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Pure culture studies are made for the important physico­
chemical factors such as turbidity, pH, relative stability, 
acid KMnO^ value, ammoniacal nitrogen and phosphate with i 
(a) the 10 selected bacterial strains; (b) three fast growing 
algae; (c) three slow growing algae; (d) mixture of 10 
selected bacterial strains with the three fast growing algae; 
and (e) mixture of 10 selected bacterial strains with the three 
slow growing algae. The results of these studies are discussed 
below.
Results of the Ten Selected Bacterial Strains

Turbidity. The results of, turbidity test for each of the 
ten selected strains and the mixture are shown in table 8-1 
and in the Pig. 8-1. Prom a study of the table and figure, it 
will be seen that all the 10 selected strains show good reduction 
in turbidity. Six of them viz. Micrococcus sp. (R-66), 
Flavobacterium sp.(0-140), Corynebacterium sp.(0-149).Micrococcus 
sp. (0-195)and Brevibacterium sp. (0-201) are able to effect as 
high as 80-90% reduction in 21-28 days like the mixture of bacteria 
while three others (Brevibacterium sp.(0-96) . Corynebacterium sp. 
(0-137), and Brevibacterium sp.(0-166) are able to effect only 
about 50-56% during the same period. But Brevibacterium sp.(0-143) 
although gives about 70% reduction on the 14th day, is found to 
produce more turbidity on the last two days, so that the overall 
reduction amounted only to about 40%. Generally speaking, all the
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.8-4
bacteria and the mixture show comparatively less reduction 
during 4 to 7 days and more during 14-28 day phase.

Hydrogen ion concentration (pH). The results of this 
test for all the 10 bacterial strains are. shown in table 8-2.
It can be seen from the table that there is a gradual increase 
in pH with all the bacterial strains from 8.6l: to 9.00. 
Comparatively the pH reach in all the cases is less in 4-7

I

days and more in 7-28 days.

Relative stability. The results of this test given in 
table 8-3 show that the 9 strains, excepting Brevibacterium 
sp. (0-96) , giver, above 75% stability values. The latter gives 
only 21%. The higher stability values are perhaps due to 
endogenous respiration.

Acid KMnO^ values (4 hours). The results of this test 
are shown in table 8-4 and in Fig. 8-2. Only the two.bacteria* 
Corynebacterium sp. (0-149) and Brevibacterium sp.(0-166) 
show consistent reduction. In the former case the final 
reduction is about 51% and in the latter case only 38%. In 
all other cases, though there are definite reductions upto 
7 to 14 days the values are found to increase during the rest 
of the period. A similar reaction is found to take place in the 
case of the mixed strains also. But in the case of the 
laboratory model, the values were found to decrease consistently. 
Sp, exact reason for the increase in the case of the pure
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Fig, 8-4: Changes in Ammonia-rNitrogen content noted with 
different strains and mixture of bacteria
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8-6
cultures is not known. Most probably, the bacteria died and 
added to the organic matter content.

Ortho-phosphate. The results of this test are shown in 
table 8-5 and in Fig. 8-3 from which the following conclusions 
are derived. The reactions of the 10 bacterial strains can be 
grouped under three heads s (a) bacteria shotting consistent 
reduction throughout. They are the three species of Micrococcus, 
showing reductions ranging between 30 to 53%. (b) Bacteria 
showing initial reductions and then increases. They are all 
the 4 Brevibacterium species, one Flavobacterium sp, the mixed 
strains and one Corvnebacterium sp.(0-1491.Out of the six 
individual organisms, three show increase in value over the 0 
day ih the final stage and it amounted to 10 to 28%.

In the laboratory model oxidation pond the overall reduction 
was only 47%.

Ammonia^ nitrogen. The data for this factor are shown 
in table 8-5 and in Fig. 8-4. A study of the table and figure, 
reveals that all the strains show increased figures for the 4th 
day and later decreasec . The bacterial reactions can be grouped 
roughly under two heads s {&) bacterial strains showing 
consistent reduction throughout (about 50%). The organisms ares 
Micrococcus sp. R-66, Corvnebacterium sp.(0-137>:Flavobacterium 
sp(0-140);Corvnebacterium sp(0-149>? Brevibacterium sp(0.201) and
the mixture of all bacteria, (b) The other bacterial strains
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i

show initial reductions upto 14-21 days and on the 23th day 
the values are found to increase though the increases do not go 
above the O-day value.

Results of the Experiments with Three Fast-growing Algae (Chlorella. 
Qscillatoria obscura and O.cfaalybea) alone and with the mixture 
of the Ten Selected Strains of Bacteria

V.

Since it was found that the two species of Qscillatoria 
tlirned yellowish, after 14 days of culturing; it was decided to 
continue the experiments upto 14 days Only. The results of each 
of the three species alone and in combinatioh with the bacterial 
mixture are discussed below.

Turbidity. The results of this test are showh in table 8-7 
and in Pig. 8-0. It will be seen from a study of the table that 
the two algae cultures (Qscillatoria) alone show good reduction 
in turbidity in 4-7 days. On the 14th day they begin to turn 
yellowish with the resultant increase in turbidity. In the case 
of Chlorella cultures, as the organism passes through the cotton 
filter, the turbidity values are found to increase with the 
increased growth of GJslorella.

Comparatively, better results are obtained in the case of
thealgae cultures when grown in^absence of bacteria. While the mixed 

bacterial culture alone gives 72%, the algal-bacterial mixed 
cultures are showing 88% reduction; and the mixed algae alone are 
showing 92% on the 7th day and less later due to their death and 
disintegration.
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A: Ghlorella Vulgaris Bs Scenedesmus quadricauda

Dj Gscillatoria chalybeaG: Gscillotoria obscura

Fig.8-5: Photomicrographs of the Algae
used in pure culture studies

3: Nos toe pyriformis F: Aulosira fertilisima
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!

MIXED ALGAE

Pig,8-6: Turbidity changes noted viith different fast-
growing and mixed algae vath and without bacteria



16
Hydrogen ion concentration (pH). The results of this test 

are shown in table 8-8, from which the following conclusion 
is drawn. ' *

The algal cultures alone or the algal cultures in the 
presence of bacteria show definite increase in pH from 8.6 to 
10.90-11.20. On the other hand, with the bacterial mixture 
alone, the pH ranges from 8.62 to 8.70 only. The higher 
increase in the case of algae has to be attributed to photo­
synthetic activities of the algae.

