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ABSTRACT

This study aimed to determine the performance of modified slow sand filter (SSF) media with blood clam shells
(Anadara granosa) and activated carbon to remove turbidity, TSS, TDS, and FOG on the food court wastewater.
The concentration of water pollutant parameters processed by SSF was determined based on Indonesia water
quality standards, as well as knowing the optimum operational parameters of intermittent slow sand filter with
Response Surface Methodology (RSM). The research data was processed using the Optimal type (custom) design
which consisted of independent factors including the type of filter media, the addition of bacteria to the grease trap
pre-treatment unit, and running time, as well as the research response in the form of the effectiveness of removing
turbidity, TSS, TDS, and FOG. The reactor was operated intermittently (48 hours) for a maximum of 22 days and
the concentration of pollutant parameters was calculated using the Standard Methods. The results of the Analysis
of Variance (ANOVA, p<0.05) in the 2FI model of the study showed that there was a significant effect of all in-
dependent factors on the effectiveness of removing all water pollutant parameters. The most optimal operational
parameters were achieved with the type of activated carbon media, the addition of Bacillus sp. in the grease trap
pre-treatment unit in the amount of as much as 1%, and the detention time of 4 days, with the effectiveness of
removing turbidity reaching 39.53%; TSS 45.25%; TDS 19.30%; FOG 61.35%.

Keywords: Anadara granosa, environmental pollution, FOG, intermittent slow sand filter, response surface meth-
odology, TDS, TSS, turbidity.

INTRODUCTION

pollution, because of the community’s habit of
throwing water used for washing directly into

Minister of Environment Regulation No.
68/2016 explains that domestic wastewater is
the wastewater originating from businesses and
or residential activities, restaurants, offices, com-
merce, apartments, and dormitories. Restaurant
wastewater, which includes domestic wastewa-
ter, generally comes from washing food utensils,
wastewater and food waste, such as fat, rice, veg-
etables, and others (Zahra and Purwanti, 2015).
Restaurant wastewater can be a source of river

water bodies (Pratiwi, 2015). The raw materials
for clean water used by water treatment plants
are generally sourced from river water, but 60%
of river water pollution in Surabaya comes from
domestic wastewater (Imron et al., 2023; Fatna-
sari and Hermana, 2010). Restaurant wastewater
should not be discharged directly into water bod-
ies, because it can cause a decrease in the quality
of water bodies. The wastewater can be reused
for sanitation hygiene purposes by going through
several processing processes.
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Physically, water quality is determined by
the content of total suspended solids (TSS) and
turbidity where it is expected that the water is
clear, colourless, and odourless (Asmadi, 2012 in
Fitri et al., 2013). Restaurant wastewater has a fat
content of up to 10% of the organic compounds
present, suspended solids content of around 100—
1,000 mg/L, dissolved solids of more than 1,000
mg/L, and turbidity of more than 50 NTU (Widy-
aningsih, 2011). The condition of the restaurant
wastewater indicates the need for efficient, inex-
pensive, and easy-to-maintain wastewater treat-
ment technology. The treatment technology that
can improve water quality is the Slow Sand Filter
(SSF) unit with preliminary treatment in the form
of a Grease Trap (GT) unit (Fitriani et al., 2020).

Restaurant kitchen activities produce the
wastewater containing oil and fat. Oils and fats
are triglycerides consisting of fatty acid chains,
as are esters in glycerol. The absence of prior pro-
cessing of oils and fats will cause clumping and
blockage of the wastewater treatment unit (Mat-
sui et al., 2005). This can be overcome by using
a grease trap treatment unit to reduce oil and fat
levels in wastewater, so that there is no clogging
in the slow sand filter processing unit. In their
research, Wongthanate et al. (2014) stated that
the efficiency of a grease trap to remove oil and
grease in wastewater can reach 90%. Grease traps
have the advantages of relatively long service
life, low operating and maintenance costs; they
produce less sludge and can be configured with
biological treatment (Imron et al., 2021; Purwanti
et al., 2017; Maharani, 2017).

Slow sand filter technology has the advantage
that it does not require chemicals (coagulants) in
the pollutant removal process (Maryani, 2014).
The technology used is the intermittent slow sand
filter (ISSF). The advantage of the intermittent
slow sand filter is that the quality of the treated
water is better because the contact time between
the biofilm layer and wastewater lasts longer
(Ni’'matuzaroh et al., 2022; Ranjan and Prem,
2018). The physical process that occurs in the
SSF is the filtration process which includes the
transport and attachment of pollutant particles to
the filtering media. Sedimentation and adsorption
processes also affect the effectiveness of the re-
moval (Dampang et al., 2022; Kurniawan et al.,
2022). SSF is very suitable for water treatment in
developing countries, due to its uncomplicated de-
sign, passive mechanism, operation, and relatively
easy maintenance (Byrne, 2010). SSF was able to
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reduce turbidity by 89%, TSS by 96%, TDS by
5% (Jami’ah and Hadi, 2014; Mirza, 2019).

The research conducted by Andriani et al.
(2015) previously used a residence time of 48
hours. The results of this study indicate that ISSF
has good efficiency in reducing colour param-
eters, reaching 93% and also has efficiency in
reducing total coli up to 98%. However, a large
efficiency value does not necessarily guarantee
that the ISSF effluent meets the quality standards
of other parameters. Hence, it is necessary to con-
duct further research on the efficiency of ISSF.
ISSF filter media is not limited by one particular
media type; the use of other media can be com-
bined or varied (Fitriani et al., 2023).

The variety of media added to the slow sand
filter is activated carbon. Activated carbon is of-
ten used as an adsorbent in water filtration to re-
move pollutants caused by the content of organic
matter in water (Sari, 2011). Activated carbon is
processed carbon with high porosity and wide
pores on its surface, so that it is useful for the ad-
sorption process. Activated carbon can effectively
reduce certain organic and inorganic compounds,
such as micropollutants, lead, chlorine, fluorine,
dissolved radon, colour, taste, and odour-causing
compounds, which may not be removed in a slow
sand filter (Bryant et al., 2015).

