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Abstract

Greywater, a type of wastewater, may be hazardous to human health and
ecosystems. Greywater is a large fraction of wastewater that needs adequate
attention for remediation and reuse in the agricultural sector so that a part of
the water problem can be sorted out. This study aims to develop a rapid meth-
od for greywater treatment and reuse in agriculture. A microfilter consisting
of sand, clay, organo-clay, charcoal, and biochar was designed and tested for
greywater treatments. Biological Oxygen Demand (BOD), Chemical Oxygen De-
mand (COD), Total Kjeldahl Nitrogen (TKN), Total Dissolved Salts (TDS), Elec-
tric Conductivity (EC), turbidity and pH values were measured before and
after using the microfilter. Results showed tremendous removal efficiency of
BOD, COD, TKN, by using the developed microfilter. The microfilter was al-
so effective in treating and placing pH, EC and TDS in the acceptable range
for suitable agricultural use. Using the treated greywater for irrigation in corn,
tomato seedlings showed increased growth compared with the control group
(plants irrigated with tap water). This microfilter treatment was economical,
safe, easy to handle and easily applicable. These encouraging results suggest the
application of this method in many countries for solving the water scarcity pro-
blem.
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1. Introduction

Gaza Strip, a densely populated area suffers from a deficit in drinking water due to
extensive use of groundwater in the agricultural sector and domestic purposes [1].

Domestic uses of water in the Gaza Strip reach about 96.308 m? in 2017, the
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quantity is expected to increase due to population growth in Gaza [2].

Greywater is defined in this study as the domestic wastewater generated in houses
and/or offices except that generated in the wastewater from toilets. It includes was-
tewater from baths, showers and hand basins to kitchen sinks and laundry machines
and does not contain wastewater from the toilet [3].

In general, wastewater production represents 80% of total water consumption,
whereas greywater represents 50% - 80% of household wastewater [4]. Wastewater
treatment facilities are not working at full capacity in the Gaza Strip due to the
lack of power, and diesel oil. This may result in discharging untreated or partial-
ly treated wastewater to the sea. So far, greywater is discharged into aquatic sys-
tems mixed with wastewater because there is not a separated effluent system. This
leads to increased turbidity of aquatic systems, oxygen depletion, as well as micro-
bial and chemical contamination. Greywater treatment is the process by which ef-
fluent from domestic residues, commercial properties and industrial and agricul-
tural processes is filtered and/or undergoes biological or chemical processes for
removing harmful solids and other types of contaminants [5]. It may contain path-
ogens, parasites, detergents and soap [6].

Accordingly, it is necessary to search for advanced methods for greywater treat-
ment in Gaza and make it safe and environmentally acceptable for agricultural
reuse.

Greywater treatment is an urgent need to conserve freshwater for other pota-
ble uses. It is necessary to treat greywater before it can be used for crop irriga-
tion. Complete information about greywater treatment in Gaza is not available
and current treatment processes are nearly conventional. The aim of this work is
to develop advanced methods for greywater treatment in Gaza. The methodolo-
gy of this work is based on using washed sea sand mixed with an active materi-
al such as charcoal, biochar, organoclay, and sawdust and backed in a microfilm-

ter.

2. Materials and Methods
2.1. Collection of Greywater

Greywater samples were collected from several houses, laundry washing ma-
chine by personal communications and mixed together to form a representative
greywater of the location. The physico-chemical properties of these combined sam-
ples were recorded. The samples were kept under an aerobic condition to avoid
any fermentation or biochemical degradation before performing the experi-

ments.

2.2. Biochar Production and Determining Its Physical Properties

Dried leaves of figs (Ficus carcica) and lemon (Olea europaea) were collected
and pyrolyzed in absence of oxygen using Steam Pressure cooker for 20 minutes,
then air dried and crushed using mortar and pestle followed by sieving on

<0.002 mm mesh sized sieve, so it turns into a powder. Figure 1 shows a photo
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Figure 1. Biochar powder after sieving.

of produced biochar.

