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ABSTRACT

The GROW Technology for greywater treatment was installed at the MUET (Mehran
University of Engineering & Technology), hostel and run under continuous flow conditions
with hydraulic loading rate of 0.15md™". The monitoring and analysis of influent and effluent
water were carried out during January-December, 2010. Local plants species such as water
hyacinth, Pennywort (duck weed), Mint and Cattail were used in the GROW rig as a mixed
mode. Coarse Gravels were filled in the troughs as a medium. The collected samples were
analyzed for BOD; (Biochemical Oxygen Demand), COD (Chemical Oxygen Demand), TSS
(Total Suspended Solids), pH, and DO (Dissolved Oxygen). Removal efficiencies of BODs,
COD and TSS were calculated as 83.0, 69.0 and 84.0% respectively. DO was found increased
from 0.6-3.5 mg.dm™ while pH was observed between 6.5-7.8.

Key Words: GROW Technology, Greywater, Biochemical Oxygen Demand, Chemical
Oxygen Demand, Total Suspended Solids, Dissolved Oxygen.
INTRODUCTION

rey water is defined as wastewater without any
Ginput from toilets, which corresponds to

wastewater produced in bathtubs, showers,
hand basins and laundry machines in households,
office buildings, schools, etc. [1-3].The total grey water
fraction has been estimated to account for about 75%
of all wastewater of the combined residential sewage
[4].The characteristics of grey water vary regionally
and over time [5]. Three factors significantly affect
grey water compositions: water supply quality, the
composition of the system that transports both grey and
drinking water and the activities in the house [6]. The
greywater tends to more lightly polluted than black

water, particularly in terms of suspended solids and
pathogens[7]and therefore, should require less
expensive treatment prior to reuse. Possibilities of
reuse for this fraction of wastewater have come into
special focus. Approximately one-third of domestic
water consumption is used for bathing, showering and
hand washing; and further third tends to be used for
toilet flushing [8].Dixon, [9] revealed that storage of
greywater can improve water quality through settling
of suspended solids and aerobic microbial growth in
sedimentation tank. Treated grey water can be reused
for many activities such as toilet flushing, garden
watering and recreational irrigation of gardens, golf
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courses, vehicle washing, fire protection, steam
generation, aquifer recharging etc. [10].Usually simple
treatment system for the purpose of landscape
irrigation, like sand/gravel filtration or settlement and
flotation are operated to prevent clogging of the
distributing system. A more sophisticated design is
needed, if the treated water is used “in-house”, e.g. for
toilet flushing.

Constructed wetlands are artificial wastewater
treatment systems consisting of shallow (less than 1m
deep) ponds or channels which have been planted with
aquatic plants. The system relies upon aerobic bacteria,
biological, physical and chemical processes to treat
greywater/wastewater [11]. The GROW System, based
on constructed wetland technology, is essentially a
garden of aesthetically pleasing aquatic or marginal
plants growing within a series of shallow troughs.

1.1 Roof

Green Water

System

Recycling

The GROW system was the patent of Chris Shirley-
Smith, who 1is Director, Water Works UK, is
collaborating in research with Imperial College London
and Cranfield University. The “GROW System” uses
semi-aquatic plants to treat grey water, which can then
be reused for activities such as flushing the toilet, home
gardening etc.

Using GROW System, much of the water that enters a
building can be used twice before being placed into the
national wastewater management system.

GROW is designed for multi-occupancy buildings so
there is a continual supply of greywater and the plants
do not dry out. A typical five-trough system would
process 1m’of water a day which is enough green water
for 25-40 people.

2. MATERIALS AND METHOD

2.1  Greywater Collection

The greywater generated from the Mehran University
Teachers Hostel was treated through the GROW
technology, a natural low cost method of treatment.
Total fifty residents of hostel were residing at ground
and first floor in one (right) wing. This was considered
as proper size for the present study.In this study total
ten bath rooms, ten sinks(wash basins)and floor
washing area drain points were specially plumbed with
plastic pipes(12.69 mm dia.) and connected to the

greywater storage tank which was made of concrete
having size of 2.13x1.52x1.21m (3.92m”) constructed
below the ground level. The water from bath rooms,
hand wash basins, washing area and floor wash was
collected in the storage tank by gravity and then
pumped (1.0 H.P pump) to the feeding tank, (1.135m’
capacity) daily two times at morning and evening at
09.00am and 06.00pm respectively, in order to
continuous supply of greywater to the GROW rig. The
feeding tank was placed on a concrete basement, above
(0.6096 m) from the GROW rig. In case of excess
volume of raw greywater in the storage tank it was
drained out via drain outlet valve,provided at the
bottom of the reservoir. The empty storage tank was
ready to store fresh greywater. The reservoir was
flushed and cleaned on weekly basis in order to remove
settled solids and scum.