Another variation of media used is skin waste
blood rang (4dnadara granosa). Blood clam shells
contain chitin, which is a natural polysaccharide
that is used as an adsorbent. In addition to chi-
tin, blood clams also contain calcium carbonate
(CaCO,) in their shells, causing the blood clam
shells to have pores that have the ability to absorb
pollutants into the surface pores. Seashells have
negatively charged chemical functional groups
(amine, hydroxyl, and carbonyl), which func-
tion to attract pollutant ions in positively charged
water (Khan, 2016). The use of blood clamshell
waste as a filter media can also help reduce the
amount of shellfish waste in coastal areas.

The research will use a series of reactor units
consisting of a grease trap, a horizontal rough-
ing filter, and a laboratory-scale slow sand filter.
Specifically, this research will focus on the analy-
sis of the modified intermittent slow sand filter
processing unit in processing liquid waste from
culinary centre activities with a residence time of
48 hours. The parameters that become the main
focus are suspended solids (TSS), dissolved sol-
ids (TDS), turbidity, oils and fats. The indepen-
dent variable in this study was the variation of the
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ISSF filter media, namely a combination of sand
with activated carbon and a combination of sand
with blood clam shells. Variations in treatment
were carried out to obtain the effect of variables
on the removal of turbidity parameters, TSS,
TDS, oil and fat.

The results of the parameter test will be ana-
lysed using the response surface methodology
(RSM) to obtain optimum results from the data
collected. The slow sand filter is still as effective
today and is increasingly solving many water
quality problems, but there is a need to further in-
crease the effectiveness of SSF in treating water,
so its use with new modifications must be carried
out (Brandt et al., 2016).

MATERIAL AND METHODS

Place and time of research

The research was conducted from January
2021 to June 2021. This research includes the ac-
climatization process, reactor simulation, and data
analysis. The wastewater used is from the Deles
Culinary Centre, Surabaya. The research was car-
ried out at the Faculty of Science and Technology,
Airlangga University, to be precise in three labo-
ratories, namely the Drinking Water Treatment
Technology Laboratory, the Microbiology Labo-
ratory, and the Ecology and Environment Labora-
tory. The intermittent SSF reactor was placed in
the Drinking Water Treatment Technology Labo-
ratory so that the samples from the SSF process-
ing are carried out at that location. The analysis

of turbidity, TSS, TDS, and FOG was carried out
at the Microbiology Laboratory and Ecology and
Environment Laboratory, Faculty of Science and
Technology, Airlangga University.

Tools and materials

The tools used include 1 unit of HDPE 1100 L
profile tank, 2 units of grease trap reactor, 2 units
of horizontal roughing filter, 4 units of slow sand
filter reactor, and 1 unit of Yamano brand sub-
mersible water pump with a capacity of 4,000 L/
hour. The equipment used when sampling waste-
water included 2 Yamano brand submersible
water pumps with a capacity of 3,000 L/hour; 2
hoses 75" diameter 20 m long; 2 roll cables 15 m
long; raffia roll rope; 20 jerry cans of 25 L; and
5 jerry cans of 30 L. The jerry cans were used to
collect wastewater before being put into a 1,100
L HDPE tank profile at the reactor placement site.

The equipment used in the turbidity analysis
is the Thermo Scientific Eutech TN-100 turbi-
dimeter. The equipment used in the TDS analysis
is the TDS meter TDS-3. The equipment used for
TSS analysis is a desiccator containing a desic-
cant, an oven with a temperature range of 103 °C
to 105 °C, an analytical balance with a readability
of 0.1 mg; 25 ml volumetric pipette or 50 ml mea-
suring cup; petri dish; Gooch cup 100 ml; twee-
zers; and vacuum system. The equipment used for
FOG analysis is a 250 ml separatory funnel; 100
ml beaker, 50 ml cylinder measuring cup, funnel,
a set of distillation apparatus with 125 ml distil-
lation flask, water bath, desiccator, analytical bal-
ance, Whatman number 40 filter paper.

Figure 1. Slow sand filter reactor, roughing filter, grease trap, and profile tank
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The materials used in the reactor simulation
include wastewater from food court, blood clam
shells (Anadara granosa), fine sand with a diam-
eter of 0.15-0.35 mm; gravel diameter 10, 20,
and 30 mm, activated carbon mesh size No. 60,
distilled water, 2 long '4” and % PVC pipes 4 m
long, PVC pipe accessories 2" and %, and mos-
quito netting.

The materials used in the analysis of turbidity
are turbidimeter, distilled water, and calibration
solution. The materials used in the TDS analysis
are TDS meter, distilled water, and calibration so-
lution. The materials needed for TSS analysis are
distilled water and Whatman 934AH filter paper.
The materials needed in the analysis of fatty oils
are distilled water, n-hexane, Na SO,, and H,SO,.

Statistical analysis of response

Experimental responses were analysed by the
Analysis of Variance (ANOVA) test. The recom-
mended ANOVA model is the 2FI model which
has significance in the ANOVA and non-signifi-
cance to the lack of fit test. A final equation in
terms of actual factors is released as a mathemati-
cal function of the research model that can be ap-
plied in the field to predict and calculate response
values. The interaction between single or multiple
independent factors on the response is visualized
in contour graphs and 3D surface graphs.

RESULT AND DISCUSSION

This study used four slow sand filter (SSF) re-
actors with variations that can be seen in Table 1.
The modified treatment of SSF filter media was
divided into two, namely using a combination of
sand with activated carbon and a combination of
sand with shells.

