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Abstract
Synthetically produced bathing waters and their effect on seedlings were analysed in our research. The ar-
tificially produced bath waters were treated in different ways. Primarily, simple filtration was performed 
through a layer of silica sand. During the tests, the obtained greywater was investigated before and after the 
treatment with the help of various water quality parameters. Irrigation was set as the goal of recycling, and 
germination experiments were performed on mustard seeds. In these experiments, the synthetically gene- 
rated treated and untreated bath water was used as irrigation water. considering the results obtained during 
the germination, it can be said that the treatment is necessary in any case. based on the results, it was shown 
that the filtration was not sufficient, so coagulation was used as an additional treatment method, for which 
we determined the optimal amount of treatment agent as a starting step.
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1. Introduction 
nowadays, the lack of fresh water is a growing 

global problem, as a result approx. one third of 
the population of the Earth do not have access to 
the recommended daily amount of drinking wa-
ter. based on sustainability goals, we must give 
priority to protect our available drinking water 
supplies. In places where there is already a shor-
tage of drinking water, various treatment met-
hods, e.g. drinking water produced from saline 
seawater by membrane technology, are applied, 
but these processes are particularly expensive 
solutions. A suitable method to prevent drinking 
water shortage could be e.g. the so called greywa-
ter treatment and reuse.

2. About the greywater 
Domestic wastewater can be divided into two 

parts, black water which is that generated during 
toilet flushing, and greywater which is generated 
in water blocks and kitchens and does not contain 
faecal contaminants. Greywater can be generated 

during the washing of clothes, dishes and by bat-
hing, too. Greywater generated during washing of 
dishes contains significant amounts of food resi-
dues, fats and dishwashing detergents. The grey-
waters from washing of clothes usually contains 
high concentrations of various chemicals.  based 
on our department's research and literature data, 
the least contaminated greywater fractions are 
the bathing or showering waters, which contain 
toiletries (shower gel, shampoo, soap) and addi-
tionally fats, oils and other impurities from the 
skin surface [1–3]. 

The daily water consumption per capita in Hun-
gary is currently around 100-110 l. Approxima-
tely 38 % of water consumption is used during 
bathing. Approximately 450 million m3 of was-
tewater enters sewage treatment plants annually. 
Significant savings can be achieved by treating 
and reusing 38% of this quantity, nearly 171 mil-
lion m3 of less polluted wastewater. 

Wastewater generated during bathing can be 
reused in number of ways after treatment. The 
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two common uses are the toilet flushing and the 
irrigation [4, 5].

based on the above features, we chose bathing 
waters as the fraction to be treated and recycled 
as the basis of our research, and we investigated, 
after various treatments, irrigation as a reuse op-
portunity, with the help of seedlings.

3. Materials and methods
The raw samples of our research were synthe-

tic bathing water, created by a recipe developed 
by the research group of the Department of En-
vironmental Engineering. The water quality pa-
rameters of the obtained synthetic bathing wa-
ter samples represent well the properties of the 
bathing waters generated during everyday life. 
bathing waters were created from two types of 
ingredients: traditional toiletries or so-called 
eco-cleaners as ingredients, dissolving these com-
ponents in drinking water [1, 6, 7] 

In the first experimental phase, the syntheticaly-
ly created constant concentration bathing waters 
were treated by simple gravity filtration (Figu-
re 1) using silica sand as a filtering layer [8].  

In order to monitor the continuous treatment 
efficiency, we examined the synthetic bathing 
water in treated and untreated form, and we also 
analysed the drinking water that forms the basis 
of the bathing water. The following water qua-

lity parameters were examined during the mea-
surements: pH, zeta potential, specific electrical 
conductivity, turbidity, biological oxygen dem-
and (bOD5), total organic carbon (T/DOc) and 
AnA detergent content of the samples. We used 
the following equipment and methods during 
the examinations: WTW SenTix 41-3 pH measu-
ring electrode for the pH measurement, zetasizer 
nano z device for the determination of zeta po-
tential and specific electrical conductivity, OxiTop 
IS 12 manometric bOI measuring bottles for bOI5, 
and Shimadzu TOc-VcPn device for total organic 
carbon content measurement. The ISO 2271: 1989 
standard was used to determine the AnA deter-
gent content of the analysed samples [9, 10]. 