2.2  GROW System Installation

GROW System was established at the Teacher’s
Hostel, MUET (Mehran University of Engineering &
Technology), Jamshoro, Pakistan. The “GROW” rig
comprised five rows of two troughs connected in series
and placed on tiered wooden frame work to
representing a sloping roof. The first trough was
approximately 1.5m above the ground and lowest (5™
trough) was 0.5m above the ground. There were two
baffles made of polyacrilic plastic of 10.0mm
thickness, inserted in each row in order to maintain
upward and down ward flow within the troughs. Two
weirs at the head and tail of each row were provided in
order to force and maintain the flow of incoming
greywater through the gravel media. All five rows
(troughs) were placed on a wooden frame in such a
way as the first row was above the second one. The
local plants species were placed in a separate plastic
buckets (surrounded with small holes) dully filled with
gravels and put in each row troughs. The density of
plantation was 6-7 plants in each row with a distance of
0.305-0.457m between each. After that all the troughs
were filled with coarse gravels of sized 20mm up to
depth of 254mm. The medium (gravels) porosity was
measured as 0.5. The height of first row and last row of
“GROW” rig was 1.524 and 0.609m respectively above
the ground level. Raw greywater was introduced into
the head weir of the first row of GROW rig through a
control valve provided at the bottom of feeding tank
(inlet line). Gravity flow was maintained. The first row
was kept without any plants so that it can act as a filter
to allow settling down of suspended solids in the
influent stream. The remaining four rows were planted
with water hyacinth, pennywort (duckweed), mint and
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cattail (typha). The grey water was run through this
mixed plantation regime for the biological treatment in
open atmospheric conditions. The plug flow conditions
were maintained within each row, containing gravel
bed as a substrate. At the end of last row the treated
water was finally collected as a“Green water”, shown
in Fig. 1. The zigzag flow pattern reduce the area
required for the GROW rig.

2.2.1 Operating Conditions

The influent greywater flow was optimized and
maintained in all experiments throughout as 0.720m’.d".
The average organic loading rate applied to the
system was 14.6gBODm>.d ' and 24.9¢CODm™>.d".
Other conditions and the plants used for this study are
given in Table 1.

Row-1 |
v
Row-2 |
Row-3 |
v
Row-4 |

Grey Water

Storage -

Tank
Row-5 r

FIG.1. SCHAMATIC DIAGRAM OF THE GROW SYSTEM
INSTALLED AT MUET, JAMSHORO

TABLE 1. OPERATING CONDITIONS FOR GROW SYSTEM.

Rows 1 | 2 [ 3 ] 4] s
Medium Gravels
Pattern of Plants PIl\::l t Mixed Plantation Regime
No of Plants No 6-7 Plants in each Row
Plant
1. Water hyacinth
No (Eichhorniacrassipes)
Name of Plants Plant 2. Mint (Menthalongifolia)
3. Pennywort (Duckweed)
4.Cattail (Typhalatifolia)
Flow rate 0.720 m’.d"
HRT One Day
Mode of Flow Continuous Plug Flow (subsurface)
Temperature, Summer 25-35 +2.0°C
(Influent) Winter 10-15°C
Temperature, Summer 22 - 32+1.0°C
(Effluent) Winter 8-11°C

The GROW system was run at ambient conditions and
treatment data was collected for one year period from
January-December 2010.

2.3  Samples Collection

The GROW system was run continuously
(24hours/7days) with raw grey water in order to
achieve acclimatization of the system and development
of biofilm growth on the surface of medium. Weekly
grab sampling procedure was carried out from the inlet
and outlet locations of GROW rig between 12.00-1.00
pm. The samples were collected in disposable plastic
bottles which were thoroughly cleaned with detergent
and rinsed with distilled water prior to sampling. After
getting the samples these were immediately send to the
laboratory for the analysis.

