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Abstract: Laundry greywater contain various pollutant with high concentration such
as organic carbon, bacteria, and solids. To protect the fresh water quality, it is
forbidden to directly discharge laundry greywater runoff to the stream. Therefore, the
study is aimed to treat the laundry greywater by using permeable concrete with palm
oil fuel ash (POFA). The focus of this study is to discuss and summarize the major
finding of these collective studies related to: (a) Laundry greywater characteristics (b)
The efficiency of the palm oil fuel ash (POFA) as adsorbent materials in wastewater
related study based on previous studies analysis. Review analysis indicated that
UPOFA has larger specific surface area (1.962 m?/g) and has substitute cement by 20,
40, 60 and 80% of weight. The optimum dosage of POFA is 8 g/L to remove pollutant
in sewage wastewater and the 4 g/L for domestic wastewater. The findings advocate
that the certain amount of POFA successfully reduce a large amount of pollutant in
the wastewater due to presence of high concentration of alumina, calcium, potassium
and silica that can be used for synthesising active compounds .
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1. Introduction

Laundry greywater is substantially less polluted than domestic wastewater due to lack of urine,
fecal and toilet paper in it. However, the pathogens and other pollutants in laundry greywater can cause
disease that necessitate greywater care and recommendations to ensure public health. In 2020, Shaikh
& Ahammed [1] found that the generation of greywater in low-income countries are within the range
of 14-140 Litre/person/day while in high income countries are within 62-223 Litre/person/day and
laundry greywater produced higher concentration of solids, organic carbons and bacteria. The variation
of greywater generation might be due to family size and different laundry washing method, washer
machine consumes higher water compared with manually wash.
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Improper greywater management system has led to the indiscriminate dumping of greywater, which
has contributed to environmental problem which can cause eutrophication of freshwater. The increase
in eutrophication rates was a problem since it leads to lower concentration of dissolve oxygen, excessive
growth of phytoplankton and increase algae bloom. The addition of anthropogenic nutrients to the
Shenzhen Bay accounted for more than 80% of the overall loads that leads to eutrophication [2].

Pervious concrete is comparable with permeable pavements which it has pore that effective in
reducing greywater runoff pollutants loads by passes the runoff through the porous pavements. Properly
built pervious concrete can be efficient in the treatment of contaminated water by eliminating the
unwanted pollutants due to present of interconnected voids spaces [3]. The interconnected space allow
filtration to occur and improved the quality of the greywater runoff. Hydroxide compound is present in
concrete when using ordinary Portland cement (OPC) and appearance of carbonate species due to
carbonization process at the atmosphere which dissolve metals are likely to be separated from the
solution when moving through these tortuous flow channels and passing through these complexions [4].
POFA is one of the agro-adhesives whose chemical composition contain a large quantity of silica and
has great potential to be used as a cement substitution [5].

1.1 Greywater (GW) from urban runoff

The definition of greywater is a water produced from houses such as bathtubs, shower, hand
basins, kitchen sinks, dish washer and laundry machines. Greywater is a fraction of household
wastewater that have lower pollutant concentration [6]. Greywater from urban runoff consist of body
care product, food residue, oil, body fat, hair, bleaches and develop pollutants that have been
distinguished such as organic carbon, total solid, total suspended solid, and nutrients [7]. The greywater
contribute over 50% of residential waste water [8]. The runoff from greywater is usually discharge into
stream network and carries amount of dissolve nutrients and led to low dissolved oxygen. Greywater
runoff contamination is one of the issues in growing cities in many urban area with conventional
impermeable pavement [9]. However, contamination related to urban overflow is getting less attention
due to difficulty to quantify [10]. The primary source of organic carbon, suspended solid and surfactants
in the greywater is from laundry and kitchen sink, while phosphorus and endocrine disrupting chemicals
are released primarily from dishwasher and bathroom. There are two types of greywater based on
concentration of the contaminants that is light greywater (LGW) and dark greywater (DGW). Water
releases from bathroom, hand basin, sinks and bath tubs are considered as LGW [1]. Whilst dark
greywater (DGW) comes from kitchen sinks and laundry [11]. Light greywater contributes 15% of
organic carbon and dark greywater can contribute maximum of 74% of the total organic carbon load to
urban runoff [7]. Greywater and stormwater runoff containing organic nitrogen (N) is a source of
potentially eutrophication in water bodies [12].