Table 1. Variation of slow sand filter (SSF)

Effectiveness of SSF on test
parameter allowance

SSF1 uses sand filter media, activated carbon,
and control liquid waste (liquid waste without the
addition of bacterial augmentation); SSF2 uses
sand filter media, clam shells (4nadara granosa),
and control liquid waste; SSF3 uses sand filter
media, activated carbon, and liquid waste with
the addition of 1% augmentation of Bacillus sp.
(addition of bacterial augmentation is carried out
in the grease trap pre-treatment unit); SSF4 uses
sand filter media, shells, and liquid waste with the
addition of bacterial augmentation.

The addition of 1% bacterial consortium Ba-
cillus sp. is done by removing +843 ml of the lig-
uid waste in the grease trap, then putting it into the
grease trap £843 ml of the bacterial consortium
that had previously been diluted in physiological
water. The SSF circuit that has been arranged was
then given protective iron gauze to avoid mos-
quito contamination which can produce mosquito
larvae in the supernatant in the SSF reactor.

Effectiveness of SSF on turbidity
parameter removal

The graph of the average percentage effective-
ness of turbidity removal can be seen in Figure 2.

On the basis of Figure 2, SSF1 has the highest
removal effectiveness value of 74.88 &+ 7.06% and
the lowest removal effectiveness value of 45.68 +
1.68%. SSF3 was able to achieve the highest ef-
fectiveness value of 91.73 + 0.73% while the low-
est effectiveness value was 32.81 + 0.52%. SSF2
obtained the highest effectiveness value of 82.43 +
2.82% and the lowest effectiveness value of 48.50
+ 6.93%. SSF4 achieved the highest effectiveness
value of 91.01 £ 0.38% and the lowest of 47.71 +
4.39%. Compared to the results of research con-
ducted by Thomas and Kani (2016), the percent-
age of turbidity removal by a slow sand filter can
reach 70%, this shows the results that are not much
different from the results of this study.

Reactor Control wastewater Wastewater + Bacillus sp. Sand & act. carbon Sand & clam shells
W v
W W
SSF3 v v
SSF4 v v
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Figure 2. Graph of average percentage of effectiveness of turbidity
removal by SSF1, SSF2, SSF3, and SSF4 per day

Table 2. ANOVA Model 2FI turbidity

Source SSql:r;\r:; df s,\c/qugpe F-value p-value
Model 5,204.09 6 867.35 13.93 < 0.0001
A 2426.07 1 2426.07 38.98 <0.0001 significant
B 680.81 1 680.81 10.94 0.0029
c 382.26 1 382.26 6.14 0.0203
AB 1,524.82 1 1,524.82 24.50 <0.0001
AC 25.42 1 25.42 0.41 0.5286
BC 164.71 1 164.71 265 0.1163
Residual 1556.09 25 62.24
Lack of fit 403.16 5 80.63 1.40 0.2671 not significant
Pure error 1,152.93 20 57.65
Total cast 6,760.18 31
Information
Bli ngi.zc"té‘?grtl(r.‘;’eb(:;ﬁi)a) AB Apé Bég - inmtzirgggend;ﬁects
C = Filter media (SSF) T

Table 3. Fit statistics ANOVA turbidity

Standard deviation 7.89 R? 0.77

Mean 56.45 Adjusted R? 0.71

Coefficient of variation, % 13.98 Predicted R? 0.65
Adeq precision 12.87

ANOVA model 2FI turbidity above, the ex-
perimental results show that the F-value of 13.93
with a P-value of less than 0.05 proves that the
three factors namely detention time, wastewater,
and the type of filter media used in the study af-
fect the effectiveness of turbidity removal in lig-
uid waste from culinary centre activities. Lack of
Fit F - value 1.4 indicates that Lack of Fit is rela-
tively insignificant to pure error. An insignificant
lack of fit is a good result because a model should
ideally be fit, that is, the model can be used to

predict response values with different factor val-
ues (Anderson, 2016). Table 3 shows that the co-
efficient of determination (Adjusted R’) of 0.71
and a coefficient prediction (Predicted R?) of 0.77
has a difference of less than 0.2 which indicates no
deviation model or data so it can be accepted, as
well as a strong correlation between independent
factors on the response to the research model.
All data on the actual response value of the ef-
fectiveness of the removal of turbidity that have
been entered into the software design expert -11
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Table 4. Comparison of actual and predicted values of the effectiveness of turbidity removal

Run Independent factor Response
A (Day) B (% bacteria) C (SSF) Actual (%) Prediction (%)
1 1 1 P+KR 79.40 83.78
2 6 1 P+AC 51.50 55.34
3 1 0 P+KR 50.90 54.08
4 0 P+AC 47.60 47.54
5 0 P+AC 39.00 50.65
6 1 P+AC 64.20 55.34
7 1 0 P+AC 49.60 53.76
8 0 P+KR 48,50 51.97
9 6 0 P+KR 62.00 53.03
10 1 P+AC 35,30 36.28
11 1 1 P+KR 81.40 83.78
12 1 0 P+AC 53.50 53.76
13 1 0 P+KR 49.60 54.08
14 1 1 P+AC 34,20 36.28
15 1 0 P+AC 57,40 53.76
16 1 0 P+AC 36,70 47.54
17 1 0 P+KR 41.60 51.97
18 1 1 P+KR 47.70 49.79
19 1 0 P+KR 52,20 54.08
20 1 1 P+KR 83.40 83.78
21 1 1 P+KR 43.30 49.79
22 1 0 P+KR 55,40 51.97
23 1 1 P+AC 36,40 36.28
24 1 0 P+AC 58,40 47.54
25 6 1 P+KR 64.00 66.79
26 6 0 P+AC 63.00 50.65
27 1 1 P+AC 64.00 74.39
28 6 1 P+KR 83.00 66.79
29 0 P+KR 64.00 53.03
30 1 P+KR 52.10 49.79
31 1 1 P+AC 83.40 74.39
32 1 1 P+AC 73.70 74.39
Note
P+AC = Sand & activated carbon
P+KR = Sand & seashells

also released a comparison of the actual response
value with the predicted response value, as well
as a normal probability plot test. This statistical
analysis is useful for measuring the accuracy of
the data against software predictions and knowing
whether the residual value data follows a normal
distribution. Data is declared normally distribut-
ed if the scatter plot follows a diagonal line. The
comparison of the actual value and the predicted
value of the software can be seen in Table 4 while
the normal probability plot graph can be seen in
Figure 3.
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On the basis of Table 4 and Figure 3, the data
obtained were normally distributed and there was no
significant difference between the predicted data and
the actual observed data. The results of the interac-
tion between independent factors on the 2FI model
are illustrated in the form of a three-dimensional sur-
face graph to make it easier to observe differences
in removal effectiveness. Three-dimensional graphs
of the removal effectiveness of each medium on the
turbidity parameters are presented in Figures 4 and 5.