Relative stability. The results of this test are shown in 
table 8-9. All the three algae individually or in combination 
with bacteria produced effluents of high stability in 4 days 
amounting to 55-75%. This value is maintained upto 7 days but 
the two Qscillatoria species alone were found to turn yellowish, 
after 7 days when the stability was reduced to about 50%. In 
contrast, the bacterial cultures grown under identical conditions 
produce effluents of 24% stability only in 7 days, but in 14 days 
the_stability increases to 60% and to more than 75% in 28 days 
(vide table 8-3).

The increased stability values with algae in as short a 
period as 4 days may be attributed to oxygen production by the 
algae, which is indicated by the high figures for alkalinity.(Vide 
table 8-10). But it is found that the stability figures are higher 
with algae alone than as with algae and bacteria. It would 
appear, therefore, that the algae alone without bacteria are able 
to bring about this stability. In fact, there are references to



Fig.8-7: Changes in Phenolphthalein allcalinity noted
with different fast-growing and mixed algae 
with and without bacteria

Fig.8-8: Changes in acid KMnO (4 hr.) value noted with different
fast-growing and mixed algae with and without bacteria



8-1*
show that the algae utilise organic substances (Fogg I960.) 
during their metabolic activities and may thus bring about 
stability in media containing decomposing organic matter.

Phenolphthalein alkalinity. The results of this test 
shown in table 8-10 and in Fig. 8-H indicate that in the case 
of all the three algae, phenolphthalein alkalinity is 
gradually increasing upto 4-7 days and then is found to decrease 
evidencing that with increased algal production, there is 
simultaneous increase in oxygen content and phenolphthalein 
alkalinity, as indicated by Atkins and Harris (1924). But with 
bacteria alone there is no such increase in phenolphthalein 
alkalinity. ,

The decrease in phenolphthalein alkalinity after 4-7 days 
is due to the death of the algae.

Acid KMnQ4 value (4 Hours). The values are shown in table 
8-11 and Fig. 8-B from which the following inferences are drawn.

In the case of the algae alone maximum reduction of 
65-84% is obtained in 7 days, and later the values increase 
which may be accounted for as being due to the death of the 
algae. Comparing the algae themselves, it is seen that the 
two species of Qscillatoria give better results than Chlorella.

The algal-bacterial mixed cultures, do not show any 
improvement over the algae alone. The reductions due to bacteria 
alone are comparatively lower showing that algae are able to 
show a better performance.



T QSCIiilATOBlA OBSCUSft MIXED ALGftS

Fig.8-9s Changes in orthophate content noted with different fast- 
growing and mixed algae with and without bacteria

Fig. 8-3D Changes
growing

in Amm-N. content noted with different fast- 
and mixed algae with and without bacteria
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Ortho-phosphates. The results of this test are shown in 

table 8-12 and in Fig. 8-<|. It is found that there is almost 
a complete removal of phosphates in all the cases excepting the 
bacteria alone when only about 48% reduction is indicated 
during the same period.

Ammonia-nitrogen. The results of this test are shown in 
table 8-13 and in Fig. 8-j®. Just as in the case of phosphates, 
a very high reduction in ammonia-nitrogen content is seen in 
all the cases excepting the bacteria alone where the reduction 
amounted to only about 45%.

Tests are also carried out for the presence of nitrites 
and nitrates, but they are not detected at any time, showing 
that all the ammonia nitrogen content is used up by the algae.

Results of the Experiments with the Three Slow-growing Algae 
alone and with the mixture of the Ten Selected Strains of 
Bacteria

The same type of experiments as is done with the fast­
growing algae is done in this case as well, but the experiments 
are continued for 28 days. The results of these experiments are 
discussed below.

Turbidity. The results of this test are shown in table 
8-14 and in Fig. 8-lf). The results show that there is reduction 
upto 14th day and thereafter there is an increase in turbidity. 
Bacteria alone show gradual reduction upto 28 days. Algae alone



Ta
bl

e :8
-7

: T
ur

bi
di

ty
 Ch

an
ge

s n
ot

ed
 wi

th
 D

iff
er

en
t F

as
t-g

ro
w

in
g a

nd
 M

ix
ed

 A
lg

ae
 - 

w
ith

 an
d 

w
ith

ou
t B

ac
te

ri
a

* (+)
 sho

w
s

14

CO 

* rv +O 1I'* CD4* 10i

* OVCO

10 t-i
CO + 
f-f 14* ^ 

nrH+
48

(4
6.

5-
50

.8
)

60
(5

8.
4-

63
.0

)
72

(7
0.

4-
75

.0
)

76
(7

3.
0-

80
.0

)
88

(8
5.

7-
92

.0
)

64
(6

0.
8-

66
.4

)
83

.5
(8

0.
5-

85
.0

)

%
 Re

du
ct

io
n

o♦ >-t-<-H^ +
O {«h m + CJ»

P
* in- ■41<4 jin o + in,+

ro
•H

00 oo r
•vOr*

60
(5

7.
5-

64
.0

)
88

(8
6.

8-
90

.5
)

78
(7

7.
4-

79
.8

)
92

(9
0.

5-
94

.7
)

.oo00 100
•, 10CO

72
(7

0.
0-

73
.5

)

K
le

tt u
ni

ts
 

at
 66

0 m
yU

/
* coo + 
ca \+ i> 

r- +

O
-* >4- * 1—1O 4* 
ri 1 + m.

•
< +

50
(4

8.
0-

52
.5

)
62

(6
0-

65
)

82
(7

9.
2-

84
.4

)
82

(8
0.

5-
85

.0
)

80
(7

8.
5-

83
.0

)
60

(5
8.

