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Chapter I 
INTRODUCTION . .

1.1 General Discussion •
The "biochemical oxygen demand test is of major

importance in the examination of polluted waters„ It is
valuable in that it gives a determination of the organic
strength of a given .water and also an indication of its
organic stability. Essentially, the biochemical oxygen
demand (B.O.D.) test measures the amount of oxygen utilized
in stabilizing organic matter in water by microorganisms

oover a 5-day period at. 20 C. The organic matter is decom
posed by microorganisms by means of aerobic biochemical 
action. For example, the 5-day B.O.D. value for domestic 
sewage represents approximately 68 per cent of the total 
biologically oxidized organic matter. (1). (2)

The B.O.D. determination is used for many types 
of: waters from river water to industrial wastes, and for 
many types of sewage treatment processes. However, it 
is very sensitive to any interferences that inhibit, 
retard, accelerate, or change the environment of the 
growth of bacteria or plankton in a sample.

1
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Algae are responsible for misleading values' in

the Bs.O.D. test.j thereby creating problems.. in the inter- • 
pretation of the organic stability of the water they 
inhabit(3)= In the presence of sunlight the algae produce 
oxygen photosynthetically 3 ■ usually more than the amount 
the bacteria consume* The net effect in this ease is an 
oxygen increase in the EhO.D, bottle* In the dark the 
algae respire and exert an oxygen demand similar to bac
teria and other, microorganisms* If the algae die, as 
some will always do during the 3-day incubation period, 
they lyse and their body nutrients are released- into so
lution* The bacteria present can utilize these nutrients 
and will exert a higher oxygen demand than if the algae 
were absent* Another problem is that the algal bodies 
themselves are organic, therefore sometimes containing 
a higher potential B*0*D. than the polluted water * . In 
those cases where the algal population is relatively 
sparse, their effect on the B*0*D« test may be neglected, 
but in other cases (for example, in raw sewage stabiliza
tion lagoons) their large numbers contribute a sizable 
effect that cannot be dismissed (4)*

1*2 Purpose and Scope of Thesis
The purpose of this thesis is to determine the 

difference in B*0*D* exerted by suspended live and dead
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algae using a reliable and relatively straightforward
laboratory determination.

The chlorophyll test, volatile filtered solids 
test, and algal volumes were chosen in attempting to find 
a consistent technique for evaluating the oxygen demand 
exerted by the presence of algae in samples used for 
routine B,0,D. determinations involving incubation in the 
dark. Of interest especially were those algal concentra
tions found in raw sewage stabilization lagoons.

The standard B.O»D. test was performed, in the 
laboratory for three conditions of each algal concentra- 
tionl- (a) without algae, (b) with known algal concentra
tion using live algae, and (c) with known algal concen
tration using dead algae. An attempt was made to evaluate 
the chlorophyll, volatile filtered solids, and algal volume 
as parameters to the difference in B.O,D, caused by the 
algae, / . - ■



Chapter II 
GENERAL ASPECTS

2.1 Definitions ''
To avoid mi sunder standing- in this text9 some of 

the terms used are defined (3) (5) (6) or explained as 
follows s

(1) Microorganism - any small living plant or animal 
microscopic in size.

(2) Algae - the group of microscopic plants having 
photosynthetic chlorophyllj but. lacking definite stems and 
leaves.

(3) Bacteria - the group of microscopic,' unicellular 
plants, lacking chlorophyll, having no well-defined nucleus, 
and reproducing by binary fission.

(4) Protozoa ~ the group of unicellular, flagellated 
microorganisms, devoid of chlorophyll and utilizing soluble 
food as well as other unicellular microorganisms.
2.2 Limnology of Algae Symbiosis in Oxidation Ponds. (3)
(7) (8) (9) (10)

A stabilization lagoon, or oxidation pond, is & 
large, artificially constructed, shallow basin into which 
raw or secondary wastes are added and become stabilized

4
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through natural biological action. In this thesis the 
terms "stabilization lagoon" and "oxidation pond11 will be 
used interchangeablyo The pond is usually 3 to 5 feet 
in depth, sufficient in volume to provide a 20 to 30 day 
retention period. Although aerobic treatment of the waste 
is considered to be an oxidation pond6 s main function, it 
usually has an anaerobic zone in it so that it becomes a 
facultative (combined aerobic-anaerobic) device.