On the basis of the results of the illustrations
in Figures 4 and 5, it is found that all SSFs have
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Figure 3. Normal probability graph of turbidity plot
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Figure 5. 3D graph of effectiveness turbidity removal by clam shell filter media
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a trend of turbidity removal effectiveness which
will increase frequently with increasing simula-
tion time. The SSF with a combination of sand
and shell filter media has higher removal effec-
tiveness than SSF with a combination of sand and
activated carbon filter media. The most optimal
turbidity removal process is found in SSF4 with
the effectiveness of turbidity removal reaching
50-80%. This result is also supported by research
conducted by Theresia (2020), where the combi-
nation of sand and shell filter media has the best
percentage in turbidity removal. This is also be-
cause the diameter of the shell grains is smaller
than the diameter of the activated carbon grains
so that the spaces or gaps between the shell grains
are tighter. The diameter of the shells used was
4 x 10*m and the diameter of the activated carbon
used was 5 x 10~ m. The tighter gaps between the
shell grains can hold suspended particles better.

—4&—SSF1

100
80
60

40

% Removal

20

—— SSF2

Effectiveness of SSF on TSS
parameter removal

The data and graphs of the average percent-
age effectiveness of TSS removal by SSF1, SSF2,
SSF3, and SSF4 can be seen in Figure 6.

Figure 6 shows that SSF1 has the highest ef-
fectiveness value at 80.77 = 7.69% while the lowest
effectiveness is 5.26 + 2.63%. SSF3 achieved the
highest effectiveness of 80 + 10% and the lowest
was only 0.47 + 2.36%. The greatest effectiveness of
SSF2 was 68.75 £ 18.75% and the lowest was only
0.92 + 0.92%. SSF4 showed the highest effective-
ness of 60.71 £ 25% while the lowest was only 3.13
+ 1.04%. The effectiveness obtained is close to the
results of a study conducted by Sarasdewi (2015),
which is the TSS removal value reaching 72%.

On the basis of Table 5 ANOVA of the 2FI
TSS model above, the experimental results show

SSF3 SSF4
7
//
A
6 7 8 9 10 11

Figure 6. Graph of average percentage effectiveness of TSS removal by SSF1, SSF2, SSF3, and SSF4 per day

Table 5. ANOVA Model 2FI TSS

Source itn;rgi df s'\éls::e F-value p-value
Model 7,707.73 6 1284.62 7.40 0.0001
A 6,144.00 1 6144.00 35.37 <0.0001 significant
B 32.00 1 32.00 0.18 0.6714
Cc 528,12 1 528.12 3.04 0.0935
AB 835.44 1 835.44 4.81 0.0378
AC 53.40 1 53.40 0.31 0.5842
BC 114.76 1 114.76 0.66 0.4240
Residual 4,342.34 25 173.69
Lack of fit 1,748.22 5 349.64 2.70 0.0509 not significant
Pure error 2,594.12 20 129.71
Total cast 12,050.07 31
Note
a- Wz‘i:.:‘r’lvt‘l"?grtl(r;’eb(s;ﬁi)a) AB, AG, BC = inteaction sfiscts
C = Filter media (SSF) T
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Table 6. Fit Statistics ANOVA TSS

Standard deviation 13.18 R? 0.64
Mean 33.37 Adjusted R? 0.55
Coefficient of variation, % 39,50 Predicted R? 0.41

Adeq precision 7.81

that the F-value of 7.4 with a P-value of less
than 0.05 proves that the factors namely deten-
tion time, wastewater, and the type of filter me-
dia used in the study affect the effectiveness of
the removal. The most influential factors are de-
tention time, as well as the interaction between

types of wastewaters and detention time. Lack of
Fit F - value 2.7 indicates that Lack of Fit is rela-
tively insignificant to pure error. Lack of Fit that
is not significant is a good result, because an ideal
model must be fit, that is, the model can be used
to predict response values with different factor

Table 7. Comparison of actual and predicted values of TSS removal effectiveness

Run Independent ffactor Response
A (Day) B (% bacteria) C (SSF) Actual (%) Prediction (%)
1 1 1 P+KR 41.20 52.61
2 6 1 P+AC 28.00 36.54
3 1 0 P+KR 33.30 35.02
4 1 0 P+AC 28,80 26.73
5 0 P+AC 23.90 38.33
6 1 P+AC 32.90 36.54
7 11 0 P+AC 33.00 49.92
8 1 0 P+KR 25,80 17.80
9 6 0 P+KR 10,10 26.41
10 1 1 P+AC 18.30 13.15
1 1 1 P+KR 58,80 52.61
12 11 0 P+AC 58,30 49.92
13 1 0 P+KR 26,70 35.02
14 1 1 P+AC 10.00 13.15
15 11 0 P+AC 83.30 49.92
16 1 0 P+AC 27,00 26.73
17 1 0 P+KR 18,20 17.80
18 1 1 P+KR 11.70 11.79
19 1 0 P+KR 50.00 35.02
20 11 1 P+KR 76.50 52.61
21 1 1 P+KR 6.70 11.79
22 1 0 P+KR 33.30 17.80
23 1 1 P+AC 26,70 13.15
24 1 0 P+AC 30,30 26.73
25 6 1 P+KR 20.00 32,20
26 6 0 P+AC 22.00 38.33
27 1 1 P+AC 52.90 59.93
28 6 1 P+KR 26.00 32,20
29 6 0 P+KR 13.90 26.41
30 1 1 P+KR 16.70 11.79
31 1 1 P+AC 64.70 59.93
32 11 1 P+AC 58,80 59.93
Note
P+AC = Sand & activated carbon
P+KR = Sand & seashells
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values. Table 6 shows that the coefficient of deter-
mination (Adjusted R?) of 0.55 and a coefficient
prediction (Predicted R?) of 0.41 has a differ-
ence of less than 0.2 which indicates no deviation
model or data so it can be accepted, as well as
a strong correlation between independent factors
on the response to the research model.

