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ABSTRACT 

 
In many village houses in Malaysia, a significant portion of greywater is discharged into stream without treatment. The untreated 

kitchen greywater causes foul odors, mosquitoes breeding area and drainage water pollution. Therefore, this study was established to 
install an on-site natural pre-treatment in the wetland system for kitchen greywater treatment at village house in Parit Bengkok, Batu 

Pahat. Low cost and less maintenance treatment system is preferred option to the villagers. Kitchen greywater loadings and 

characteristics and household occupants and their activitied were measured before the installation of the system. The treatment unit is 
comprised of oil and grease trap, pre-treatment filter, constructed wetland bed planted with Lepironia Articulata and extended filtration 

system. Preliminary performance of the treatment system was evaluated based on the chemical quality of pH, Biochemical Oxygen 

Demand (BOD) and Chemical Oxygen Demand (COD). From the result, the maximum loading of the kitchen greywater was 300L/day. 
The wetland treatment has shown the improving pH values of effluent of 4.6 to 6.9. The overall percentages removal of BOD and COD 

was 73% and 69% respectively. Hence, it was found that the treatment unit for kitchen greywater able to promotes environmental 

health and it can serve as effective solution for managing greywater in village houses.  
 

Keywords: Kitchen greywater, natural filter, constructed wetland, chemical, Lepironia Articulata 

 

 

INTRODUCTION 
 

 Daily domestic activities have contributed to the 

production of greywater. Greywater is wastewater 

which was derived from all the household activities, 

except toilet waste. It shows a wide range of 

pathogenic and other liquid waste material, which 

people normally want to discharge from the inside of 

their homes. Al-Jayousi [1] stated that there are about 

50 to 80% of greywater generated from the 

residential fresh water. Greywater originating from 

kitchen sinks is typically higher in bacteria, organic 

carbon and solids, oils, grease and soap which over 

time tend to seal up soil pores, preventing water from 

infiltrating the soil [11]. Eventually, kitchen 

greywater may tend to becomes black, anaerobic and 

smelly. It is readily promotes and supports the 

growth of microorganisms because of the solid food 

particles and because fats and solidify, may cause 

blockages in land application systems. It is also 

chemically polluted as it contains detergents and 

cleaning agents and where dishwashers are used the 

greywater is very alkaline [10,12,13,14].  

 Greywater must be treated before being 

discharged into the river because it will encourage 

pollution and the primary cause of cholera, malaria 

and diarrhea [19]. However, the greywater that has 

been usually happens in developing countries is not 

filtered and directly discharged into the drains. There 

are some studies that have been found in Malaysia 

regarding from research on wastewater produced 

from household activities. Most of the published 
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article derived from the pilot project of greywater 

ecological treatment in Kuching city, Sarawak that 

established since 2003. Mah et al., [9] explored the 

modeling process using a mathematical 

representation to evaluate a greywater proposed 

system. By using network simulation, which 

replicate the dynamics of a proposed system can be 

evaluated before time; money and material are 

invested in a real world project. Mah’s modeling has 

shown potential savings up to 40% of water use by 

reused greywater.  

 Meanwhile, Teck et al., [18] evaluated the 

efficiency of the biofilters and the constructed 

wetland with two species of terrestrial ornamental 

plants in greywater treatment. This study revealed 

the biofilter contributed most of the total removal of 

BOD5, COD, FC and NH4-N. However, the wetland 

and biofilters were equally efficient in TSS removal. 

Wetland’s species, F.microcarpa suggested to be 

implemented in urban housing areas to reduce river 

pollution. Krishnan et al., [7] explored the 

effectiveness of an aerobic sequencing batch reactor 

in treating nutrient-deficit and nutrient spiked dark 

greywater for agricultural reuse. Hence, treatment of 

nutrient-added dark greywater at a COD: N: P ratio 

100:3.5:0.75 and 100:5:1 for 36 h HRT compiled 

with the Malaysian discharge standard for 

agricultural activities in rural and urban areas. 

Mohamed et al., [14,15] explored the use of gravel 

and peat as filter media to treat kitchen greywater 

showed the potential of peat in reducing 72% SS, and 

87% NH
+

4–N of effluent greywater. In similar study 

of Chan [4,5] and Mohamed et al., [15], greywater 

treatment with peat was used for post filtration 

compressibity test on greywater parameter reduction. 

However, there is lacking of information of the on-

site treatment as most of the studies were lab based 

experimental. It is not giving insight the real scenario 

of the condition. Morever, there is absent information 

on the use of Lepironia Articulata or Rumput Kercut 

for the wetland treatment in treating kitchen 

greywater.  

