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Sewage samples coliected from municipal sewage farm, Coimbatore was nnaiysedcfor a period of
2 year, The sample contained high amounts of turbidity, total solids, suspended solids, BOD, COD
and phosphates. For the treatment of this sewage'water, gravitational settling and floccuiation
processes were tried. For flocculation, the inorgaenic polymers, alum, ferric chloride, mixed sul-
phate and poly aluminium chloride ( PAC ) were used. The optimum concentration of the coagu-
lants for effective treatment of sewage was determined. The effect of addition of polyelactroly-
tes ( anionie, cationic and nonionic ) on the efficiency of the coagulants was studied. 1t was ob-
served that polyeloctrolytes amendment incressed the flocculation efficiency of tho coagulants
thereby reduced the amount of coagulant required for the treatment and also the cost of sewage

treatment.

INTRODUCTION

Sewerage of non - industrial towns consist mostly
of domastic waste, such as dirty water from Dbat-

hrooms, lavatories and kitchen. Industrial cities, like -

Coimbatore, receives apart from domestic wastow-
oter, wastewater from vatious small and medium sc-
ale industries, like milk processing, dyeing and elect.
roplating industries. As this city is located in a rain
shadow area and water requiremont for domaestic
and small scale industrial use is on therise, an atte-
mpt was made to purify the waslewater by various
physico - chamical methods. Physico - chemical me-
thods are still highly used in wastewater treatment,
Sedimentation, coagulation, flocculation and carb-
" on adsorption are most attractive processas. Villiers
et al. ( 1987 ) reported that the treatment of pri-
mary effluent by lime clarification and activated
carbon treatment proiuces good quality of water
with less cost to bulld, but more to operate than a
conventional activated sludge plant. Since the car-
bon adsorption is a costlier method, low cost phy-
sico - chemical treatments are to be searched. Hence
in the present study, the physico - chemical matho-
ds, plain settling and flocculation/coagulation were
tried for the treatment of municipal sewage water.
The effect of polyelectrolytes on the flocculants/
coagulants efficiency was also studled.

MATERIAL AND METHOD

Wastewator

Sewage water samples were collected frorm Coimb-
atore municipal sewage farm for a period of 2 yaar.

Coagulants

Commercial grade alum, ferric chloride, ferric sul-
phate, mixad sulphate, poly aluminium chloride and
lime used as flocculants were obtsined from Sou-

thern Chemicals, Coimbatore. 10 % solution of the

~ flocculants wera prepared in distilled water and 1e-

quired volume was added to the sewage water for
treatment.

Polyelectrolytes

Commercial grade polyeloctrolytes ( Richfloc ) cat-
jonic, anionic and nonfonic were obtained from So-
uthern Chemicals, Coimbatore. Solution of 6.1 %
of polyelectrolyte was ptepared by dissolving 100
mg of the polyeloctrolytes in 100 ml warm water
with slow mixing and thio stock solution wés usud
for flocculation studies.

Water sampling method

The watar samples were coliected through glass sa-
mpling device. The whole assembly was lowered
in to water to the depth of one foot and the cord
of the lid was pulled and released only when disp-
laced air bubbles ceased to come to the surface and
the water was transferred in to pre - cleaned poiy-
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Table 1. Physicochermlical characteristics of sewage
wastewater (minimum and maximum values
observed during the stuu’y pertod) ln mg/l_

Table 2. Effsct of sett/ing time on turbidity and coD
removal by plain gravitational settling (ph-
yslca/ motbod)

Parameter Minimum Maxi- SE CcD
mum

pH 7.2 7.6 0.04 0.11
Turbidity, NTU 206 260 3.38 10.42 .
Total solids 1896 26183 64.97 170.62
Suspended 912 1393 11.79 31.69
solids !
BOD; 560 785 5.97 ,16.07
cOD 786 1236 42.07 13181
Total alkali- 90 160 5.47 14.70
nity i .
Total hard- 210 388 11.66 31.34
ness ; ' .
Chloride 245 388 1114  20.94
Sulphate 56 128 2,71 7.30
Total nitrogen 31.3 653.3 1.61 4.43
Phosphate 13.4 29.3 1.49 -4.00
Sodium 267 420 14.01 37\.86
Potassium 24.0 44.0 1.97 6.31
Calcium 105 180 5.65 16.19
lron 3.80 9.00 0.14 0.37
Chromium 0.48 0.96 0.01 0.04
Nickel 0.43, 0.94 . 0.02 Q.08
Zine 0.36, 1.06 0.01  0.04
Lead 0.15 0.43 0.02 0. 06
Cadimium 0.186 0.36 0.01. . 0 04

