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CHAPTER- V , ’ 41

Discussion of Results

(2) Bacterial Oxidation of {pollution organic matters
\\m' o ’

(1) Theory of bio~oxidation:

There are 4 phases of bacterial oxidation of polluting organic
matter. They are as followss

(i} Application of the four cardinal principles to waste treatment
systems : :

The main purpose of aerobic biological treatment for stabili-
-zation of organic matter is the removai of organic carbon in the
organic substences of the waste water. This removal i1s brought about
by reactions emboided in principles like the compleﬁe oxidation of —
organic compoQ;E;M;;E biosynthesis of the bacterial ce;is. It is on
account of this biosynthesis, the activated sludge process malntains

and even increases iteelf (Symons and Mckinney 1958) -

The phenomenon of mechanical flocculation, bio-flocculation,

bioprecipitation and surface feaeration:

The phenomena of mechanlcal £loccu1atia§,bio-flocculation
and bio-precipitation are of commonfpccgggpce in nature and act as -
partial and intermediary processes of seﬁége purification (Heukelekian
1941) . The process of flocculaxién ig coalescence of finely divided
. éuspended matter in sewsge acting in the absence of biologically active
slime, primarily under the influence of physical forces. Bio-~floceula-
-tion is also coalescence of finely divided suspended matter but
acting under ﬁhe influence of biological agencies. Blo-precipitation
is distinguished from bio-floceulationfbysﬁhe conversion of soluble

.

substrates into cellular protoplasm by miéro organisms,

The design criteria and the metho&s of operationlin high~rate
aerobic ponds are conductive to foster these phenemena which seem to —-

act as partiai and intermediate process‘of;sewage purificatioh.
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(11) Complete oxidetion: ' 492

| In this phase of bacterial oxidation, the soluble organic
matter is completely oxidised to carbon d;oxide and water and

energy s the final degradation product of metabolism. 7

!

" (iii)Incomplete oxidation:

in’thiS'phase of oxidation, due to the lack of specific
@aé€;§i§; engymes, thé soluble polluting natter is'not completely

ﬁoﬁverted to carbon;dioxide'but to some other intermediate compounds

which accumulaﬁe iﬁthe med ium aé end products of respiratory metabo-

lism, !

(iv) Endogenous metabolism

| This phase of oxidation starts when the nutrients)in the

medium @;}very low after aerating for a long@?;period. To get enough
e - :

energy for the maintenance at this stage, bacteria oxidise their own

bg§y’é§£g£gpé7products like Glyc&gen,fat, voluﬁin, ete. . ?3
2. Application of the theory_to the results
I. Removal of pollutIng organic matier as COD,
Eiggnfion Rawsewage +ChIorella ““Hawsewage + Buglena
CoD (mg/l) CODused up COD (mg/1) COD used up

o ‘ (mg/1) (mg/1)
0 Day 275 - 257 -
2 days 72 +203 86 +171
4 days 18 - +257 - 45 +212
6 days ‘ 12 +263 30 +227

S T T e T e e v W st S, S s o s S S e o A B e S B e e e o o e e B T T L e S o o S S R o e W, o o e v

(..C)
It is clear from the above&ﬁsults that by using sn alga =~

/)

Chlorella vulgaris with raw sewage, after 6 days, about 96% of COD
is removed and by‘ ing Buglena giacilis about 88% of COD is removed

on account of the three metabolic processes mentioned above.
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Bugleng gracilis: - - y ' 43

Quantitative evaluation of algal-bacteriai symbioses in
the case of the two a2lgal types experimented with Baroda
raw _setted. and stramed sewage:

In order to evaluate algal-baétérial symﬁioséa (or how one
kind of organism helns the other kind), it is necessary t0 know the
qnantity of 002 liberated during total bio-oxidation of sewage organi.
matter for the pxbéuction of each of the two algal bio-masses, and
in turn.glso how ﬁuch of the photosynthetic oxygen is liberated by
each of the algal blo-masses. during the photosynthesis for total

" bacterisl oxidation of sewage organic matter. But it is not possible
fo estimate directly either of the two gases in theiéyg ecosystmﬁﬁ
during algal;bacterial symbiosis for, thej are not phased metabolic
processe§ (i.e; processes taking ﬁlace.ané\after the other) but are
considered to be not only almost simultaneous, but are also stated

to be utilized as soon as they‘are 1iberafed in the eqdigystem —

(Oswald 1960) The two metabolic processes are illustrated in Fig,

r

SQ, attempts were maée to estimate*indiredtly,the_qnantities
of the two gaseé by methods which are based upon certain weli—esta—
—blished factors and equations connecting 002 production from ahd
oxygen requirements for total oxidation of sewsge organic matter;
and photosynthetic oxygen production from algal biomasses.formed.
Thés is the first time that such an attempt has been made in the
history of,the oxidation pond litérature for establishing new:rela-
~tions of faets from fhe two most indispensable and important
paramgg'- €0D and alga].piomass whioh‘haye been abtually determined
in our 1aﬁoratory experiments.

« \

"COD" as we know is a measure of the quantity of oxygen !
C‘:\f\?

Vi
; required for totél]%lc—cxidation of sewage organic matter and not ofg

SRS i

the orgenic matter 1tse1f. But we have to know the quantity of or-



' i :\\ . 4 4
ganic matter oxidized by bacteria amd{pdiges (1960) has furnished -
’ wz,-w-—-n—ﬁ

a method of estimating approximately the same from COD values by
using the conversion factor 1,2.C0D values when divided by 1.2 give the
corresponding "organic mat ter" equivalent in the 'wastewater. The

rest of the calculatlions are shown‘under:~

'ii. Conversion of COD velues into organic matter
x values according -to Porzes (1960

Accordhg to Porges, the values of organic matter obtained
from COD values, if we ‘divide COD values by the figure 1.2 Applying
thig factor to our results, we zne get the following results.