 Therefore, it is an opportunity to take it as a 

challenge to produce a simple yet environmentally 

friendly and affordable for everyone, especially in 

the village house to treat greywater before it were 

discharged into the drains, In order for wastewater 

treatment to be a feasible and sustainable solution, it 

must meet four criteria there are hygienic safety, 

aesthetics, environmental tolerance and technical and 

economic feasibility. Here, this paper will explore 

the performance of wetland system in village house 

and their preliminary performance in removing 

certain pollutants in household greywater.  

 

MATERIALS AND METHODS 
 

 The site investigation has shown that the kitchen 

greywater was discharged directly from the house to 

the drain outside the area of residential. One unit 

village house in Parit Bengkok was selected because 

of discharge pipe for kitchen greywater near the 

drain. Information about greywater characteristic, a 

soil characteristic of filter media and vegetation such 

as Lepironia articulate or Rumput Kercut for wetland 

treatment in treating kitchen greywater was obtained 

from the literatures. A site visit was also done at 

Putrajaya Wetland Park was conducted to get insight 

about suitable plants for the wetland system. 

 An interview for daily activities was needed to 

know the activities undertaken routinely by the 

occupants of the house. The amount of greywater 

generated by any household varied greatly according 

to the dynamics of the household, and is unfluenced 

by such factors as the number of occupants, the age 

distribution of the occupants, their lifestyle 

characteristics, water usage patterns, the cost of 

water and the limate. After all the information 

collected and initial information obtained, bucket 

method was used to determine how much usage of 

water within a day. This method was done within 24 

hours for 3 days to get water usage patterns by 

occupants of the home.  

 After that, the experiment was performed to 

determine the size of the wetlands with regard 

loading of BOD. In order to remove chemical 

parameter, a horizontal subsurface flow constructed 

wetland treatment was design. The plant, Lepironia 

Articulata has been taken at G3 Lake, Universiti Tun 

Hussein Onn Malaysia (UTHM) to encourage new 

growing plant for two weeks before it can be used in 

wetlands treatment. Wetlands treatment has pre-

treatment and constructed wetlands with extended 

treatment. The experimental flow rates, volume and 

hydraulic retention time (HRT) was calculated and 

set-up as in Table 1. pH was measured by HACH 

senION8 Dissolved Oxygen) probe. The test 

measured were BOD5 (5-day incubation method  and 

COD was analyzed using a closed reflux method, a 

HACH’s USEPA-approved method. Figure 1 shows 

the overall wetland treatment system for treating 

kitchen greywater at individual village house. The 

treatment unit has been running for 14 days to 

measure the preliminary performance of the system. 

 

RESULT AND DISCUSSION 
 

 Table 2 shows that the physical observation 

from the each compartment of the kitchen greywater 

treatment for before, during and after the treatment. 

The changes were recorded to ensure the on-site 

system working in order. It also shows the progress 

of the treatment.  

 

3.1  Household activities analysis: 

 Based on the interview session, there were nine 

peoples with three adults and four children ages three 

until nine years old resided in the house. The 

household activity analysis was focusing more on 

kitchen production because greywater from kitchen 
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sink and dish washer contain heavy loads of organic 

materials, fats and caustic additives in high 

concentrations that are not readily broken down by 

soil organisms. Soaps and detergents are components 

in greywater which could adversely affect plants the 

most. Relating to these facts, we decided to test for 

its properties in chemical parameter.  

 

 
Fig. 1: On-site pretreatment, constructed wetland and extended treatment. 

 
Table 1: Experiment flow rate and retention time set-up. 

 Compartment 1 : 
Raw Kitchen 

Greywater 

Compartment 2: 
Pretreatment 

Compartment 3: 
Constructed Wetland and Extended 

Treatment 

Media 
 

Compartment Shape: 
Rectangular 

Compartment Shape: 
Rectangular 

 

Gravel – 20mm (dia) 
Gravel – 10mm (dia) 

Gravel – 5mm (dia) 

Compartment Shape : 
Rectangular 

Plant : Lepironia Articulata 

 
Gravel – 20-30mm 

Flow Rate, Q 

(m3/d) 

 

0.36 m3/d 

Retention Time, t 

(day) 

  

0.03d 

 

0.11d 

Volume, V 

(m3) 

  

0.01 m3 

 

0.034 m3 

 
Table 2: Physical condition of raw kitchen greywater, pre-treatment and constructed wetland and extended for before, during and after 

treatment. 