Settling pH Turbidty, NTU  COD,
time, min mg/L
0 7.3 280 960
15 7.3 230 870
30 7.3 216 806
46 7.3 201 776
60 7.3 190 768
76 7.3 180 736
90 1.3 178 720
105 7.3 176 718
120 7.3 175 718
180 7.3 176 718
Factor SE cD Signifi-
cancey,
Turbidity 7.68 16.81 0.01%
coD 56.13 117.09 0.01%

Table 3. Effect of pH on turbidity removal by diffe-
rent coagulants

Note : The values ars significant at 0.01 %

othylene containers and stored at 4 °C The sgmp:
les thus collected for 12 hr with a tlme interval of
1 hr were mixed togethar for getting a composite
sample. This composite sample was used for chara-
cterisation and treatment studies.

Characterisation of wastewater

The methods followed for preservation and angly-
sis were according to standard methods of Ameri-
can Public Health Association ( APHA, 1881.), To
atudy the effect of seetling time on removal of tu-
rbidity and COD by physical method, 1000 ml of
sample was taken in a measuring cylinder and all-
owad to settle. The samples were coliected at di-
fferent time intervals and analysed for turbidity;and
COD. To study the effect of pH, to 1000 ml of sa-
mple various inorganic coagulant, namely lime,
alum, ferric sulphate. ferric chioride, mixed sulphate
(at aconcentration of 300 mg/L ) and poly alu-

600

pH  Turbidity, NTU
Lime, Ferrice . Ferrlc  Alum, Mixed PAC,
300 sulpha- chlori- 300 suipha- 160
mg/L te, 300 de, 300 mg/L  tes, mg/L
mg/ mg/L 300
L ‘ mg/L
Con- 220 220 220 220 220 220
trol
6.6 159 163 21 31 24 16
7.0 147 166 20 24 18 16
7.6 129 138 24 20 17 18
8.0 88 80 32 26 23 21
8.5 64 50 45 30 34 30
Factor SE CcD Significance (%)
Turbidity = 1.29 339  0.01%

minium chloride ( PAC - 150 mg/L ) were added
at different pH levels, The samples were flash mixed
for 1 min at 120 1pm followed by flocculation for
10 min at 16 rpm and allowed to settle for 30 min
( Thakur etal., 1977 ). After 30 min, turbidity wag
measured. To study the effect of various coagulan-
ts/tlocculants on turbidity and COD removal, vari-
ous concentrations of coagLIIants/flocculants were
added to 1000 ml of samples and the samples we-
re treated as stated before ( Thakuretal., 1977 )
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Figure 1. Percent removal of turb/dity and cop from sowage water by Inorganic coagulants

‘Table 4. Statistical enalysis of data present In figures 2 and 3

Treatment Factor Signifi-
Turbidity CcOoD f_qumer/coagulant cance %
SE cD SE cD SE cD
Cation 0.76 2.00 1.08 2.83 1.42 3.74 0.01
Anion 0.34 0.91 0.49 1.29 0.69 1.82 0.01
Nonion 0.36 0.95 0.51 1.34 0.77 2.02 0.01
Alum . 6.13 13.43 6.28 168.45 11.47 30.04 0.01
FeCl, 66.96 146.50 68.53 179.43 126.12 325.69 0.01
Mixed sulphates 32.97 86.34 40.39 106.76 73.74 193.07 0.01
PAC 461 12.08 6.66 14.80 10.32 27.20 0.01

and after 30 min, turbidity and COD were measu-
red.

RESULT AND DISCUSSION

The sewage water collected from Coimbatove muni-
clpal sewage farm was ana‘ysed for a neriod of 2
year to assess the characteristics and seasonal va-
riation. It has been observed from the results ( Ta-
ble 1 )that most of the parametors mdlcate fluct-
uations: this might be due to variation in the dis-
charge pattern of wastewater from various sources
and seasonal changes. Normally, the fresh water
88wage will be gray in colour with paint odour

( Agrawal et a/., 1976 ). However, when the orga-
nic matters present in the sewage are partially dig-
estad by microbial activity, the sewage wastewa-
ter bacomes black in colour with foul odour. It has
been observed in the present study that in all the

“samplihg periods, the sewage was black in colour

with foul smell. Roduction of sulphur containing

‘organic molecules in the presence of iron might
“fead to the formation of iron sulphides resulting in
‘Black colouration’of the wastewater, The pH is an
Almportant factor in maintaining the blcarbonate and

carbonate system and pley an ipomitantole in the

lfmmmlon of algal bloom ( Palharye et a/,, 1993 ).
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Before flocculation : pH 7.3 ; Turbidity : 210 NTU ; COD : 937 mg/ml.
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Figure 2. Effect of polyelectrolytes ‘concentration W/th fIxed concentration of /norgan/c coagulﬁ-
- nts on turbidity and COD removal

