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Abstract: The Cooum River, an ancient glory of Tamil Nadu,
India, is now one of the dump yards for all the waste that the city
of Chennai generates. The stretch of Cooum River through the
city is extremely polluted. The study tries to investigate the
possibility of producing biogas from the sewage waters of Cooum.
Water samples were collected from seven different banks along
the river and characterized for biogas production by testing for
five basic parameters namely; Chemical Oxygen Demand (COD),
Dissolved Oxygen (DQO), Total Dissolved Solids (TDS), Total
Suspended Solids (TSS) and pH. The highest COD value
obtained was 772 mg.L'1 at Chennai Central, which wasn’t
satisfactory for feasible production of biogas. An in-depth
analysis of other parameters like comparatively low TDS and
TSS values made it possible for the use of common filtration
technique to carry out physical remediation of water. Water was
passed through two filtering units; gravity sand and carbon
filter. The filtering units were optimized for the following
parameters; bed height, particle size, diameter of the filter bed
and water flow rate. The clear water thus attained was
completely characterized. The results obtained were found to be
within the permissible limits for potable water, except for
increased levels of ammonia. Thus, this water obtained could be
used as a source of water for irrigation.

Keywords: Cooum River; Biogas; Sand Filter; Carbon Filter;
Physical Remediation.

1. INTRODUCTION

Cooum River, the urban brook of Chennai, earlier known as
the Triplicane River, starts 70 km [Bunch M. J et al, 2001,
2003a] away from the city in Tiruvallur district adjoining the
Chennai district. The Cooum River originates from a small
rural village in the north most part of Chennai, which bears the
same name “Cooum”. It is one of the shortest classified rivers
pouring into the Bay of Bengal, [Bunch M.J et al, 2003b]
currently a drainage course inside Chennai collecting in excess
of 75 small tankers of sewage every day. Once a fishing river,
it is now a drainage tank because of Chennai’s sudden
population burst and rapid expansion without prior planning.

In the olden times, Cooum River was used as a fresh source of
clean water. Later due to various reasons the drainage
discharge of the city was mixed along with the river water and
this has made the river contaminated and unfit
[Ananthapadmanabhan S, 1998]. for any purpose. Even the
color of water flowing in the Cooum River has changed
because of this continuous discharge. As off today it is one the
most polluted and dirty rivers around the world. The toxicity
level of water is also above normal. The total catchment area
of the river is about 400 square kilometer and the bed width
ranges from 40 m to 120 m. The capacity of the river is 19,500
m’.s”' and the anticipated flood discharge is around 22,000
m’s! [Gunaselvam M, 1999].

Water sample for analysis of biogas production was collected
from around seven different banks along the river and tested
for five basic parameters namely; COD, DO, TDS, TSS and
pH [Wan Azlina et al, 2009]. The highest COD value obtained
was 772 mg.L"' at Chennai Central. The values obtained
weren’t sufficient for feasible production of biogas at any of
the seven outlets. A further in-depth analysis of other
parameters like comparatively low TDS and TSS [Gilbert M
Masters, 2008a] values made it possible for the use of
common gravity filtration techniques to carry out physical
remediation of water.

Physical remediation is the process of remedying something,
in particular of reversing or stopping environmental damage
by using physical techniques like sedimentation, coagulation,
filtration etc. The two basic gravity filtration units were used
to carry out the physical remediation of Cooum water, namely;
sand filter and carbon filter. The filter units were optimized for
the following parameters; bed height, particle size, diameter of
filter bed and water flow rate [Rodgers M et al, 2005] Before
passing the water through the filter units, the water was
allowed to settle in a sedimentation tank to remove large
suspended particles.
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The intent of this work was to get pure good quality water
which could at least be used for the purpose of gardening and
irrigation in parks in and around Chennai. The sand filter
basically removes the suspended solids as well as to some
extent reduces the total dissolved solids in water. Whereas the
carbon filter is used to remove the grayish color of water and
also reduce the amount of organic matter present in water
[Yuan Tian, 2012]. Finally the water outlet from carbon filter
was chlorinated to purify it to a greater extent so that it is
suitable for the intended purpose.