Decomposition of the organic matter in the waste 
is accomplished wholly by bacteria, except for a small 
part of the flagellated protozoa. Under aerobic conditions 
the metabolism end products of these bacteria are carbon 
dioxide and water, or certain organic acids under anaerobic 
conditions. Therefore maximum efficiency in 3.0.D. reduc
tion is obtained when the system is aerobic. There are 
two known factors that contribute to an aerobic pond environ
ment, (a) algae, (b) absorption of oxygen from the atmosphere. 
The algae proliferate because of suitable conditions under 
bacteria metabolism. Figure 2.1 shows schematically the 
role of algae as related to bacteria. (3) Since they are 
mutually beneficial to and dependent upon each other for 
food, they are said to have a symbiotic relationship. The 
algae synthesize their protoplasm through photosynthesis 
utilizing energy from sunlight and carbon dioxide, various



FIGURE 2,1 6
SCHEMATIC DIAGRAM OF ALGAE-BACTEBIA 
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forms of nitrogen, phosphorous, and other trace elements' 
in the■water. The synthesis of protoplasm produces the 
release of oxygen in excess of their own respiratory 
requirementso As a result, the water may become super
saturated with oxygen in the upper portion of the pond 
where algal cells are exceptionally numerous during the 
daylight hours. Meanwhile, the bacteria aerobically 
metabolize the organic matter to form -bacterial proto
plasm, carbon dioxide, and water as end products. The 
algae complete the cycle by converting the carbon dioxide 
produced by the bacteria, in addition to the other com
ponents required.for photosynthesis to algal protoplasm.
The quantity of oxygen liberated by the algae is less than 
the.quantity of oxygen required by the bacteria due to that 
portion of the oxygen that goes into the oxidation of hydro
gen. .The supply of'this lack of oxygen must come from sur
face aeration if the system is to remain aerobic. This may 
be accomplished by breaking of the surface and mixing of 
pond contents by wind action or artificial agitation.

It may be.seen from the aforementioned process 
that the pond may discharge effluent containing as much 
organic matter as the influent waste, but one distinction 
must be made.



’’Whereas the' entering sewage solids are highly 
putrescible and hazardous to public health, the 
algae cells in the effluent are highly stable and 
have no pathogenic significance. Moreover, the 
algae constitute a living food, which when discharged 
to water courses may be of much value in promoting 
the growth of fish and other wild life.” (5)

It has been found (11) that within limits, the variety of 
algae present occur regularly, regardless of the mode of 
pond operation. The more common species include the 
following: Chlorella, Scenedesmus, Chlamydomonas, Euglena, 
and Ankistrodesmus. With no physical or nutritional limit 
ing factors, the generation time of an algal species be
comes the principal factor of the rate of algal growth. 
Consequently with the random population of algae encoun
tered .in oxidation- .ponds all .having similar growth require 
ments, the species with the shortest generation time will 
generally predominate. However the predominant species 
is dependent upon the overall nutrient balance available. 
Not only the predominant species but all the algal cell 
properties depend upon its' exposure"!'.to' environmental 
factors of n&trition, temperature, light intensity, etc. 
Thus, it may be expected that variability in these proper
ties. -- that is, its form; size; shape; density; color; 
photosynthesis and growth rate; vitality; respiration rate 
carbohydrate, fat, and ash content; various mineral ion 
content; etc. -- would be high even within different times