Detention time Rawsewsge + Chlérella Rawsewsge + Euglena
COD used up Organic matter COD used up Organic matt-
(mg/1) (mg/1)used up .  (mg/1) -er (mg/1)
used up
2 days 205  169.1 171 142.5
4 days 287 214.2 , 212 176.6
6 days 263% 219.2 227 " 189.1

e o0 et o wmemeate e S o S T P W P T A s AP e . Sl A ST ot S e 9008 OV e i W oy
— = — R R R S R S e T T T o S T T R T T T ST IR I o o S0 o o o e 0, o e S

iii. Ozxygen required for total bio-oxidation according to Oswald
et al (1958) 's equations

Oswald et al (1958) found experimentally in high-rate aerobic
ponds, the oxidation of sewage organic matter to fdéllow the equation
as shown below:

. (Organic matter = 287+448 gm 0,) -- 484 gnm Co, + 13H,0 + NH,

So; one gm of sewage organic matter will produce 1.69 gm 002
and require 1.56 gm of 02, . '
Iv. Carbon dioxide released by bacterial oxidation:

Accordbg to Oswald et al (1958), in high-rate aerobic ponds,
during total bacterial oxidation of one ém. of organic matter, 1.69
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495

gm of carbon dioxide are released. Applying these factors to our
results, the following results are obtained.

giggntion Rawsewage + Chlorells Rawsewage + Euglena
Organic matter CO, released Organic matter C0, relea-
used up (mg/1) (mg/1) used up (mg/1l) sed (mg/l)
Zams ., 69.1  28.1 . 142.5  240.8
4 days 214.2 362.0 176.6 298.4
6 days 219.2 370.4 - 189.1 319.5

V. Oxygen required and carbon-dioxide released during bio-oxidation
" of gewage organic matter according to Oswald et _al (1958)

According to Oswald et _al (1958)‘ane'gm.of organic matter
will require, 1.56 gm.of oxygen for its complete oxidation znd as a
result will produce 1.69 gm, of CO, . Applying this to our results,

Detenti- Rawsewage_+Chlorella Rawsewage + Euglena

on time, Organic CO,rele- Oarequ Organic CO, rele- 0, require-
matger Eagﬁg) —{red matger -ased d
used up mg, y used up
(mg/1) (me/1) (mg/1)” (W8/1)  (ngy1)

2 days 169.1  285.7  263.8 1425  240.8  222.3

4 days 214.2 362.0 334.1 176.6 298.4 275 .4

6 days 219.2 370.4 341.9 139.1 319.5 295.0

VI, Bacterial growth and gsynthesis according to Sawyer (1956):

Sawyer (1956) has found a formulae to calculate the total

treated flasks
bacterial mass in smmape from ite 3035 values., According to him:

Total bacterial growth = 0.5 x BODg, used up (mg/1)

S d AEG
applying this to our resglts, we get: s/ ?JJF
. ey ‘,/' 4 5
E:tantion < Raw sewage + Chlorella Raw sewage + Euglena
me

BOD5 used up Total bacteri- BODS used up Total bac-

(mg/1) -l mass (me/1) (me/1) tertal )
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3

1 2 \ 3 4 5

2 days 100 : 50,0 .95 47.5
4 deys 123 61.5 139 . 69.5
6 days 125 L 625 - 2 M0

oS S S g o i e Y SRS 4 MR Wy s S e D st M HUSE U RO S SR . S L AN S O S DN SRR et L Pt e S N A, Y S . - e e st WO S A, SOy S P s Vi S il O VS SO ity . S St Q0 W O A

VII Total active and decreasing bacterial bio-mass according to
Mekinney (1962)

Mekinney (1962) has found a formula and to find out, bacterial

active and total mass, the dlfference between the two willgive
the decreasing mass for activated sludge processsb Applying the -
game to our case,we get,
. . a,

S = total bacterial massy Ki/z congtant = 0.006:T=time in hours
And the total bacterial moss = COD)uéed up (mg/1)/2.13

The active bacterial mass = M_ = S/(1+K3t) where,

The difference between the total bacterial mass and active mass will
give the decreasing mass:

Applying these formulae to our results we get:-

Detenti- Ra.wsewage + Chlorellaf?ulgaris Rawsewage+Euglenaﬁ%racilis -
«on time,

Total Active Decrea- Total mags Active Decreasing

e Tn pes VY Gy e P
(mg/1)
2 days "95.3  13.99  21.31  80.3  62.34  11.96
4 days 120,6  76.52 44.08  101,8  64.59  37.21
6 days 123.5  66.25 57.25  104.7 56.22  48.58

- o~ — 20 e s oo 2 ST e s S T T S T o e et e ST et s s sy 2 e e St e S sy
= == EMEDEISZSSE = e EERENNERRNRERNNSNRNEE

From the. above results, it is evident tzﬁf on 4th day, the

active mass of bacteria in the case of chlorella + Euglena is maximum
{,——-"—W«WM}‘

which declines on 6th day and this may be due to eﬁdogenous metabolism,

(VIII) Different phases of Microbiat metabolism in high-rate aerobie -
ponds: S

High-rate oxidation pond process is a complete process

involving a variety of microorganisms and a multitude of bio-chemical
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reactlons. But in simplest terms it may be depicted by the following
equation, . |
)// :
Food+Mic:obesWM+02*—+N ewecells
+C0,+H,0 +NH3 +energy .

The fundamental reason for oxidation pond to purify sewage
* ig that micro~organisms qggﬁ.to proeigeréte for which they need food —
andenergy; The energy requireé for the multipiicatién is obtained

by oxidizingfpart of the food available in the orgsnic waste. The
ﬁicroorganisms (?fimarily bacteria) oxidise the organic compounds
1iberatiné?ghd products such as 002; H,0 and NﬁB. Ox&gen required
~for the oxidation is derived ‘from algoe is as photosynthetic oxygen,

Initlally when the F/¥ (food to- microorganisms)ratio is
high) multiplication of cells is limited only by the cells ability
to utilise the substrate and the %eneration time of the cells, At
this stage the organisms are in a "log phase" or in "assimilatory
phase", ;n our experiment this period lasts for 2 days (0~2 days)
during this interval the maximum nutrients Cwbqéggnggﬁgggggigﬁmaxteyé

PN

f%%ilised. After some time, the food availbale cen not support in/
bacterial growth at thatieets and hencé limits the growth, In other
wordg )\F/M“ratio decrease@ . This phase is known as declining phase, _
or as endogenous phase. In this phase, the bacteria live on the dead
bacteria, 'and on themselves utilising the reserve food in the form

of glyagen, volution and fat which are present in their Bodies. In
our case the endogenous phase périod is between %~6 days. 4And in

the valves of ave
this period/COD,BOD reduction &e less organic mattegﬂutilised.h.less '

than they are utilised in the assimlatory phase. The bio-chemical
nutrients like sugar, protein, aminoacid 4and organic acids are used __

up more in assimilatcrzggphase than in the endogenous phase/vide
Tabley Gelow .
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TABLE - XI

