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Performance characteristics of the three laberatory

experimentss

Three series of experiments were carried out, In

the first series, the alga used was Jogtoc pyriformig; in

the second Anabaena cylindrica and in the third, mixed

algae consisting of therella vulgaxris, Seenedesmus

obligus, Oscillatoria chalybea and QOscillatoria obscura

in almost equal proportione, In the first two series of
experiments, the samples were tested only for physico-
chemical conditions on zero, second, fourth and sixth
day; while in the third series of experiments dealing
with the mixed algae, the samples were tested for
physico-chemical, biochemical aznd biological conditions
on zero, scecond, fourth and sixth day. The analyses were
done in duplicate and the average of the results are

given in the tabular statements (Appendix).

Physical variables

Temperature, colour and pH were determined in all
the three series of experiments. The results are shown

in the Tebles 1, 2 and 3 (Appendix).



Temperature:

In the first series of experiment, the temperature
of the liquid varied between 29.7 to 29.9°¢, in the
second series, between 28;9‘t012§;1;§; and " in the third
series, between 28.4 to 28.6°C, |

Qolour:

The colour remsined brownish in all the control
flapgks., For the algae-treated flaské the brown colour of
the sewage changed to blulsh-~green from second day onwards
in case of Nostoc and Anabaena, but it changed to predo-
minantly greenish in case of mixed algae. On the sixth
day the green and bluish~green colour became intense due
t0 maximum algal growth.

PH
The pH ¢hanges in all the flasks have been summarised

in a %abula& form belows

Detention Gontrol (raw sewage) Algaeatreatéd

periods PR difference PH difference
, over zero day over zero day
Nostoc pyriformis (first series)
0 day 7.3 - 7.3 -
2 days Ted + 0.1 8.5 + 1.2
4 days T.2 - 0.1 8.9 + 1.6
6 days T4 + 0,1 9.8 + 2.5
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Detention - Control (raw sewage) Algae~-treated
periods TH  difiference PH  differences
over zero day over zero day

. Anabaena cylindrica (second series)

0 day 7.2 - T.2 -

2 days Teh  + 0,2 8.4 r 1.2
4 days Ted + 0.2 8.9 + 1.7
6 days Te3 + 0,1 9.8 + 2,6

Mixed algae (third series)

0 day T+5 - 7.5 -

2 days T.6 + 0.1 8.8 + 1.3
4 days Te6 + 0,1 9.4 + 1.9
6 days T8 + 0.3 10.0 + 2.5

From a study of the above +table it will be seen that
there was a slight change of pH in the control flasks.
But it was found to increase in the algae treated samples
from the second day onwards to about 10 on the sixth day
for all the three algal sam@leg. The increase has to be
attributed mainly to phenolphthalein alkalinity resulting
from photosynthetic activities of the algae,

Chemical variables

Phenolphthalein alkalinity, ammonia nitrogen, nitrite
nitrogen, nitrate nitrogen, orthophosphate, BGD5 and COD
were determined in gll the three series of experiments,

The results are shown in the Tables 1,2 and 3 (Appendix).



Phenolphthalein aikalinitx:

’ ¥
Phenolphthalein alkalinity in all the flasks have

been summarised helows

Algae~treated

R SO <)

, T Control -

Dgzgixgipn Phenol- Ancrease Phenol~ increase

P rhthalein over phthalein over

alkalinity 'zero day alkalinity zero day

B (mg/1) _ (mg/1) *

ﬁqstoc pyriformis

0 day - 28 - 28 -

2 days = 36 8 65 37

4 days ‘ 40 . 12 - T8 50

6 days 42 14 90 62

Angbaens gylindrica

0 day . 36 - 56 -

2 days 52- 16 72 36

4 days 6% 25 84 48

6 ' days 65 29 98 62

Mixed algae
day 26 & ‘ .26 -
days . 35 9 8% 55
days 40 14 .92 66
days . 45 19 . 106 80

It will be seen from the above table that comparatively
less increase in the phenolphthalein alkalinity was found
* in the control flasks, Bub in case of the algal flasks it
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shot up on the second day and gradually increased uptp
the sixth day, This shows that the carbon dioxide from
the bicarbonates was used wp for algal ph_{rboéynthés}j;s
resulting in increase in phenolphthalein alkalinity and
in pH, -