Compartment Before During After 

Raw Kitchen 
Greywater 

 

Kitchen greywater collection 
from village house 

Bucket to trap the particle 
waste and oil discharged from 

kitchen greywater 

Reduction of oil and grease 

Pre-treatment 
Kitchen Greywater 

Sand and gravel is prepared 
according to design horizontal 

layer to get water flow 

vertically 

Sand become dense due to the 
absorption of kitchen 

greywater treatment process 

occurs 

Reduction of physical quality of 
greywater for suspended solid, 

turbidity and colour 

Constructed Wetland and 

Extended 

Lepironia Articulata plant 

with space in between 

Lepironia ArticulataI seen to 

germinate with the new plant 

Improvement of greywater 

effluent through the reduction of 

chemical oxygen demand (COD) 
and biochemical oxygen demand 

(BOD) 

 

 The form was prepared to get the information 

about the culinary menu content and their regular 

ingredients, dish washing used in kitchen activity 

within 2 weeks period of the operations. Some other 

studies have done as a comparison for household 

activities from the village house. There are the 

production of greywater from baths and washing. 

The value was obtained from the bucket method and 

shows that the kitchen greywater produced the 

second highest amount of used from the village 

house. Figure 2 shows the pie chart for the 

distribution of household activities of the village 

house.  

 The pie chart shows that shower activity 

contributes to the highest percentage of the greywater 

produced by bathroom greywater of 52%. Kitchen 

and laundry comprised 37% and 11% of production, 

respectively. This data resulted to the number of 

occupants, household activities, habits and frequency 

of taking bath. From the household activities 

interview, the occupants usually taking bath more 

than twice per day. Another major reason to high 

water consumption may be climate induced. The 

country’s year long hot and humid weather results in 

a higher frequency of showers and clothes change 

(hence laundry) as there is a higher tendency to sweat 

more intensely. 

 

3.2  Kitchen greywater loadings: 

 The following Table 3 summarize the loading of 
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greywater for three days. It shows that kitchen 

greywater was significant source in this study. It 

shows that the total production of greywater was 

high in day 3 which was conducted in afternoon of 

weekend because most of occupants available at 

home this cooking and cleaning activities were 

active. 

 

 
Fig. 2: The percentages of greywater generates from different sources of household activities. 

 
Table 3: Kitchen greywater loading (L/day) for three days. 

Day 

Time 

Day 1 Day 2 Day 3 

Morning (7a.m–12p.m) 50 55 60 

Afternoon (12p.m–5p.m) 55 80 140 

Evening/night (7a.m–12p.m) 60 140 100 

Total 230 275 300 

 

 Table 4 presents the results of samples analyses 

of pH, BOD and COD. The analysis of filtered 

kitchen wastewater shows that the pH concentrations 

were improved from acidic to neutral of 4.9 to 6.8. 

pH concentration were improved from acidic to 

neutral of 4.9 to 6.8. pH concentration in wastewater 

was generally acidic (5.9-7.4) mostly contributed 

from organics compound in foods such as citrus 

fruits, pickles and sauces. The pH of the treated 

kitchen wastewater gradually increased from 4.6 to 

6.9 with increasing duration of time possibly due to 

decomposition of organic materials into wetland 

system. 

 The highest difference of pH was obtained on 

the day eight. The pH value was increasing to neutral 

state. As the indication of healthy water was pH in 

value 6.5 until 8, it was achieved on day 14 with 

value 6.8 for constructed wetland and extended 

treatment.  Paulo et al. [17] was found the pH value 

for kitchen greywater treated with constructed 

wetland was 7.10. In some other research, Muzola 

[16], gave pH value for treated greywater was 6.97. 

The changes might be due to the variation of cuisine 

and detergent that contribute significant amount of 

organic fraction in the kitchen greywater. 

 
Table 4: The quality of kitchen greywater through levels of pH, BOD and COD. 

Parameters pH BOD 
(mg/l) 

COD 
(mg/l) 

Sample I F E I F E I F E 

1 4.56 5.12 6.04 107.91 85.34 93.81 37 22 15 

2 4.75 4.88 5.98 105.78 90.17 72.49 3 12 19 

3 5.63 5.97 6.23 90.51 72.12 63.75 22 47 30 

4 5.00 5.56 6.00 81.77 50.12 42.59 73 42 32 

5 4.97 5.51 6.21 98.59 95.23 62.17 65 54 25 

6 5.43 5.85 6.00 102.42 70.26 28 77 50 24 

7 4.51 5.08 5.27 182.37 174.7 73.01 141 120 59 

8 4.15 5.49 6.29 183.37 171.03 76.16 143 131 65 

9 5.01 5.76 6.05 151.67 112.46 81.72 112 100 78 

10 4.68 5.01 6.14 137.5 101.32 65.13 132 118 89 

11 4.97 5.18 5.76 106.15 88.7 71.25 101 88 67 

12 5.55 5.89 6.23 165.84 128.01 90.18 98 85 59 

13 5.21 5.42 5.81 145.9 115.79 85.67 117 98 77 

14 5.75 5.98 6.77 129.67 99.79 69.91 99 80 63 

Note:     I=Raw Kitchen Greywater   F=Pre-treatment Kitchen Greywater    
            E= Constructed Wetland and Extended Treatment 

 