W - S Vo W s v

Removal of Nutrients during the Assimilatory =amd ¥ndogenous

phases of Algal-Bacterial symbiosis using the three algae and

Baroda Raw Sewage.

glgae Chlorella vulgaris Euglena gracilis
Detention periods Detention periods
ph%se Assimila ZEndogenous Assimila Endogenous
tory. tory
Days . 0-2 2~4 4=6 0-2 24 4~6
Geo~chemical Tests_(mg/1) : ’ . \
1. Am“'N 1408 7.6 109 16.2 ) 3.6 402 (
2. Po, | 5.7 1.5 0.3  12.0 0.8 1.2
Bio-chemical Tests(mg/1)
3. BOD | 203 54 6.0 171 41 15
4, Organic
natter 169.1 45,1 5.0 142.5 34 .1 12.5
5. Algae formed 175 213 230 188 196 201
BIOCHEIICAL TEsTS USING ‘
Microcystis_ seruginosa (mg/1)
1. Free sugar 14.9 8.4 6.5
2. Total sugar  40.0 12.5 27.2
3. Protein 1.6 1.4 1.9
4 . AMinO—-N 1 .O 1 .2 1 04‘
5 . 7 .2

Organic acids 12.0 19.2
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(b) Algal photosynthesis with Chlorella and Zg_}ggléna: ( 49
1. THEORITICAL CONSIDERATIONS:

a. Concepts of algal growth:

[

Jewell and McCarty (1968) have summ r%ed: ——

The photosynthetic process of algal.developmenfﬂas detailed below: —

a CO,+ CNOg+ e PO + (c+3e)H+ +% (b-C-3e) +H,0 +Sunlight

—CHyN, Og P+ (at+b/4+5¢/4-3/2+5¢/4)0,

In other words, the rate N, (or P) assimilation by algal
cells is a function of the rate at:which organic materigl is synthe-

-gized,

In most waste treatment systems utilizing algae, algal
nutrients flow continuously through the system and'thus are constan-

-tly renewed,

(b) Light intensity:

]

Light pegetraxion is direciz; affected by incident light
and inversely affected by depth andvgx%iére intensity., Optimum
light intensities for maximum algal /range from 200 to 400 foot
candles (£t-C) and the lower limit may be 100 ft. Oswald (1963)
reported that in laboratory studies with settled ééwaée, ah average
of 4% of the incldent 1ight energy was fixed by the algal cultures,
and that conversion efficiency varied inversely.with intensity,
duration of light and detention time and directly with temperature

and carbon-dioxide concentration.

Another possible method of increasing the avallability of
incident light to individual algal cells is to move the algae into
the light path by induceé mixing as in the high rate aerobic ponds.

(e) Effiéienez of light energi conversion:

In both small and 1arge'scale‘¢u1tures of Chlorella, it is
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reported to be 12 to 20%, provided the intensity of illumination

is not too high (Wassink gt al 1953)sGloyna (1971) has stated that =-
the usual efficiencies range from 2% to 9% with 5% a common figuré.
Ganapati sond Srinivasan (P70) have reported a maxim&ﬁ efficiency
of 10% in a sewage polluted fish pond in Madras. MNyers (1955) has
" stated that 20% is géken as a reasonable maximum value of efficiency
'for use of white light. Oswald and Gotaas (1957) found that the
overall efficiency under a wide Variétytoi environmentdconditions
séldom exceeded 10 or 12% of the aﬁéilé?le light energy; Oswald

t a2l (1957) found the efficiencies 6fqbutdoor ponds to rénge between
1 and 10% with most values in the nap?oﬁ range of 3 to 7%. Effiei-
‘-gencies of 5 to 8% may be attainabie with algal cell concentrations

dense to utilise the nutrients and permit harvesting of cells >

o o e A T R 4

(Gotaas and Oswald 1955)>Ganapati (1971, p 33) has reported a velue
of 6.6 to 13.8% in Indian oxidatiuﬁ ﬁon&n

(a) Temperature:

'As in the case of all organisms, temperature affects the,
growth rate of algae, normally following the Van't Hoff rule accor-
-ding to which growth rate doubles for each 10%¢ rise in temperature,

within the range of temperature tolerance.

(e) Carbon Source:

It is usually the limiting element when algae are cultured
in sewage. Algae normally use free 002 as an inorganiz carbon source,

Adisy 2@44\,\ o
though some algae are reported to use the hggggggpaté)ion. Use of

w;;ficially introduced carbon dioxide is neither essential nor
“desirable when algae are cultured in sewage for photosyhthetic oxygen
éroduction, because the culture may obtain the game from air. it

is established that a;r contains '0,03% carbon-dioxide normally and
this amount is\éﬂequate to sustain maximum photosynthetic efficiencyy
if a sufficient,%olume of the mixture is bmought into contact with
héll surface (Davis, 1953).
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Active photosynthesis causes the pH to increase to 10 or
more according to the absorption of atomospheric carbon~-dioxide by
the cultu:e.ﬁnder such conditions, this carbon-dioxide appears as a
bicarbonate ion and becomes available to‘aigae immediately.‘ So,
algae may compensate for a storage of carbon-dioxide .by increasing
the carbon-dioxide abgbrbing éropertige of the liquid in which they
gfow i.e; by becoﬁing ﬁore alkalineﬂor by increase in pH. When all
the available free carbon-dioxide is used up, the half bound carbon
dioxide (bicarbonates) from 4/5 to 5/8 is then availed and used up
(Birge and Juday, 1911). Whén the first two sources are exhausted,
the fully bound 003 or monocarbonatéé may also have to be used up
(Schutouz, 1926, Maucha 1929; Neresheimer and Huttner:1g?9,3uday,

1

Birge and Melocke, 1935).

(£) Inorgenic nutrients:

Ammonia-nitrogen, nitqézg}n;yrogen and nitéigiffjfogen and ?
orthophosphates are included under’this head. MNost algae are able
.to utilize % either Ammenia-nitroggn or nitrate-nitrogen and also
nitrite-nitrogen if the concentration is very low (about 04Q01 mol ar)
according . to Fogg and Wolf (1954}. but they pr efer Ammonia-nitrogen
to nitrate niﬁrogen when both sources are provided in the same

culture, (Harvey, 1940, Schuler, et al 1953)

Many blue green algae cahkix atmospheric nitrogen (Fogg, ..
1947) when an extremely low concehtratioqﬁf dissolved nitrogen is —-
available in the medium. Sg}for nitrogén removal nitrogen-fixing

3

algae should not be used in a treatment plant.