All data on the actual response value of the ef-
fectiveness of the removal of turbidity that have
been entered into the software also released a com-
parison of the actual response value with the pre-
dicted response value, as well as a normal prob-
ability plot test. This statistical analysis is useful for

Design-Bxpert® Software

measuring the accuracy of the data against software
predictions and knowing whether the residual value
data follows a normal distribution. The comparison
of the actual value and the predicted value of the
software can be seen in Table 7 while the normal
probability plot graph can be seen in Figure 7.
Figure 7 has shown that the data is nor-
mally distributed because the scatterplot has
followed the diagonal line on the normal prob-
ability graph. The results of the 3D graphics, i.e.
Figures 8 and 9 show that the longer the deten-
tion time, the trend of the effectiveness of TSS
removal in the four SSFs will also increase, but
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Figure 7. Normal probability plot TSS graph
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Figure 8. 3D graph of TSS removal effectiveness by activated carbon filter media
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Figure 9. 3D graph of TSS removal effectiveness by clam shell filter media
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Figure 10. Graph of the average percentage effectiveness of TDS
removal by SSF1, SSF2, SSF3, and SSF4 per day

Table 8. ANOVA Model 2F1 TDS

Source sSqL:JrZrce); df s'\gj:pe F-value p-value
Model 3,261.37 6 543.56 10.90 < 0.0001
A 1,447.71 1 1447.71 29.04 <0.0001 significant
B 25.38 1 25.38 0.51 0.4821
c 508.01 1 508.01 10,19 0.0038
AB 83.63 1 83.63 1.68 0.2071
AC 158.11 1 158.11 3.17 0.0871
BC 1,038.54 1 1038.54 20.83 0.0001
Residual 1,246.29 25 49.85
Lack of fit 465,16 5 93.03 2.38 0.0753 not significant
Pure error 781.13 20 39.06
Total cast 4,507.66 31
Note
5= Wastocter 1 bocre o LSS el
C = Filter media (SSF) T

127



Journal of Ecological Engineering 2023, 24(4), 117-139

of the four SSFs, the one that is superior in re-
moving TSS is SSF with activated carbon filter
media. The most optimal TSS removal process
occurs in SSF3 with an effectiveness reaching
20-55%. This is supported by the research previ-
ously conducted by Astuti (2012), where SSF us-
ing a combination of activated carbon filter media
can achieve a TSS removal of around 80-90%.

Table 9. Fit Statistics ANOVA TDS

Effectiveness of SSF on TDS
parameter removal

The graph of the average percentage effec-
tiveness of removal of turbidity by SSF1, SSF2,
SSF3, and SSF4 can be seen in Figure 10.

The figure above shows the effectiveness of
TDS removal. SSF1 has the highest effectiveness

Standard deviation 7.06 R? 0.72

Mean 24.25 Adjusted R? 0.66

Coefficient of variation, % 29.11 Predicted R? 0.54

Adeq precision 11.69

Table 10. Comparison of actual and predicted values of TDS removal effectiveness
Run Independent factor Response
A (Day) B (% bacteria) C (SSF) Actual (%) Prediction (%)
1 11 1 P+KR 23.60 27.76
2 6 1 P+AC 6.30 15.46
3 11 0 P+KR 18.30 18.32
4 0 P+AC 23.60 33.54
5 0 P+AC 12.90 25.08
6 1 P+AC 18,20 15.46
7 11 0 P+AC 13.70 16.61
8 0 P+KR 16.70 24.98
9 6 0 P+KR 17,00 21.65
10 1 P+AC 23.80 27.66
11 11 1 P+KR 23.80 27.76
12 11 0 P+AC 15,70 16.61
13 11 0 P+KR 21.10 18.32
14 1 1 P+AC 25,40 27.66
15 11 0 P+AC 17.80 16.61
16 1 0 P+AC 39,40 33.54
17 1 0 P+KR 21.00 24.98
18 1 1 P+KR 43.30 41.89
19 11 0 P+KR 23.80 18.32
20 11 1 P+KR 24.10 27.76
21 1 1 P+KR 44.70 41.89
22 1 0 P+KR 25,30 24.98
23 1 1 P+AC 26.90 27.66
24 1 0 P+AC 55,20 33.54
25 6 1 P+KR 36.00 34.83
26 6 0 P+AC 22.30 25.08
27 11 1 P+AC 5.20 3.26
28 6 1 P+KR 37,00 34.83
29 6 0 P+KR 30.00 21.65
30 1 1 P+KR 46,10 41.89
31 11 1 P+AC 7.70 3.26
32 11 1 P+AC 10,20 3.26
Note
P+AC = Sand & activated carbon
P+KR = Sand & seashells
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value at 39.38 + 15.78% and the lowest is 4.40 £
0.45%. SSF3 has the highest effectiveness value
of 43.99 + 0.72%, while the lowest effectiveness
is 5.84 + 5.16%. SSF2 the highest effectiveness
value is 42.87 + 0.06% and the lowest effective-
ness is only 2.24 + 0.36%. The highest effective-
ness of SSF4 was 46.01 £+ 0.13% and the lowest
was 14.77 + 1.25%. The results of this study tend
to have a lower removal effectiveness compared
to the research conducted by Sarasdewi (2015)
which can reach 73%.