of a given.day. Young cells are small, dark green, , 
reproducing and growing rapidly, contain a minimum of fat, 
and produce much more oxygen than they respire« In addi
tion, for the case of motile species a high degree of 
.'motility is evidento These cells require a favorable environ
ment and become physiologically senescent upon exposure to 
unfavorable conditions. In the latter case they go into 
a passive state,, have little motility, are .large and fat, 
or lacking in chlorophyll causing a yellowish color, repro
duce and grow very slowly, photosynthesize less oxygen 
than they respire, and slugglishly tend to settle out and 
cling to bottom surfaces. The algal cells found in pond 
effluents are principally young cells of great vitality, 
liberating much more oxygen than they require for respira
tion. The body of water into which the effluent is discharged 
determines whether or not the cells remain young or become 
old. In a clean stream free, of pollution and with high dis
solved oxygen, the algae will grow old or die, thereby creat
ing an oxygen demand. A polluted stream, however, critically 
needing oxygen, will.keep the algae vital, young, and photo- 
synthesizing surplus oxygen..(?)



Chapter III 
PREVIOUS INVESTIGATIONS

3o 1 Effect of Algae on the B.O.D.- Test
.A review of available literature reveals that 

research into the effect of algae on the B.O.D. test is 
extremely limited and that only inconclusive results are 
available at the present time. There has been no study 
into the case of.oxidation ponds„ '

Wisniewski (12) conducted research into the 
problem involving Wisconsin river water which revealed 
some interesting facts summarized as followss

(1) The oxidation rate of live algae respiring - 
in the dark was considerably lower than the biological 
oxidation of dead algae, '

(2) The ultimate B.O.D.’s of live or dead algae 
are approximately equal„

(3) There was a,trend of increasing B.O.D. with 
increasing algal concentration, •

(4) A resulting net gain of dissolved oxygen 
(iiegative B.O.D,) occurred when B,O.D.'s were incubated 
with live algae in continuous light at a definite rate.

10
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Bartsch (4) in discussion of Misniewski9 s studies 

confirmed closely results of the research in Wisconsin 
with research in Ohio rivers,
■3,2 Chlorophyll Test 1

McConnell and Sigler (13) studied the relationship 
between chlorophyll and productivity in a mountain river 
and found that the chlorophyll content (% of dry weight) 
of various species of algae varied; from 0o15f» to_ 2 
during several months, They boncluded that chlorophyll 
was not closely related in general to plant biomass or 
dry weight.

Palmer (l4) discussed Krauss’s studies in algae
photosynthesis and chlorophyll as followss

"The measurement of the amount of chlorophyll 
present in plankton is not necessarily a good 
indication of the metabolic activities of the algae... 
there is active and inactive chlorophyll and that 
which is most active tends to be limited to young 
cellso • It is essential, therefore, to stimulate 
continuous cell multiplication in order to ensure 
continuous oxygenation of the aquatic environment. 
Chlorophyll measurement also takes no account of 
the accessory pigments presumably, influencing 
photosynthesis which are present in blue-green 
algae, diatoms, many flagellates, and other forms."

3°3 Volatile Suspended Solids Test -
Wisniewski (12) found that the 5-day B.O.D. of 

suspended matter and volatile suspended solids concentra
tion were related linearly.



Chapter IV 
LABORATORY PROCEDURES AND ANALYSES ■

4.1 Algae Extraction
A review of available literature failed to pro

duce any evidence, that there were any other practical 
laboratory procedures for algae extraction than filtra
tion or centrifugation. Although very timp consuming, 
centrifugation was selected as the method best suited for 
this study. Samples collected in the late afternoon were 
centrifuged the following morning at 2,000 R.P.M. for 15 
minutes. Approximately three gallons of oxidation pond 
effluent were thus centrifuged, a liter at a time, for 
each set of experiments. The supernatant was decanted 
each time, leaving the algae and solid debris on the bot
tom of the centrifuge bottle. When the required volume 
of sample had been centrifuged, the algae needed to be 
washed and separated from the debris. This was accomplish
ed , by placing the: algae (and the debris) in a flask and . 
mixing thoroughly with distilled water. The resulting 
suspension of algae was centrifuged, again decanting the 
supernatant. The washing process was repeated until the

12
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supernatant was clear,, The-algae were resuspended in 
distilled water and the suspension was passed through a 
No, 140 soil screen to remove any large particles of 
debris or algae stuck together. It was now assumed that 
the algae were essentially a clean algal culture.