The pH of the water samples was obsérved to be however, it was within the tolerance limit for disc-
almost neutral during the study period ( pH 7.2 - harge of wastewater into receiving water system,

7.6 ). The pH varlation was observed very slightly, The amount of total solids, suspended solids, BOD
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and COD was found to be higher in all the samples
during summer season and slightly less during ra-
iny and winter seasons. These parameters were ob-
served to be higher than the tolerance limit for wa-
stewaters discharged either into surface water or
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Figure 3. Fffect of inorganic coagulants concentration on turbldity and COD removajl
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on to land. Higher suspended solids and turbidity’
will retard the penetration of light, disturb the diss-
olved oxygen balance and reduce the photosynth-
esis of aquatic system. The higher values of BOD
and COD will lead to reduction in dissolved oxygen
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Figure 4. Change In pH and sludge volume. index of sewage water due to inorganic coagulants plus

polyelactrolytes treatment

content in aquatic ‘system. The chemlical paramet-
erg, such as total alkalinlty, hardnuss, chloride, sul-
phate, phosphate, total nitrogen, sodium, potassium
and calcium weore analysed. Except phosphate, all
others are within the tolerance limits. The conce-
ntration of heavy metals, such as nickel, zjnc and

604

cadmium were within the tolerance !imit wheoreas
iron, chromium .and load exceeded the limit The
higher concentrations of the heavy metal in the
éewaga, water is mainly due to the discharge of wa-
ste materials from. electroplating, textile manufe-
cturing and leather processing unjts slong with do-
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Figure 5. Percent removal of pollutants from sewage water by inorganic coagulants plus pol-

yelectrolytes treatment

mestic wastawater,

Plain sedimentation method is used to remove se-
ttleable solids from wastewater. The removal effici-
ency depends upon the particle size, density and
viscosity of the wastewater. The wastewater is all-
owed to settle for different time intervals. It was
observed ( Table 2 ) that the optimum time to rem-
ove turbldity (36.4 % ) and COD ( 25 % ) was
90 min. Chem (1993 ) also reported that in a
plain sedimentation tank, the removal of suspen-
ded solids was always less than 60 % while COD
"was only 23 - 43 9%. Since plain sedimentation
aslone is not sufficient for sewage treatment, the
raw rewage wastewater was further treated with
different coagulants/flocculants. The effectiveness
~of pH and coagulant/flocculent dosage .elther al-

one or in combination was tried to reduce the
pollution load.

From the results ( Table 3 ) it was observed that
alum, ferric chloride, mixed sulphate and PAC are
offactive in the ph range of 6.5 - 7.5, Butlime anc
farric sulphate wera effective only at higher alkaline
condition ( pH > 8.0 ). The application of lime anc
forric sulphate for sowage treatment was not tried
since it required pH adjustment. Alum and ferric
chloride are commonly used for treatment of waste:
water containing organic matters. Licsko ( 1983 )

"reported that alum and ferric chloride were used tc

treat organic containing wastewater in the pH ra:
nge of 6.7 - 2.5, Hence alum and ferric chloride
were used for the sewage tregtment.

Incressing concentration of alum, ferrlc chioride
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Table 5. Statistical analysls of data presented In fi-
gures 4 and 65, In mg|L

Factor SE CD Signiflca-
nce (%)
pH 0.02 0.06 0.01
Turbldity, NTU 6.42 20.09 0.01
Total solids 18.13 49.48 0.01
Sugpended solids 156.87 42.49 0.01
BOD 12.75 34.80 0.01
cOoD 26.11 71.25 0.01

Phosphste, gm/L  0.87 2.39 0.01
Sludge volume, 2.32 6.36 0.01
miL

mixed sulpliate and PAC Iincreased the removal of
turbidity and COD. Each coagulants have different
optimum concentration at which removal of turbi-
dity and COD was measured ( Figure 1. ). For alum
the optimum dosage was 300 mg/L and % remo-
val of turbidity end COD are 82.3 and 64.6, resp-
actively. For ferric chloride the optimum concent-
ration was 260 mg/L and % removal of turbidity
and COD were 85.2 and 71.2, respectively. In the
casa of mixed sulphates treatment, the opltimum
concantration was 260 mg/L and the % removal
of turbidity and COD were 87.4 and 74.2, respe-
ctively. For PAC the optimum concentration was
160 mg/L and % removal of turbidity and COD
were 90.6 and 77.0, respectively ( Figure 1 ). Wh-
lle comparing Individual inorganic coagulants, PAC
was found to be more effective and only a low co-
ncentration was requlired to remove turbidity and
COD. The -efficiency aof ferric chloride and mixed
sulphate were more or less equal; alum was less
effective and required higher dosage { 300 mg/L)
than other coagulants,

