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Abstract. Community activities highly influence the generation of
greywater, whereas community activities vary from time to time. The
difference in economic class of households will also affect the lifestyle,
sanitation facilities, and source of clean water used which will impact the
quality of greywater. Hence, this study aimed to investigate whether
differences in sampling time and economic class of households in
developing countries, in particular Indonesia, will affect the quality of
greywater generated. Based on laboratory analysis of greywater samples at
15 households at two different times, the results obtained were pH 5.77 -
9.52, DO 0.9 - 5.7 mg/l, COD 42 - 2190 mg/l, Ammonia 0.95 - 22.5 mg/I,
and fecal coliform 1.7x10% — 1.7x10” MPN/100ml. These results were
analyzed using the t-test to determine the significance of the data on
greywater generation between morning and afternoon as well as differences
in lower middle and higher middle-class. From this analysis, it was
discovered that from each parameter there was no significant difference
between the greywater quality data shown in the morning and the evening.
There was a significant difference in the parameters of DO and COD
between samples taken at households with lower middle and higher middle
economic classes.

1 Introduction

1.1 Background

River is one of the most frequently used water resources, which is daily used for consumption
or other purposes such as business, industry, fishery, animal husbandry, recreational and
household activities [1]. The burden of domestic wastewater produced greatly contributes to
river pollution, where domestic wastewater accounts for 70%, 15% from offices and
commercial areas, and another 15% from industrial waste [2]. The domestic wastewater
treatment system that is commonly applied in Indonesia is to separate blackwater and
greywater, where blackwater is collected and discharged into a septic tank or other available
disposal systems, while greywater will flow and be discharged into drainage canals [3]. 51-
53% of greywater in Indonesia is directly discharged into water bodies without any treatment
[4]. Greywater consists of wastewater generated from bathing, laundry, kitchen, sinks, and
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also water used for mopping floors, where 60 — 70% of household wastewater produced is
greywater [5].

The quantity of greywater produced varies greatly depends on the economic class,
including the habits and activities of the community, location, infrastructure, and the standard
of living of the community, while the quality of the greywater is usually influenced by the
lifestyle of the community and the types of household products used [5]. The quantity of
greywater waste varies at each location, where the largest source is from water used for
bathing with an average of 79.1 L/person/day, while the least comes from the kitchen or
wastewater used for washing dishes amounting to 24.5 L/person/day, with the total greywater
waste produced amounting to 152.6 L/person/day [6].

The quantity of greywater also differs between weekends (Saturday and Sunday) and
weekdays (Monday — Friday). The highest greywater flow was observed between 07:00 —
10:00 and also at 17:00 — 22:00 on weekdays, which is considered as a peak time where
people started going to work and left from work. Whereas late afternoon and midnight were
the period when greywater flows the least. [1].

Differences in economic class will likely affect the lifestyle and consumption behavior
of a community. Furthermore, this will also affect the sanitation facilities and clean water
sources used, which will have eventually influenced the quantity and quality of the greywater
produced [7].

1.2 Objective

Previous research up to date only examines the effect of greywater generation time on the
quantity of greywater produced. In addition, there has been limited research regarding the
effect of differences of economic class on the quality of greywater in developing countries.
To control the greywater pollution of surfaces of the water bodies, appropriate intervention
strategies are needed. However, unlike general domestic wastewater which have well-
documented variations in quality, the variability of greywater in Indonesia is still not fully
understood. In this study, an analysis of the effect of time and economic level on the
variability of greywater quality with parameters pH, Dissolved Oxygen (DO), Chemical
Oxygen Demand (COD), Ammonia, and fecal coliform, which are significant parameters in
greywater, was conducted.

2 Method

2.1 Sampling location and time

The study was carried out in a densely populated residential area with various economic class
surrounding the Ciliwung watershed from the upstream to Manggarai Area. The Ciliwung
River is classified as a heavily polluted level status according to the quality status of the
Polluter Index [8].