Algze use also phosphorus as orthophosphate (P0;3). The
ratio of N:P in a typical algal cell is about 10:1 and is essential
to slgal growth and without it no growth will take place. Sawyer
(1952) found that N:P ratios in natural watgrs wheré'algal blooms
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prevéiggé varied from 30:1 to 15:1 depending on the épecies of alga»?

2. Application to the connected remults:

i. - Carbon-dioxide used up during algal-blo-mass pro&uctigg:

Myers (1962) has shown that for production of 1 mg} of dry
 elgal matter, 1.8 mg. of CO, are required, Applying this factory

to our reéults, we get as follows:

Detention ~ Rawsewage + Ohlorella vulgaris: Rawsewage+buglena Gracilis
time ‘ 1

Algal bio-mass 002 used up Algal bio-mass 002 used
- (mg/1) (mg/1) (mg/1) (mg/1)
2 days : 175 ‘ 315 188 338.4
4 days 213 383 196 352.8
6 days ‘ 230 414 201 - %61.8
ii. Quantity of photosynthetic oxygen released into the eco
Sxﬁﬁﬁg’

According tggéwald (1960, 1963) the weight of oxygen produced
during algal photo aynthesis in the culture medium is calculated

uslng his formulae.

Welght of Oxygen préduced = Weight of algae produced x 1.60
Applying this to our results, we get the following datas

Dgtenticn Rawsewage}Chlorella vulgaris Rawsewsgei Euglena gracilis
time

Algal bilo.mass Oxygen released Algal blo- Oxygen releawéd

(mg/1) ~ (mg/1) mass(mg/1) (mg/1)
2 days 175 | 280 188 300.8
4 days 213 340.8 | 196 313.6
6 days - 230, 368 201 3521.6
(c) In-Put, Out-Put_energy balsnce: A ,

1: Theoritical considerations:

Gotaas and Oswald (1953) and Oswald and Gotaas(1957) have



953

developg& an in-put -out;put energy balance system for‘estimating
the over-all photosynthetic energy conversion efficieﬁcy, in which
a basiec aséumption is made that the system under study is a continu—
-ously, stirred reactor with ccmplete homagenity of the algal cells Qﬁ)
in suspension (Beck et al, 1969), As in any continuosﬁ;y stirred .
tank reactor, there is a finite volume V, in liters and flow rate
F, in liters per%ay The mean hydraulic residence time Q is then
defined as : ‘
= V/F - enassae 1

For a given me;n residence time Q, in days, the total solar
energy input per liter of pond volume is equal to Ein = S5.A.Q...2
Where Ein is the total energy input in calories per liter, S, the daily
solar energy input in eaglories per square Cm., per day; A, the surface
area of the one 1liter of pond volume reeeiving sunligﬁt 1n<cm2 per
day and Q is the mean hydraulic residence‘%ime. For éne liter of

pond volume A = 1000/d where 4@ is the determined depth in om.

Therefore Ein = 1000 S5.Q.
"'""‘“""‘"d_—""" cess s e 3
\ The energy out-put in the form of synthetised

algae is defined as:

- | i
zkc ses s e s 4‘
A
Where Eout is the total energy tied up in. synthe\gsed algae -
~“~~~m‘\

in calories per liter, 'h' is the(heax of combinaxion of algae in

calories per milligram, and Cc, is the concentration of algae in mg/1
Equations 2 and 4 can be equated by assuming that only a portion of

- the energy in-put is converted to algal'bio~mass, so that,

Ea e =E out ' . ','~ C sesesss D

Where e is &n efficiency[fapfor.

The equation 5 can be expandgdlthus;

HE
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1ggg-8—g g - h cc ’ v ¢00¢c6
hCc, d
e = .---E.--m——-— 000'0-7
- 1000 $.Q.

Myers (1964) recommends a value of 5.5 calories per mg.as
the heat of combustion 'h' of algae. .

2. _Application to the resultss’
. h cc .d
-The above equation e = ~wmmee———- o coonel
100063590 ’

is used in calculating the overall photosynthetic energy conversion

efficieney of the 2 aigae used/up)/ in our experimenfs; - The pertinent —

gg;ggggg and Buglena gracilis. ' '

Chlorella vulgaris:

(a) Volume of the culture fluid i.e; raw sewage used = 1.5 liters
(p) Depth of the fluid volume = 3. 5 cm,

/”M,..g\
(e) Maximum{ggf}itg}of algal bio-mags produced in 6 days .in 1.5 ?

liters of seWage =, 230+115-345v§§.
(a), Average light energy availsble in-
~ the lighted room = 375 lux.
(e) 10.5 lux = 1 gm-calorie

it

Therefore 375 lux = 35.7 gram»calorieé,
1 mg. of algae contains 5.5 calories (heat of combustion)
Applying this value in equdion (7)

e = 3g5X5 ISXBGS = 0‘0207 = 2‘07%
35 -711500}{6

Similarly
h for Euglena gracilis

301.5%5.5%3.5 _ ~ ~ |
® = S5.7xi500%6 - = 0018 = 1.80%

(a) Algal—bacterial symbiosis in high-rate aerobic ponds:

1. Theoritical considerations:

Algal-bacterial symbiosis is the result of the combined
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activity of heterotrophs and autotrophs. Since algae obtain their
energy for synthesis from sunlight, there is no necessity for thenm

to metabolize organic compounds like the bacteria and the fungi.

The mode of nutrition of algese is autotrophic. Bacteria
and algae can work together. One helplng the other in.commemsal
Qrelationwship. - In other words, the bacteria metéﬁolize the orgenic
compounds of the waste and release some substznees like co;I:;fig%ar
-ble by algae. During synthesis of fresh algal cells, algae release
oxygen, which is utilized by the bacteria for stabilization of organic

matter.,
- gome olgae arve re.Pwteo{ to

In the absence of sunlight, a&%ﬁﬁlpbtain the energy%o remain
alive from metabolism of organic matter Just like bacteria and fungi.
This organic matter normally comes from stored food within their
cells but in some cases it can come from the organic matter in the
wastes.