On the basis of Table 8, the results from
ANOVA model 2FI TDS show that the F-value of

Design-Bpert® Software

10.9 with a P-value of less than 0.05 proves that
the three factors namely detention time, wastewa-
ter, and the type of filter media used in the study
affect the effectiveness of TDS removal. In the
liquid waste of culinary center activities, the most
influential factors are detention time, type of fil-
ter media, and the interaction between the type
of wastewater and the type of filter media. Lack
of Fit F-value 2.38 indicates that Lack of Fit
is relatively insignificant to pure error. Lack of
Fit that is not significant is a good result, because
an ideal model must be fit, that is, the model can
be used to predict response values with different
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Figure 11. Graph of normal probability plot TDS
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Figure 12. 3D graph of TDS removal effectiveness by activated carbon filter media
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Figure 13. 3D graph of TDS removal effectiveness of seashell filter media

factor values. Table 9 shows that the coefficient
of determination (Adjusted R?) of 0.66 and a coef-
ficient prediction (Predicted R*) of 0.54 has a dif-
ference of less than 0.2 which indicates no devia-
tion model or data so it can be accepted, as well as
a strong correlation between independent factors
on the response to the research model.

All data on the actual response value of the
effectiveness of the removal of turbidity that
have been entered into the software also released
a comparison of the actual response value with
the predicted response value, as well as a nor-
mal probability plot test. This statistical analy-
sis is useful for measuring the accuracy of the
data against software predictions and knowing
whether the residual value data follows a normal
distribution. The comparison of the actual value
and the predicted value of the software can be
seen in Table 10, while the normal probability
plot graph can be seen in Figure 11.

—4—SSF1 —@—SSF2

90

70

% Removal

10

30 , |
2 3 4

On the basis of Figure 11, the data is shown to
be normally distributed. Figures 12 and 13 show
that the four SSFs have high removal effective-
ness at the beginning and the trend will decrease
with increasing detention time. SSF with varia-
tions in the media of sand and shells showed better
removal effectiveness results. SSF4 has the most
optimal TDS removal process, which is around
30%-40%. This is supported by the research of
O’marga (2020) which found that Anadara grano-
sa shells have a high pollutant adsorption capacity.

Effectiveness of SSF on fat, oil, and
grease (FOG) parameters removal

The graph of the average percentage effec-
tiveness of FOG removal by SSF1, SSF2, SSF3,
and SSF4 can be seen in Figure 14.

The figures and tables above show the effec-
tiveness of FOG removal. SSF1 has the highest

SSF4

SSF3

Figure 14. Graph of average percentage effectiveness of FOG removal by SSF1, SSF2, SSF3, and SSF4 per day
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Table 11. ANOVA Model 2FI FOG

Source Ssql:rgrgl df s,\éljgrne F-value p-value
Model 2132.52 6 355.42 9.40 <0.0001
A 1180,20 1 1180,20 31.23 <0.0001 significant
B 310.63 1 310.63 8.22 0.0083
c 241.45 1 241.45 6.39 0.0182
AB 298.92 1 298.92 7.91 0.0094
AC 20.35 1 20.35 0.54 0.4699
BC 80.96 1 80.96 2.14 0.1558
Residual 944.91 25 37.80
Lack of fit 321.50 5 64.30 2.06 0.1130 not significant
Pure error 623.42 20 31.17
Total cast 3077.43 31
Note
5= Wasovatr (% bacior o A ST
C = Filter media (SSF) T

Table 12. Fit Statistics ANOVA FOG

Standard deviation 6.15 R? 0.69
Mean 52.11 Adjusted R? 0.62
Coefficient of variation, % 11.80 Predicted R? 0.54

Adeq precision 10.35

effectiveness value of 72.53 + 25.13% and the
lowest is 17.52 + 7.54%. SSF3 has the highest
effectiveness value of 96.99 + 2.74%, while the
lowest effectiveness is 20.29 + 4.35%. SSF2 the
highest effectiveness value is 98.91 + 0.12% and

the lowest effectiveness is only 26.72 + 15.41%.
The highest effectiveness of SSF4 was 94.00 +
4.67% and the lowest was 26.03 + 1.29%. Sury-
adi (2014) found that SSF can remove FOG up
to 86%.
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On the basis of Table 11 ANOVA model 2FI
FOG, the results show that the F/-value of 9.4 with
a P-value of less than 0.05 proves that the three
factors namely detention time, wastewater, and
the type of filter media used in the study affect the
effectiveness removal of FOG in the liquid waste
of culinary center activities, while the most influ-
ential factors are detention time and the type of
filter media. Lack of Fit F-value 2.06 indicates
that Lack of Fit is relatively insignificant to pure
error. Lack of Fit that is not significant is a good
result because a model should ideally fit, so this
model can be used to predict response values with

different factor values. Table 12 shows that the
coefficient of determination (Adjusted R?) of 0.62
and a coefficient prediction (Predicted R?) of 0.54
has a difference of less than 0.2 which indicates
no deviation model or the current data so that it
can be accepted, as well as their strong correla-
tion between independent factors and responses
in the research model.