4-
64

.2
)

64
(5

9.
0-

70
.5

) ’
o 47

(3
8-

51
)

= •

O
sc

ill
at

or
ia

 eh
al

vb
ea

 w
ith

 Ba
ct

er
ia

 
"

R
et

en
tio

n T
im

e in
 Da

ys

H
-* ao

- C
hl

or
el

la
 vu

lg
ar

is

C
hl

or
el

la
 vu

lg
ar

is
 wi

th
 Ba

ct
er

ia

O
sc

ill
at

or
ia

 ob
sc

ur
a

O
sc

ill
at

or
ia

 ob
sc

ur
a w

ith
 Ba

ct
er

ia

O
sc

ill
at

or
ia

 ch
al

yb
ea

M
ix

tu
re

 of
 ab

ov
e th

re
e a

lg
ae

M
ix

tu
re

 of
 ab

ov
e th

re
e a

lg
ae

 w
ith

 
Ba

ct
er

ia
B

ac
te

ri
a  o

nl
y th

e %
 in

cr
ea

se
 ov

er
 O-

da
y v

al
ue



Ta
bl

e 
s8
-8
s 

pH
 C

ha
ng

es
 n

ot
ed

 w
it

h 
Di

ff
er

en
t 

Fa
st

-g
ro

wi
ng

 a
nd

 M
ix

ed
 A
lg

ae
 -
 w

it
h 

an
d 
wi

th
ou

t

rd■HP0)-P8

,<p"sCM c> o n in O in o
CM •M1 o rH 00 o CM o
• » • • • • * • l>

O H O rH O H O H O H in h O H m h O •
O H rH rH 0) rH O H CM rH O' rH O rH O' iH ["• 00
• | • i • i ft i • 1 • 1 • 1 • ! • 1

H rH O rH CM o m rH CM rH O O O ' rH in O 00 CO CO
H O' in O' H CO H O' H O rH O' H O' rH 00 vO

• • • • • • ft ft •O o o o «H o o o 00
H . t—4 rH rH pH pH rH rH fw

00 c) in in in O o in
CM c> vO o O' VO m rO 00
• • • • • • • • VO

\ O H O iH O H O H o o in o O rH in rH in •
rH r| O' H in rH O H 00 H in h 00 H H rH vO CO
• i • | » 1 • I • 1 • l • 1 • i • i

r* o o H m rH in o m O 00 rH O rH O 00 o
rH O' H 00 H Ni* H O' H t> H ^ rH rH H O VOra • • • • • • • • «0 o C) o o o o rH rH 00

0 rH H rH rH rH rH rH
■*—** 's«^ Sm*0>

_fd o in CO 00 o o CO in
0 m O' O' o in in 00
A • • • ft • • • • in
0 in o in o in h o o O H m o H- O in o o •
ft If) rH 00 rH O' H O' rH CD rH ^ rH m h r- h m oo

• i • ! • ) • 1 • i • i • I* • l • t
xj* o o o m O CM O 00 o o o o o in o o 00 CM

H ^ rH tH H 00 H 00 H 00 H 00 H 00 -H vO
• • • • ft • • • •O o o o o o o o 00
H H rH rH rH H rH rH s-*

•s/

Lf)i> 'CM .vO 00o • 100 oin 0
ft iH ■Q

00 0 P A
•H 0 *HM A £
0 0 *--p 0 0 / 0o’ 03 0 0
0 O' O'
03 , ■ A ■P rH rH

A *H 0 0
0 A •H £
>i A £ 0 0
fd 0 , 0 0 0
Q £ 0 0 0 0 p PP • P A rQ A A
a 0 0 0 0 >i A A•H 0 V H rH

p P 0 0 0 0 0 0
o 0 0 rQ A A A > >
6 O' O' 0 O o 0 O 0

A .Q
0 0 0 0 0 0 0 .0 rH0 > > •H ■H •<H •H b

rd p P P p m m . 0
0 O' 0 0 0 0 0 0 o 0 ^
•H H ■p •P -p -P 0 0 0
+j < 0 0 0 0 -rl 0 0 -H •H
d 0 0 rH rH rH £-4 M P P U0 P P iH rH H 0 0 . 0 0 0
+J 0 0 •H •H •H -H A +J A -P .p
0 0 0 0 v q * , X 0 V,P$ ,0 A 0 «] 0 0 0 •H *r| fd 0

o O o - o o O 03 .a a a m

Z2-8



>7
5)

>7
5)

(09 ID

(09 64
)

64
) (09

64
 )

14

> 
75
 

(>
75
 - in lC"

a m
A

50
( 4

0 
- 50

( 4
8 

- 50
( 4

0 
- 55

( 4
8 
- 60

( 5
5 
- 50

( 4
0 
- 60
 

( 5
5 
-

C"

o 
Re
la
ti
ve
 S
ta
bi
li
ty

> 
75

(>
75
 -

 >
75
) int-/

O 1
in

^—*. in
A.

in i t>A int-A
•Srn^

70
( 6

5 
- 

75
)

>7
5

(>
75
 -

 >
75
)

65
( 6

0 
- 

75
)

>7
5

(>
75
 -

 >
75
) mr-

A
in i c*
A

24
( 1

9 
- 
36
 )

>7
5) 70
) mi>A 70
)

>7
5) (09 inr-A 75
 )

36
 )

o'* tn it"
A

60
 

( 5
5 

-
> 
75
 

07
5 

- 65
 

( 5
5 

- m i r>A* 10
A

55
( 5

0 
-

> 
75
 

(>
75
 - 70

( 6
0 

- 24
( 1

9 
-

o 8
(6
-1
2)

a ■ = " * = ■ >2 * = • a ' <■ 2 / 2 t

Re
te
nt
io
n 
Ti
me
 i
n 
Da
ys

Al
ga
e

Ch
lo
re
ll
a  
vu
lg
ar
is

Ch
lo

re
ll

a 
vu
la
ar
is
 w
it
h 
Ba
ct
er
ia

Os
ci
ll
at
or
ia
 o
bs
cu
ra

Os
ci
ll
at
or
ia
 o
bs
cu
ra
 w
it
h 
Ba
ct
er
ia

Os
ci
ll
at
or
ia
 c
ha
ly
be
a

Os
ci
ll
at
or
ia
 c
ha
lv
be
a  
wi
th
 B
ac
te
ri
a

Mi
xt
ur
e  
of
 a

ll
 t

he
 t
hr
ee
 a
lg
ae

Mi
xt
ur
e 
of
 a
ll
 t

he
 t
hr
ee
 a
lg
ae
 w
it
h 

Ba
ct
er
ia

Ba
ct
er
ia
 o
nl
y

Ta
bl
e 

s8
-9
s 

Ch
an
ge
s 
in
 R
el
at
iv
e 
St
ab
il
it
y 
no
te
d 
wi
th
 F
as
t-
gr
ow
in
g 
an
d 
Mi
xe
d 
Al
ga
e 
- 
wi
th
 a