Anmmia nitrogen:

The amountsof ammonia ni'hrogen present in a1l -t:he

flasks have been summarised belowx

De‘her;‘i;ion Y on'!;rol Algae=treated
period TN Ty For

_ {mz/1) reduat;;on {me/1) reduction
Nostoe pyriformis '

0 day 36.4 - 356.4 -
2 days 55,0 L 3.9 9.9 . 72.8
4 Gays = 34,0 . 6.6 5.4 85.2
6 days 32,9 C 9.6 3.0 91.8
Ansbaens cylindrica e o

0 day 34,0 - 34,0 -

4 days 51.8 6.5 6.4 81.2
6 days - 30.4 10.6 2.7 92.1
Mixed algae ,

0 day 36.0 - 26.0 - -

2 days 126.8 25.6 8.0 77.8
4 days 26.4 26.7 5.9 83%.6

6 days 21.4 40.6 2.2 93,9
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There was comparatively less reduction in the control
flasks. But there was a sharp fall in the case of all the.
algal samples, 73 to 78% of reduction in algal fla;ks have
been found within 2 days and 90 4o 94% reduction within
6 days.

The data indicate that ammonia nitrogen was used as
a mutrient for the algal growth and no specificity was
found for different algae.

Nitrite and nitrate nitrogen:

A trace of nitrite and nitrate was found in the
sewage and no significant changes were found for the

control and algal flasks,

Orthophosphates

The amounts of phosphate present in the control and

in the algal flasks have been summarised below:

Detention Control Algae-treated
period PO, B of PO, % oF
(mg/1l) reduction (mg/1) reduction

Nostoe pyriformis

0 day 19.5 - 19.5 -

2 days 17.8 8.7 T4 62.1
4 days 18.4 5.6 6.0 69,2
6 days 20.0 -2.6 5.7 70.8



Detention Control

Algae-treated

périod FOE m -
{mg/l) xeduction

§54 % of
(mz/1) reduction

Anabaena eylindrica

0 day 1600 -
2 days 14.3 10.6
4 days 12.8 20,0
6 days - 14.0 12.5
Mixzed algae - )

0 day 16.8 -
2 days 16.1 4.2
4 days - 12.8 23.8
6 days - 14.0 16.7

16,0 ) %
5.3 66,9
104 91.3
1.0 93.8

16.8 -
5.7 6641
3.6 78,6

2.7 83.9

- No appreclable change was found in the control flasks.
But algal flasks showed 62 to 67% decrease within 2 days
71 to 94% within 6 days, indicating that orthophosphates

from sewage were utilized as a nutrient for élgal growth,

BODs_at 20°Ct

The results of control and*algal flasks have been

summarised below:

Detention eontréi

period BOD % of
(mg/1 reduetion

“Al ge-treated
% of

reduetion
" Nostoe pyriformis
0 day 197 = 197 -
2 days 114 42,1 56 . 7146
4 days 102 48:2 44 177
6 days 61 69,0 26 86.8
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Detention Gontrol » Algze-treated
period “B0D % of —ﬁﬁﬁg""""7%“af‘““‘“‘“"

(mg/1) reduction (mg/1) reduction
Anabaena cylindrica ‘

0 day 153 - 153 -

2 days 108 ... 29.4 A3 71.9
4 days - 85 44,4 25 83,7
6 days 64 58.2 ’ 12 92.2
Mixed algae

0 day 160 - 160 -

2 days 104 35,0 68 57.5
4 days 78 51.3 26 83.8
6

days 65 59.4 21 * 86,9

60 to 704 of reduction in BODg was found in the
control flasks within 6 days. But the same amount of
reduction was found in the aléal flasks within 2 days and
87 to 924 within six days.