2.4  Analytical Methods

The influent and effluent samples were analyzed for
pH, DO, TSS, BODs and COD. Analyses were carried
out according to Standard Methods Examination of
Water and Wastewater APHA [12] in the NCEAC
(National Center of Excellence in Analytical
Chemistry), University of Sindh, and Institute of
Environmental Engineering & Management, Mehran
University of Engineering & Technology, Jamshoro,
Pakistan, laboratories. The samples were stored in
refrigerator, maintained at 4°C.

3. RESULTS AND DISCUSSION
3.1 Raw Greywater (Influent)

The characteristics of household greywater can vary
depending on the source, number of residents, their
age, health status, life style, tap water source, water
usage pattern and personnel use items (like soap,
shampoo, detergents, mouthwash, toothpaste, hair
dyes, shaving creams and body oils etc.).

The influent quality of greywater during the study
period was found from medium to high strength in
terms of organic compounds. The mean value of BODs
was calculated to be 115.0#33.5 mg.dm” with
minimum and maximum values of 79.0 and
170.0mg.dm™ respectively, as given in Table 2. These
values were within 90-360 mg.dm™ range, as reported
by Erikson, et. al.[6].

The mean COD was 228.0mg.dm™with minimum and
maximum values of 132.0 and 280.0 mgdm”
respectively as shown in Table 2. This was also
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comparable with 40-371 mg.dm~as found by Jefferson,
et. al. [7]. The maximum concentration of 280.00
mg.dm™ was observed during the water shortage
period, from May-July 2010. The lower values 132.0
mg.dm™ was found because of the more showering or
uncontrolled use of fresh (potable) water or less no of
residents during week end vacations at hostel.

The mean TSS was 118.0 mg.dm™ with minimum and
maximum values were 97.0 and 180.0 mg.dm™
respectively. The mean influent quality parameters
with standard deviation are given in Table 2.The
resident’s activities at hostel were observed throughout
the study period and found that the maximum
generation of greywater was in the morning and
evening due to bathing, brushing, face washing and
floor washing while some cloth washing was also
observed which strongly affects greywater quality in
terms of organic and inorganic load. Floor washing was
also contributing to increase TSS. Since the storage
tank was open to sky hence winds also contributing to
increase TSS. The birds were also causing an
additional source of organics in to the greywater.

In literature the BODs of raw greywater ranged from
33-300 mg.dm®. The COD: BODs ratio of influent
greywater was 1.98:1, which was similar t01.69:1,
Almoayied, et.al. [14] and lower as compared to 4:1 as
reported by Jefferson, et. al. [15]. The ratio indicates
higher biodegradability and less concentration of non-
biodegradable compounds. While higher the ratio,
TABLE 2. COMPARISON OF GREYWATER

CHARACTERISTICS WITH DIFFERENT STUDIES
AVAILABLE IN LITERATURE

Eriks |Hernandez| Jeffers .
p This Pathan, son, Leal, on, Dinox
arameter| et.al. et. al.
Study (22] et.al. et. al. ct. al. 91
[6] [23] [13]
BODS [115+33.5(55.61x17.28
(mg/l) | (719-170) | (36-77) 90-360 | 215102 [146+(54.3)| 121
COD | 228+75.6 |146.05£49.08
13-550 | 425+107 [451+(289
(mg/l) |(132-280)| (79-195) 3 * @89 371
TSS
(mg/) 118+25.6 (154.63+45.25 - - 100+(145) -
6.23+0.05-
pH 7.3+0.3 6.7540.16 - 7-8  |747£(0.29)
8.9
DO |0.68+0.12 - - mg/L 3.5-52
COD:
BOD 1.98 2.6 1.52 1.97 3.08 3.0

decreases the bio decomposition of pollutants and
corresponding deficiency in macronutrients such as
nitrogen and phosphorus. In this study the average
greywater generation rate was estimated as 54.0 L/c/d
which is lower than 77.0 L/c/d as found in Cranfield
University, UK [16]. This was, however, 59.0 L/c/d to
the study conducted in Amman by Jefferson, et. al.
[15]. The characteristics of greywater were found
similar with other studies, as compared in Table 2.

3.2

The influent and effluent quality of greywater through
GROW system was monitored for one year period
from January-December 2010 and evaluated in terms
of BODs COD and TSS concentration. The average
removal percentages of BODs was 83.0%, as shown in
Fig. 2. COD was 69.0% as shown in Fig. 3 and TSS
was 84.0%as shown in Fig. 4.