nd
 

wi
th
ou
t 
Ba
ct
er
ia



Ad0

O'd-H£s1to
0

Cm

Pd0P(1)
pp•HQ

•H&
rd0)pod
0)drH0> (d■ -H>i P+i 0 •H Pd u-H 0
h m 0
A P h d ^ o2 £ 
d -p •H *H

0 £
i—i
rd <0rd dP 0pdftrd rH P0d0£
d•H

0 0 d> ■—i
ra («joDltd 
d 0 0 ?$ d do a

otHICO
0
HS
(0

r*-sin o in tn o m o in oas vO cn vO r- vo CO vo vOH1 I in i O 1 O 1 O 1 O I m i in i O 1 O 1
rH 00 o m m co m vO o vo m m o f" m VO O in o03 sj* C" in in in VO in H*

2Oi ”o o sCM iH LO o O o o m o oO H m r- tD H in co m crv o as m on O CPl O vOd O 1 vo 1 as i t" i 00 1 00 1 03 1 00 1 in t•H H m m m o in m o m in
as in 00 i> t" f" 00 . i> in0 w *w»0dr-i0>

iH
' '

m0 in o H o in o in o od c* as O «H o o m as O CD O Ov in <n O VO-p O 1 m i rH I on h co i f" | Os | CO 1 m i0 as m co in rH O i o in o o in
< 03 r- O in 00 VO 00 oo 00rH GO —* «w#

mo voo m i 2 i • t 3m■sf

0•H0 P•H 0P P0 O-P 00 030CQ rdPd •HM , P >>i •H0 & 0 0,Q P Pto 0 d dd •H •H 0 0*H P p 0 00 0 ►Q d0 tn tn 0 06 <—1 . iH•H 0 d d 0 00 > > •H •HD> P • P
d rH 0 0 0 00 <3 i—i rH P P•H H rH 0 0
P 0 © rH rHd P P rH iH0 O 0 •H •H•P rH rH 0 00 d d 0 0
Pi O o O o

0 d•H pP0 >PU 0 ©0 0 0m di O'•—r I—id 0 0p•H 0 0£ 0 0P P0 0 d d0 0 p pA A>- © 0<H rH A d0 0 P p■ A A0 0 H rHrH «H >i0 0 0 0 rH•H •H dP p P P 00 0 0 0P p 0 00 0 0 0 -H •Hi—i rH p P P PrH rH d d 0 0•H *H p -id! +> Po i 0 N X 0 00 0 •H •H 0 0o o 2 2 03 , m



T>
9

0i
d

•H
§

p
01
I

4>
0
0

Pn

•p
a
Q)
p
0

VH
m
-HQ

•H£
'd
a)+>
H

0
H 
P 
0 

a) +)
d
r-l
rd ffi

d 
♦ O

043 
P -P 
43-H 

& 
■M*
«rd

■tfd
o id
a
§43 

+> 
•H 

■d!2

3 1A 0

(d

d
o

■H
4>
0
•§
$

p
<D i—i
OiS

o. o0>oS H

o m 01 In o’ O Ol oo
• • • • • • • • •m cn o h< 01 lO oi in in oi 00 C" <0 ^ t" o on in

. in • ip • t" . o • C" • r» • p* . 00 • on
v0 1 O 1 on i on i VO 1 •M* 1 CM I r- i h* i
in in 10 00 t— in r~ 0i r* in r~ i0 c*» in r> in on h

• • • • • • • • •C" o H •=3' on o LO cn
in m r- r» 0" r- cn

* s*-#

«P"N ---o o’ o’ in o’ H* oi CO
• • • • • • • • •O 00 00 10 *H 00 cm r> 01 io cm in I—i 1—i CM O CM \D

• vo • in . . i> • 00 . 00 . CO . CO • in
m i 't i in i m i on i CM | 01 1 00 1 ^ i
vO in in ■<# I> 00 l> 00 CO o co in C" 00 C" 00 in

• • • • • • • • •on on ■s* CM o o » 10 CM
10 m r- CO 00 C" in

W

to o’ • V0 o o o’ 00 ov
• • • • • • • • •cn ^ o cm r-~ o ■M1 CM CM 00 on r- O 00 O CM in cm

• on . CM • io • in • 10 • in • ^ • VO • in
on i O 1 00 I O 1 m i ■M* 1 m i O I O 1
on in cm in in i> in i> 10 00 m in h< in 10 ^ in h

• • • • • • • • •o 00 c0 00 on CM on 00 i>
on rH in •M1 10 in ■=t in
'_/ V—r V—/ w

00 

in cn• rl
O I
h r- 

10

<d
•H
P
a)

43.

CQ

id 43.
id •H 43

•rl p •H
P 0 £
a) •P
43 0 0) 0
0 id id id
id « (Q 01 0i

CQ H rH
43 id id

43 4>
+3 •H a> 0
-H 5u a) >

•H 01 Q i 4> £ p 0
rl •rl 0 0 43

W fit, d
,

£ 0 0 0 0 -P 0
r© ^ •H p P 43 43
©I'd W 0 d d >i >i 0 0

d a) •H •HI o o rH rH 43 43
id X s 0 P p 0 0 0 0 4» •P

■d-H •H 0 0 0 43 43 43 43
o S, EH 0> 01 0> 0 0 0 a H H

pH pH rH rH pH ' >1
«• d fit p d 0 0 0 0 0 0 rH

pH 0 > ' > •r| •H •H •H d
H •r| P P P P 4H m 0
| P 0 0 0 0 0 0 0 0

00 d rH pH •P 4> -p -P 0 0
•« 0 rH pH 0 0 0 0 p 0 ‘H •rl

4> 0 0 pH rH pH rH p p p P

0 0 P P pH i—i 1—1 rH d d 0 0
rH c4 0 0 •rl *rl -H ■H •H -H 4>

4Q pH pH o o a 0 « 0 y
id 43 xs ra 0 0 0 -H •H 0 0

U o o o o o s a ca (Q

£2-8



u
a
td

cn
d
•rl

d
0

1
P
to
(0
td

P
d
CD
d
(D
P
M-l
■rl
Q ’