2. MATERIALS AND METHODS

2.1 Analysis of water samples

Water samples were collected from seven different banks
along the Cooum River namely; Maduravoyal, Arumbakkam,
Aminjikarai, Chetpet, Chennai Central, Chintadaripet, Marina
Beach Mouth in 500mL sterile sample bottles. The samples
were analyzed for five parameters namely COD, DO, TDS,
TSS, pH by following the standard protocol [Metcalf & Eddy,
2003a]. The pH of sample was analyzed using a standard pH
meter.

2.2 Construction of sand and carbon filter

The sand and carbon filter were constructed using PVC pipes
open at one end and the flow rate was controlled using a value.
The filtering unit was optimized for the following parameters;
bed height, particle size, diameter of filter bed and water flow
rate. Figure 1 shows the basic design of filtering units.

The packing material in sand filter differed in micron size of
sand used varying from top to bottom in increasing order. Fine
particles were placed at the top and gravel sand occupied the
bottom most part [Metcalf & Eddy, 2003b]. The water before
being pumped into the sand filter was allowed to settle in
sedimentation tank for 30 minutes to remove the large
suspended particles. The water was then allowed to flow
through the sand filter and the flow rate was calculated. The
water from the sand filter was again analyzed for the five
above mentioned parameters.

The water from sand filter was then passed through carbon
filter. Two industrial grade carbon (Gradel & Grade2) were
used in two separate columns, to find out which grade is best
for the process. The water was allowed to flow under gravity
from the sand filter and outlet flow rate of the carbon filter
was estimated. The water collected from the outlet of carbon
filter was again subjected to analysis for the above mentioned
five parameters.

2.3 Chlorination of water

The filtered water was chlorinated with sodium hypochlorite
to disinfect the water. To the filtered water 0.5mL of 1M
sodium hypochlorite was added per liter, to the filtered water.

The water is allowed to stand for 24h in a tank to remove the
odor caused by chlorine.

COOUM RAW WATERT

- STRAINER

E 40
>63 to <250
] MICRON
=
: 20 >250 to <1000
Q MICRON
.Z >1000 to <2000
<C MICRON
7
4 >2000 to <3360
MICRON
10 >3360 to <4000
: l MICRON
Il —— STRAINER
OUTLET SAND FILTERED WATER ‘ /
L ]
65 | !
52 N .
E || B
—] 2
— T}
o2 5
2
Z w | %
~
o c
=
m =
-
o :
E
< 2
o
35 >3360 to <4000
‘ MICRON

| ——————

All Dimensions are in mm OUTLET CARBON FILTERED WATER

Fig. 1. Optimized design of filtering units [Langenbach K, 2009]
[Antonina Torrens, 2009]

2.4 Final analysis of water

The filtered water after chlorination was given to King
Institute of Preventive Medicine and Research, Guidy,
Chennai, to check if the water sample is potable or not. SL of
water was collected in a sterile sample bottle and given for
complete characterization of filtered water. King Institute of
Preventive Medicine and Research is a Government of Tamil
Nadu, India organized institute for analyzing the potability of
water. The results were obtained in 15 days.
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3. RESULTS AND DISCUSSION