2.3. Activating the Produced Biochar

Certain amount (30 g air dry sample) of the produced biochar (Figure 1) was
soaked with concentrated sulfuric acid for 48 hours and moved to heating under
reflux for 8 hours. The mixture was cooled to the room temperature and washed
several times with distilled water until the washing water has no sign of acidity.
Then, the biochar was centrifuged to remove water. The solid biochar was heat-
ed at 105°C for 48 hours. Then, the product was cooled down to room tempera-
ture and kept in dry plastic bottle for further uses. This product is called acti-
vated biochar.

2.4. Determination of Some Physicochemical Properties

2.4.1. Bulk Density

Bulk density is defined by the volume of the container used to hold the sample,
this volume includes pore space within and between the sample particles. To de-
termine density, a known weight and volume of charcoal is measured inside the

container and divided by its mass [7].

weight (g)

Bulk density = ———————
vqume(cm3)

(1)

2.4.2. Water Holding Capacity
The water holding capacity is determined by the amount of water held in the sam-
ple vs. the dry weight of the sample at atmospheric temperature and pressure [8].
So it is determined by adding 10 g of biochar in a filter paper over a conical
flask followed by pouring 10 ml of distilled water over it. Then measure the re-
mained volume of water after 30 minutes. Then, water holding capacity is deter-
mined by substacting the collected water volume from the initial added one ac-
cording to Equation (2):
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Water holding capacity = V'\;_VC (2)
i

where Viand Vc are the initial added water volume and the collected one after

30 min respectively.

2.4.3. Porosity
Porosity is defined as the ratio of the volume of pores to the volume of bulk par-
ticles and is usually expressed as a percentage [9].

To determine porosity, a known volume and weight of biochar is added to a
25 ml volumetric flask. Then, the electronic balance was transferred to a zero
value by pressing tare button in order to weight the amount of water added up to
the mark of the volumetric flask. This step enables the determination of the ac-

tual weight of water which in turn equals to the volume of water added.

2.4.4. Calculation

Total volume of conical flask ( V?) equals volume of sediments at the atmosphere
(Vsa) plus the remaining empty volume of the conical flask ( Vz) that has to be
filled with distilled water, which equals the volume of solid particles in water ( Vsw)
plus the volume of water added ( Vm). Void volume can be obtained from Equa-

tion (6). More details are shown in Equations (3)-(8).

Vt=Vsa+Vr 3)

Vr =Vsw+Vw (4)

Vw = Mw (5)

VW =Vsa -Vsw (6)

Vsw =Vt - Mw (7)

Particle dinsity = paricle mass/Vsw (8)

Porosity = Bulk volume of biochar-particle volume of biochar

2.5. Adsorption Laboratory Experiments

Eighteen (18) conical flasks containing 25 ml of greywater were subdivided into
6 groups (three replicate each). Charcoal concentrations, 0, 30, 45, 60, 75, and 90
mg were added separately to each group. Similar concentrations were used for
organoclays. The flasks were left for 3 days under continuous horizontal shaking.
Then pH, EC and TDS values were determined. The organoclay used in this test
was Benzyl tributyl ammonium organoclay adsorbed on 0.5 mmol/g of clay (BTBA-

0.5). It was prepared according to a previous procedure [10] [11].

2.6. Development of Microfilters

Twenty-five plastic pipes, 4 m length and 1.72 cm diameter were purchased from
a local market in Gaza. The pipes were subdivided into five groups as follows:
Group A (control group) where the pipes were filled with sand only; Group B,
the pipes were filled with sand mixed with biochar; Group C, the pipes were filled

with sand mixed with charcoal; Group D, the pipes were filled with sand mixed
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with organoclay and Group E, the pipes were filled with sand mixed with saw-
dust only. All sand mixtures contained active materials (biochar, charcoal, organo-
clays, sawdust) at a rate of 0.5% (w/w). The sand used in this study was collected
from the sea shore, air dried, sieved through 2 mm mesh and washed with distilled
water to remove salinity before its use. Silver nitrate was used to check for salinity
removal [12].