X
■P
■H£

■d cd
CD -H 
P d
fc*

oP cd 
d m 
a)
-p -P
d d
o o

CD -r| 
P £ 
id
Qh d 
CO Ed
o
5 rd
P|-P
0 -H

tj
o
d

•H
a)(d 
O’

rH
w
<D
di>d 
d <u id X X -H 
a g

CM

I
(X)

CD
HI

■3
Eh

to
>i
(d
Q

d
•H

CD
£

•H
EH
d
o

•H

0)
■p
CD

03

d
o

•H
p
o
d

a>
oS

d i-1
a) g
OeO
• o

o>o
£ H

CD
id01
H

oi Oi 01 OI 01 Oi Oi OI CM
• • • • • • • • •0 Oi 01 01 Oi 01 01 01 oi 01 Oi OI OI 01 Oi 01 00 oi

• OI • 01 • 01 . 01 • 01 • OI • 01 • Oi •ai 1 oi 1 oi 1 01 I 01 1 oi 1 01 1 OI 1 r-~ i
oi 01 oi oi Oi Oi 01 01 01 Oi 01 OI oi <01 Oi OI 01

• • • • • • • • •01 OI 01 01 01 01 <J\ 01 vO
01 01 01 OI 01 OI a\ 01 *N—* ^■rr

p-s o
o l> CM r~ * o 0 0 1—i

• » • • o • • • •
r> oi rH r—I 0 0 Hj* 0 o o H 0 0 0 O 0 0 S}1

• 01 • 01 . 0 . 0 • H • 0 • 0 • 0 • 0
vO 1 01 I 0 1 O 1 O 1 0 1 0 1 rH 1 0 1
oi CO 00 o 0 o . 0 0 Oi ^ 0 0 0 "M* 0 '■3* 0 0

« • • • • • • • •
10 0 0 0 rH 0 0

01 00 0 t" 0 0 0 0 0
* ' ~ %«-r

in o 01 0 0 tn p 1—1
• • • « • • • t •

O rH 0 CO CM CM 0 ^ O 0 0 O 0 0 0 H O
• 01 • C-* • 0 • r-~ • 0 . 0 • 0 . 0 • 0

00 1 O 1 O 1 CM 1 0 1 O 1 o » O 1 O 1
00 o t" in 0 0 [N. ^ 0 0 0 0 0 0 0 -M* 0 0

• • • • • • • ' • •
'd* 00 o Ql o 0 0 0 m
CO 0 r* 0 r» 0 O OJ

•*-r *w<* •S^

0

CM O 
. CM

r~ l
i—e in

CO

e Ed X
id ■rl p

■H d •H
id d CD

•H CD p
CDd . p a (D

CD 0 id Ed id
p id ffl 0 0
0 ffl rH 1—i
id X Ed id
m rd p

CDp CD
X -rH iS ED CD
p £ d d
•iH cd cd rC
£ id cd CD CD p -p

d d X X
CO C/1 d d >1 >1 CD CD

•pH ■H Cl Cl rH 1—l X X
d d CO CO cd cd p p
cd id X x X X
0 0 0 0 Cl Cl rH i—!

>1r-H rH H rH
d d id id id cd id td H
> > •*H ■H -H •rl a

d d d d p p 0
id id 0 0 0 0 0 o

cdrH 1—1 p p p m id
0 rH id p cd cd td CD CD -rl •rH
CD CD rH rH rH 1—i d d d d
d d rH 1—1 rH H d d CD CD
0 0 ■pH ■H •rH •H -p •p +> -p

rH rH a 0 Cl Cl -M 0 Cl
X X U1 CO CO CO •rl •rl Id cd
o o o o o o g g ra 0

S Z—8



Ta
bl

e 
:8

-1
3:

 C
ha

ng
es

 i
n 

Am
mo

ni
a 

Ni
tr

og
en

 C
on

te
nt

 n
ot

ed
 w

it
h 

Di
ff

er
en

t 
Fa

st
-g

ro
wi

ng
 a

nd
 

Mi
xe

d 
Al

ga
e-

 w
it

h 
an

d 
wi

th
ou

t 
Ba

ct
er

ia
o, CO 00 ■d* o as CM m• ' • • • • • • • •r~ Gv vO m Os 00 CO ■d* C-

•d1 ov oo ov m as CM (TV cm as c*- o\ r- as in oo 'Sj* d*
• i i • i • l • i • i • i • i • 1•M* CM o ^ 'd* Oi ■d' •d* C' ■d* vo vO r-i SO rH 00 d< vO

Ov . ov • cr> • 0v • OV • OV • as • oo . d* •
CM in CM CM in in 00 as CM
OV ov ov ov ov a\ 00 C" d*

ao
•rl
•P0©
0)a

'd'

in
*3* /■SVO as 00 00 o VO •d*

• • • • • • • • CM
Os 00 00 m 00 1—l as 1

so as m as oo as m as P~ ov so C- vO ov ov ov O 1
• i • i • i • i • f • 1 • i • I . CM00 00 vo, m m sp co in vo as OV H t" d1 in d* rH •

as . ov • as . as • Os • SO • OV . ov . CM OV
r" CO rH rH 00 00 m CO , I «H
as as Os as as vO Ov ov

'W*

«*■"*00 d* m Ov O as o d< in
• • • • • • • • -* *-

SO f" rH in CM in CO O COin r> in r-> O ov d< t» l> OV d< vo in CM 00 Ov -t
• l • l • 1 • i • 1 • i • i • 1 ♦. 1d* O d< m O 00 d< o as s> CO 00 VO d* l> 00 H 00l> • i> • ov . i> . 00 • VO . r~ . C" . + •
CM CM r* CM to rH 'd* in rH

t" 00
N««#

t> CO VO l> 1
■w*

P. .£ MOiOo d>o E H

CM O . CM VO i 
rH 00

•CO
i—i © . A

i © -rl -P
•rl P tH

id P © £
•rl © •P
P •P 0 © ©
© , 0 © © ©
•P © m d> d»

a * m rH i—i >
© A © ©
m rC -p

IQ •p •H © ©
>1 • A •H £ © ©
© •p £ P P
Q •rl © © A A£ © © © © A -P

fl P P A A
•H CO © © © >i >1 © ©

■rl •rl o O rH l—1 A A0) P P © © © ' © •P •P
E © © h A r© A

•H 0) cn <J! 0 0 , o a rH rH
EH id rH rH rH rH

tn © © © © © © © © •H
c! pH > > ■rH •H •H •rl c
0 *5 P P P P m MH 0

-H id © 0 0 O o 0 0
-P i—i 1—1 •p -p ■P -p © ©
© rH 1 rH © © © © © © -H •W
0) © © rH 1—1 rH rH p P P P
-P P P rH rH rH i—i © © © ©
0) 0 0 ■H ■H *H •rH -p +> ■P