Greywater samples were collected from 9 upper middle-class households and 6 lower
middle-class households (Fig. 1). Sampling is conducted in each house at 2 different times,
in the morning at 07:00 — 09:00 WIB and in the afternoon at 15:00 — 17:00 WIB as a
representation of the highest and lowest greywater generation times. Sampling is also limited
to weekdays, because activities of the resident on weekdays tend to be identical compared to
activities on weekends.
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Fig 1. Sampling Location

2.2 Sampling method

Samples were taken from household wastewater which flows directly to sewers or
waterways. The samples were then put into bottle containers. The bottle containers used are
HDPE bottles for the analysis of COD and ammonia. As for the fecal coliform analysis, the
samples were stored in separate containers using glass bottles which were sterilized with
autoclave.

Samples from greywater sources (bathrooms, kitchens, laundry, etc.) were taken
compositely in sterile gallon containers. Mixing of the greywater sample was carried out
based on the activities carried out by the respondent at a specified time in order to produce a
sample that could represent the quality of the greywater coming out of the sewer. After the
sample was collected, the sample was homogenized prior to being put into the bottle
containers.

2.3 Sample testing

The samples were tested for pH, DO, COD, ammonia, and fecal coliform. The pH and DO
parameters were analyzed in-situ using a portable Multisensor Probe. COD, ammonia, and
fecal coliform parameters were analyzed in the laboratory.

COD and ammonia were analyzed using a spectrophotometer. COD analysis used HR
21259-25 reagent, while ammonia analysis used the Nessler method following the standard
method of SNI 06-2479-1991 (Indonesian Standard), respectively. For fecal coliform,
samples were analyzed using the MPN method following standard method of APHA Ed 20th
9221 E-1998
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2.4 Statistical analysis

After laboratory testing, the statistical analysis using Paired Sample T-test was carried out to
determine the significant difference of the average value of data collected in the morning and
in the afternoon. In addition, an Independent T-test was also conducted to determine the
significance of the average value of the independent samples which are classified based on
the economic class of the local community. Each statistical test used a confidence level of
95%.

3 Results and discussion

3.1 Greywater quality testing result

The results of the greywater quality parameter test can be seen in Table 1.

Table 1. Greywater Quality Sample Data

Parameter Unit Mean St.Dev Min Max Qu:‘l]iat;t;v::ltggr d
pH - 7.11 1.04 5.39 9.52 6-9
DO mg/L 2.70 1.17 0.9 5.7 -
COD mg/L 811.13 580.00 42 2190 100
Ammonia mg/L 4.53 4.78 0.96 22.5 10
Fecal MPNIIO0 -y 29 E106 | 4.15.E+06 | 1.70.E+03 | 1.70.E+07 -
coliform ml

As shown in Table 1, there were several samples that exceeded the wastewater quality
standard issued by the Minister of Environment Regulation in Indonesia [9] for pH and
ammonia. Whereas almost all samples exceeded quality standard for COD. There was no
wastewater quality standard for DO and fecal coliform. Whereas the biological parameter
listed in the existing quality standards is total coliform, specifically 3.0x10° MPN/100ml.
where this number includes the presence of fecal coliform bacteria. However, the average
value of pH, COD, and ammonia that were obtained exceed the quality standard.

The economic class was classified based on the income of the head of the family, the
house building area, the number of floors, the type of sanitation, and the source of clean water
used. Data regarding this matter were obtained through direct interviews with respondents
and online questionnaires using Google Forms. The sources of greywater differ for each
respondent or sample point, this is due to varying household activities during the appointed
time. The differences in these sources affect the parameters of the resulting greywater.

3.2 Effect of greywater generation time on greywater quality

The generation of greywater can occur throughout the day, making it difficult to determine
whether the quality of the generated greywater is the same at any given time or not. Thus, it
is necessary to see the effect of greywater generation time on each parameter.

