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ABSTRACT
Key Words:
Phycoremediation Phycoremediation is a novel technique that uses algae to cleanup contaminated soil
Municipal sewage and water. It takes advantage of natural ability of algae to take up, accumulate, and
Chlorella sp. sometimes degrade constituents that are present in their growth environment. The
Physico-chemical present work deals with the study of remediation of sewage water using Chlorella,

Microbiological parameters which is an alga, isolated from Kalapatti pond, Coimbatore. The remediation study was
carried out in the sewage water collected from Thudialur municipal sewage. The physico-
chemical and microbiological parameters like temperature, pH, turbidity, total solids
(TS), total suspended solids (TSS), total dissolved solids (TDS), dissolved oxygen
(DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total
nitrogen, organic carbon (OC), chloride (Cl), hardness and calcium were analysed in
raw sewage as well in treated sewage. Sewage water was diluted to different
concentrations as 25%, 50%, 75% and 100%. The inoculum was taken in different
concentrations for the study (10%-T1), (20%-T2). The work was carried out for a period
of four months and the readings were taken for every fifteen days interval throughout
the study. There was a high reduction in all the physico-chemical parameters except
DO. The treated sewage was observed to be clear, but there was was no significant
reduction in the microbiological parameters. The use of disinfectant after separation of
the algae from treated sewage will be a complete treatment. Thus, the green algae
Chlorella is effective in reducing the physico-chemical parameters of the sewage. The
sewage after the treatment attained the ISO permissible limit. The treated water can be
used for irrigation, fisheries, etc. The algae can be reused for further remediation
process.

INTRODUCTION

Environment over the yearshas become a ' receptacle’ for amyriad of chemicals of truly anthropo-
genic origin, threatening the existence of terrestrial and aguatic biotaand causing irreparable damage
to ecosystems. There are many expens ve methods practiced, hence, the emphas shasbeen shifted to
the concept of ‘bioremediation’ making effective use of microorganisms and macroorganisms
(Matsumura 1989).

Bioremediation isemerging as most ideal alternative and ecologically sound technology for re-
moving pollutants from the environment, restoring contaminated sites and preventing further pollu-
tion. Phycoremediation, abranch of bioremediation, isanovel technique that usesalgaeto clean up
contaminated soil and groundwater. It is a process similar to phytoremediation and applied to the
removal of nutrientsfrom animal wastewater and other high organi c content wastewater with agreat
potential and demand considering that surface and underground water bodiesin several regions of
the world are suffering from eutrophication (Kari Dresback 2001). Algal growth rate controls di-
rectly and indirectly the nitrogen and phosphorusremoval efficiency. Algal strainsare used in many
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areasof research with special attributes such astol erance to extreme temperature, chemical composi-
tionwith predominance of high val ue added products, a quick sedimentation behaviour, or acapacity
for growing mixotrophically. An appropriate starting point of the philosophy of ‘ecodesign’ isbringing
together of what is technologically possible and what is ecologically necessary, and the growing
demandfor asafer, cost efficient method of cleaning up existing contaminated soil and water through-
out the world makes phycoremediation apopular and reasonable alternative. Algal speciesarerela-
tively easy to grow, adapt and mani pul ate within alaboratory setting, therefore, appear to be anideal
organism for usein remediation studies. The use of such eco-friendly technol ogiescould be used for
waste minimization, waste conversion to resource, waste treatment to render the waste lesstoxic, and
for effective waste disposal (Mallick 2002).

Today million of litres of sawage or domestic waste, industrial and agricultural effluents contain-
ing different harmful substancesare being added every year to variouswater resources. Sewageisa
combination of liquid waste conducted away from residences, institutions and business buildings,
wastesfrom industrial establishments; surface, ground and storm water may also find its way or be
admitted into sewers (Ingram 1989). The human quest for material devel opment, seriously threatens
thefragile ecosystem. Most of our present day environment sufficiently can besaid to originate from
man’ secological misbehaviour (Desai et al. 1990).

If the sewage is directly discharged into natural water bodies like rivers, it will create a high
pollution and the water sources become hazardous. Thus, sewage hasto be properly treated beforeit
ischarged into water bodies or on land. The present study dealswith the effectiveness of Chlorella
inthe treatment of sewage water.