05 H 1—1 O O a O X O o£ A © © ra © ■rl •rH © ©
a O o O O o a a « 00

LI' 8

*(
+)

 s
ho

ws
 t

he
 %

 i
nc

re
as

e 
ov

er
 0

 d
ay

-v
al

ue



8-28
• and algae plus bacteria produce almost similar results.

The reductions are similar.in both the groups of algae.

Hydrogen ion concentration (pH). The results of this
test are shown in table 8-15.

1
Similar increase as in the case of the first group of 

algae is noted but a lower maximum value is reached in this 
case.

- Relative stability. The results are shown in table 8-16 
and the individual alga behaves differently in each case.

Aulos$ra fertiliifjwyproduces maximum stability in 4 days 
and is retained upto the 14th day. Later there is decrease 
in stability which is lowest on 28th day.

On the other hand, Nostoc and Scenedesmus behave almost 
alike. They effect the maximum stability in 7-14 days and 
thereafter there is a decline.

Aulosira, Nostoc and Scenedesmus with or without bacteria 
behave alike.

Algal mixture alone produces maximum stability in 4 days 
but later on it is found to decrease. The algal mixture with 
bacteria, on the other hand, behavesdifferently. Maximum stability 
is produced after 14 days.

With bacteria alone stability is found to increase slowly
reaching above 75% on 28th day.



Fig.8-11; Turbidity changes noted wihi different slow-growing 
and mixed algae wLth and without bacteria

AULOSIRA FERTILISIMA HUtSD ALGAE

*?-------------- . . I I   —-   ■' ■»   T«_i«-r —» -II,-- ..     ■■ ■" ' » TX.IUS'^m yuf-lf-*-'

Fig.8- 12:' Changes in Phenolphthatein alkalinity value,noted with 
different slow;-SrowinS and mixed algae vd.th and without bacteria
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Phenolphthalein alkalinity. The results are shown in 

table 8-17 and in Pig. 8-11.

The three algae show a gradual increase upto 7 days.
Then the values increase rapidly reaching the maximum on 
14-21 days, and later decrease on 21-28 days. -

Another observation made is that higher values are obtained 
when the algae are grown along with the bacteria.

The only point of difference between the two groups of 
algae is that in the former case, as the algae are fast growing, 
maximum values are obtained earlier (4-7 days).

Acid KMnQ^ value (4 Hours). The results of this test are 
shown in table 8-18 and'in Pig. 8-l£.

Prom a study of the table and figure, it will be seen that 
the maximum reductions are reached on different days with the 
different alga. Scenedesmus gives maximum reduction in 14 days, 
Aulosira in 4 days, Hostoc in 7 days and the mixed algae in 4 
days and later on the values are found to decrease.

Individual alga with bacterial mixture is found to behave 
in a way similar to that with the algae alone.

The algal mixture with bacteria on the other hand sho^ya 
consistent reduction throughout.

Compared to the first algal group, the performance of this
algal group is comparatively poor.
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ftULOSIaA FSRTILISIMft

fig.8-13; Changes in acid KMn04(4 hr,) value no ted wi th different 
slow-growing and mixed algae with and -without bacteria

f

&ULOSIR& FERTILX5IMA

Fig.8-l4s Charges in orthophosphate content noted wLth different 
slow-growing and mixed algae with and -without bacteria
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i

Ortho-phosphates. A study of the results shown in table 
8-19 and Fig. 8-lt£ shows that in the case of Scenedesmus, there 
is first an increase in value upto 7 days and then decrease. 
Maximum reduction is obtained in 28 days. Similar results are 
obtained when the alga is grown with bacteria though the 
increase is greater.

Aulosira and Nostoc behave alike giving maximum reduction 
of about 80% in 14 days. Later the values are found to increase. 
Similar results are obtained when the algae are grown with the 
bacteria.

The algal mixture, on the other hand, is found to show 
consistent reduction throughout. With bacteria higher reductions 
are obtained. With bacteria only, maximum reduction of about 
48% is obtained on 14th day and thereafter the values are found 
to increase.

Compared to the first algal group where almost complete 
removal of phosphates is observed, in the second group, the 
consumption of phosphates is much less, (about 77%).

Ammonia-nitrogen. The results of this test are shown in 
table" 8-20 and in Fig. 8-lJF.

The three algae have behaved differently in this case. 
Taking Scenedesmus, it is found that the values for this test 
are reduced gradually reaching the maximum reduction of about 
98% in 28 days. The same alga with bacteria, removes 98% in 14 
days. Aulosira, on the other hand shows 80% reduction in 14 days.
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Ml
With bacteria this alga is able to utilize 97% in 7 days.
Nostoc alone is able to use 95% in 14 days and along with the 
bacteria, similar results are obtained, but the values are 
found to increase later. When all the three algae are grown 
together, about 96% is utilized in 14 days. Similar results 
are obtained when the mixed algae are grown in the presence of 
bacteria. Bacteria alone can utilize about 47% only in 28 days.

DISCUSSION

A comparative study of the results obtained for the ten 
bacteria, the three fast-growing algae with and without the
bacteria, and the three slow-growing algae with and without

*bacteria is made below. All the algal and bacterial cultures
!

were grown under the same conditions of light and temperature 
for comparable results.
Turbidity

, (a) Bacteria. Reductions in turbidity are found to be
greater during 7-28 days than during 4-7 days. In the latter 
case, the reductions varied between 23.4% and 63.0% and in the 
former case between 40.7% and 95.7%. In the case of the mixed 
bacteria the reductions are comparatively greater.