Performance of GROW System

The averaged dissolved oxygen concentration in raw
and gradually
increased up to maximum 2.1 mg.dm” in effluent

greywater was found 0.68 mg.dm'3

stream as shown in Fig. 5 which confirms the aerobic
treatment inside the system.

The maximum removal efficiency of effluent BODs
wasup to 96.7% during the summer season with mean
value of 5.4 mg.dm™ as compared with influent value
of 160.0 mg.dm™ and minimum removal efficiency was
found in winter season as 72.5% with a mean value of
28.0 mg.dm™ in comparison with influent value 102.0
mg.dm™ as shown in Fig. 6.

140 4

120 A

100 A

Influent

g 80 1 B Effluent
wy
o} H R 1 (%
8 « - emoval (%)
m

40

N .

0
Influent Effluent Removal (%)

GROW System Performance with Mixed Plants Mode

FIG. 2. INFLUENT AND EFFLUENT QUALITY IN TERMS OF
BODs REMOVAL PERCENTAGE
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FIG. 3. INFLUENT AND EFFLUENT QUALITY IN TERMS OF

COD REMOVAL PERCENTAGE
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GROW System Performance with Mixed Plants Mode

FIG. 4. INFLUENT AND EFFLUENT QUALITY IN TERMS OF TSS

REMOVAL PERCENTAGE
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GROW System Performance with Mixed Plants Mode

FIG. 5. INFLUENT AND EFFLUENT QUALITY IN TERMS OF DO

The maximum removal efficiency of effluent COD was
up to 91.7% during the summer season with mean
value of 18.0 mg.dm~as compared with influent value
of 280.0 mg.dm™ and minimum removal efficiency was
found in winter season as 64.0%with a mean value of
70.0 mg.dm>in comparison with influent value 194.0

mg.dm™ as shown in Fig. 6.

The maximum removal efficiency of effluent TSS was
up to 94.8% during the summer season with mean
value of 7.0 mg.dm™ as compared with influent value
of 136.0 mg.dm® and minimum removal efficiency
was found in winter season as 73.4% with a mean
value of 30.0 mg.dm™ in comparison with influent
value 113.5 mg.dm™ as shown in Fig. 6.

This was observed during the study period that the
system efficiency decreased as influent concentration
was increased beyond upper limits values of BODs and
COD as 115 and 280 respectively as mentioned in
Table 3. This is also important to note that 20-22% of
BOD;s was removed in the first row of GROW system,
(filled with gravels only) throughout the study.
Subsequently, the GROW system performance was
found increasing with the growth of plants.

The average temperature of influent and effluent
greywater during the summer and winter seasons
ranged from 25-35+2.0 to 22-32+1.0°C and 10-15 to 8-
11°C respectively as shown in Table 1.

GROW Water Performance
120 -
B Maximum Minimum
100 A
g 80
S 60 -
g
40 A
&
20 A
O .
BOD COD TSS
Grey Water Pollutants

FIG. 6. GROW SYSTEM PERFORMANCE WITH MAXIMUM AND
MINIMUM REMOVAL (%)
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TABLE 3.THE EFFLUENT VERSES INFLUENT IN TERMS
OF REMOVAL PERCENTAGE FROM GROW SYSTEM

P " Average Average Removal
arameter Influent Effluent (%)
BODs 5
(mg.dm™) 115+33.5 20.0+3.2 83.0
COD-3 228+75.6 71.9+£10.5 69.0
(mg.dm™)
TSS
(mg.dm™) 118+25.6 18.3+2.5 84.0
DO 66.0
(mg.dm™) 0.67+0.02 2.1+0.65 incrensed
pH 7303 7.840.5 -
4. CONCLUSION
The present study demonstrates that the onsite

treatment of greywater, generated at Mehran University
Hostel from bath rooms, wash basins, cloth washing
activities (partially) and floor washing etc, through
GROW System. Based on the findings of this study,
The GROW System could be considered as a viable
alternative to conventional treatment plants in urban
areas. The benefits found are easily installed, easy to
operate and less maintenance. This will ultimately
decrease the load on fresh water demand and
consequently less volume of domestic wastewater
generation in highly dense urban areas. The green
plantation of GROW system also effect on horticultural
and aesthetic environment.

The performance of GROW system installed at Mehran
University Hostel, found that overall pollutant removal
efficiency was better than the similar system was
investigated at Cranfield University UK in terms of
TSS, BODs and COD removal. The effect of
temperature during summer season was also found
significant as removal efficiency raised up to 96 and
91% for BODs and COD respectively.
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