1.2 Palm oil fuel ash (POFA)

Huge amount of solid waste by-products that are generated in a variety of forms such as seeds,
empty fruit bunches along with crude palm oil. Solid waste of palm oil residues is used as a fuel to
produced steam for the generation of electricity to address energy problems. An ash by-product (POFA)
is produced after burning and remain 5% by weight of the residue [5]. Burning of these solid fuels
present environmental issue by produce dark smoke and transport partially carbonized fibrous
particulate due to incomplete combustion of fuels [13]. The use of waste product that is POFA to create
a replacement of lime-stone for non-renewable source can help to sustain the environment. POFA are
suitable to be use in concrete production as it follow the chemical specification of ASTM C618 with
regards to the usage of a binder pozzolanic material with a value of less than 10% of loss of ignition
(LOI) [14]. High amount of silicon dioxidein POFA indicates a good pozzolanic properties that is
suitable to manufacture high quality concrete. Interaction between Al;O; and SiO; with Ca (OH)2 in a
cement paste will produce pozzolanic material. Thus, high amount of SiO; could increase the hydration
of cement to generate additional hydration gel (C-S-H) needed in concrete manufacturing [14]. The
chemical properties of POFA has been determined by previous researchers as shown in table 1.
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Table 1: Chemical composition of POFA from previous studies

gi'(l)')g%r; Aluminiu OI:(?Qe Calcium | Magnesium Sodium Potassium Sulphur Loss on

Researcher Si0, m oxide Fer0s Oxide Oxide MgO Oxide Oxide K2O | Trioxide | Ignition
0, 0, 0, 0, 0, 0, 0,

(%) Al20s (%) %) CaO (%) (%) Naz20 (%) (%) SO3 (%) | LOI (%)
[15] 57.8 2.3 9.6 3.6 1.40 0.56 3.50 20.7
[14] 26.1 8.54 4.69 54.8 0.358 0.186 0.97 2.77 0.53
[16] 47.22 2.24 2.65 6.48 5.86 1.22 11.86 9.19 5.42
[17] 43.6 11.40 4.7 8.4 4.8 0.39 3.50 2.80 18.00
[5] 57.71 4.56 3.30 6.55 4.23 0.50 8.27 0.25 10.52

2. Review on Method
2.1 Palm Oil Fuel Ash (POFA)

The experimental findings used in this study mainly collected from journal and article published in
various online science databases such as scopus, science direct and google scholar. The method for
processing preparing the materials used as well as the test and equipment involved according to the
reearchers by reffering their journal and article published.

The POFA ashes obtained from palm oil mill were dried for 24 hours before being sieved and then
immersed in the water to isolating an unfinished burnt materials. The floated substance is known to be
organic material and were seerated from the POFA. Finally, the filtered POFA were dried in the oven
for 24 hours at 105 °C £ 5 °C in order to eliminate moisture content before the POFA is sieved by using
preference sieve size to extract larger particles. Further grinding using the same method to achieve
ground POFA (GPOFA) with combustion in a gas furnance at a high temperature up to 500 + 50 °C to
extract unburned carbon and to produce POFA with greater fineness.

The mixture proportion of permeable concrete from different researcher with different water cement
ratio are given in Table 1. 10%, 20%, 30%, 40%, 50%, 60%, 80% of POFA by weight of cement were
added to the control mix to produce other mixture sample. There is no standard procedure for permeable
concrete [18]. The same technique as producing normal concrete is used which is fill up the mould
every 50mm height with 25 times hand tamping. Table 3.1 shows the size of mould used in different
studies.
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Table 2: Pervious mix design from previous studies

w/C Void ratio Mix proportions (kg/m?®)
References Type (%) (%) Water Cement  Aggregate
1188-
[19] OPC 35 15-30 104 297 1337
[20] OPC gg 15-30 11218 400 1800
OPC 33 314

10% fly

[21] ash 37 15-35 104 2826 888
0,

S | 2512

[22] OPC 30 20-25 85 283 1620

Laundry greywater sample shall be obtained from sites that indicative of the water supply which
is taken directly from the laundry machine pipe before the greywater dispense to the drainage. The
storage and holding time and sampling container are arrcording to APHA method. Some sample
analytes may dissolve or absorbed into plastic container wall. Correspondingly, plastic container
contaminants may leach into samples. Glass container are preferable compared to plastic due to
potential contaminants from phthalate ester. The sampling container should be marked with the date,
place and period the sample was taken.

2.2 Testing Methods

Slump test is conducted according to BS EN 12350-2 to determine the workability and quality
of the concrete during first stages where the concrete is still freshly mix. The test is compressive strength
which is performed according to ASTM C39 after the concrete already hardened and have been curing
for 28days before the test [9]. The compressive strength was determined on 7, 14, 28 and 90 days,
respectively to show the strength improvement of the samples.

The polluted water sample collected in-situ and the sample are stored in a secure location to
avoid conditions that could alter the sample properties. The research carried out in order to collect
relevant data and to determine the significant parameter for water sample which is performed according
to APHA.