The most activity at each sample point is bathroom activity, only at point D in the morning
and afternoon, as well as point M in the morning which does not carry out bathroom activities
when the sample is taken. The source of graywater taken at points G. K, L, M, N and O is
taken from the lower middle economic class houses. Major greywater sources of these houses
are from kitchen and bathroom. Points A, B, D, H, 1, J, K, and L have the same activity in
the morning and afternoon although there are different activities at each point.
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Fig 2. Greywater Quality Variability Based on Generation Time (a) pH (b) DO (c) COD (d) Amoniak
(e) Fecal Coliform

As shown in Figure 2 (a), the pH concentrations had an almost identical distribution.
Based on the results of the t-test, a P value of 0.741 (p > 0.05) was obtained, which means
that there was no significant effect of morning and afternoon time on pH. Even though
relatively similar results were obtained, the pH concentrations obtained varied. The greatest
pH concentration is located at Location C in the morning, and the lowest is at Location N in
the afternoon. The concentration of carbon dioxide (CO-) dissolved in could be one of the
factors that affects pH [10], the higher carbon dioxide, the more acidic pH of the water will
be. Carbon dioxide can come from the atmosphere and air surrounding the polluted water.

The pH parameter of the greywater obtained is influenced by the sampling method used
which are taken directly from household wastewater or directly taken from the source so that
CO; contamination from the atmosphere will be reduced. Aside from that, fluctuating pH
concentrations can also be caused by activities such as the use of soap or detergent from
laundry, stated by [6] greywater from laundry has the highest pH of + 8.2.

The DO concentration varies between 0.9 — 5.7 mg/l, this concentration is still categorized
as low. The temperature will affect the photosynthetic process of aquatic organisms, where
the greater amount of DO, the better water quality will be [11]. As shown in Fig 2 (b), the
highest concentration is discovered in the afternoon. The lowest concentration is at location
K, where it can be assumed that greywater at location K contains many microorganisms that
require dissolved oxygen to decompose organic matter [12].

COD is related to DO, the higher amount of organic pollutant, the higher oxygen needed
to decompose those pollutant (COD), then the lower amount of oxygen dissolve in water. Fig
2 (c) shows that the distribution between the morning and afternoon samples is not too
different, where the higher results in afternoon time are due to the lower DO values obtained.

Statistical tests on the DO and COD parameters resulted in P values of 0.606 and 0.22 (p
> 0.05), respectively, there was no significant effect of morning and afternoon times on both
parameters. These can be caused by uncertain fluctuation amount of organic substance as the
result of their activity between morning and afternoon.
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Ammonia generally comes from an animal or human feces and urine or from runoff of
organic matter that has been decomposed [13]. Based on this, the greatest possibility of
having high ammonia concentrations is from bathroom activity. The highest concentration of
ammonia is in location E. The low ammonia concentration in the morning can be caused by
temperature, because at a certain optimum temperature, the growth of aerobic
microorganisms will be affected resulting in a nitrification process [14].

The growth of fecal coliform bacteria is highly affected by the concentration of pH,
temperature, BOD, COD, and DO. The high level of COD at location K is related to the high
concentration of fecal coliform. Fecal coliform in the morning tends to be high due to the
ambient temperature because the growth rate of bacteria will be faster at around 37°C [15].
In Fig 2 (e) the highest data at location K is considered as an outlier, so it is not included in
the graph so that the distribution of the data is more visible.

Fig 2 (d) (e) shown the distribution of the data of ammonia and fecal coliform is not too
different, the statistical tests that resulted in P values for both parameters 0.390 and 0.474 (p
> 0.05) respectively, both parameters did not produce significant results in morning and
afternoon. Although the temperature is one of the factors for the high levels of ammonia and
fecal coliform, the most influential factor is the activities carried out at any given time.

The F value test was carried out as a further test to examine the quality of greywater
parameters variability data. The results showed that only DO and COD parameters obtained
F > Feit, which indicates that although the average of both parameters are not significantly
different, they have different variability. Thus, the greywater quality in the morning and
afternoon can vary greatly, ranging from highly polluted to relatively good.

3.3 Effect of economic class on greywater quality

Differences in economic class will affect the behavior of a community, sanitation quality and
sources of clean water used. Some of these things will affect the quality of greywater as a
result.

