgL concentration is pro-
portional of the anionic detergent quantity. The
samples were diluted to have a detergent content
of 0.4 to 2.0 mgL. Quantitative determination of
ANA detergents can be affected by the content of
organic matter (> 25 mgL?) and nitrate concen-
tration (> 350 mgL™) of greywater. In the exam-
ined greywater samples, the disturbing effects
were successfully eliminated by dilution of the
samples. However, not all water samples were
measured over the detection limit due to dilution
[9]. From this it can be seen that the measure-
ment according to Hungarian Standard MSZ 448-
49: 1981 is very difficult, slow and expensive, and
in some cases unreliable. Our applied method de-
velopment efforts were greatly assisted by the us-
ing of synthetic greywater, which represents the
average bath water samples in our region. Using
the synthetic greywater with a permanent com-
position helps in the comparison of the results of
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our method development experiments. The aim
of our research was to develop a unique method
to measure the detergent content of greywater
faster, more accurately and with a less polluting
process using a simple titrimetric determination.
In our experiments, we used the two-phase titri-
metric method [10], which is based on ISO 2271:
1989 standard. The standard conditions are as fol-
lows: specified amount of sample is titrated in a
sealable flask. Firstly we added a phenolphthalein
indicator to the samples to adjust the pH value,
which showed the light-pink colour appearance
or disappearance. After that we added 5 mL acid
mixed indicator to the sample, finally we added
5 mL chloroform. Next, the flask was sealed and
shaken vigorously. After shaking the mixture, we
got two separated phases. We titrated the mix-
ture with cation active 0.004 molL! Hyamine re-
agent. The equivalence point of the titration was
marked by a colour change of the mixed indicator
solution in the organic phase from pink to blue.
(Figure 1., 2. and 3.) Based on the method, when
a greenish-blue colour was detected, it indicated
that the solution was overtitrated.

Figure 1. Before titration

Figure 2. The equivalence point of the titration
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Figure 3. Over-titrated sample

4. Result of research

At the time of our method development, we
first determined the ANA detergent content in
the synthetic greywater sample using the method
described in the international standard (see sec-
tion 3.1), during which we detected a significant
difference between the parallel measurements.
We examined the ANA content of greywater sam-
ples (50, 100, 200 mL) by the following method:
In 50 mL sample ANA value was 71.69 mgL, in a
sample of 100 mL it was 62.73 mgL?, and for 200
mL of samples it was 58.25 mgL-. Contrary to ex-
pectations, the detergent content decreased in the
same synthetic bath water sample by increasing
the sample volume, indicating instability of the
method. New then raised the samples of chloro-
form quantity. In 100 mL samples we added 10
mL chloroform, and in the 200 mL samples we
added 20 mL chloroform. In hoth cases the ANA
detergent content was 58.25 mgL. The method
was representative, which was confirmed by the
rise in chloroform-quantity. Then we investigat-
ed the content of several greywater samples to
prove the base method stability for the greywater
ANA-detergent content. We used three different
synthetic greywater samples in the next step. In
the first sample were the basic ingredients, while
the second one contained half the amount of these
ingredients, and the third one consisted of double
the amount of the given ingredients. The result
values demonstrated the method’s reliability. In
the first sample the ANA value was 53.77 mgL",
while in the second sample we detected half of
this value

(26.88 mgL?). In the third sample we detected
double the amount of ANA (106.5 mgL?). We ti-
trated the synthetic greywater samples with a
dilute Hyamine (0.002 molL') reagent. It was
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shown that reducing the concentration of Hyam-
ine reagent, the equivalent volume of Hyamine
and ANA value also reduced. In the case of lower
detergent content, we titrated the greywater sam-
ples with diluted Hyamine reagent, so we could
follow the bigger reagent volume in a better way.
We titrated the 50 mL greywater sample with
0.002 molL* Hyamine reagent, and got the same
ANA value (mgL?) then in the case of titration
of 100 mL greywater sample with 0.004 molL™
Hyamine reagent, too.

5. Conclusion

It was shown that the applied two-phase titra-
tion is a very simple, quick and cheap method,
with few tools and chemicals necessary. We sug-
gested adding a double quantity of chloroform
(5 mL instead 10 mL), because with this alter-
ation we were able to notice the end point and the
colour change better. It was shown that half and
duplicate amount of anionic detergent content
actually resulted in half or twice the measured
ANA values; so we can justify the reliability of the
method in analysing greywaters. In the case of
low anionic detergent samples, it may be useful
to apply a lower concentration of the reference
solution to 0.002 molL* and titrate with a smaller
sample volume.
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