The greatest reductions in turbidity during 7-28 days has 
to be attributed to endogenps respiration and the reduction 
during 4-7 days to oxidative assimilation of the soluble organic
matter
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(b) Fast growing algae. In the case of Chlorella alone, 

the turbidity values are higher due to the fact that the minute 
cells easily passed through cotton. In the other two cases the 
reductions in turbidity are greater with the algae alone than with 
the algae with bacteria. Similar results are recorded in the case
of the mixture of algae with and without the bacteria, thus, showing 
the anti-bacterial activity of Chlorella and Qscillatoria species.

(c) Slow growing algae. Reductions are greatest during 
4-7 days and much less during 7-days. This has to be attributed 
to the death and disintegration of the algae which had contributed 
to the turbidity.

The individual alga with and without bacteria shows more
reduction than the bacteria alone.
Hydrogen ion concentration (pH)

Individual bacterium or the mixture of bacteria do not show
any reduction in pH indicating that the bacteria are not producingeither
any CO^ or sufficient ec>2 or organic acids to reduce the pH^to the 
neutral or acidic .asides.

Maximum values are reached in 7 days retention time in the 
case of all the fast growing algae and the value is highest in the 
case of Chlorella alone. Chlorella-bacterial mixture shows slightly 
less reduction. Qscillatoria obscura alone shows comparatively 
higher pH than Qscillatoria obscura with the ten bacteria. 
Qscillatoria dfoalvbea also behaves in a similar manner. After 14 
days there is a fall in pH indicating death and destruction of the
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algae on 21st and28th days in the preliminary experiments 
which are not reported here.

A considerable increase in pH to 11.0 has to be 
attributed to the vigorous photosynthetic activity of the 
algae. The presence of bacteria in the algae-bacteria culture 
does not decrease the pH values considerably.

In the case of the slow-growing algae an increase 
similar to that of the fast growing algae is noted in 28 
days retention time but the values are comparatively lower 
indicating less activity. The presence of bacteria also does 
not result in any lowering of the pH values.

So, it would appear that the alga Chlorella vulgaris is 
the most vigorous and yielding more chlorophyll in sterile 
sewage rather than in the presence of bacteria.

Relative Stability

Excepting Brevibacterium sp (0-137), all the other 
bacterial strains show low values for 4-7 days, but thereafter 
the values increase during 7-28 days, including the mixture 
of bacteria. In the case of Brevibacterium sp (0-137) the 
value is very low.

In the case of the three fast growing algae the values 
for 4-7 days are much greater than in the case of the bacteria. 
But the individual alga with bacteria shows less stability 
values than v ..i the corresponding values for the individual
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alga# showing anti-bacterial activity of the three alga.

The three slow growing algae, on the other hand, do not 
show values as high as the three fast-growing algae but take 
the intermediate position between the bacteria and the fast 
growing algae. No anti-bacterial effect is seen in the case 
of these three algae.

Phenolphthalein alkalinity

(a) This test was not done by mistake for the bacterial 
cultures.

(b) Fast growing alaae. Of the three algae of this group 
Chlorelia vulgaris alone shows the highest value indicating 
again, more vigorous and rapid algal synthesis in sterile 
sewage. But when bacteria are present with the alga, the value 
is appreciably lower indicating either inhibition-of the 
activity of Chlorelia by the bacteria present or due to inhibition 
of the bacteria by the anti-bacterial organic substances released 
by the alga. From the observations of other workers about which 
we have already referred on pages 48 and 4"2i of chapter 4, it 
would appear that it is the former case.

In the case of the other two algae, the values are 
comparatively lower than that for Chlorelia alone, but higher 
than the values obtained with bacteria. Thus symbiotic activity 
results in lower values for these two algae also. The same is 
the case with the three mixed algae and bacteria.
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Maximum values are obtained on the 4th day and less 

thereafter on account of their senescence. The values for 
this test are indications of the degree of vigorous photo­
synthesis. The more vigorous is the photosynthesis, the greater 
is the oxygen production, and the greater is the phenolphthalein 
alkalinity, all the three factors being closely inter-related. 
Usually photosynthesis is vigorous during short retention 
periods. Oxygen production and cellular material production 
appear to be greatest in the case of Chlorella vulgaris.

(c) Slowing growing algae. The values are generally
found to be lower than in the case of the fast-growing algae.
The maximum value is reached in 14 days retention time and
thereafter there is a gradual decrease in values indicating
decline in growth and activity, when there would be greater
respiration than oxygen production. Thirdly, the individual
alga with the bacteria seems to produce more phenolphthalein

alone
alkalinity than with the ai’g.aejin all the three cases. In 
this respect, the three slow-growing algae differ from the 
three fast-growing algae. There does not seem to be any anti­
bacterial activity.

The algal cells are affected by long retention.periods, 
thereby their Chlorophyll content is reduced and in consequence, 
phenolphthalein alkalinity and oxygen produced are reduced.
Acid KMnO^ Value (4 hours)

(a) Bacteria. During short retention periods of 4-7 days, , 
the percentage reduction of individual bacterium is great in
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most cases. On other days (7-28 days) the percentage of 
reduction is comparatively lower. The organism Corvnebacterium 
sp (0-137) alone is an exception and shows comparatively less 
reduction. The mixture of all the bacteria shows the maximum 
reduction of 54.2%. Next, come Micrococcus sp (0-195) with 
49.5%, Flavobacterium (0-140), with 48.5%, the rest showing 
varying degrees of reduction.

(b) Fast growing algae. The algae, individually, produced 
the greatest reduction in 7 days. The mixture of algae produces 
greater reduction than with the algae plus bacteria. The 
individual alga in combination with bacteria also shows less 
reduction. So, it would appear that there is bacterial 
inhibition by the three fast-growing algae.

(c) Slow-growing algae. The values are comparatively 
lower than in the case of the fast growing algae. The 
percentage of reduction is greater during 4-7 days than during 
7-28 days. During the later stage, there was less reduction on 
account of their death. The mixture of algae with the bacteria 
produces greater reduction than with the bacteria alone.

Orthopho sphates
(a) Bacteria. In this case also, reductions during 4-7 

days are comparatively greater than during other days. Individual 
bacterium produces varying amounts of phosphate reduction. 
Flavobacterium sp (0-140) produces 67% reduction ahd Micrococcus sp 
(R-66) the least (0-20%) in 7 days retention time. But
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Corynebacterium (0-136) alone shows an increase upto the 14th 
day and reduction later. The reason for this is not clear.
A similar increase is recorded for Brevibacterium spp (0-166 
and 0~2©lp during 7 to 28 days of retention period.