The needed amount of sand in each pipe was calculated according to the
general cylinder volume (mr2L). In general, appropriate amount of sea sand was
mixed separately with 0.5% w/w of either biochar, charcoal, organoclay, or saw-
dust. The control group contains sea sand only. Each group of pipes were con-
nected to 20 L plastic container and operated at a flow rate of 10 ml/min which
remained constant through experiment. The flow rate of greywater was constant
in all pipes. So far, the schematic diagram of the microfilter is shown in Figure
2.

The physical and chemical parameters of the greywater were determined be-
fore and after system performance. The following properties: turbidity, EC, TDS,

pH were determined using digital devices. The BOD values were determined by

Grey water

Plasticpipe

Trq‘:ated grey v'lvate r

s e T i I i

— e —

— [

g g 2 £ 2
= = ] © =
© © e - -
- +~ c = c
S S S S S
o o © ©

Figure 2. Schematic diagram of the micro-filters.
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Oxi-top machine. The COD and TKN were determined according to El-Nahhal
etal [13].

Development of a Layer Structure and a Longer Microfilter

The idea behind this development is based on collecting all materials mentioned
above in a longer column having the same flow rate of greywater. Under this con-
dition, greywater was passed through different materials of different adsorbing ca-
pacity. This may enable high removal of pollution in greywater.

2.7. Determination of Total Kjeldahl Nitrogen (TKN)

Ten ml greywater sample was collected from each treatment and transferred to a
digestion tube containing 10 ml sulfuric acid and copper sulfate. The samples
were heated up to 520°C for four hours in order to have a clear solution in each
digestion tube. Then, the samples were cooled to room temperature and moved
to Kjeldahl tube for extraction under basic media and 25 ml of boric acid reagent
was used to catch produced ammonia during extraction. The ammonium borate
was titrated with 0.1 N HCl up to changing color from wine read to blue one
[14].

2.8. Determination of Chemical Oxygen Demand (COD)

Greywater samples were collected and mixed well then 2 ml sample was trans-
ferred to COD tubes. Then, each tube received 2.8 ml of potassium dichromate
and 36 - 40 mg of mercuric sulfate (HgSO,) salt is added. Then, the tubes were
transferred to the COD reactor and the samples were headed 2 hours at 160°C
for complete digestion. Then, the tubes were cooled and their absorbance at 620
nm was measured using spectrophotometer.

The reaction of dichromate in acidic solution may be represented as:
Cr,0; +14H" +6e” — 2Cr*" + 7H,0
while oxidation by oxygen can be represented as:
O, +4H" +4e” —» 2H,0
Since each Cr,0; ion consumes 6 electrons and since each O, molecule

consumes 4 electrons, then 1 mole of Cr,O; is equivalent to 6/4 = 1.5 moles of
02.

2.9. Determination of Biochemical Oxygen Demand (BOD)

OxiTop Method

Ten 10 ml greywater samples were transferred to dark black measuring beakers
under continuous magnetic stirring for five days. The measuring bottles were
kept for 5 days at 20°C. The sample was continuously stirred during the five days
[15].

2.10. Influence of Greywater on Plant Growth

Tomato seeds (Cucumis sativa) and corn seeds (Zea mays) were used as test plants
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to investigate the influence of greywater on plant growth. In this test, each plant
had three treatments. In control group, pots received tap water, Group two, pots
received untreated greywater, Group three, pot received treated greywater. The pots
were kept for 4 weeks under experimental conditions then, growth parameters
(plant height (cm); growth factor (GF) and plant appearance were taken as indi-
cators of greywater influence on plant growth [16] [17].

2.11. Data Analysis

Each experiment consisted of five replicates, average and standard deviation of
each parameter such as TKN, BOD, COD, turbidity, pH, salinity were calculated
for each tested materials. Analysis of variances among treatment was conducted
to test for differences among treatments. P-value < 0.05 indicates significant dif-
ferences [18] [19] [20].