But in tne treatment affected by an oxidation pond results from a
completé symbiosis between bacteria and algae. (Iudwig, Oswald,
Gotass and Lynch 1951). ’ |

2. Application to_related results:

(1) Quantity of oxygen released during algal photosyntﬂesié
. is compared with the quantity of oxygen required for total
‘bacterial oxidation of polluting organic matter of Barods
o sewage;

The results for the two algae are shown under

(a) ‘Chlorella vulgaris:

Detention Oxygen released Oxygen required Difference Exc;ss

time - during algal during bacterial

photosynthesis __oxidation(mg/1)
2 days 280,0 264 .4 15.6 6
4 days 340.8 334 .1 6.7 2
6 days 368.0 341.9 26.1 8
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(b) BEuglena gracilis

Detention = Oxygen released Oxygen required Difference Excess
time during slgal during bacterial - %
hotosynthesis: oxidation(mg/1)
mg/l ) - o Y :
"2 days 300.8 222.3 .. .. 785  35.3
4 days . 313.6 : 275.4 38,2 . .13.8
6 days 321 6 295.0 26.6 9.0

] oo it s s s s
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vulgaris and Euglena gracilis, that photosynthetic oxygen production

is greater than the quantity needed for total bacterial oxidation of

sewgge. organic matter. | |

ii. Carbon dioxide released during total bio-oxidation of polluting
orgenic matter is compared with the gquantity used up for algal
bio-masg produetion’in glgal—babterial symbiosiss

(a) Chlorella vulgaris:

Detention . Carbon dioiide Carbon-dioxide Difference Ezxcess

tinme " used in algal released during
hotogynthesis | the bacterial
mg/1) oxidation(mg/1)
2 days ~ 315.0 . 285.7 29.3 10.2
4 days 383.4 ©362.0 21.4 5.9
6 days 414.0 ) 370.4 43.6 11.2

-

(b) Euglene gracilis:

Dete<ntion Carbon~dioxide Carbon dioxide Difference IExcess
time used in algal released during ‘ %
photosynthesis the bacterial
‘ (mg/1) oxidation(mg/1)
2 days ' 338.4 - 240.8 97.6 40.5
4 days , 352,8 o 298,4 54.4 18.2

6 days . | 361.8 319.,5 - 42,3 13,2

L S i ST e e g, T iy S48 Y P WO g o o 1 g e .
MEmEmEmmm IS T o - 2 T TR I A I s — ==
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From thelresults it is found that the amount of carbon-dioxide
relleased by bacterial oxidation is less than the emount of carbon- . _
dioxide needed for algal photosynthesis.

iii. Explanation for the excess of carbon dioxide used up during

algal photosynthesis in algal bacterial symbiosis:

It is seen that sewsge organic matter alone is not sufficient
for the formation’of the required amount oiaélgal bio~-mass. As the
organic matter azlone can not supply the required aﬁoﬁnt of carbon-
dioxide to the algae. Other sourceéof carbon dioxide alsé must have
helped in photosynthesis and they age (a) atmospheric carbon dioxide
and (b)Abicarbonatencarbonate equilibrium system. The two latter
sources vary from B,to 41% of the organic carbon-dioxide released
from sewage organic matter in fhe two experiments.

(e) Regression analyses bf nutrient strength expressed as COD
2nd_algal bio-massg_znd_their correlation coefficlents:

1. Theoretical considerations:

The nutrient strength of a waste is ordinar;;y expressed in
terms of the Biochemical Oxygen Demand or BOD, which is a measure
of the biologically available ofganic naterial in waste water under
specific conditions of timg and temperature (Standar§ Méthods,1971)
Oswald =nd Golueke (1960, P,229) have found that in steady state
continuous cultures under gpecific conditions of light intensity,
yemperature and other factors, there is an optimum BbD for algal
growth, and that upto this'opfimum alga} growth increases liﬁearly
» with increased BOD and thgiETdecreases piobably because strong -
wastes contain excésslcolioiéal'ﬁater;al and bacteria which remain
in suspension and-thus décxéése the energy available for algal

growth,
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2. Application to the conﬁected regults:

Our studies éonfirm the observation of Oswald and Golueke
(196ol;pnder our laboratory baxchvgﬁlture experimental conditions of —
light intensity, temperature, =nd other factors amd using Baroda,
settled and strained sewsge, we find a highdegree of direct correlation
between algal growfhs of two different kihds and theif corresponding
uéed up COD, Regréssion analysis relating algal grbwths in each case
with the corresponding used up COD have been worked out for the indivi-
-dual as well as for all the algae together. (Standard Methods, 1971)
The correlation coefficient "z" in esch case is also indicated in the
tabular statement along.with the correspbndinglyélqeé for the two
constants 'm' and 'b' in the iegression eqpatibn. |

. né{x.y-fy4x . .-.-iy'zix -fy.fx_% |
ndy? - ({y)2 B 2vee (4y)
| )néx Y =4ye4x |
(b x 2407 ) (nfy =) )

. Where n = number of cbservations

m

it

x = algal bio-mass expressed as mg/l.
y = COD used up expressed as mg/l
Applying the above formla to our results we get:-

Name of the algse Regression analyses Constant Correlation
. _— constant
] m ¥ 'b 1 ' i '
i) Chlorella vulgaris +0,861 -0.%41 +0,990
ii)Euglena gracilils +0.224 +149.4 +0.990
(£) Bio-stimulatory nutrients and their removal during algal
Bhoﬁegzgzlzgs;% :
1. fheoritical considerations (N.P.)

Two groups of nutrients are involved in algal-bacterial

symbioslss major and micro-nutrients. The former consist of carbon,
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nitrogen, phosphorus and the latter of trace elements like copper,
manganese, arsenic etcﬁ The major nutrients are used ﬁﬁ by hetero
trophic bacteria'aﬁd autotrophic algae, the two main partners in the
game of élgal bgcferial symbiosig,.

S%umm (1968) has laboured to show that only the main consti-
-tutional elements in both bacteria and algae are tle same (C,N,P)
and they are also found 1n the same constant prop%itions of 106:16:1 —
atoms, Therﬁfore in the high rate aerobic oxidation pond method
of waste water treatment the ratios of C:N amd C:P are very important

in view of their utilization in algal and bacterial synthesis.