(b) Fast growing algae. Chlorella vulgaris alone produces 
nearly 97% reduction and Chlorella with bacteria only 89%. 
Similar results are recorded in the case of the two Oscillatoria 
species as well.

The highest reduction in phosphates may be due to the 
higher phenolphthelein alkalinity, pH and their utilisation 
by the alga when the pH ranged between 10 and 11 in most cases 
in this group of fast growing algae.

(c) Slow growing algae. Generally# the three algae produce 
maximum reduction on the 14th day and thereafter the reductions 
are less. Aulosira fertilisima produces maximum reduction of 
80.3%. In a few cases the maximum reduction is also recorded on 
the 28th day. The percentages of reduction are also not as great 
as in the case of the three fast growing algae as the values for 
pH and phenolphthalein alkalinity are also not correspondingly 
great. The mixture of algae and bacteria produces more reduction 
than the algal mixture alone.
Ammonia-Hitrogen

In 4-7 days, Flavobacterium sp (0-140) consumes a maximum 
of 30.5%.and the mixture of bacteria only about 21.0%; while 
Micrococcus (R-66) only 5%.



8-48
During 7-28 days, more ammonia-nitrogen is used up.

A maximum of 56.7% is used by the Corvnebacterium sp (0-145) 
and a minimum of 14.5% only by the Micrococcus sp(0-195).
The mixture of bacteria shows a reduction of 47.5% only.

The reductions are considerably higher in the case of 
the three fast growing algae. Chlorella alone shows a 
reduction of 98.6%, while the same alga; with bacteria shows 
less i.e. 96.5%. Chlorella consumes the highest amount due 
to more vigorous photosynthesis than the other two algae.

Oscillatoria obscura alone shows a reduction of 95.5% 
and with bacteria 93.8%. Corresponding values for Q.gShalvbea 
are 96.7% and 69.6% respectively. The algal mixture alone 
shows 97.6% and with bacteria 95.9%, showing anti-bacterial 
effect of the three alga together.

The three slow growing algae, on the other hand,consume 
more nitrogen in the presence of bacteria than when alone.
The consumption of this nutrient is much less during 4-7 days 
than during 7-28 days. Of the three algae, Scenedesmus consumes ' 
the maximum of 86.9%, and Nostoc the lowest i.e. 57.3%. The 
algal mixture with bacteria consumes 83.6% and without the 
latter only 65.5% showing definitely that there is no anti­
bacterial effect.

Reviewing, it will be seen that during 4-7 days, there 
is oxidative assimilation by bacteria resulting in the 
utilisation of dissolved organic compounds, nitrogen containing
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substances and ortho-phosphates. The pH is always on the 
alkaline side. Algae also multiply during this period. Later 
on, the period 7-23 days' appears to be the period of endogenous 
respiration, when autodigestion of cellular materials takes * 
place and the medium becomes clearer. Chlorella is the 
fastest growing and produces more algal cells .in sterile 
sewage in the shortest time. The anti-bacterial activity is 
most conspicious during this period. The log phase of Chlorella 
growth is 4-7 days, when the maximum amount of oxygen is 
produced. After the log phase, oxygen depletion occurs. During 
long retention period, higher respiration results in more 
consumption of oxygen than its liberation? less chlorophyll 
production and more endogenous respiration.

Short retention periods favour quicker algal growth, more
dissolved oxygen, more phenolphthalein alkalinity, more

inreductions in phosphates and^/ammonia-nitrogen than compared 
to long retention periods. Fast growing algae should be preferred 
for algal-bacterial symbiosis and for reducing the period of 
retention to- less than 2 days.

So, for quicker purification of sewage in less than 2 days, 
the factors influencing algal-bacterial symbiosis ares select 
algal and bacterial species and their overlapping from the very 
starting, nutrients, and light intensity. The shorter retention 
period will be helpful in removing as quickly as possible the 
extra-cellular products of algae which may be anti-bacterial.
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The relationship between organisms has been described 

in several ways. One of them is designated as 'Symbiosis1 
to describe the intimate and constant association of two 
organisms with reciprocal benefits; and there are three types 
of symbiotic relationships such as neutralistic, mutualistic 
and antagonistic (De Lay, 1956). "Neutralistic" symbiosis 
is the relationship existing between two organisms when they 
have little or no effect on one another. If one or both, 
participants benefit from the relationship without any injurious 
effects on the other, this relationship is called "mutualistic". 
In "antagonistic" symbiosis one of the two participants may 
or may not derive any benefit from the relationship or one of 
them is deleterious to the other. So, it will be seen from the 
above definition, that the algal-bacterial symbiosis in the 
case of the three fast growing algae is "antagonistic symbiosis" 
and that in the case of the other three slow-growing algae 
appears to be of the "mut^piistic" type. Further work is 
•necessary with pure cultures of different green and blye-green 
algae and diatoms to find out the type of symbiotic relation­
ship existing in sewage oxidation pond.

SUMMARY
1. Pure culture studies of 10 strains of bacteria and 6 

algae with and without bacteria confirm the findings 
recorded in Chapter 4.
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2. Several types of bacteria with differing rates of 

activity are found to utilise the soluble organic and 
other nutrient substances in sewage during 4-7 days by 

oxidative assimilation.

3. Chlorella vulgaris. Qscillatoria obscura, and Oscillatoria 
dhalybea carry on ^antagonistic symbiosis " while Scenedesmus 
quadricauda. Nostoc pyriformis and Aulosira fertilisima 
carry on " mutualiStic symbiosis."

4. Final purification takes place; and it results in 
considerable reduction in turbidity, BOD (corresponds to 
relative stability); Organic matter, ammonia nitrogen find 

phosphates during 7-28 days as a result of endogenous 
respiration. There is no accumulation of sludge as in 
activated sludge process.

5. Chlorella vulgaris is a very fast growing alga in sewage 

producing comparatively more chlorophyll, dissolved oxygen, 
pH and phenolphthalein alkalinity.' As a result of the 
latter, almost all ortho-phosphates and Am-N are removed 
from the medium.