3. Results and Discussions

Greywater used in this study included water from showers, bathtubs, sinks, kitch-
en, dishwashers, laundry tubs, and washing machines. It commonly contained
soap, shampoo, toothpaste, food scraps, cooking oils, detergents and hair. Greywater
treatment is the process by which effluent if is filtered and/or undergoes biolog-
ical or chemical processes for removing harmful solids and other types of con-
taminants [5]. Our idea behind the development of an advanced microfilter is
based on using five components: sea sand, biochar, charcoal, organoclay and saw-
dust either separately or jointly together in one microfilter. The idea behind us-
ing sea sand is that sea sand has fine particle size in the range of 0.63 - 0.02 nm
[21]. This range of particle size may enable the formation of different microspores
that can act as microseives for low volume of suspended organic matter in grey-
water. In addition, sand filter has been shown to reclaim wastewater in Gaza
[22]. Additionally, the use of biochar in this study was based on its high adsorp-
tion capacity, low cost materials, easiness to be produced elsewhere by pyrolysis,
consequently high ability to remove organic pollutants [23]. Furthermore, acti-
vated charcoal has shown the ability to adsorb organic and inorganic pollutants
from aqueous solutions due to high surface area, a microporous structure [24]
[25]. On the other hand, charcoal has the ability to lower the hydraulic conduc-
tivity of soil consequently, improving the filteration rate [26]. Moreover, the use
of organoclay complexes in greywater treatment is due to their adsorption ca-
pacity [27]-[34], easy preparation [10], stability under different salinity levels [28]
and ability to remove environmentally toxic anionic metals as chromate, ferri-
cyanide and arsenate [35]. Recently, organoclay comples showed great ability to
extract low concentrations of cyanotoxin [36], and pesticide residues [33] from wa-
ter samples. Moreover, sawdust was used in our study due to its ability to remove
dyes, oil, toxic salts, ammonia and heavy metals [37]. The schematic diagram of mic-
rofilter (Figure 2) clearly shows the easiness of construction and application for
greywater treatment.

Physical properties of produced biochar are shown in Table 1.
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It is obvious that biochar has a low bulk density (0.42 g/cm®) comparing with
sand (1.6 g/cm?). It has also a low water holding capacity (0.32 g/g) comparing
with wood cellulose (3.5 g/g). In contrast, biochar has a high porosity (6.77 @) in
comparison with fine sand (0.29 - 0.46 ®). These properties enhance adsorption
capacity of biochar and hence enhance filtration rate and filtration efficacy. It has
been previously reported that biochar has better adsorption capacity than acti-
vated charcoal [38].

3.1. Physical Results of Adsorption Experiments

Effects of charcoal and organoclay in changing pH, EC and TDS are presented in
Table 2. It can be seen that low or medium concentration of charcoal and organo-
clay was the best in removing TDS and EC. High concentrations of charcoal and
organoclay used did not significantly improve the results. The explanation of these
results is that charcoal and organoclays tend to form aggregate in the solution
and precipitate down whereas at low concentrations (e.g 30, 45 mg/L) charcoal
and organoclay remained as suspended material in the solution consequently, more
adsorption was obtained. Our results are in agreement with previous report [24]
which found similar results with other cases.

It can be noticed that TDS was best removed with 30 mg charcoal and organo-
clay/L. Increasing the concentration did not significantly improve the removal
efficiency. The explanation of these results is that at low concentrations (e.g., 30
mg/L) the material is better suspended in water than at high concentrations and
become in contact with the dissolved materials. Consequently, higher adsorption

and removal efficiency may be obtained. In contrast, at a high concentrations of

Table 1. Physical properties of the made Biochar.

Physical property Average + stdv
Bulk density g/cm? 0.4221 £ 0.01
Water holding capacity g(water)/g(biochar) 0.326 £ 0.01
Porosity (®) 6.778 + 0.24

Table 2. Physical parameters of graywater after treatment with different concentrations of charcoal and organoclays (average +
stdev).