Nu?rients In raw settled sewage:

The major nutrients (C,¥ and P) and the micro-nutrients are
'always present, The proﬁortions in whieh @he major nutrients are
present are: (a) C:N (An-N) = 280:29 § 20:1 (b) C3P 280:12:5 or 6731
The relation between C, COD end BODy is 12:32:21.9 for ordinary
wastes (Porges, 1960, 81) and we get a ratio of 12:31:23.3 Stumm
(1968) has observed that C is deficient in domestic for utilizing

: and ol gae
‘all N and P into bacterial solids|in the above proportions.

2, Application to_the connected resulis:
(1) Phosghome : |
Phosohorus 1s used as orthophosphate in algal~bacterial

N
hY

symbiosis. It is used 1n algal growth reactions, at 0.94% of the dry
algal weight for chlorella vulgaris and at 1.15% of the aléal.dry
weight for Buglena (Rumapgti »wd Xwsdpd. Based on this factor, the
following calculations are made. The amount of phoséhorus and phos-

-phates used up during algal-bacterial symbiosis are shown as under:- .



(a) Chlorells Vulgaris: 50

Detenti  Algal 904 P ?04 ? fof PO ‘ PO4 P 904
ontime 3;;; (mg/1) (mg/l) o4 u4 content of % utilization
(mz/1) found used up P algal bio-mass by =lgal bio-
> at. 9,944 of mass .
22l 47y weightk.
0 Day - 9.0 3.0 - - - - - - -
2 Days 175 3.3 1.1, 5.7 1.9 53% 1.64 0.55 18.2
4 Days ' '21% 1.75 0.58 7.25 2,42 80% 2.00 0,66 22.2
6 Dagys 230  1.40 0.46 7.60 2.53% 84% 2.16 0,72 24,0

S T St FE B o

on 6th day zbout 84% of P04 oqb is utiliged in the process of : algal
bacterial symbiosis.
Buglens gracilis:

iitention Algal PO4 ji7 PG4 P PO P % of PO
me . bio ' : : 4
" mass §§gﬁé)‘ éﬁ%éiﬁp content of 04 % utilization
' algal bio used by slgal bio-
mass at Loup ~MASS »
1.15% of
algal dry
weight, -
0 Day - 18.4‘ 6o1 . - - - bt - -
2 Days 188 6.4 2.1 12.0 4,0 2,16 0,72 65% 1.7
4 Days 196 5.6 1.9 12.8 4.3 2.25 0.75 70% 12.2
6 Days - 201 4.4 1,5 14.0 4.7 2.31 0.77 76% 12,6

— o s 5273 s it O AR o e . S g T e Yt st N ot e v W i v T g s 4 e S g
Pttt Pt S et e e Sommpmmommmsmmn ok S ssmamlimmnmenilamammammlasnm =

The ebove table shows that 76% of the phosphate or phosphorus have

been used up by =alga Euglena gracilis in the process of algal~bactey—-

2l symbiosis. The wide diffevrence in % utilization by the algae

Chlorella vulzaris and Fuglena gracilis mey be due %o different

types of algae. Analyeis of pure algae shows the concentrations
of phosphates of about 1% of the algal dry weight (Oswald, Golucke
and Gee 1961, P.37) s¥ tThe phosphate content of Chlorella is 2.16
Considening [-15 % of dry algal ut
ng/l on 6th day and for Euglena 2.31 mg/l. The utilization of phot!
~

phate phosphorus in the case afg%hlorella works out to be 24.0 —
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and for Euglena 12.6% on 6th day. The rest of the phosphates must
have been precipitated as calcium phogphates and magnesium phosphates

on account of higher pH reached in six days detention time.

ii,  Nitrogen |
 Nitrogen assimiletion is celcilated on the basis of the amount
of ;mmonia nitrogen used up from the\ecosyétem as a result of algal ‘
bacterial symbiosis. This%aﬁ over gimplification of the real systen
fyound in the grow@h‘cultﬁres where decomposition of organic matter,
bapﬁerial cefitular sﬁﬁthesis; efldogenous respiration and algal growth
are taking place almost simultaneously and a constent flux of nitrogen
(%%%é;)take place, The ammonia nitrogen consumed in the two algal . X

growth cultures are shown below:

(2) Ghlorella vulgaris:

Nitrogen content % utiliza

Detention Algal  Am-N Used % of Am-N
time bio Found up used up of algal blo-mass tion of Am-
mass (mg/1) . (mg/1) at.7.85%¢ N by salgal
‘ ' of dry algal wt. b;omass.
ODay .. = 27.1 - - 13.73  50.6
v
PPra) X
2 Days \y:i? 175} 12.3 14.8 54 .6% 13.73 50.6
N { .
4 Days I 213 1 4.7 22.4 82,65 16.72 61.7
1 5 '
6 Days .3 \230/ 2.8 24.3 90,0% 18.05 66.6
o "~ (b) Euglems gracilis
Detention Algal Am-N Used % of Am-N Nitrogen content % utiliza-
time bio- found up used up of algal biomass +tion of
mass (me/1) (mg/1) ot 8.14% Am=d by
e of the dry algal algal
weight, ‘bio-mass.
i ,
1‘ " ‘ >
6 Days \ 201 2,0 24.0 92.3% 16.36 62.9
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It is clear from the above data that:66 6 to 62.9% on the

U P 20 A W W -

zg;ggggg and ‘Fuglena gracilis respectively in 6 days. P Ripragéeu
poRtEpt OF K¢ odPEY oeTRd Mt VEEW SN Hp wary Bédwhou & aud 4%

¥u Abde Kawowstory . (6anapatd and Ayin) Assuming it as 7.85% the nitro-
xrvgen content of Chlorella vulgaris - is about 18,05 mg/l and that of
Buglena gracilis' Sabout 16 .36 mg/1 on 6th day, assuming it as 8\%¢%

of the algal dry wt. So, the utilization of ammonia nitrogen in the

first case works out to be 90% and that in the second case about 92,3%

the average being 91%. So the rest of ammonis nitrogen must have
been utilized for the other biochemical peactions.