Next the clean algal suspension required to be 
"standardized" to a known algal concentration. This was 
done by centrifugation again but using 10 ml. cones with ■ 
stems calibrated from 0.0 to 0.1 ml. A constant angular 
velocity of 3,000 E.P.M. and time of 5 minutes were adopted 
as being the standard test for algal volume. Now that the 
algal volume of the suspension was known, B.O.D. dilutions 
could be made using the suspension as a "standard". These 
dilutions ranged from 0.0125$ to 0.20^. Where dead algae 
were required, the suspension was autoclaved at 15 p./s.i 
for 20 minutes ? :
4.2 Biochemical Oxygen Demand Test

The standard 5-&ay B.O.D. test as prescribed by 
Standard Methods (15) was used for this study. Treated 
sewage from a conventional sewage treatment plant is 
very similar to oxidation pond effluent exclusive of 
algae in that they are both products of an aerobic 
process. Consequently, effluent from the City of Tucson 
plant was used as a "base" sample to which algae were 
added in varying quantities to determine the differences
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in BoOoPo . reaction,. Four, dilutions of each sample either 
"without alga.e,!' or "with algae" were made to insure greater 
accuracy. -
4.3 Chlorophyll Test

The.most, satisfactory methods of determining the 
chlorophyll concentrations was the procedure modified 
from Crietz with Richards (1955) for plankton chlorophyll. 
It is outlined as follows?

(1) Filter portion of sample through 4y mm, "AA", 
Milipore, membrane filter. Membrane filters 
become clogged suddenly in contrast, to the 
gradual decrease in filtering rate that occurs 
with paper filters. For this reason one should 
pour 25 to 50 ml portions of lake water into 
the receiving funnel waiting for each portion 
to be filtered before adding more water. When 
filtering rate begins to decrease perceptibly 
the filter is ready to clog completely. At 
this point allow suction to dry the filter 
and. then carefully removed receiving funnel • 
from sintered glass filter support. Do not 
decrease suction until edge Of filter has been 
lifted to vent suction flask. At this time 
suction may be turned off and the filter care-



fully removed. Do not touch plankton on fil
ter, hold by edges only,

(2) Measure volume of water filtered. Save remain
der of unflltered sample- . , ;

(3) Carefully trim away the portion of the filter
. that was "between funnel and support rims and
. roll up with plankton inside. Place filter 
in "bottom of dry, 1”; sample tube -

(4) Add 20 ml of 9$^ alkalized* acetone to the 
sample tube containing filter and plankton 
and stopper tube with an acetone$ leached 
cork- Shake until filter is dissolved- If 
acetone is not a. distinct green or olive 
color repeat steps 1, 2 and 3 and place the 
additional filter in the tube with the 1st > 
one,

(5) Allow extraction to proceed in refrigerator 
for at least an hour - An overnight extrac
tion is preferable. . • 'V

(6) If any turbidity is apparent in extract gravity 
filter or centrifuge extract. Rinse filter 
paper or. centrifuge tube (never plastic) with
a .few cc of fresh acetone to recover all chloro- .

* A piece of marble kept in acetone bottle will 
accomplish this- '



16
- ' phyll and add to extract and record= The

extract should now be devoid of. turbidity.
(7) Use a blank of 1 (or 2) trimmed filters dis

solved in 25 ml of acetone and measure O.D. 
at 663 with red filter in the light 
path.

(8) For grass green extractss (O.D.) (7.5) = mg/L, 
chlorophyll. For olive or brown extracts of ••

. blue-green algaes (O.D.) (6.5) « mg/L, chloro-
. ■. I',; ' phyll • - -

Q , Chlorophyll A is the chief chlorophyll measured
at 633 mp., , however, the band width of the B. & L. 
Spectronic n20M probably includes some chloro
phyll B when it is present.