Charcoal concentration (mg/1) Organoclay concentration (mg/l)
Test
0 30 45 60 75 90 0 30 45 60 75 90
H 8.05 8.59 8.7 8.22 8.21 8.29 8.22 8.16 8.2 8.08 8.17 8.32+
P +0.10  +0.22 +0.1 +0.16 +0.18 +0.06  +0.01 +0.03 +0.05 +0.04 +0.09 0.12
EC ms/ 2.66 2.59 2.59 2.7 2.42 2.59 4.7 3.76 4.16 4.13 4.12 4.18
ms/cm
+0 +0.12  +0.03  +0.06 +0.09 +0.05 +0.02 +0.09 +0.012 +0.05 +0.06 +0.08
1990 1933 1963 2130 2006 2013 1920 1700 1720 1720 1720 1720
TDS mg/l

+294 +785 +37.7 +283  +36.81 +4.7 +4.71  +37.7 +14.14 %163 374 *14.14
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suspended materials, the materials tend to aggregate together and forming a larger
particle that precipitate down in the solution concequently, low adsorption and
removal efficiency were observed. According to these results, the low test con-

centration is the best.

3.2. Microfilter Technique

Effects of microfilter in removing TKN, BOD and COD are shown in Table 3.

It can be seen that microfillter containing organoclay was the best in removal
of nitrogenous compounds as indicated by low TKN value. It removed about 91%
of nitrogenous compounds present in greywater. So far, sawdust was in the second
order in removing TKN. Sawdust removed about 88%. Microfilters containing
Biochar and charcoal removed high percentage of TKN, 70.3% and 73.1% respec-
tively. The lowest removal rate 54.4% was observed with the microfilter filled with
sea sand only (control group). The explanation of these results is that greywater
contained high fraction of surfactants which can easily be adsorbed on biochar,
charcoal, organoclays, and sawdust. These results are in accordance with previous
studies [31] [32] [33] [39] that revealed the ability of clays and organoclays to ad-
sorb surfactants for water and saline solutions. Furthermore, the surfactants in grey-
water tend to form micelles that can aggregate on the sand surface or in void vol-
ume creating a hydrophobic condition that further enhance the removal of TKN.
This is in accordance with Nir et al [31] who proposed the formation of micelles
under high concentrations of surfactants.

On the other hand, removal of BOD was in the range of 95% - 99% in all test-
ed microfilters. This indicated the ability of microfilters to remove BOD. The ex-
planation of these results is that the length of microfilter 4 meter enables the for-
mation of anaerobic conditions that may activate the bacteria for biodegrading
the organic molecules to a lower molecular weight or ionic fragments that can
easily be excreted from the system. Similar result was observed with sand filter
and wastewater treatment [22] [40]. Furthermore, COD removal was in the range
of 61% - 68%. These results can be explained by the fact that microfilter is a closed
system that did not allow further air flow inside the system. Similar observation

was seen with sand filter and wastewater treatment [22].

Table 3. Chemical parameters (mean + stdv ) of 5 single microfilters.

Parameters (mg/1)

Sample
TKN BOD COD
Greywater 87+3 1175+ 25 1908 + 108

Sand 39.7 £ 0.95 11+1 741.5 £ 28.5
Sand + biochar 25.8+2.4 12.5+2.5 691.5 £ 151.5

Sand + charcoal 234+1.8 9+1 617 = 50
Sand + organoclay 7.8%0.6 85%15 699.5 * 66.5
Sand + sawdust 104 +2 47.5+25 714.5 £ 151.5
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3.3. Influence of Microfilter on Physical Parameters of Greywater

Influence of microfilter on the physical parameters of greywater including pH,
Turbidity (NTU) Nephelometric Turbidity Units, electric conductivity (EC) and
total dissolved salts (TDS) are shown in Table 4.

The initial pH value of greywater was 7.3 + 0.14 and tended to be more alka-
line during treatment. It reached to 8.5 + 0.35. These data indicated that pH vaues
were not dramatically changed and it remains in the acceptable range for agricul-
tural uses, according to Palestinian Water Authority (PWA) and Food and agri-
culture organization of the United Nations (FAO).

On the other hand, Turbidity values were significanlly reduced due to the treat-
ments with microflters. It has been shown that microfilters containing organoclay
complexes was the best in reducing turbudity followed by charcoal and biochar.
Microfilter containing sand only was better than microfilter containing sawdust.
The explanation of these results is that the microfilters act as microseives that
collect all suspended materials in greywater due to their larger size. In addition,
due to nearly long distance of water movement (4 m), some biochemical reaction
may have occurred which resulted in a more improvement of greywater quality.
Similar observation was obtained with sand filter and wastewater treatment [22].

