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Abstract

Wastewater which comes out from showers, bathtubs, hand basins, laundry, washing machines, dishwashers and kitchen sinks is
known as Greywater. Greywater can be reused for toilet flushing, irrigation and recreational purpose etc. There are different
methods for treating grey water, among them sand filtration is a simple and effective process. The goal of this paper is to suggest
a new approach for sand filter design. Drawer Compacted Sand Filter (DCSF) is a modified design for sand filter, in which sand
layer is broken down into different layers and placed in a movable drawers separated by 5 cm space. Through drawer compacted
sand filter BOD (89.21%), COD(89.49%), Turbidity(93.51%) etc can be effectively reduced. Transmission of waterborne
pathogens is a main problem with greywater reuse. Effective pathogen removal can be achieved by this filter. Greywater reuse
for irrigation has low possibility of human contact. So disinfection may not be required. But in the case of toilet flushing and
recreational purpose, disinfection is must for improved pathogen removal. Silver is a strong antimicrobial agent and we can also
use silver coated sand for the treatment for improved disinfection. By using silver coated sand in DCSF, e-coli removal
efficiency increased from 94.19% to 99.99 %.
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I. INTRODUCTION

Seventy percent of the globe’s surface is covered with water, but only three percent is fresh water. Freshwater that is available
for human consumption is very less in quantity. Greywaterreuse has a major role in meeting domestic and irrigation demands.
Greywater can be divided into two, Light greywater (wastewater from all fixtures that have limited food particles, like bathroom
sinks and showers, clothes washers) and Dark greywater (wastewater from kitchen sinks and dishwashers). Contamination level
of greywater is in between white water (fresh potable water) and black water (sewage water). So the potential for reuse of
greywater is more than sewage water. About 50-70% household wastewater is grey water. [1], [2], [3]

The benefits of greywater recycling includes, less fresh water extraction, less impact on septic tank and treatment plant
infrastructure, reduced energy use, ground water recharge, increased plant growth, greater quality of surface water, protection of
ground water, maintain soil fertility, protection of land and vegetation and protection of the community against possible disease
transmission. Caution must be exercised with grey water reuse, because pathogen may reach in grey water by washing hands,
contaminated cloths or vegetables and leak from bathrooms. There are several problems related to the reuse of greywater. The
risk of spreading of diseases, due to exposure to micro-organisms in the water, will be a crucial problem if the water is to be
reused for toilet flushing or irrigation. Microorganisms in the water will be spread in the form of aerosols that are generated as
the toilets are flushed. The risk for pollution of soil and receiving waters due to the presence of different pollutants is another
question that has been raised concerning infiltration and irrigation with greywater.

One of the effective and economical methods of greywater treatment is sand filtration. Maintaining aerobic conditions in the
sand filter is essential to achieving high treatment efficiency. Clogging problems, a large land area requirement, emission of bad
odors due to anaerobic conditions in the lower levels of the sand beds and excavation difficulties in some regions of the sand
filter are the main problems associated with conventional design of intermittent sand filters.

Drawer Compacted Sand Filter (DCSF) is a modified design for sand filter, in which sand layer is broken down into different
layers and placed in a movable drawers separated by 5 cm space. Placing media in a separated movable drawers is a significant
to facilitate the oxygen movement between layers, to avoid the occurrence of saturation condition, and to easing the maintenance
requirements. Advantages of DCSF are(1) provide aerobic treatment in all layers, (2) Clogging is not a serious problem, (3) This
maintenance procedure is very easy comparing to the laborious procedure in conventional intermittent sand filter, (4) The DCSF
only requires 1m? of land area ( it can be placed in rooftop, backyard etc) and (5) Excavation works are no longer required.

Through drawer compacted sand filter BOD, COD and Turbidity etc can be effectively reduced. Transmission of waterborne
pathogens is a main problem with greywater reuse. Effective pathogen removal can be achieved by this filter. Greywater reuse
for irrigation has low possibility of human contact. So disinfection may not be required. But in the case of toilet flushing and
recreational purpose, disinfection is must for improved pathogen removal. In 1893, the antibacterial effectiveness of various
metals were noted for removing such kind of bacteria and this property was named the oligodynamic effect. It was later found
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that out of all the metals with antimicrobial properties, silver has the most effective antibacterial action and the least toxicity to
animal cells, so we can also use silver coated sand for the treatment for improved disinfection.

Il. MATERIALS AND METHODS

A. Synthetic Greywater Preparation and its Characteristics

The real greywater (which contains light and dark greywater) was collected and it was analyzed in the laboratory. The
characteristic of the real greywater was studied and synthetic greywater was prepared. The composition of the synthetic
wastewater is shown in table 1 and different parameters of real and synthetic greywater is given in the table 2.