All data on the actual response value of the
effectiveness of the removal of turbidity that
have been entered into the software also released
a comparison of the actual response value with
the predicted response value, as well as a normal

Table 13. Comparison of actual and predicted values of FOG removal effectiveness

Run Independent factor Response
A (Day) B (% bacteria) C (SSF) Actual (%) Prediction (%)
1 1 1 P+KR 37.20 39.42
2 6 1 P+AC 64.00 59.56
3 1 0 P+KR 43.10 43.43
4 0 P+AC 50.20 52.71
5 0 P+AC 51.00 50.15
6 1 P+AC 68.00 59.56
7 1 0 P+AC 48.20 47.59
8 0 P+KR 49.60 52.24
9 6 0 P+KR 39.50 47.84
10 1 P+AC 73.40 69.18
1 1 1 P+KR 38.30 39.42
12 1 0 P+AC 41.00 47.59
13 1 0 P+KR 36.10 43.43
14 1 1 P+AC 60.10 69.18
15 1 0 P+AC 44.40 47.59
16 1 0 P+AC 46.60 52.71
17 1 0 P+KR 53.00 52.24
18 1 1 P+KR 64.50 62.35
19 1 0 P+KR 50.10 43.43
20 1 1 P+KR 39.30 39.42
21 1 1 P+KR 59.10 62.35
22 1 0 P+KR 51.30 52.24
23 1 1 P+AC 66.70 69.18
24 1 0 P+AC 54.00 52.71
25 6 1 P+KR 52.40 50.89
26 6 0 P+AC 65.80 50.15
27 1 1 P+AC 48.20 49.94
28 6 1 P+KR 54.50 50.89
29 0 P+KR 60.00 47.84
30 1 P+KR 61.80 62.35
31 1 1 P+AC 44.10 49.94
32 1 1 P+AC 52.00 49.94
Note
P+AC = Sand & activated carbon
P+KR = Sand & seashells
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Figure 17. 3D graph of FOG removal effectiveness by clam shell filter media

probability plot test. This statistical analysis is
useful for measuring the accuracy of the data
against software predictions and knowing wheth-
er the residual value data follows a normal dis-
tribution. The comparison of the actual value
and the predicted value of the software can be
seen in Table 13 while the normal probability
plot graph can be seen in Figure 15.

Figure 15 shows that the existing data is nor-
mally distributed, while Figures 16 and 17 show
a downward trend in the effectiveness of FOG re-
moval. A variation of filter media that is superior
in oil and grease removal is SSF which uses sand
and activated carbon as filter media. The most
optimal SSF removal process for FOG removal
is SSF3 at 50-65%. The research conducted by

Yuliana (2018) also shows that SSF filter media
that uses a combination of sand and activated
carbon is better at removing FOG in domestic
liquid waste.

Comparison with Indonesian
water quality standard

The results of the wastewater treatment ef-
fluent need to be compared with the quality stan-
dard according to its designation. This research
has the aim that the processed liquid waste can
be used for sanitation needs, so that the quality
standard used is based on the Regulation of the
Minister of Health of the Republic of Indone-
sia No. 32 of 2017. The parameters that are not
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Table 14. Results of SSF effluent against turbidity quality standards, TSS, TDS, and FOG

Run | SSF1 SSF2 | SSF3 | SSF4 Quality standards
Turbidity (NTU)
1 1.40 137 1.77 143
2 0.76 0.97 153 0.48
3 0.73 0.66 0.34 0.82
4 1.24 0.83 0.64 0.52
5 1.29 0.73 0.64 0.23
6 0.86 0.65 0.96 0.60 25 NTU (Permenkes)
7 0.81 0.65 0.95 0.76
8 0.81 0.72 0.65 0.55
9 0.74 0.40 0.42 0.40
10 0.95 0.78 0.62 0.36
11 0.89 0.94 0.65 0.46
TSS (mg/L)
1 235 245 245 26.5
2 94.0 103.5 93.0 95.5
3 5.0 14.0 8.0 55
4 37.0 44.0 435 465
5 5.0 2.5 2.0 4.0
6 62.0 69.5 57.0 63.5 1(‘);’P”§’)L
7 36.5 315 405 36.0
8 39.0 36.5 50.0 34.5
9 99.0 108.0 105.5 84.0
10 36.0 265 400 26.0
11 5.0 7.5 7.0 7.0
TDS (mglL)
1 388.0 505.5 479.0 355.0
2 580.0 676.5 532.5 399.0
3 606.5 679.0 428.5 413.0
4 693.0 478.5 680.0 7185
5 7105 758.0 750.0 510.5
6 748.5 694.0 754.0 543.0 o)
7 732.5 690.5 760.5 725.5
8 859.0 857.5 830.5 736.0
9 7145 777.0 794.0 629.5
10 847.5 804.5 731.0 566.0
11 774.0 725.0 840.5 693.5
FOG (mg/L)
1 228.5 252.8 95.0 103.0
2 246.0 357.5 11.0 157.5
3 339.0 45 5.0 9.0
4 1435 75.0 1435 75.0
5 478.0 194.0 149.5 144.0
6 74.5 94.5 69.5 88.0 &g‘%
7 228.5 272.0 103.0 133.0
8 187.5 382.0 825 67.0
9 264.0 447.0 795 134.0
10 70.5 176.0 705 126.0
11 331.0 365.5 296.5 326.0
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listed in the Minister of Health of the Republic
of Indonesia will use Indonesian Government
Regulation No. 22 of 2021, which refers to the
third class of river water quality standards and
the like. The results of the effluent of all SSFs
compared with the quality standard can be seen
in Table 14.

On the basis of the table above, the turbidity
effluent in all SSF values is far below the quality
standard, so that when viewed from the turbidity
parameter alone, the results of the water treated
by SSF can be used according to the designation
of the quality standard. TSS effluent in SSF2 and
SSF3 within a few days produces TSS effluent
that exceeds the quality standard, so it is not rec-
ommended for sanitation needs, but it is still safe
to flow into class 3 rivers or lakes.

The TDS effluent of all SSF has met the
quality standard. The treated water of the entire
SSF does not mean that it can be used according
to the quality standard, because all the param-
eters in the quality standard need to be evalu-
ated in order to obtain definite results whether
the treated water is indeed suitable for use for
sanitation needs.