Furthermore, EC and TDS values were not significantly changed in response
to microfilter treatments. The explanation of these resuts is that the active mate-
rials in microfilters are biochar, organoclays, charcoal, sawdust. These materials
have an organic nature accordingly, weak reactions with dissolved salts in greywater
were expected accordingly, low removal efficiency of EC and TDS were observed.
Nevertheless, microfilter contained charcoal were the best among all probably due
to its higher surface area and potential positive change with charcoal that may
enhance interaction with TDS.

And charcoal was the best in removing COD, EC and TDS. The results are il-
lustrated in Table 5.

3.4. Effect of Treated Greywater on Plant Growth
Effects of treated greywater on corn and tomato plant growth are shown in Table 6.

Table 4. Influence of microfilter on pH, turbidity, EC (uS/cm) and TDS (mg/L) (average
+ stdev).

Type of microfilter pH NTU EC TDS
Greywater 7.3+0.14 791+19.80 2511 +293.45 1683 + 196.58
Sand 8.1+0.1 57.2 +26.60 2408 + 26.16 1614 + 17.68
Sand + biochar 82+0.21 35.5+26.18 2411 + 51.62 1616 + 34.65
Sand + charcoal 82+0.07 34+£2242 2365 = 89.10 1585 + 59.40

Sand + organoclay 79+0.14 30.7+12.33 2503 +£169.00 1677 +113.14

Sand + sawdust 8.5+ 0.35 77 £ 1.41 2525+ 111.72 1692 + 74.95
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Table 5. Best purification material compatible with PWA standards.

Parameter Best removing material PWA standards [2]
TKN Organoclay, 7.8 mg/L 45 - 100
BOD Organoclay; 8.5 mg/L 45 - 60
COD Charcoal; 617 mg/L 90 - 120
PH Organoclay;7.9 55-7.5
Turbidity Organoclay 30.7 NTU -
EC Charcoal 2365 -
TDS Charcoal 1585 mg/L 1000 - 1500

Table 6. Plant length (corn and tomato) 2 weeks and 4 weeks after treatment.

Time of Corn length cm (Mean = std) Tomato length cm (Mean = std)

measurement Tap Grey Treated Tap Grey Treated

2 weeks 14+0.82 12.3+2.05 17.3£2.05 13.3+1.25 12.6 £2.05 14+0.81
4 weeks 39.7+1.25 21+0.82 357+1.69 21+141 183+1.25 19.7+2.26

GF 2.06 1.71 2.84 1.58 1.45 1.41

It can be seen that irrigation with tap water (control group) and treated grey-
water irrigation resulted in tremendous increases in corn and tomato length
whereas raw water irrigation (greywater) increased plant heights but in a lower
range than tap or treated water irrigation did. Nevertheless, growth factor (GF)
was the highest in corn irrigated with treated greywater and the lowest GF was
with irrigation with greywater. On the other hand, GF was the highest in tomato
irrigated with Tap water and the lowest was with tomato irrigated with treated
greywater. The explanation of these results is that corn plant is a tolerant species
and can grow under irrigation with untreated greywater. Nevertheless, treated grey-
water gave high GF due to the fact the treated greywater may contain soluble ni-
trogen compounds that can easily be absorbed by corn roots and increase the grow-
th. The low GF with tomato plant may be due to sestivity of tomato plants. Fur-
thermore, the effects on corn can be visualised in Figure 3.

Figure 3 demonstrates the growth of corn under different irrigation regimes.
It is obvious that irrigation with untreated greywater resulted in complete death
of corn seedling after 4 weeks of irrigation whereas tap water and treated greywater
irrigation kept the plant healthy and survived.

Furthermore, effects of irrigation on root system (Figure 4) indicated that grey-
water irrigation nearly created severe damage to the root system. The explana-
tion of these results is due the presence of soups and surfactants that may create
foams around root system and consequently reduced air exchange resulting in
phytotoxicity to plants [1]. Similar observations were seen with irrigation with
wastewater for other cases [22].