Table—1
Composition of Synthetic Greywater
Component Concentration
Glucose 300 mg/l
Sodium acetate trihydrate 400 mg/l
Ammonium chloride 225 mg/l
Disodium hydrogen phosphate 150 mg/I
Potassium dihydrogen phosphate 75 mg/I
Magnesium sulphate 50 mg/I
Cow dung 0.5 ml/l
Table—2
Characteristics of Real and Synthetic Grey Water
Parameter Unit Concentration (real greywater) | Concentration (synthetic greywater)
CoD mg/| 664 628
BOD mg/| 311 241
E-coli C.F.U/100ml 11x10° 11x10°
Ph - 8.2 7.1
Turbidity NTU 187 37
Hardness mg/l 123 110
TDS mg/l 658 630

#. Experimental Setup

11 Drawer Compacted Sand Filter (DCSF) Fabrication
A DCSF unit under laboratory conditions was constructed. A wooden framework was fabricated and five plastic drawers with
dimensions of 25 cm x 20 cm x 6 cm were obtained and placed on the frame. Each drawer except the lowest drawer (number 5)
was perforated with holes. A distribution manifold was placed over the top drawer and it is connected to the storage tank which
contains synthetic greywater, placed next to DCSF.
11 Design Parameters of the Laboratory DCSF
It is a Point of Use treatment unit and generally we use drawers of 1 m? area. For lab study here used the drawers of dimension
25 cm x 20 cm x 6 cm based on the availability.
Filter medium:

— Drawer 1 gravels; size 2.8- 4.75mm

—  Drawer 2 sand; size 1.7-2.8 mm

—  Drawer 3 sand; size 1-1.7 mm

—  Drawer 4 sand; size 0.5- 1mm

— Drawer 5 sand; size 0.25 - 0.5mm

—  Depth of media5 cm (loosely filled sand)

—  Size of orifice in each drawer: 4mm

— No. of orifices in each drawer: 16

—  Size of orifice in distribution manifold : 2mm

Fig 1 shows the schematic diagram of experimental set up

1)1Sand Filter Fabrication
A sand filter of same cross sectional area ( 25cm x 20 cm) that of the drawer is fabricated. Then it is filled with same grades of

sand as in the case of DCSF. A distribution manifold was placed over the top drawer and it is connected to the storage tank
whichcontains synthetic grey water.
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Fig. 1: Schematic diagram of experimental set up

€. Preparation of Silver Coated Sand

Required amount of different grades of sand which is used in different drawers was coated with silver by using following
procedure.
1) For 500gm of graded, washed and dried sand was mixed with 1gm silver nitrate dissolved in 1lit of distilled water
2) Above ingredients are mixed thoroughly and allowed a maturing time of 1hr.
3) This mixture was then treated with 2gm of NaOH and dissolved in 50ml distilled water and mixed thoroughly
4) The sand was treated with 10ml of 1% NH4OH solution and 15ml of reducing agent (9% of sugar solution) mixed
thoroughly as before and left for 1hr.
5) The treated sand after solar drying was washed with distilled water to pH 7 and finally dried @ 100-110 degree Celsius.
Fig 4.4 and fig 4.5 shows the different grades of sand before and after coating of silver.[12]

£2. Operating Conditions and Procedure

Drawer compacted sand filter with uncoated sand were fed with synthetic greywater. They were operated under room
temperature and after treatment under hydraulic loading rate of 70 I/m?/day the effluent were tested for COD, BOD, E- coli,
Hardness, turbidity and TDS. After that drawer compacted sand filter was filled with mixture of silver coated and uncoated sand
in the ratio 1:2. Then it was fed with synthetic grey water under a hydraulic loading rate of 70 I/m?/day. Same procedure is
repeated with sand filter of same cross sectional area that of the drawer and with same grades of uncoated sand as in the case of
DCSF for comparing efficiency.

I1l. RESULTS AND DISCUSSION

A. Performance of DCSF with Uncoated Sand

The dcsf with uncoated sand was operated under hydraulic loading rate of 70 I/m?/day. Effluent was collected and characteristics
of effluent were determined. Experimental data is given in the table 3.
Table -3
Experimental Data of DCSF with Uncoated Sand Operated under Hydraulic Loading Rate of 70 I/m?/day.

Parameter Influent concentration | Effluent concentration | % Removal
COD (mg/l) 628 66 89.49
BODs (mg/l) 241 26 89.21

E-coli (C.F.U/100ml) 11x108 64x10* 94.19
Turbidity (NTU) 37 2.4 93,51
Hardness (mg/l) 110 68 38.18

TDS (mg/l) 630 376 40.32
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From the above analysis the percentage removal of COD, BOD, E-coli, turbidity, hardness and TDS are 89.49, 89.21, 94.19,
93.51, 38.18 and 40.32 respectively.