One unsatisfactory feature noticed in this procedure 
was that not all of the chlorophyll could be extracted, even 
when extractions were allowed to proceed overnight. Also 
it was found difficult to obtain close agreement in answers 
for a given sample. Therefore determinations were performed 
in triplicate to increase accuracy. Chlorophyll extrac
tions were performed for every set of experiments on the 
pure algae suspension.
4.4 Volatile Filtered Solids' Test

The standard volatile solids test prescribed by



Standard Methods (15) was found to be unsatisfactory 
since the. asbestos matte called for is nonuniform in pore 
size and allows certain smaller algae to pass through 
unfiltered. Thus another procedure was devised and is 
presented as f ollows § .

(1) Fire the required number of crucibles in
in muffle furnace at 6b0oC for 15 minutes and 

■ ' cool. / ' ' ' ; " ’ , ■
(2) Weigh out a dried Millpore filter, size HA 

or AA (mg).
(3) Filter samples by Milipore technique.
(4) Remove filter and dry in crucible at 103°C,
(5) Cool to constant weight and weigh (mg).
(6) Fire Crutiible. with filter in muffle furnace' 

at 600°C for 15 minutes. -
(7) Cool to constant weight and weigh (mg).
(8) Calculations. -

( s t e p (5 )  -  S t e p (7} -  S tep{2)j  t r s a m p l e  :

- Volatile Filtered Solids (ppm).

Great care and good laboratory technique must be 
exercised in this procedure to obtain close agreement. 
Samples were done in duplicate.



Chapter V '
DATA PRESENTATION AND DISCUSSION

5„1 Effect of :Algal Concentration on .B.0oD»
Tahlel is a presentation of the effect of 

algae on the B.O.D. test, expressed as the difference 
in values obtained for sewage with and without algae 
per hundredth per cent („Qlfo) of algae added. Each 
value represents four B.OaD, determinations for a 
particular algal concentration» This data is presented 
in the appendix, Table Ho: Thus the live or dead algae
were added to sewage of high or low B.O.D. as indicated 
in the column heading. Dead algae was not added to high 
B.O,Do sewage because the case is very rare where oxida
tion pond effluent would be discharged to a body of water 
as polluted as the pond itself. Also given are the date 
of testing and predominant ■'species of algae on that date.
Low BoOoD. sewage refers to values from 15 to '30, while 
high BoO„D, sewage refers to values of 107 for December 1 
and 72,5 for December 8, These values are considered high, 
not in the range of raw sewages, but in the range of B.O,D, 
strengths found in an oxidation lagoon (say near the inlet).

18



TABLE I
DIFFERENCE IN B.O.D. PER O.Ol^ ALGAE

Live-Low Dead-Low Live-High . .

B.O.D. Date predominant
Species B.O.D. Date Predominant

Species BoOOD. Date Predominant
Species

2,64
2o562.38
2018

Nov.' 03 'Golenkinia 
Euglena

6,48 6 =4q 
6 =48 
6.24 
6.20

Dec. 15 Golenkinia■ 8.00 
5.08 
4.00 
2.07 
2 = 65

Dec. 01

Yiv-

GolenkinaEuglena

2 06O 
2 = 70 . 
2.80 
2 = 40

No,vp>1'0 Golenkinia

1 ::

6.48' : 
6 0 60 
6 = 52
6 = 30 
6 = 00:

Dec .: 22 : Golenkinia
Euglena 6 . 36: ;V

,4=;55i-:

iVDec. 08

V V  : :

Golenkinia

2 = 56 2 = 50 
2 = 30 
2 = 64

'••■-•Vi.- Nov. ,20 ,
, '

V

•ti-Vr. • -' Euglena

m  :
l|i:

6.40 :: 
6 = 79
. 6,53.;6 = 80: 
5o80:. .

Dec. 29 Chlorella vvVVVVV 
V'V •VV'fti G-:

l i v

6#%'..
2 = 20 
2,46 
2.55 2 = 63 2 = 72 
2 = 63

Euglena 6 = 56; 
6.79:' 6,40 . 
6.701 
6.85

Jan. 03 .Chlorella ■ ' ■ 

: ' ' •
:
V.