Irrigation was set as the goal of reuse, for this 
purpose germination experiments were per-
formed on white mustard seeds. Untreated and 
treated synthetic bathing water was used as irri-
gation water, and irrigation with drinking water 
was also performed as a control study. The expe-
riment was also carried out with bathing water 
contaminated with conventional and eco-toilet-
ries, as well. Germination according to the stan-
dard was performed for 72 hours, followed by 
germ analysis [11]. The following characteristics 
were measured during the study: number of ger-
minated seeds, root and stem length, moisture 
content, wet and dry biomass weight, as well as 
elemental analysis of germs (measured by Agilent 
IcP-OES instrument) [10].

During the treatment, we continuously monito-
red the change in water quality characteristics, 
from which it was concluded that the filtration 
applied in the first experimental phase was not 
sufficient. As a result, we applied chemical treat-
ment involving coagulation experiments. As a 
first step, we determined the optimal amount of 
coagulant by measuring the zeta potential, ensu-
ring the optimal amount of treatment agent for 
our subsequent complex treatments.

4. Conclusions
During our studies, we performed 2 series of 

measurement using bathing water samples conta-
ining conventional and eco-toiletries. The results 
obtained during the analysis of the samples are 
described in this section.

4.1. Changes in water quality parameters as 
a result of treatment

The average pH value of the untreated synthetic 
bathing water was 7.81 ± 0.03, while in the case of 
the ecosynthetic bathing water, it was 8.10 ± 0.2. Figure 1. Silica sand filter media
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Filtration on silica sand resulted in a minimal dec-
rease in pH; for the synthetic sample it changed to 
7.61 ± 0.04, and the pH of the samples containing 
eco-cleaners changed to 7.73 ± 0.05.

During measuring the zeta potential, there was a 
minimal decrease in the synthetic sample’s value 
due to filtration, the mean value changed from 
(-12.4) ± 2.3 mV to (-12.1) ± 1.6 mV. However, a 
significant decrease was observed in the zeta po-
tential of ecosynthetic samples. The mean value 
for the untreated sample was (-31.4) ± 0.4 mV  
and after filtration, the zeta potential reached 
(-15.6) ± 1 mV.

As a result of the treatment, the specific electri-
cal conductivity of the samples also decreased in 
both groups of samples. The synthetic sample’s 
mean value was 897 ± 0.03 µS/cm before the treat-
ment, while the ecosynthetic bathing water showed 
881 ± 0.06 µS/cm value. Due to the filtration, these 
parameters decreased to 754 ± 0.08 µS/cm in the 
former case and to 730 ± 0.1 µS/cm in the latter 
case. 

The total organic carbon content (T/DOc) of 
the two groups of samples was almost the same: 
the average TOc of the synthetic samples was 
72 ± 1 mg/l, while that of the ecosynthetic samp-
les was 70 ± 4 mg/l. Even after the treatment, the 
TOc values decreased to 17 ± 1 mg/l for synthetic 
bathing waters and to 22 ± 2 mg for ecosynthetic 
bathing water samples. 

In the case of wastewater entering the environ-
ment, it is important to measure the so-called 
AnA detergent content of the bathing water. De-
tergent-type pollutants in bathing water can have 
a significantly harmful effect on our environment 
and natural water source [12]. Measurements of 
the anionic detergent content (AnA value) sho-
wed that the detergent content of the ecosynt-
hetic samples (51 ± 1 mg/l) was twice as large as 
that of the water sample containing conventional 
detergents (22 ± 1 mg/l). After filtration, anionic 
detergent content was within acceptable levels.