MATERIALS AND METHODS

The pond water sample was collected from the surface of the pond located at Kalapatti pond,
Coimbatore, from whichthe algal specieswereisolated, identified and mass propagated for the sew-
agetreatment. The sewage water ssmpleswere collected by keeping the contai ner mouth open againgt
theflow of sewagewater at Thudialur municipal sewage outlet, Coimbatore. The physical, chemical
and microbiological parameters like temperature, pH, turbidity, total solids (TS), total suspended
solids (TSS), total dissolved solids (TDS), dissolved oxygen (DO), biochemical oxygen demand
(BOD), chemical oxygen demand (COD), total nitrogen, organic carbon (OC), chloride (Cl), hard-
ness and calcium were analysed in the raw sewage and the treated sewage following the standard
methods (APHA 1998). Different dilutions of sewage sample such as 25%, 50%, 75% and 100%
were studied and the test inoculum wastaken in two different concentrationsas 10%-T1 (Treatment
1) and 20%-T2 (Treatment 2).

RESULTS AND DISCUSSION

The data on the physico-chemical and bacteriological analysis of raw sewage and sewage treated
with the alga Chlorella are given in Table 1. The characteristics were examined in the light of IS:
2296:1982 standards prescribed by IS permissible limit for inland surface water and for irrigation
purposes. The ISstandardsaregivenin Table 2.

Thetreated sewage, bothin T1 and T2, was odourless and clear at the end of the treatment. The
effect of temperature control sthe chemical reactions; solubility of substances, chemical and biol ogi-
cal reactions of the organismsin water and the growth of nuisance organism are enhanced by warm
water condition and could lead to the devel opment of unpl easant taste and odour (Sacramento 1963,
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Mechalaset al. 1972). Temperature ranged from 29.8°Cto 32.8°C. Therewasno significant differ-
encein temperature of the treated sewage water. In natural water, pH changesdiurnally and season-
ally due tovariationin photosynthetic activity, whichincreasesthe pH due to consumption of CO, in
the process. The microbiological integrity of water also depends upon its pH value (Bouwer 1978,
Yadav et al. 1987). pH valuesranged from 6.6 to 8.8. At the end of the treatment the pH was found to
be within the permissible limit (1S 2296:1982) and reached neutral. The treated sewage showed ef-
fectivereductioninturbidity. The valueswere 33NTU and 78 NTU in T1 and T2. Percentage reduc-
tionwasmaximum in T2 (73.75 %) (Fig. 1). Accordingto Rao et al. (1979), solidsin water samples
vary directly with the alkaline nature. Thetotal solids comprising of TSSand TDS showed reduction
only to certain extent but are within the permissible limit (1S 2296:1982). The minimum values of
TSSand TDSin T1 and T2 were 452 mg/L and 425mg/L respectively with percentage reduction of
about 48.4%in T2 and 46.2%in T1 (Fig. 2).

Maintenance and distribution of biotain aguatic ecosystems depends upon DO concentrationsto
agreat extent. High dissolved oxygen content isan indication of healthy system (Bilgrami & Datta
Munshi 1979, Sreenivasan 1970, Jindal & Vashist 1985). In raw sewage DO was nil but at the end of
the treatment in both T1 and T2 it showed high increase to 6.25mg/L and 6.9 mg/L respectively
(Fig 3).

BOD test isuseful in eval uating the self-purification capacity of streams, which servesasameas-
ure to assessthe quantity of wastewater, which can be safely assimilated by astream (Trivedy & Goel
1984). Accordingto Lenset al. (1995) COD values do not differentiate stable and unstable organic
pollution, therefore, it is more than BOD values. There was gradual reduction in BOD and COD
(156.1mg/L and 252.3mg/L ) respectively. The maximum percentage reduction wasabout 60%in T2
of BOD and 64.5% in T2 of COD (Figs. 4 and 5). Initially the chloride content and hardness in
sewage water was high. The chloride content in all types of water isdue to the excretion of very high

Table 1: Physico-chemical and microbiological parametres of sewage treated with test organism Chlorella.
S-Single inoculum, D-double inoculum.