     ■ —    '   —̂Arithmetic Average of "Live-Low" ® 2.52 
Arithmetic average of "Dead-Low." ® 6 = 42



The average fe.O.D. effect of live^algae on low B.O.D. 
sewage was 2„52 ppm per hundredth per cent with a standard 
deviation of 40.17;.whereas that of dead algae on low 
B.O.D. sewage was 6,42 ppm per hundredth per cent with a 
standard deviation of 40.29. An average for live algae 
in sewage was not computed due to unexplainable large 
fluctuations in B.O.D. difference per hundredth per cent 
algae. The fluctuation in values for the:live-low and 
dead-low columns is an innate characteristic of the B.O.D. 
test and character of algae.

Table II presents the data given in Table I 
in different form with the exception of the live-high 
column which was omitted. As indicated in the table, 
increased concentrations of algae resulted in increased 
differences in B.O.D. The data from this table, as por
trayed graphically in Figure 5<>ls generates two straight 
lines almost parallel. This was to be expected, however 
it is- striking that the two lines agree so closely in' y / . • v
view of the inaccuracy of the B.O.D. test = (16)
5=2 Volatile Solids Test

Preliminary determinations using the volatile fil
tered solids test showed that it was unreliable as an 
indicator of algal concentrations in oxidation ponds for 
two reasons g ' '



TABLE II
EFFECT OF INCREASING ALGAL CONCENTRATION ON B.O*D.

Live-Low Dead-Low

% Algae . Difference* 
in B.O.D. Average Date % Algae Difference* 

in Bd0=D. Average Date

0.0125 3 03o2
3-2

' 3-2 Nov. 03 
Nov. 20 
Nov. 2?

0.0125 8 = 1 
811.. 
8.0  
8.2

8 = 1 Dec= 15 
Dec. 22 
Dec. 29 
Jan. 05

0.025 6.4
6.5 ■ 
6.3. 6.4

6.4 ■ Nov. 03 
Nov= 10 
Nov. 20 
Nov. 27

0 = 025 16*6
16,5
17s0 
16. sO

16 Dec. 15 
Dec. 22 
Dec. 29 
Jan. 05

0.05 11.9
13-5
11-3
13.7

12 = 6 Nov. 03 
Nov. 10 
Nov. 20 
Nov. 27

0.05 32.4 
32.6 
32.6 . 
32 = 0

32 = 4 Dec = 15 
Dec. 22 
Dec. 29 
Jan. 05

0.10 ..21.8 .
. ; ,28.0 ; 

: 26 0 4 ■—
25 06

25-5 Nov. 03 
Nov. 10 
Nov. 20 
Nov. 27

0.10 .30.0 ** : 
63-0 
68.0 
67.0

66.0 Dec. 15 
Dec. 22 
Dec. 29 
Jan. 05

0 = 20 48=8: 3 '
3 4 2 . 0, . :
.45 - 7 ' :-r ' •

45-5 Nov. 10 
Nov= 20 
Nov= 27

0 = 20 123.9** : 
120.0 
116.0 
117-0

.117-7 Dec. 15 
Dec. 22 
Dec. 29 
Jan. 05

* See Appendix9; Table iV»
** Omitted in computation of average.
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(1) It was found that for washed, pure algal 

suspensions of a given concentration there was a steady 
decline in volatile solids over a two-month period. Table 
III shows the changes in volatile solids content for given 
dates and predominant ., species. Several factors could be 
attributed to the lack of a consistent volatile solids 
concentration; variation of predominant species, seasonal 
and therefore environmental changes, and variation in 
the proportion of algae in predominance to the other• 
species in the pond.