in the next trial, along with inorgenic coagulants,
polyelectrolytes were used for sewage treatment,
Polyelectrolytos/organic polymers increase the size
of the floc which will result In reduction of both
settling time and cosgulant dosage. The polyelect-

rolytes used as a coagulant aids the coagulation’

process basically in 2 steps; a. neturalization of
the charge on the colloids and b. agglomera-
tlon of smaller particles in to bigger particles
known as flocculation, Varlous polyelectiolytes,
such as cationic, anionic and nonionic' polym-
ers have bean used in different concentration
with the etfactive concentratlon of alum ( 300 mg/
L), ferric chloride ( 260 mg/L), mixed sulphates
(250 mg/L ) and PAC ( 160 mg/L ). Maximum re-

duction in turbidity and COD was observee at 0.30
mg/L of cationic, 1.0 mg/L of anionic and 1.6 mg/L
of non fonic polymer. The results showed that ca-
tionic polymer is more effective in removal of tur-
bidity and COD than other polyelectrolytes ( Fig-
ure 2).

After fixing the optimum dosage ol polyelectroly-
tes a test was carried out to find out the optimum
concentration of Ihorgenic chemical coagulants:
When combined with polymers the addition of po-
lyalectrolytes has increased the removal of turbi-
dity and COD at minimuin coagulant concentration
( Figure 3 ). The optimum concentration of alum,
ferric chloride, mixed sulphates and PAC were 260,
200, 200 and 110 mg/L, respecrively with fixed
concentration of 0.3 mg/L of cationic, 1.0 mg/L
of anlonic and 1.6 mg/L of non - ionic polymer.
Chenetal. (1993 ) have reported that 30 mg/L
of polyaluminium chloride has removed 70 % of
suspended solids from the wastewater. If polyele-
ctrolyte Is added ( about 1.0 mg/L ), the dosage
of PAC can be reeuced to around 50 % to maint-
ain sollder romoval efficiency at the same level.
Among the varlous treatments PAC with combina-
tlon of cationic polymer is more effective in redu-
cing the turbidity and COD to the permissible limit.

Inthe final treatment, chemical coagulants either
alone or in combination with organic polymers were
usad. Comparing the individual coagulants and their
comblnations with polymers ( Figures 4 and 6 ), the
order of efficiency was PAC > mixed sulphates >
chloride > alum for removal of pollutants. The fi-
nal pH values in all the treatment were within the
limits. So, pH adjustment was not required after
treatmuont. Even though the individual inorganic co-

agulants showed an' effective % removal of pollut- ‘
ant, the additlon of polyelectrolytes enhanced the
efficiency and decreased the treatment cost. Amo-
ng the polyelectiolytes used in this study, catonic
polymer is more effecrive in the removal of sollds,
BOD, COD, whereas, anionic polymer is more eff-
active in removing phosphates with the combina-
tlon of different inorganic coagulants. The dosages
required to treat sewege waler in the present study
ware high when compared to other reports ( Thak-
ur et al,, 1977;: Wey st al., 1991 ). This may be due
to higher pollution load and presence of complexing
substances, such as fulvic acid, humic acid and
other organic substances in the municipal sewage.
Fetting and Ratnaveera ( 1993 ), Rebhum and Lu-
rle (1993 ) reported that additional coagulant
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dosage would he need for efficient coagulation for
the removal of humus from the wastewater. When
the concentration of spiked fulvic aclid in the clay
suspension was increassd by 3 mg/l. ( as TOC ),
the alum dosage would be raised to 5.3 times to
dostabilize the susponsion and if fulvic acld cone-
entration was Increased to 7 mg/L (as TOC)

alum dosage has to de increased 10,2 times to ca-
use dsestabilization ( Rebhum and Lurie, 1983 ),
Hence additional coagulant dosages were used in
the prasent study for effective treatmentof Coim-

bator municipal sewage water, Sewage water tre- .

ated in the present study could be recommanded
for reuse in industries where less quality is raquir-
ad, for in house purposes and as diiuent {o reduce
the toxicity of wastes before discharging into rec-
elving water bodies,
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