The distribution of pH (Figure 3 (a)), is not very different between the higher middle and
lower middle-class economic classes. The statistical analysis resulted in P value of 0.923 (p
> (.05) means that there was no significant effect between the two economic classes. The
high pH can be affected by alkalinity, which can come from washing machine detergent [16].
Meanwhile, the lowest pH comes from kitchen activities due to the degradation of leftover
food and oil under anoxic conditions [17]. The tools used will also affect the resulting pH
concentration, such as using a washing machine and dishwasher will increase the pH
concentration because of high soap usage [1]. In developing countries such as Indonesia, the
use of washing machines is widespread, including both the lower middle and higher middle-
class households because the prices are relatively affordable, while the use of dishwashers is
still rarely due to the time and price efficiency, which can be very costly.

Figure 3 (c) and (d) show data distribution between DO and COD parameters. Statistical
tests carried out on these parameters resulted in P values of 0.012 and 0.028 (p < 0.05)
respectively, there is a significant difference in data between the DO and COD parameters.
There are more activities in the kitchen in countries with low incomes compared to countries
with high incomes. Countries with high incomes tend to use dishwashers that use less water
and are more likely to eat out compared to countries with low incomes, where people tend to
wash manually and cook more often at home [1]. Khanam & Patidar (2022) [5] stated that
kitchen and laundry activities are High Pollutant load Greywater (HGW) which related to the
amount of DO and COD concentration. Laundry activities require a lot of detergent. Kitchens
are the largest source of organic matter, because they contain oil and food scraps.
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Fig 3. Greywater Quality Variability Based on Economic Class (a) pH (b) DO (c) COD (d) Amoniak
(e) Fecal Coliform

The main source of ammonia comes from nitrogen substances. In daily activities, the
source of nitrogen comes from bathroom and laundry activities which use a lot of cleaning
products [1]. Ammonia can also be carried into the groundwater from leachate that infiltrates
into the ground [18]. In this case, many lower middle households still use groundwater as the
source of clean water, therefore their source water had the potential to be polluted by
ammonia because of the presence of waste surrounding their environment. On the other hand,
the statistical test results for the ammonia parameter yielded a P value of 0.386 (p > 0.05),
there was no significant difference in water samples with different economic classes.

Ammonia had the highest concentration in the higher middle-class households (Figure
3 (d)), bathroom and laundry activities are more frequent. According to Shaikh & Ahammed
(2020) [1], countries with high economic levels tend to use a bathtub to bathe and washing
machine which uses more water. The variability of ammonia concentrations in the lower
middle-class households indicates that groundwater conditions in those classes tend to be
acceptable.

The number of fecal coliform bacteria is strongly influenced by habits and lifestyle.
[16] explained that the high level of fecal coliform bacteria is affected by the low level of
awareness of cleanliness from the community. Households with many children generally
have a high concentration of fecal coliform bacteria due to the habit of using the toilet
improperly (urinating not in the closet hole) and from washing used baby diapers. [19]. The
statistical test results on differences in economic class resulted in a P value of 0.162 (p >
0.05), which means that there was no significant difference in both economic classes.

In this case, the lower middle-class households still have a high awareness of
cleanliness, even though the work done by their activity still has the potential to carry fecal
coliform bacteria in their wastewater. Having children or pets will also influence a higher
number of fecal coliform bacteria in the wastewater of higher middle-class households. These
caused the data comparison between both classes not to produce significant results.
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The F value test was also carried out to examine the quality variability of the resulting
greywater in different economic classes households. The results showed that DO, COD, and
fecal coliform parameters obtained F > F,, which indicates that although the average of both
classes are not significantly different, they have different variability. Thus, the greywater
quality in the lower middle and higher middle-class households can vary greatly, ranging
from highly polluted to relatively good.

4 Conclusion

The quality of greywater is strongly influenced by activities, lifestyle, sanitation facilities,
and the source of clean water. Through examining, the difference in wastewater generation
time can be seen that for all parameters (pH, DO, COD, ammonia, and fecal coliform) had
no significant difference between morning and afternoon samples, this was because
community activities morning and afternoon vary greatly depending on their needs and
habits. In the comparison of economic differences, only DO and COD had significant
differences in the results obtained, which was caused by differences in kitchen usage that
affect in high organic matter. According to the F value test, the DO and COD parameters in
the morning and afternoon, as well as the DO, COD, and fecal coliform parameters in both
economic classes resulted in F > Fc;, which indicated that the quality of the greywater in
both groups can vary greatly from very polluted to relatively good.
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