The international literature provides a recom-
mendation for the treatment and recycling of 
greywater for two water quality parameters. The 
first parameter is the biological oxygen demand 
(bOI5), which represents well the biodegradable 
organic matter content of bathing water. Accor-
ding to the recommendation, the condition for 
reuse is a bOD value below 10 mg/l. The bOD 
value of the synthetic samples before filtration 
was 120 ± 28 mg/l, then after filtration this va-
lue decreased to 60 ± 1 mg/l, while in the case of 
eco-synthetic bathing waters it decreased from 

154 ± 19 mg/l to 75 ± 16 mg/l. We can declare that 
the samples required further treatment based on 
the above recommendation. 

 The other important water quality characte-
ristic is turbidity. According to the regulations 
currently in use in the United States, the turbi-
dity of water intended for reuse is max. 5 nTU, 
with an average value of 2 nTU [13]. In the case 
of untreated samples, we found that the turbi-
dity of water samples containing traditional toi-
letries (46.7 ± 2.5 nTU) was almost three times 
higher than that of ecosynthetic water samples 
(15.8 ± 0,1 nTU). After treatment, the turbidity 
of the samples decreased to 2.5 ± 1.1 nTU and 
2.7 ± 0.6, respectively, thus we managed to redu-
ce the turbidity of the water samples below the 
expected maximum value, but the expected tur-
bidity value of 2 nTU has not yet been achieved 
[7, 14]. 

4.2. Germination experiments
In our research, we set irrigation and germina-

tion experiments on white mustard seeds as the 
goal of reuse after treatment. Irrigation was also 
performed with untreated and treated synthetic 
bathing water samples and drinking water, res-
pectively. For each type of irrigation water, 3-3 
petri dishes were used, in which 25-25 mustard 
seeds of the same size and appearance were pre-
pared (Figure 2). The duration of the standard ex-
periment was 72 hours, watering was performed 
with 10 ml of water per sample per day. 

The germs grown from the seeds were examined, 
and based on the measurement data, it was deter-
mined that the bathing water must be treated be-
fore irrigation. The comparison was made against 
germs irrigated with drinking water. 

 Table 1. shows the length of the root sections 
and the percentage change in root length. root 
lengths for control drinking water averaged 
19 ± 2 mm and 23 ± 2 mm. In the case of the synt-
hetic water samples, the root length of the germs 
irrigated with untreated bathing water showed 
a 37.2 % decrease compared to the control, whi-

Figure 2. Development processes of white mustard 
seed germ.
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le that of the treated samples showed an overg-
rowth of 14.4 %. 

regarding the root length of the germs irrigated 
with ecosynthetic water samples, we found that, 
similar to the synthetic samples, irrigation with 
untreated bathing water showed a 35.5% decrea-
se in the root length of the germs, while in the 
case of germs irrigated with treated samples, we 
observed 7.5% overgrowth compared to those ir-
rigated with drinking water samples.

based on Table 2 changes in stem length were 
analysed. The average stem lengths of the ger-
ms irrigated with control drinking water were 
19.0 ± 1.5 mm ad 23.3 ± 1.4 mm.  compared to 
these values, the stem lengths of germs irrigated 
with samples containing untreated conventional 
detergents showed a decrease of 33.5 %, while 
the stem lengths of germs irrigated with samples 
containing eco-detergents showed decrease of 
42.3 %. The treated samples indicated overgrowth 
for both sample groups, 8.9 %, for irrigation with 
synthetic, and 2.4 % with ecosynthetic samples.

In our further studies, we analysed the wet and 
dry biomass weight of the germ samples and the 
moisture content that can be determined from 
them. The following tables (Table 3 and 4) il-
lustrate the moisture content of the root and stem 
parts.

In the case of the root part (Table 3), a signifi-
cant difference can be observed in the case of ir-
rigation with untreated samples. The difference 
of more than 10% can be explained by the phen-
omenon that the detergent content present in the 
untreated bathing water may have clogged the 
moisture-absorbing pores of the root part, so that 
these germs received less moisture.

The moisture contents of the stem parts (Table 4) 
showed almost similar results to the root parts, it 
can be assumed that in the case of these samples 
not enough moisture got from the root part to the 
stem part. The difference in this case is also close 
to 10 %.

Elemental analyses were also performed on the 
germs in order to monitor the effect of irrigation 
water on the micro- and macroelement content.