Table 2. Water analysis after passing through sand and carbon

filter
3.1 Initial Characterization of Cooum water
S. Sand .
The samples collected from 7 different banks of the river were No. Parameters | Raw Water Filter Carbon Filter
analyzed and the exper.ime.ntal values are reported in .Table 1. (Central) Grade 1 | Grade 2
These values were studied in depth for biogas production. COD T
1. (mg. 736 | 736 | 256 | 704
Table 1. Experimental values of different water samples. )
2. | DO (mg.L™) 0 0 49 5.0
Placeof | COD | DO | 1TSS | TDS 3, | TDS (me.L 942 929 | 927 927
S.No. . (mg.L’ | (mg.L" | (mg.L" | (mg.L" | pH )
Collection i) 1 I I
TSS (mg.L”
1. | Maduravoyal | 544 | 0 | 45 | 1010 |85 4. ) 160 84 | 84 84
2. | Arumbakkam | 628 0 78 1020 | 8 5. pH 8.5 8 8
3. Aminjikarai | 756 0 50 1270 | 8.3
4. Chetpet 3592 0 256 1020 | 8.5 RESULTS OF EXAMINATION OF SAMPLES OF WATER
5. CC};?;’;II 772 | 0 | 160 | 1200 |8.4 M
- - From:- Thiru.K ANBRASU, No.152,Sundaram Pillai Nagar, Tondaiyarpet,
6. Chindaripet | 504 0 355 2110 | 8.5 Chennai-600 081.
7. Bexﬁﬁ‘;‘uth 474 0 1420 | 4710 |85 Collected by:- Thiru.K.Anbrasu.
[ Date of collecti [22.08.2012 [ |
. L o | Date of Receipt 22.08.2012 | |
The values obtained had a significant similarity among them. Source as per Label Well at No.152, Sundaram Pillai |
All values when compared, where found to be within a gﬁgﬁ;aﬁ‘}daiympe‘ \
particular range proving that the condition of water is almost = = : *H
.. . . Bacteriological Examination e
similar throughout the city. The average pH value of water in Total calonles per all On agar at37'C_ | 1800 i =
all seven places was around 8.4, giving us a clear idea about MPN of Coliform bacteria per 100ml. | 1100 | \
the alkaline nature of water and also continuous discharge of pature of Coliforn bactera Isalted: el [T =
human waste into the river [Ayyappan, 2012]. This alkalinity Physical Examination Whitish “ \ g
might be mostly due to the presence of dissolved basic salts S 5 S
like ammonia and also due to the presence of carbonates and Smell fee Blesaietc “ 7-‘
bicarbonates. The dissolved oxygen content was found to be Total solids (105 Degree C) 1820 =
zero in all the places. This is the main reason for the decrease bene hardhs s AL zgg 3
in the number of flora and fauna species in the river [Rajaram Total hardness as CaCO3 ol I—
et al, 2008]. This factor favored the production of biogas from e :ﬂ“',‘;::‘; _ I gfgsem
the water body, as the production process would face no Albuminoid nitrozen E “{
hindrance from the aquatic life nor will the ecosystem of 2;{5:’:_:‘;:::'1:’(T‘d-‘"““" jig-g“ A
species growing in the river be affected. The COD values M Aiaile Pl 141 \ [ =
obtained were in the range of 400 to 800 mg.L", [Gilbert M e iome T e ' e &
Masters, 2008b] with the highest value found at Chennai v e 2 1 —|
Central (772mg.L"). The COD levels obtained weren’t Iron as Fe Total 0.15 j 5
satisfactory for feasible production of biogas. Fi ot i \
| i
Manganese as Mn. ' Ni |
3.2 Characterization of water after passing through sand and i Nitri%e nmoge:] i ;i:lace =l —
carbon filter [ Sulphate | Present | |
! ']Thofphate Trace 1
Due to relatively low TDS and TSS values of water samples, [ e ?J;::t;vj,ﬁ = 5 Zes

the water could be easily be passed through both sand and
carbon filter and the water collected was characterized
completely. Table 2. reports the five parameters analyzed
along with respective experimental values for both sand and
carbon filters.

Microscopical Examination.

Monas Species, Euplotes sp

& Amorphous matter

Fig. 2. Complete characterization of treated water (SI Units

followed)
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From the data obtained it is found that there is a significant
decrease in COD and TSS which is mainly due to carbon and
sand filter respectively. Grade 1 carbon filter is found to be
more efficient for the process as it decreases COD content to a
greater extend when compared to grade 2 carbon. The color of
water also significantly reduced from grayish black to yellow
in grade2 carbon and mild whitish in gradel carbon. The flow
rate was found to be 1.5L.h™" and 2.5L.h"" for gravity sand and
carbon filter respectively.

3.3 Final analysis of water

The water obtained from carbon filter after subjection to
chlorination was given to King Institute, Guidy, Chennai for
complete characterization. Table 3. shows the complete report
given by King Institute.

Chemical analysis reveals that the water obtained from carbon
filter is hard in nature with total hardness of 360mg.L™". The
water is of poor organic purity as evident by presence of
ammoniacal nitrogen and high oxygen absorbed (Tidy’s Test)
value 7.04mg.L"". The adverse chemical characteristics of the
water sample show that the source of water is subjected to
subsoil pollution. Bacteriologically the water is very poor in
quality showing evidence of undesirable contamination by the
presence of Escherichia coli organism of faecal origin. Hence,
as such the given water is unfit for human consumption and
other household purposes but could be used for gardening and
irrigation purpose.