Mgae requir%&itrogen either as ammonia nitrogen or as

nitrate niﬁrogen.but~they seem to prefer ammonla~nitrocgen when both

are provided together (Hamvey 1940, Schuler et al, 1953) It is also
reported that nitrate assimilation results in the production of hydro—
xylions which cause 2 rise in pH while smmonia-nitrogen assimilation -
lowers the pE by the formation of hydrogen ions. Conventional sewage
treatment processes like activated sludge and trickling filter only

removes factor of N and P in sewage effluenfgw These nutrowaste -- ?

canse‘entrqplicaxion in receiving waters. The effluent on the highp\??
rate oxidation ponds, the only device capable of considerablelremova%ﬁx
of N and P,

(g) Biological conditions:

- It is seen from tables IV and V that rotifers are absent in

algaa treatled .
the control Bawsewage flasks, but are present in ~pabe gerpkbc

f lagks
Yous which are an indirect proof of the photosynthetic'
oxygen being present in the algae treated rawsewage and as there is
no free oxygen pregent in control flask, the rotifers seem to be

sbsent,
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(h) Bio~Chemical conditions:

The bio~chemical changes e.g. the reduction in free sugar,
the 1wo expeniments
totel sugar,protein, amino-N and organic acids in K{gh-pake
PORES are attributed to the metabolic activities of the different

types of bacteria pregsent in the system.

(1) Bacterlological Results:

wa fe puwf\coi«on
Mierobes in action in a@ﬁtrazuﬂ $}u¢ga ﬁxﬂvgsa:

1. The activated sludge process was developed by Arden and
lockett in 1914 and since then it hes attainéd sﬁch a popularity and .
‘Ege that no other process had aﬁtéiné&. For more than half a century
that it hag been in ﬁse; much empirical knowledge‘has been géined‘
'abouf the technical operation of the procesg; but unfortunately little
is known still as %o what effects the stabilizing action that takes
place when ailr is diffused into activated sludge.r It is no doubt,
the metabolic processes which are taking place: then;)that form the
basis of purification. But the available 1iterature reveal very
little about the nature of the purification processes., Only a few
basic facts have been found regerding the ecology and metabolism of

activated sludge process upto the present day.

About the middle of the centruy Oswald, Gotaas and Golueke
of the Sanitary Engineering School of the university of California
developed their high-rate aerohlc oxidatian pond, a new low cost
method of sewage pnrificatiqn, which is based on the primordeal process
of photosygthesis, Much 1éss is known about‘fhe mechénism of purifica~-
~tion Iof this new process then in the case of the activated sludge
process for, the discove;éfs pf the new process themselves state a8
follows: /,‘ |
(1) "Although réporté which list the spécific organismg invidlved
in éerobic oxidatign in atabilization ponds are not available, it is
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extremely likely that the aeroblc baéferia of ponds which are
mainly contained in a yelhw—bvown flocculent sludge (the substance
created during bio~flocculation) differ but little from those founﬁ’
in activated sludge or in trickling filter slimes (22)" {Oswald
1960). (1) Russel and Barrow (1916) isolated 13 varieties of non-
nitrifying‘bacteria from activated sludge. Nihe of them belonged
to the Bagillus group 6£ aerobic spore formers, formed acid but

‘no gas from glucose and hydrolysed starch and casein,

(11) Kemm (1917) got almost the seme results like Russel and
Bartow. B
(iii) Buswell and Long (1923) étated that activated sludge consis-

-ted of zoogleal messes mixed with filamentous bacteria.

(iv) Harris et al (1927) found that 61% of the organisms in acti—
the Proteus type. The results of the earlier workers seemed to show
that coliforms end spore~formers predominated in activated sludge

and thus played an important role in purification.

(v) Butterfield (1935) and Winogradsky (1937) isolated Zooglea
forming organisms from activated sludge and the latter classifled

her strain as e Nitrocystis sp. But the former deseribed his

'strain as Zooglea ramigera., After the isolation of this organism

by Butteffield in 1935, th;e orgenism was commidered as the mbst
doﬁinating organism in activated sludge until the middle of this
century by several investigators (Heukelekiaﬁ, Littman,Wattie, etc.)
who described it as rod-shéped, motile with one polar flagelium,
aerdbic, non-gpore forming, Gram negative, capsgle forming producfing
ammonia from gelatin, scant growth on agar or gelatin but producing

well organised floes when zerated in sterile sewage.

From 1937 to 1943, Butterfield, Heukelekien, Wattie and

coworkers studied the purificastion of sterile sewage using pure
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cultures of Zooglea ramigeia strains. DButterfield, Ruchhoft and

Menamee (1937) found 50% BOD reduction after 5 hours aeration and
80% after 24 hours.

According to Heukelekian and Littman (1939), activated sludge

congisted of flocculent masses of Zooglea ramigera.

(vi) Butterfield and Wattie (1941) suggested that the active

organism concerned in purifying sewsge in trickling filters and

in activated sludge process was formeq by Zpoglea ramigera.

(vii) - Allen (1944) showed that most of the organisms in activated

sludge were proteolytid, Gram-negative, rod-shaped organisms belonging

"to the genéra Achromobacter, Flavobacterium and Pseudomonas. Coliforms

were found only pin smaller numbers.

(viii) After the middle of this century, Mckinney 'and Horwood
(1952), Mckinney and Weichlein (1953) isolated several organisms :
other then Zooglea ramigera and which had the ability to form cultures.

B o Bose Sy ot 5 o B AR, G R £

They found Escherichia coli, E~intermedia, Paracolobecterium Aerogeno-

-ids, Nocardia actinomorpha, Bacillus cereus and a number of strains
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this capacity. These floc-forming bacteria reduced the BOD in waste
water to 66-68% after 24 hours aeration.

Calaway et al (1952) showed that the distribution of predomi-
-nent species diffused with filter depth in the case of the sewage
filtrate throuéh sand, The upper 12" had the greatest number and
widest distributioﬁ of species. 14 species were isolated from various

levels, Flarobanterium and Bacillus were predominant throughout the

e ]

filter and zoogleal bacteria were found in high numbers in the upper

12" of sand.

{(ix) Fieldman (1955) stated that Zooglee-ramigera was the main

bacterial spgéies responsible for purificatibn in triékling filters.



On account of the ability of the organism to flocculate and to 66
stabilise polluting organic matter, it was universally considered
asthe organisms primarily responsible for purification in activated

sludge process.
P Poifi . L e P

() - LJasewicz and Porges (©956) found 26% Alcali_genes, 34% f£lawe-
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activated qludge.

(x1) Duganand Lundgren‘(1960) isolated a Gram-negative rod with
floc forming properties from activate& sludge, - This bacterium did not

affect carbohydrates.