This shows that organic matter from sewage influents
has been more rapidly removed in algae treated flasks to
a greater extent than'in the control flasks,

CODs

S ——

7

The results of the control and algal flasks have

been summerised belows
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Detention Control Algae-treated
peried coD % of “GOD

% of
{mg/l) reduction (mg/l) reduction
Nostoe pyriformis |

0 day 315 L. 315 -
2 days 230 27.0 90 T1.4
4 days < 164 47.9 69 8.9
6 days .97 69.2 42 86.7
Anabaena cylindrica

0 day . 240 - ‘ 240 ~

2 days 180 25,0 68 71.7
4 days - 125 AT9 39 83.8
6 days 100 5843 18 92.5
Mixed algae ‘

0 day 264 - 264 -
2 days 156 40.9 102 61.4
4 days 110 58.3 ° . 44 83.3

60 to T0% reduction of COD was found in the control
flasks within 6 days and the same reduction was found in
algal flasks within 2 days and 85 to 93% within 6 days.

The results confirm that degrada‘ble organic m tier
is rapidly removed but to a greater extent in algal-

¢

bacterial symbiosis.

60 to T0% redu.c‘&ion of GOD and BODS in the control
:Elasks has b0 be attributed to the phenomena of mechanical
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flocculation, biofloceulation and bioprecipitation
which are of commen occurence in nature (Huekélakian,
1941) and to comparatively slower surface reaeration °
phenomena, In the case of the algal samples the greater
percentage reduction hgs +0 be ascribed to phqtosynr
thetic oxygen furnished guiekly to bacteria as a result
of algal photosynthesis in the growth cultures,

Biochemical variables

The estimations oﬁ protéin, amino acid nitrogen,
sugars and volatile acids were done only in one experi-

ment dealing with the mixed algae. The results are shown

in the Table -4 (Appendix),
Protein:

The amounts of protein present in the control and

algal flasks have been summariséd below:

Detention Control Algae~treated

period Protein % of Protein % of
(me/1) reduction (mg/1) reduction

O ﬁay 6.8 -~ | 6-6 -

2 days 5.4 3 20.6 4.5 31.8

4 days 3.6 47.1 2.8 576

6

days 2.3 66.2 1.5 77.3
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The values for protein decreased in both the control
and algal flasks, But the degree of decrease varied. In
the control flask about 66% decrease was foﬁnd ivithi;l
6 days and in the algae-treated flasks nearly T7% decrease,
Thusg the latter showed a higher percentage of decrease.
The amounts of protein used up and remaining in the
ecosystem for different detentlon periods are diagrama-
tically represented in Fig. 2. The two curves run almost

opposite to each other.

Anino~acid nitrogzen:

The amounts of amino-acid nitrogen present in the

control and in the algal flasks have been summarised below:

Detention | - QGomtrol Algae-treated
period Amino- . % of Amino- % of
N reduction | reduction
(mg/1) {mg /1)

0 day 507 ‘ - 5.6 -

2 days 477 15 4B 19.6

4 days 3.5 38,6 2.3 - 58.9

6 days 1.1

80:7 007 87.5

The data show a gradual decrease and a higher percen-
tage of decrease in algae treated flasks, The control

flacks showed 81% decrease while the algae-treated flasks
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88% decrease within 6 days., These results are shown in
Flg. 3 .

Total sugars

The amounts of total. sugar present in the contrel
and in the algal flasks have been pumarrised below in a
tabular form, '

Detention . Control Algae~treated

perdod Total % of . TTotal % of
sugar reduction sugar reduction
(mg/1) (mg/1)

0 day 80.0 - 83.9 - -

2 days - 61.8 22.8 56.0 33.3.

4 days 41.2 48,5 30,0 64.2

6 days 29.2 63.5 . 16.3 80.6

. In this case also both the cultures showed a gradual
decrease but a highexr percentage of decrease in the algae
treated flaskéi‘ﬁhe control flasks showed 64% decrease
and the'algaéltfeated 814 decrease within 6 days, The
amounts of total sugar used up and reméining in the
ecosystem for the different detention periods are shown

in Pig. 4.