£ Performance of DCSF with Coated Sand

The DCSF with coated sand was operated under 70 I/m?/day. Effluent was collected and characteristics of effluent such as COD,
BOD, TDS, Turbidity, Hardness and E-coli were determined and the treatment efficiency of DCSF without silver coated sand is
compared with treatment efficiency of DCSF with silver coated sand. Experiment data is given in the table 4.
Table -4
Experimental Data of DCSF with coated Sand Operated under Hydraulic Loading Rate of 70 I/m?/day

Parameter Influent concentration | Effluent concentration | % Removal
COD (mg/l) 628 66 84.39
BODs (mg/l) 241 26 95.43

E-coli (C.F.U/100ml) 11x108 64x10* 99.99
Turbidity (NTU) 37 2.4 95.95
Hardness (mg/l) 110 68 38.18

TDS (mg/l) 630 376 35.24

Due to the antibacterial property of silver e-coli removal is increased. COD removal is slightly decreased in the case of silver
coated sand. COD removal with uncoated sand is 89.49% whereas with coated sand it is 84.39%. It is due to the silver leaching
in the effluent water. BOD removal is increased in DCSF with silver coated sand. BOD removal with uncoated sand is 89.21%
whereas with coated sand it is 95.43%. This is due to the activity of silver along with the microorganisms present in the sand.
This result shows generally settable BOD may be removed by physical mechanisms of sedimentation and filtration. Turbidity in
water caused by suspended solid such as clay, finely divided organic and inorganic matter, plankton and other microscopic
organism. Total suspended solids include all particles suspended in water that may pass through a filter. Higher turbidity removal
efficiency is obtained for silver coated sand as some of the suspended solids are also removed as BOD. Turbidity removal with
uncoated sand at is 93.51% whereas with coated sand it is 95.95%. TDS removal is decreased in the dcsf with silver coated sand.
The decrease in TDS removal is due to silver leaching. Fig.2 shows the comparison of removal efficiencies of DCSF with and
without silver coated sand.
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Fig. 2: Percentage removal of various parameters in DCSF with coated and uncoated sand

. Performance of Sand Filter with Uncoated Sand

A sand filter with same cross sectional area that of drawer and same grades of sandwith uncoated sand was fed with synthetic
greywater. Table 5 shows the comparison of effluent Concentrations of different parameters in sand filter and DCSF.
Table -5
Comparison of effluent concentrations of different parameters in sand filter and DCSF with uncoated sand

Parameter Unit Influent concentration | Effluent concentration (sand filter) | Effluent concentration (DCSF)
COD mg/I| 628 220 76
BOD mg/| 241 76 29
E-coli C.F.U/100ml 11x108 150x104 93x10*
Turbidity NTU 37 5.1 2.6
Hardness mg/I| 110 72 70
TDS mg/| 630 382 370

High removal efficiency can be seen in dcsf compared to the sand filter. Removal efficiency of DCSF is more than that of
sand filter. Because, Drawer Compacted Sand Filter through dividing the sand depth into several layers and allowing air space
between layers would ease the diffusion of oxygen between different layers so that the filter will function with fully aerobic
conditions, thus enhancing the aerobic biological treatment of greywater and increase the treatment efficiency.

For the survival of the microorganisms within the biological zone, there needs to be a supply of oxygen. Oxygen is used in the
metabolism of biodegradable components and the inactivation and consumption of pathogens. If it falls to zero during filtration
anaerobic decomposition occurs, with consequent production of hydrogen sulphide, ammonia, and other taste- and odour-
producing substances.
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IV. CONCLUSION

Drawer Compacted Sand Filter (DCSF) is a modified design for sand filter. Greywater which is the wastewater generated from
kitchen sink, washing, bathing etc. was treated in this study using a drawer compacted sand filter (DCSF) and its efficiency was
compared with that of DCSF with silver coated sand. The percentage removal of COD, BOD, E-coli, turbidity, hardness and
TDS are 89.49, 89.21, 94.19, 93.51, 38.18 and 40.32 respectively. By using silver coated sand, E-coli removal increased from
91.94% to 99.99% due to the antibacterial property of silver. BOD removal increased from 89.17% to 95.43% and turbidity
removal increased from 92.97% to 94.05% in the case of silver coated sand. There is decreased removal efficiency in COD
(87.9% to 85.35%) and TDS (41.27% to 35.46%) due to silver leaching.

The overall result indicated that the grey water after the treatment using DCSF met the irrigation standards (as per The
Environment (Protection) Rules, 1986, Govt. of India, BOD should be less than 100 mg/l and TDS should be less than 2100
mg/l). The increased pathogen removal with silver coated sand makes the water safe for toilet flushing. According to WHO E-
Coli should be less than 10 cfu/100 ml for toilet flushing.
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