Parameters Initial June July August September
vaue 29Week  4"week 2@week 4"week  2®week  4Mweek 2™ week 4" week

S D S D S D S D S D S D S D S D

Temperature (°C) 328 326 325 324 321 318 317 321 323 317 318 308 306 29.8 29.7 30.2 308

pH 875 88 87 86 85 84 79 72 71 69 68 65 66 75 78 71 72
Turbidity (NTU) 80 78 76 71 69 67 60 59 60 54 56 49 38 42 30 33 21
TSS(mg/L) 352 349 332 328 296 298 271 273 247 254 218 226 212 216 201 210 196
TDS (mg/L) 489 479 458 458 432 410 389 368 348 326 301 295 272 269 243 242 229
TS (mg/L) 841 828 790 786 728 708 660 641 595 580 519 521 484 485 444 452 425
DO (mg/L) 0 0.9 092 13 125 16 18 21 25 26 29 35 48 47 59 625 69
BOD (mg/L) 4265 4182 410.6 396.4 384.1352.6 348.6 321.6 293.1 283.1 258.2 248.3 218.3 219.3 189.4 188.8 156.1
COD(mg/L) 7123 708.1 696.2 689.2 641.6 646.4 569.6 598.4 493.1 596.8 548.2 548.4 483.6 496.1 308.1 403.2 252.3
Cl (mg/L) 702 689 664 678 624 664 56.2 637 518 592 434 516 381 487 306 348 252

Hardness (mg/L) 251.8 248.1 241.6 234.6 22892284 2134 192.7 169.8 181.3 146.1 173.8 128.2 167.4 111.6 133.4 92
Total N(mg/L) 68.1 656 612 604 551 560 496 524 424 471 361 438 319 396 248 314 16.2
Org. carbon (mg/L) 147 132 130 112 125 98 90 86 88 89 72 84 61 82 58 97 49
Calcium (mg/L) 76 734 714 681 678 628 609 596 521 518 457 481 382 446 326 414 293

SPC x 10°/mL 108 112 110 105 98 95 86 89 81 8 79 7% 67 72 62 69 58
MPN of colifroms
x 10%/200mL 275 278 276 274 270 270 261 268 253 258 241 249 229 234 213 221 196

MPN of faecal coli-
formsx 104100mL 228 227 226 220 218 216 182 204 176 198 161 183 154 172 148 169 132
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Table 2: Tolerance limits for discharge in inland surface waters and for irrigation purposes (1S: 2296-1982).

SI.No Characteristic

Tolerance limit for inland

Tolerance limit

surface waters irrigation purposes
1 Temperature°C Shall not exceed 5°C above
the receiving water temperature -
2 pH value 6.5-8.5 5.5-9.0
3 Total dissolved solids, mg/L Max. 1500 2100
4 Total suspended solids, mg/L 100 200
6 Dissolved oxygen, mg/L, Min. 4 -
7 Biochemical oxygen demand 3 100
(5 daysat 20°C), mg/L, Max.
8 Chemical oxygen demand, mg/L, max. 250 -
9 Chlorides (as Cl), mg/L, Max. 1000 600
10 Total Kjeldahl nitrogen (as N); 100 -
mg/L, max.
11 Total hardness mg/L, max. 600 -
12 Calcium~(as Ca) mg/L, Max. 200 -
13 Total coliform organisms, 5000 -
MPN/100 mL, Max.
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Fig. 2: Percentage reduction of TS using
test organism Chlorella sp.
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Fig. 3: DO increase at the end of
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guantities of chloride together with nitrogenous compounds by man and other animals (Gondave
1985, Daborn 1976). In the treated sewage the minimum and maximum values of chloride ranged
from 25.2mg/L to 68.9mg/L, and the hardness from 92.0mg/L to 248.1mg/L (Figs. 6 & 7). The
percentage reduction of organic carbon, total nitrogen and calcium was maximum in T2 (66.6%,
76.2% and 61.4%) respectively, which attained permissible limit values(Figs. 8-10). Therewasonly
minor reduction inthe microbiological parameters. Maximum percentage reductionsof SPC, MPN
of total coliforms and MPN of faecal coliformsin T1 and T2 were 36.1% and 46.2%, 19.6% and
28.7%, and 25.8 and 42.1% respectively (Figs. 11-13).
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