TABLE III

VOLATILE SOLIDS CONCENTRATION OF ALGAE

% Algae v.s.
(ppm)

Date Predominant
Species

1.0. I960 Oct. 20 Golenkinia

o 1—1 1575 Nov. 3 Golenkinia
. 1.0 1440 . Nov. 10 Golenkinia
1.0 1485 Nov. 20 Euglena •
1.0. 1405 Dec . 1 Euglena
1.0 1270 Dec. 8 . Golenkinia
1.0 958 Dec. 22 Golenkinia
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'' ' (2) It .was olDserved that unlike relatively pure

river water, oxidation pond waters contain large amounts 
of organic detritis (over 1/3 of the volume of algae 
present) in addition to the organic matter in the form 
of algal cells. This fact may be clearly demonstrated 
when a sample is centrifuged in a narrow-stern centrifuga
tion. Cone. Therefore the volatile solids concentration 
of a sample would not be an indication of algal concentra
tion. As a result of obvious error given by this test, . 
subsequent experiments employing it were discontinued,
5.3 Chlorophyll Test

In Figure 5»2 chlorophyll concentration is shown 
to be related to algal volume concentration (per cent) 
linearly on a log-log .plot. As was discussed earlier, 
one of the disadvantages of the chlorophyll test was its 
inability to extract all of the chlorophyll present when 
concentrations were high (unless excessive volumes of 
acetone were used).. Also it is known that chlorophyll f - 
found in some algae species., Chlorella,.- for example, is 
especially difficult tOyextraotdue to physical factors 
in cell Structures. Thus a,s percentage algae is increased, 
the amount of chlorophyll capable o.f being extracted 
approaches a limit for a given amount of acetone used.
Log-Log rather than arithmetic plot was used, since data
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would.appear.as a curve on the. latter.
The graph shown In Figure 5»2 was substantiated 

with several trials using the algae,species Chlorella.
It is expected that the straight line would he displaced 
in the case of another predominant species in the pond 
or if any of a number of environmental factors were to
change. The chlorophyll concentration of algae, it must
be .remembereds is' a function not only of species but also ■ 
of all the surrounding factors .that influence photosynthe-. 
sis or respiration. (7) It must be emphasized that only 
the portion.of the curve between .01 - 0.15 '̂ algae may >. ■
be'consldered linear.
5A  Discussion of Results ■ . ; .

. The results presented in Table I may be summarized
by the following statistical parameter valuess

Live-Low Dead-Low 
Number of Observations 18 20
Arithmetic average of B.O.D. Effect - 2.52 6.42
Range 0.62 1.00
Standard deviation ^ 0.17 60.29

Fluctuations in results can be-adequately explained 
in that the B.O.D. test has an inherent error of 65% (1,6) 
plus the compounded error of double dilutions when adding, 
algae. ' - v ;■ ' ' V" ' ., • ' . - ' ,



From the close correlation of the graphs shown 
in Figure 5*1 it may be concluded that the analytical 
techniques and procedures were accurate for the purposes 
of this studyo The graphs; are consistent with expected 
results» However the straight lines are not reliable 
past 0 o 15?° algaeo. Translated mathematically they may y 
be expressed in the straight-line region (0obl - ,0»15^ ... 
algae concentration) as the following formulae,!

For Live Algaes D = 265 & : ,
Where Per cent algae.concentration

:J)— .. Dif f er ence in B = G .py 
: . For Dead Algae s'P - '640: A . , -

The limitations imposed upon the formulae do not limit 
their useful value, since operating oxidation pond algal 
concentrations rarely exceed this value.. Operational , 
data collected over a period of two years show that 0.2$ 
algae is a maximum .for . ponds in the Tucson area. (17)

It is interesting to note that where 0.01^ algae 
is responsible for an average of 2.52 and 6.42 ppm B.O.D., 
alive and dead respectively, .01% volatile solids,is res
ponsible for an average'-bf 125 ppm B.O .P. in raw sewage. 
The latter figure was obtained from operational data.
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included in the City of Tucson Sewerage Division, Annual 
Report for 196O-6I0 . This illustrates the effectiveness " 
in B 0O 0D 0 removal in oxidation ponds through sedimenta
tion and the transformation of organic materials.by algae.