The results of FOG effluent in all SSF starting
from day 1 to day 11 did not meet the quality stan-
dard. Treated water, when viewed from the pa-
rameters of FOG, is not recommended to be used
as a clean water requirement and is not recom-
mended to be discharged into rivers or lakes. The
water still has to be processed again so that the
FOG content meets the quality standards. On

the basis of the results of research by Almojjly
et al. (2018), the use of SSF can be used to treat
the FOG content in water if the FOG content is
< 50 mg/L in raw water. FOG content > 50 mg/L
in raw water is recommended to use a treatment
that involves a coagulation process. The results of
the software prediction effluent are also converted
to the units contained in the quality standard. The
results of the software prediction effluent are pre-
sented in Table 15.

The prediction data of the software design
expert also shows that the turbidity is below
the quality standard value and has an insignifi-
cant difference in value with the actual data, this
shows that the turbidity prediction data can still
be used to compare with the quality standard, the
result is that the predictive data also meets the
quality standard. The data used is only three data
because the software design expert simplifies the
data requirements needed, the data needed is the
most representative data prediction to describe
the situation that is close to the actual observation
results (Anderson, 2016). This can be seen from
the trend in the average percentage effectiveness
graph of the removal and the 3D graphic image of
the software prediction results which are not sig-
nificantly different. The results of the prediction
of the effectiveness of the TSS and TDS removal
show that they have met the quality standard, the
predicted value and the actual observation data
are also not much different. The predicted FOG
results are not different from the actual results, as
both do not meet the quality standards.

Table 15. Results of SSF predicted effluent against quality standards for turbidity, TSS, TDS, and FOG

Run | SSF1 | SSF2 | SSF3 | SSF4 | Quality standards
Turbidity (NTU)
1 1.40 1.28 1.74 1.37
6 0.87 0.82 1,02 0.76 25 NTU
11 0.89 0.88 0.63 0.40
TSS (mg/L)
1 24.18 27.13 26.06 26.46
6 48.72 58.14 52.04 55,60 100 mg/L
11 6.01 7.80 6.81 8.06
TDS (mg/L)
1 4253 480.1 464.4 373.1
6 680.6 711.8 726.2 559.8 1,000 mg/L
11 765.9 750.2 880.8 657.7
FOG (mg/L)
1 224.2 226.4 62.6 76.4
6 94.7 99.1 117.9 143.2 1 mg/L
11 274.1 295.9 252.6 305.6
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Determining the most optimal SSF variation

The most optimal variation of SSF in process-
ing all test parameters is SSF3, namely SSF with
sand and activated carbon filter media, simula-
tion time of 4 days (detention time between the
first and second days for 48 hours), and the ad-
dition of 1% Bacillus sp. bacteria in the grease
trap unit. The probability of accuracy of the ob-
served value against the predicted value which
is denoted by the desirability value is 0.613. The
results of other point optimization techniques can

613309
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be observed visually with 3D desirabili-
ty graphs and overlay plots that are used to find
opportunities for the accuracy of the validation
experimental results to the predicted value, as
well as mapping the surface area of independent
factors that are able to produce the highest average
value of removal effectiveness for all test param-
eters. The results of the 3D desirability graph and
the overlay plot of the optimal solution model can
be seen in Figures 18 and 19, respectively.

On the basis of Figures 18 and 19 above, a
validation experiment was carried out to confirm
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Figure 18. 3D desirability graph of optimum model solution
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Table 16. Most optimal SSF variations

Solution 4 of 13 response Predicted (%) Observed (%) Std dev. A (day) B (% bacteria) (SgF)
Turbidity 47.72 39.53 7.89
TSS 27.18 45.25 13.18
10.1 1 P+KR
TDS 20.34 19.30 7.06
FOG 63.41 61.35 6.15

whether the predicted value calculated by the soft-
ware was in accordance with the actual results
in the field (observed value) and to produce a re-
sponse to the effectiveness of the maximum test
parameter allowance. The experimental results of
the selected optimum parameter validation can be
seen in Table 16.

The observed results (% Allowance) when
converted to units that match the quality stan-
dards (NTU and mg/L) will produce a turbid-
ity of 0.64 NTU; TSS 26.28 mg/L; TDS 682.58
mg/L; and FOG 74.98 mg/L. The results of the
observations obtained varied; the results of the
observation of the effectiveness of the TSS were
higher than the predicted results. The results of
the observation of the effectiveness of Turbidity,
TDS, as well as FOG were lower than the pre-
dicted results. The lower result is still within the
standard deviation range so that it remains in op-
timal data conditions. The results of the confir-
mation test compared with the data that had been
obtained were not significantly different, the data
obtained previously was 0.65 NTU turbidity; TSS
40 mg/L; TDS 680 mg/L; and 75 mg/L FOG.

CONCLUSIONS

On the basis of the obtained results, it can
be concluded that the optimal variation of fil-
ter media in the slow sand filter unit in reduc-
ing turbidity and TDS parameters contained in
the food court wastewater is SSF4 (sand and clam
shells filter media). The percentage of turbidity
removal and TDS obtained in the range of 50—
80% and 30-40%, respectively. The optimal vari-
ation of filter media in the slow sand filter unit in
reducing TSS and FOG parameters contained
in the food court wastewater is SSF3 (sand and
activated carbon filter media). The percentages
of removal of TSS and FOG were obtained in
the range of 20-55% and 50-65%, respectively.
The results of Design Expert 11 with the opti-
mal custom design method show that the most

optimal variation of the slow sand filter in re-
moving turbidity, TSS, TDS, and FOG in the
food court wastewater is to use a combination of
sand and activated carbon media, detention time
on day 4, and with the addition of 1% Bacillus
sp. bacteria in the grease trap unit (SSF3). The
results of the validation experiment showed that
the observed values for turbidity, TSS, TDS,
and FOG were respectively 39.53%; 45.25%;
19.30%; and 61.35% close to the predicted val-
ue of 47.72%; 27.18%; 20.34%; and 63.41%.
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