4. CONCLUSION

The Cooum River is a polluted river which has been flowing
for years through the heart of Chennai. The stinking cesspool
has made the city prone to many diseases and at the same time
stopped the progress to build a high tech city. Biogas
production from cooum waters seems to be a non economical
and no gain process because the COD values of water samples
obtained are very low when compared to optimal value
required for biogas production. In order to utilize this water a
simple gravity filtration technique consisting of a slow sand
filter and carbon filter can be setup along the banks of the
river, so that water gets purified and can be used as a source of
water for the gardens in and around Chennai. This will not
only utilize the dirty water available in the river in plenty but
also help in spreading green energy by providing water for
irrigation of gardens. Nature on its own takes care of the
recycling of water and this is one additional step in
contributing to the nature’s ecosystem.

5. ACKNOWLEDGMENT

We are very grateful to King Institute of Preventive Medicine
and Research, Chennai, Tamil Nadu, India; for analyzing our
water sample and providing us with the report. We express our
deep and sincere gratitude to TCMPF, Aavin Dairy,
Shollinganallur, Tamil Nadu, India; for giving us a chance to
work on this project.

REFERENCES

[1] Ananthapadmanabhan S (1998), Intercepting sewers for
sustainable maintenance of waterways in the city, Report of the
1* Workshop in the Cooum River Environmental Management
Research Program: a system study for environmental
management of the Cooum River and environs, 18-20 March
1998, pp.34—41, Chennai.

[2] Antonina Torrens, Pascal Molle, Catherine Boutin and Mequel
Salgot (2009), Impact of design and operation variables on the
performance of vertical-flow constructed wetlands and
intermittent sand filters treating pond effluent, Water Res., 43,
pp.1851-1858.

[3] Ayyappan (22" May 2012), Metro dips under historic Cooum,
The Times of India, Chennai, The Times Group.

[4] Bunch M.J. (2001), An adaptive ecosystem approach for
rehabilitation and management of the Cooum River
environmental system in Chennai, India, Geography Publication
Series, 54, Waterloo.

[5] Bunch M. J, Dudycha D. J (2003), Linking conceptual and
simulation models of the Cooum River: collaborative
development of a GIS-based DSS for environmental
management, Comput Environ Urban 27.

[6] Gilbert M. Masters and Wendell P. Ela, Introduction to
Environmental Engineering and Science (2008), 3" edition,
Prentice Hall, Upper Saddle River, NJ.

[7]1 Langenbach K, Kuschk P, Horn H and Kastner M (2009),
Modeling of slow sand filtration for disinfection of secondary
clarifier effluent, Water Res., 44, pp. 159-166.

[8] Metcalf & Eddy, Wastewater Engineering: Treatment and Reuse
(2003), 4™ Edition, Tata McGraw Hill Publications, New York.

[91 Rajaram T and Ashutosh Das (2008), Water pollution by
industrial effluents in India: Discharge scenarios and case for
participatory ecosystem specific local regulation, Futures, 40,
pp-56-69

[10] Rodgers M, Healy M. G, Mulqueen J, Organic carbon removal
and nitrification of high strength wastewaters using stratified
sand filters, Water Res., 39, 3279-3286.

[11] Wan Azlina, Wan Ab Karim Ghani and Azni Idris (2009),
Preliminary Study of Biogas Production of Biogas from
Municipal Solid Waste Leachate, J Eng Science and Technol, 4,
4, pp.374 — 380.

[12] Yuan Tian, Bin Gao, Verdnica L. Morales, Lei Wu, Yu Wang,
Rafael Muifloz-Carpena, Can Cao, Qingguo Huang and Liuyan
Yang (2012), Methods of using activated carbon as filter media
to remove aqueous heavy metals, Chem Eng J, 210, pp.557-563.

Journal of Civil Engineering and Environmental Technology
Print ISSN: 2349-8404; Online ISSN: 2349-879X; Volume 1, Number 6; August, 2014