2
These investigators did not attempt to §1ucidate the — .

mechanism of £loc formation by the bacteria; and also asbout the role
of the’floc—iorming bacteria in activated slﬁdge formation under

natural conditions and in stabilizing waste-water (van gil 1964)

(xi1) Van gils (1964, p 38) found Pseudomonas to be a minor part

of the predominant bacteria in sewsge grown asctivated sludge. Members

of the genera Achromobacter, Al%éligenes, flavobacterium were found <
to be the main constituents of ;he bacterigl flora of such sludges. -
Most of the Gram-negative rod shaped strains isolated from the domes~
~tic types of activated sludge did not produce acid from glucose, A
large part of these strains was not able to affect glucose at all,

—-—-— ——

The strains attacking glucose without production of acid apparently

belonged to the genus Achromobacter or if they had yellow colonies

to the genus flavobacterium.

A smaller number of Gram-negative rod shaped stra%?s
utilised glucose asrobically with production of acid; many % these _—
strains ‘had yellow colonies and probably were representatives of the

genus Flavobacterium, while of the remainder a few had a positive

g
&y



67

oxidase reaction test (Pseudomonas) and the others were considered

to belong to the gemus Achromobacter. . -

(3 Bacteria'in actionAin high~-rate aerobic ponds:

The microorganisms isolated and identifiei‘are listed
. : o most
. in tables 7 to 10 and on pages 43 to 44. They are]the same as

those found in an activated Sludge process.

-

{k) Basic facts sbout the metsbolic reactions taking place
in an activated sludge process:

The main object of aerobic'bioldgical waste treatment is
the removal of organic suﬁstances from%h; waste water. 'This is
achieved by two important metaholic processes taking place in the
'ééosystem. They are: (a) complete oxidation of a part of the |
orgenic substrates resultigg in the formation of coé, H20 and energy,
and (b) biosynthesis and growth accompaning the decoméosition of 5}3
the remaining orgenic substrates, snd newiy formed cells are a
major end-product of this intermediate metabolism. It is on account
of tke latter process that the activated sludge, process maintains
and even increases itself (Sgmons snd Mckinmey, 1958), So a very
striking feature of microbial metabolism in waste treatment systems
geneially is the relat;vely enormous amount of new bacterial cells
which are normaliy produced during the oxidatiqn of organic substra-
tes. - )

One should therefore expect to find a heavy aocumula#ion
‘of‘bacteriai sludge in the high~rate aerobic pond system also. But
Oswald (1960, p. 384) has stated that a heslthy sludge comparsble
to activated sludge is maintained in the pond and that following
an, initial accumulation, the volume of aerobic siﬁdge does not incre-
—asé% but rather remains constent indicating that "total oxifation" _

is taking place. In our three laboratory batch culture experiments
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with Ikkee KXRPevent Aypes of algag, bhere was no accumulation
classified oactivated sludge process but compapalively lss

of sludge es in thel brownish deposits were seen intermixed with elgae
when viewed under a microscope. 4lso, the formation of a constant
volume of bacterial sludge as in Oswald's f;eld ponds and-very little
sludge in our laboratory experiments is poséible only if the system
‘is operated on endogenous metsbolism resulting in "total oxidation”

of bacteiial‘sludge.

"Howver et al (1952) found that activated sludge rapidly .
removed qréanie matter from solution and converted much of 1t into
proﬁzplasm which was éegraded when all,orgahic matter was removed,
This fundamental concept was applied to dairy waste treatment by
Porges (1960) who concluded from his exhaustive studies that it
sﬁould be.fheoretieally possible to ;rrangé,conditions 80 as to
maintain a balanced system'in which sludgeiqr bacterial cells did
not accumulate, All that would be'requifed are sufficient nutrients
to produce encugh cells to replace thqse being oxidized by endogenous
respi;ation: ‘He has added that this ideal state has been approached
but not attained. But it would appear that:this ideal state has
been agttained im Oswald's high-rate aerobic:ponﬁ system by operati-
-onalidetails.

" Very soon however,lit was found that it was impossible to
"burn up” activated sludge completely by aeration. In the ideal :
case the reduction in mass of activated sludge by aerobie digestion
~balanees‘the growth of new sludge so that ﬁo surplus dludge is left
for disposel. From the experience in U.S.A, it is known that "total
oxidation" of sludge eannot be échieved sin;e there is alweys 2
fraction which is inert and which éannot be broken down further by

o ;4$L44,z&,2xe>ac P

aeration, Kgunﬁg/and Forney (1959) aznd Washington and Symons (1962) —
found the non:g;gradable portion remaining to be about 20% of the.

maximum mass of @icroorganisms found or 11 to 15% of the ultimate
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BOD5 removed, Mc%horter and Heukelekisn (1964) repqrted the —.
inert matter to be 12% of the initial, COD and Washington and
Hetbing (1965) to be about 10% of the COD consumed. ' So the
"constant volume" of sludge reported by Oswald (1960 p 384) in
the:h;gh—raxe aerobic pond may consist essentially of inert matter
aﬁé active cells, Further work is necessary to determine the

nature of its biochemical constituents.

It would therefore, seem that the ﬁigharate aerobic
oxidation pond system is operéted on endogenous metéﬁolism
resulting in tofél oxidatioﬁﬁ~and'tﬁerefore one would also expect
to find entirely different types of opgap%ggfﬁgfiﬁggﬁits assimila~
~tion and endogenous phases. In fact {éﬁfﬁ%ﬁ%}and Porges (1956)
and Porges (1960) have made a complete survey of the bacteria in

getion in a dairy waste activated sludge. They found the presence

. 2
of Pseudomonas and gchromobacteriaceég when the sludge was?n

endogenous phase and the presence of Bacillus and Bacterium in its

assimi@ation phase. However, these results were not confirmed

by Admse (1968) in his systematic and equally through investigati-
-on of the bacterial flora of a similar dairy waste activated
sludge. He found no significant difference in composition éf the
activated sludge bacterial flora before and after f;:diné. But —
iﬁ our own'case also, no significanf difference in composition

of the bacterial‘flora-in the two phases are found, and conditions
favouring endogenous metabolism also exist in the high-rate zerobic

ponds,



" WHY TOTAL OXIDATION IS IMPOSSIBLE IN
HIGH-RATE OXIDATION PONDS"?
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