 Among the microelements (Figure 3) signifi-
cant amounts of iron, zinc and manganese were 
identified in the stem part, while boron, copper, 
iron and zinc were identifiable in the root parts. 

Evaluating the macroelement concentrations 
(Figure 4) we observed that calcium, potassium 
and copper were mostly stored in the stem parts, 
while calcium, potassium and iron showed higher 
concentrations in the root parts. 

Table 1. Data on the length of root parts

ROOT

Synthetic 
bathing 
water

Change

 ECO 
synthetic 
bathing 
water

Change

mm 
Average 

±SD
%

mm 
Average 

±SD
%

Drinking 
water 19.45±2.36 - 23.43±1.73 -

Untreated 
water 12.22±2.16 -37.17 15.12±1.36 -35.47

Treated 
water 22.26±1.72 +14.42 25.18±0.59 +7.46

Table 2. Data on the length of stem parts

SZÁR

Synthetic 
bathing 
water

Change

ECO 
synthetic 
bathing 
water

Change

mm 
Avera-
ge±SD

%
mm 

Avera-
ge±SD

%

Drinking 
water 19.0±1.5 - 23.3±1.4 -

Untrea-
ted water 12.7±0.3 -33.5 13.5±0.1 -42.3

Treated 
water 20.7±1.2 +8.9 23.9±1.6 +2.4

Table 3. Moisture content of root parts

ROOT

Synthetic bat-
hing water

ECO synthetic 
bathing water

Moisture content

% Average±SD

Drinking water 94.54±0.29 93.13±1.91

Untreated water 85.89±2.01 85.46±0.96

Treated water 94.59±0.79 93.81±1.33

Table 4. Moisture content of stem parts

PLANT STEM

Synthetic bat-
hing water

ECO synthetic 
bathing water

Moisture content

% Average±SD

Drinking water 76.6±0.7 74.5±1.8

Untreated water 66.4±1.9 63.7±1.6

Treated water 79.8±0.2 75.6±3.1
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Figure 4. Content of macroelements in each plant part.

Figure 3. Content of microelements in each plant part.
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4.3 Coagulation
At the beginning of our experiments, we treated 

the synthetically produced bathing water samp-
les by simple silica sand filtration. The effective-
ness of the treatment did not prove to be suffici-
ent considering the international recommenda-
tions, so we planned to supplement the filtration 
operation with chemical treatment. coagulation 
with iron(III)-chloride was chosen as a chemical 
treatment, with which the dissolved components 
in the samples can be converted into insoluble 
precipitates, settled and filtered out [15]. 

As an initial step, the optimal amount of coagu-
lant required was determined by measuring the 
zeta potential. coagulation can be considered 
successful if the value of the zeta potential of the 
treated samples is between −5 mV and 5 mV or 
if the so-called 0 mV zeta potential corresponds 
to an isoelectric point. A 25 g/l concentration of 
iron(III)-chloride (prepared from (Fecl3 × 6H2O)  
was used for the procedure. coagulation experi-
ments were performed to determine the optimal 
amount of coagulant. The results of the experi-
ments are shown in Figure 5. 

In the case of synthetic bathing water samples 
(Figure 6) the amount of optimal coagulant in the 
range−5 mV and 5 mV kcan be given as a mini-
mum concentration of 90 mg/l and a maximum 
concentration of 99 mg/l. 

For ecosynthetic bathing water samples (Figu-
re 7) the addition of 94-107 mg/l Fe3+

 is required.
In our further research, based on the results 

described above, we plan to significantly imp-
rove the quality of the treated bathing water by 
sand filtration on 4 l samples instead of 1 l after 
our coagulation experiments. In this way, we are 
likely to meet the limit values of the parameters 
included in the international recommendations. 
Following the scaleup, it is planned to carry out 
experiments on new germination and possibly 
more advanced plants.
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Figure 5. Coagulation process. The sample after the 
addition of the coagulant mixed during and 
after settled.

Figure 6. Coagulation of bathing water samples con-
taining traditional toiletries.

Figure 7. Coagulation of bathing water samples con-
taining ECO toiletries.
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