Pree sugars

The amounts of free sugar present in the control and
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in the algal flasks have been summarised below:

Detention _ Control ‘_Algae-treated

period Free % of Tree % of
sugar reduction sugar reduction
(mg/1) ’ (mg/1)

0 day 28.2 - 28.2 -

2 days 25.0 11.3 18,0 - 36,42

4 days 17.2 39.0 11,2 60.3

6 days " 0.6 76,6 2.9 89.7

A gradual decrease and a higher ﬁercentagé of
deerease in ﬁhe‘algal flasks were’indicated in this case )
. also., The control showéd 77%, while the algae treated 90%
deecrease within 6 days, This has‘been clearly demonstrated
in Pig. 5 with respect to the amount wsed up ‘and remaining

~in the ecosystem,

Volatile acids (lower fatty acids):

The amounts of volatile acids present in the control

and in the algae tregted flasks have been summarised below:

Detention Control ’ Algae~treated

period - TOIEEITS % or Tolatile % of
acids - reduction aclds reduction
_(mg/1) (mg/1)
0 day 46,8 - 516 -
2 days 32,5 30,6 29.0 43.8
4 days 13.2 71.8 8.2 . 84,1
6

days ', 8.4 . 82.1 3.4 9407




SKbyo v Goryyy NO/LN I 7P

-4 7 o

a. _ . \\1

¥
O—~ILb0L F¥OTY M
\ / eovvewzy 07

e
. — -~
CIL IYL - w
IOV Nt In QIS 2

“AUOTT QXN JAL HI/M

L

ot

os

02

HIUSKSOI7 IHL I ONI N Vi 7

TNV o7 G757 SC/oF 77/L¥ 70A

9 .m._h_



Again the reactions were similar., The control
~showed 82% decreased and the alga.eé-t}.ea.ted 94% decrease
'within 6_ days. The amounts vsed up and ;aema:f.nixig in the
aeosystem for differént‘de‘eention periogse‘are shownyin‘
. f‘igq Ga )

In short, the reduction of blochemical variables
like protsin, amino nitroéen, gugars and vof{.atj.le aclds
in the control has to be a,ttributeé %0 ﬁe’ta‘boli’e acti-
vities of bacteria, .Surface reaeration a comparatively
. glow process has helped in providing oxygen to bacteria
for degradation of o:égénic matter, But the highér pere-
centage of decrease in the algal-treated samples has,
to be atiributed to 't‘:h:e greater and more intimate availa-
bility of photosynthetic oxygen than reae;a’sion.

Biological changes

Algal dry weights were estimated in all the three
experiments for each detention periocd. The resulis are
shovn in the Tables. 1, 2, B and B (Appen&ix). Tt will be
seen from the tables that algal dry weight on second day
ranged between 199 to 208 ppm. Most of the algae developed
within two days. After two days the increase,in the
production of algae was not much, On the sixth &ay algal
dry weight ranged between 205 to 248 ppm.
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Other biological changes were observed in only one

experiment dealing with mixed algae., The results are

shown in the Table - 5 (Appendix). ;

i,

- 4v.

Ve

From a study of the table it will be seen that:

Zoogloeal growth was very rarely seen throughout
the study period

Dark brown to light brown filaments resembling

Leptothrix ochracea (?) were always seen in both

the cultures but 1n.varjing numbers on all days.

~ (Photograph No.1).

Brownish flocculent.precipitates were éeen either
at the bottom or suspeﬁdéd in the control flasks
only and not in the algae~treated flasks where they
were seen intermixed with the algal filaments but

in considerably smaller numbers as organic debris.

Paramoecium candatum was seen only in the control
flask on fourth day but it disappeared on the
sixth day,

ggaﬁhidium Spathula was seen in both the control

and algae-treated flasks but in smaller numbers.

Aspidisca costata was observed in both the culture
flasks but in smaller numbers,
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DdV'K bYObon fildtrienls resembling

Lefcboihrix ochrdceA

PKoto”rabh No.2

"Rotifer LeccUie Sfc- in the dI*dl Sample
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vil, Yoritlicella globosa was seen only in theé control
flask in large numbers on fourth day but it dis-
appeared on sixth day.

viii, Vorticella spp. were most common only in the
emtrol £lask,

ix, ' The :ébtifer, tLecane sp' was abundantly found only
in the :;é,lgé‘ll flask, (Photogra.ph No.2).

'x.‘ ~ Both in control and the algal flasks were prac-
' tically free from Anmelid worms excepting for

stray (rrr) ocourcnee in the latter case.
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