Influence of irrigation on tomato seedlings is visualized in Figure 5.
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Figure 3. Corn plant grown in pot experiment irrigated with tap water (A), treated greywater (B) and irrigated with un-
treated greywater (C). Number 1 and 2 close to the letter indicates the first and second measurement of plant height. Meas-
urements were done 2 and 4 weeks after treatment.
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Figure 4. Influence of greywater on corn root system. (A), (B), and (C) are corn root sys-
tem grown in pot experiment irrigated with tap water, treated greywater and irrigated with

untreated greywater, respectively. Measurements were done 4 weeks after treatment.

Similar to the effects on corn, irrigation with tap water (control group) and treat-
ed greywater kept tomato seedling healthy whereas untreated greywater irriga-
tion resulted in inhibited growth. The explanation of these results is similar to
that given above.

Furthermore, treated greywater can also be used for toilet flushing and for
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Figure 5. Tomato seedlings grown in pot experiment irrigated with tap water (A), treated greywater (B) and irrigated
with untreated greywater (C). Number 1 and 2 close to the letter indicates the first and second measurement of plant height.
Measurements were done 2 and 4 weeks after treatment.
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irrigation while BOD and COD is reduced obviously by treatment methods [41]
[42].

Greywater treatment system may either include septic tank followed by inter-
mittent sand filter or aerated wastewater treatment systems [43]. So far, compar-
ison of septic tank [44], compacted sand filter [45] and microfilter (present study)
are presented in Table 7.

It can be seen that removal efficiency of TKN is higher in the present study
(microfilter) than other study [44] which used septic tank. Furthermore, BOD
removal efficiency was best obtained by microfilter technique (this study). Addi-
tionally, COD removal is best obtained by sand filter [45] or microfilter (the pre-
sent study). These results indicate the effectiveness of sandfiter or microfilter in
greywater treatment. So far, it can be concluded that the present study presented

a suitable, effective and applicable method for greywater treatment.

4. Conclusions

The proposed method of developing an advanced microfilter for greywater treat-
ment based on mixing sea sand with biochar, organoclay, charcoal and sawdust
showed interesting results. The mixture of sea sand and active materials should
not be less than 0.5% (w/w). These materials have different adsorption capaci-
ties; consequently, their removal efficiency of pollutants will follow the same order
of their adsorption capacities. It has been shown that separately mixing the active
materials was better than mixing them together. It appears that the microsand fil-
ter demonstrated the ability to remove different pollutants due to the micro-porosity
of sea sand. Furthermore, sea sand containing organoclay complex, biochar, char-
coal and/or sawdust demonstrated different abilities in removing TKN, BOD,
COD and Turbidity. This was due to different surface areas and water holding ca-
pacities. The method was successful in lowering the TDS and EC. Additionally,
the use of treated greywater for irrigation demonstrated the ability of corn and

tomato seedlings to grow normally and above the control group (irrigation with tap

Table 7. Comparison among results produced by several authors in the literature.

Parameter Kai [46] Qadir, 2008 [44] Almoayied [45] Present study
Technique Septic tank Septic tank CS:::;p ;;Zf Microfilters
pH 6-9 Nd Nd 7.9-85
TSS <20 mg/L Nd Nd Nd
Turbidity <5NTU Nd Nd 30.7% - 77% Removal
BOD <20 mg/L 59% 78% - 96% 95.96% - 99% Removal
COD Nd 62% 69% - 98% 61.14% - 67.66% Removal
TKN Nd 70% Nd 54.37% - 91.0 % Removal
EC Nd Nd Nd 3.98% - 5.81% Removal
TDS Nd Nd Nd 4.1% - 5.82% Removal
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water) in the case of corn, whereas in tomato seedlings, the growth was quite dif-
ferent due to the sensitivity of tomato to greywater irrigation. It is recommended
to use treated greywater in corn irrigation.

It can be concluded that the experimental work provides encouraging results.
So far, more experimental work with other crops is needed to generalize concrete
results that can be applied in Gaza at a large scale. These results are promising and
can be applied in corn fields.

The limitation of the study is that it neither investigated the influence of tem-
perature in the purification process nor added results of using nano charcoal for

the purification.
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