 Figure 3 shows the BOD removal in pre-

treatment and constructed wetland system. The 

implementation with extended was aiding in the 

removal process. The range removal efficiency was 

3.41% to 38.71% for pre-treatment and 11.61% to 

60.15% for constructed wetland and extended 

treatment. It gives sufficient media for 

microorganism to degrading organic pollutant in the 

wastewater. Microbes in the wetland soil break down 

organic matter in the kitchen wastewaters. The 

highest percentage removal for BOD from pre-

treatment was obtained on day four and the highest 

percentage removal for constructed wetland and 

extended treatment was on day six with 38.71% and 
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60.15% respectively. This study was achieved better 

performance compared to Mohamed [11].  Based on 

their research, the BOD removal was reached only to 

40 % by using peat based soil in treating kitchen 

greywater in pilot scale study. 

 
Fig. 3: Percentage removal for BOD. 

 

 At the beginning of the treatment process, BOD 

decrease less than expected because of the plants that 

are not stable and not yet fully prepared for treated 

kitchen greywater. The weather conditions also 

sometimes uncertainty rain. In rain season the 

weather is cold, the metabolism and bio-activity of 

microbes are low. Whereas, with the higher 

temperature the biomasses and activities of microbes 

increase at high speed, which resulted in higher 

BOD5 removal [16]. The density of wetland plants 

affects the flow path through the network for stems, 

leaves, roots, and rhizomes. It promotes the 

efficiency of the treatment process. On day seven, 

eight and nine there was an increased in the 

percentage of BOD removal. The plant condition was 

stable and able to treat BOD in greywater with the 

new plant grows. The decline in the proportion of 

removal on the next day was due to the situation of 

mature plants begun to die. The low BOD value in 

samples showed good sanitary condition of the 

water. 

 Figure 4 shows the percentage of removal 

efficiencies of COD and average removal efficiency 

was range around 8.39% to 42.47% for pre-treatment 

and around 21.25 % to 53.70 % for constructed 

wetland and extended treatment. According to 

Halalsheh et al. [3], the COD was generally higher 

than the BOD measure of a given sample by the 

amount of refractory organics in the sample. It is 

postulated that chemical substance was ineffective 

when react with wetland system. After filtered with 

peat filter media, COD concentration was decreased 

gradually. The highest percentage removal for COD 

from pre-treatment was obtained on day four with 

42.47% and the highest percentage removal for 

constructed wetland and extended treatment was on 

day five with 53.70%. Paulo et al., [17] shows that 

COD from constructed wetland treatment for kitchen 

greywater was 273.4 mg/L. Muzola, [16] in his 

research found that the percentage removal of COD 

for greywater treatment using wetland was 85.9%.  

 
 

Fig. 4: Percentage removal for COD. 

 

 The seasonal variations might have significant 

potential effect on COD removal. The study was 

conducted during a warm season hence the removal 

efficiency for COD is greater than that in cold season 

as according to Radin Mohamed et al., [11]. There 

were no removal percentage on day two and three 

because the weather uncertainty rain. Besides the 

plant was not yet fully prepared for the wetland 

treatment process. High COD value indicates the 

presence of many chemicals from the use of 

dishwashing in the kitchen greywater. As 

comparison, it shows that the percent removal of 

BOD for each research is not too differ from 

previous researchers. The highest percent of BOD 
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removal is fully 100% achieved by Gross et al., [2]. 

Through their study, the use recycled vertical flow 

constructed wetland and was able to remove high 

percent of COD with value 91%. It also proven that 

lecttuce plants (Lactuca Sativa) is capable to treat the 

greywater generated from laundry and kitchen.  

 Figure 5 shows that the total percentage of 

removal efficiencies of different parameter which 

were BOD and COD. BOD percentage removals for 

lowest and highest were 13.07% and 72.66% 

respectively. While for COD, the lowest and highest 

percentages were around 30.40% to 68.83%. The 

highest percentage removal for BOD and COD was 

obtained on day six. This may be due to the relatively 

good weather and no rain for the day. Percentage 

removal of COD on day six also showed a positive 

percentage change. 

 

 
Fig. 5: Total percentage removal for BOD and COD. 

 

4.  Conclusions: 

 The preliminary performance for on-site wetland 

treatment system at one unit house village was 

evaluated. Physical evaluation of the on-site 

treatment unit with three compartment and different 

media in the wetland treatment were progressing 

well. The maximum loading from household 

activities were measured prior the design capacity of 

the system. The maximum loading collected was 

300L/day. The effluent quality measured shows 

positive results with total percentage removal was 

73% for BOD and 69% for COD. The wetland also 

showed the improving pH values of 4.6 to 6.9. It also 

deduced that the longer hydraulic retention time of 

the treatment will be able to increase the removal 

percentage of quality parameters.  
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