3. Review and Discussion
3.1 POFA absorption for pollutant in wastewater

Figure 2 shows the result of absorption percentage of heavy metals after treatment of
wastewater prove that POFA have a favourable impacts on the adsorption of heavy metals. The value
of an adsorption for mercury is 97.92% which is the highest and followed by Lead [Pb] at 97.35%. By
comparing figure 2 [25] result with figure 3 [26] that shows the removal of mercury (1) ion value is
98.93% it can be presume that the result is consistant and it shows that POFA is a good adsorption for
filteration.
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Figure 2: Comparison of heavy metal absorption in wastewater by using POFA [18]
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Figure 3: Comparison removal of mercury (11) ion using raw and activated POFA for mercury stimulated
solution and industrial wastewater [19]

POFA in 2.00 to 3.15mm particle size are used as an adsorbent media to treat sewage
wastewater [28]. Table 4 shows the percentage removal increasing when the POFA amount increase
until 8 g and it suddenly decreases as the POFA keep increasing further. 8 g is the optimum dose of
POFA that reach the highest removal value of 65%, 63%, 100% and 97% for COD, ammonia nitrogen,
nitrate and phosphorus respectively. Upon optimum dose further absorption will not occur, the amount
of removal decreases as the dosage of POFA increases. The use of 4g of POFA is the most efficient
amount of COD and ammonia nitrogen removal in domestic wastewater. The removal of COD in stage
1 which are using 0 g/L POFA is low due to early phase of floc formation, by increasing the amount of
POFA the removal of COD also increasing until 4 g/L. On stage 4 removal of COD start decreasing
due to a reduction of POFA particles to create floc formation. The palm oil fuel ash clearly contain large
amount of alumina, calcium, potassium and silica which can be used to synthesize active compounds.
Thus, it shows that POFA is suitable to be use to absord pollutant in laundry greywater such as
ammoniacal nitrogen, COD and phosphorus.

Table 1: Removal of pollutant in different amount of POFA

POFA Ammonia .
References T\,)\/,gtee?f dosage COD Nitrogen Nitrate  Phosphorus
(9/L) Removal (%)
[28] 3 39 55 100 83
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[28] Sewage 5 55 59 100 90
wastewater 8 65 63 100 97
12 49 60 100 93
17 43 59 100 86
23 41 57 100 86
30 38 57 100 90
Non Non
0 703 93 reported  reported
Domestic Non Non
[29] wastewater 2 916 9 reported  reported
4 978 993 Non Non

reported  reported

3.4 Discussions

An analysis of the literature review on the use of POFA as a cement substitution in concrete
emphasize sustainability practice. The present of POFA in concrete making can help on reduction of
cement usage and beneficial towards the environment. There are significant amount of byproduct that
are being dump at landfill without any use. The use of byproduct to produce permeable concrete for
water filtration increase the filteration performance compared with normal permeable concrete. A
composite of POFA can be used to remove COD, ammonia nitrogen, nitrate and phosphorus from waste
water highly effective, low cost and eco friendly adsorbent.

4. Conclusion

POFA shows a good performance to be used as a binder in concrete. By using ultrafine POFA, the
workability of the concrete improved and the setting time is prolong as the substitution of POFA
increasing from 20%, 30%, 40%, 60% and 80% the workability of the concrete increasing to 114mm,
121mm, 132mm and 135mm respectively which can reduce the shrinkage crack on the concrete during
hardening process. In addition, POFA has large proportion of silica and pozzolanic properties that help
to boost the concrete strength by develop a pozzolanic reaction that produce calcium-silicate-hydrate.
However, this reaction only shows the boost of concrete strength in days 28 result and the highest
strength achieve by adding 20% UPOFA in OPC is 9% higher which is 52.4MPa. Whilst the highest
concrete strength achieve in high strength concrete is 12.5% which is 103.5 by adding 40% UPOFA.

The efficiency of the palm oil fuel ash (POFA) as an adsorbent materials in wastewater related
study based on previous studies analysis. The result of treated wastewater shows the highest removal
achieve for COD, ammonia nitrogen, nitrate and phosphorus are 65%, 63%, 100% and 97% respectively
at 8g/L dosage of POFA which is the optimum value for pollutant removal from sewerage wastewater.
In addition, the optimum dosage of modified POFA in pollutant removal for domestic wastewater is
4g/L with removal of 97.8% for COD and 99.3% for ammonia nitrogen respectively. Raw POFA
alteration increased the surface area of composite POFA and the surface area of an absorbent increased
to the area required for adsorption. It can be concluded that the use of modified POFA have high
capacity of adsorption and have the potential to remove pollutant according to the national water
standard and it is safe to be release to the nearby stream.
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