■ The presence of live algae.in the high B.O.D. 
sewage.caused erratic results which undoubtedly suggest 
further extensive study. However the author believes that 
these results may be partially explained on tthe basis of 
fundamental biological waste treatment theory, (3) It is 
known that when microorganisms (bacteria and protozoa)
■ are metabolizing in an aerobic organic environment, the 
rate of cell mass growth is in one of three phrases 1 (a) 
the log growth phase, (b) the declining growth phase, or . 
(c) the endogenous phase. In the log phase the food- 
microorganiSp(BtM’) ;ratio. is very/large; consequently the 
microorganismsy.are surrounded by an excess of food. It 
is in this stage that organic matter is converted to cell 
mass at maximum rate. As the BsM ratio drops rapidly, 
food is no longer in excess, but becomes the limiting 
growth factor. At this point the log growth phase evolves 
into the declining growth phase. As the food concentra
tion continues to drop, the microorganisms metabolize at 
an ever-glowing ratev until a minimum FiM ratio is reached 
at which time they are forced to metabolize their own



protoplasm, and then begin to die. The endogenous phase 
begins at this time when the system is essentially stable 
and only a •small quantity of food remains unmetabo1ized.
The Fsli ratio is constant in the endogenous phase, with 
the food being metabolized at-a very slow rate,

. It is probable that when algae were added to treat
ed sewage the system was in the endogenous phase and there
fore highly stabilized. Increased metabolism resulting 
from the addition of algae would thus become1 apparent in 
the form of increased B ,0,D . On the other hand, when algae 
were added to the high B,0„D, sewage the system was in 
the log growth phase and therefore highly unstable. With 
unsteady conditions prevailing, it would apparently be 
more difficult to observe with consistency the increased 
metabolism resulting from the addition of algae,

The straight line generated in Figure 5=2 may be 
expressed by the equation,

A = ["-d—  X 10"4 ] °-962
L 3. o , 55 —®
where A = per cent algae

C - chlorophyll concentra
tion in ppm.

Reliability in the graph and equation is of value only in
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the region of 0«01-0„\5% algae; and only when the species 
of algae in. predominance Is, (}hlorellaa For another species.
■ another similar graph would have- to be plotted and thus ' 
the constants in the equation would be slightly altered if . 
a ■ straight line were generated, - In the.event that linearity 
on:: log-log plot is not displayed for chlorophyll versus 
'algal concentration then a new function would need to 'be 
evaluated independently, ■ .Even in the:case of a constant 
predominant species, the graph should be checked periodical
ly. (is) - /  ̂ ';. : ■ . ■'

; :.The .graph of. Figure 5 = 2 would be of great value in 
obtaining the algal concentration once a chlorophyll deter
mination had been performed; on a.sample. Then from either 
the equat ions or graphs of - Figur e 5.1 the;dif f erence in 
B ,0,Do exerted by the live or dead algae could be acquired. 
Therefore, within the limits prescribed, chlorophyll con
centration becomes a quantitative parameter in evaluating 
the effect of algae on , - . ,1 . ,



Chapter VI
CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY

6,1 Effect of Algae on B,Oep, - Algal Concentration Test 
A def initive relationship in -raw sewage oxidation 

ponds was found to exist between algal concentration and 
the difference in B,0,D. caused by the algae. This rela
tionship was valid only in pond waters of low (15-30)
B,0.D, and may be expressed in either of two forms, .

First, the BoO<,Dv increases an average of 2,52 ppm 
per hundredth per cent for live algae and 6,42 ppm per 
hundredth per cent for dead algae,. This means that the 
B,0,B, effect of dead algae is 2,55 times that of live 
algae. The latter ratio is in accordance with the approxi
mate value 2*4.calculated from data reported by Bartsen,(4) 
Also the results of this thesis are; consistent qualitative
ly with those given by Wisniewski,(12)

Secondly#' the following formulae may be used:

(1) D = 265 ̂  ° g for .11 ve algae in the range 0 0̂1^ <A<0.15^
(2) D = 640 A, for dead algae in the range 0,01$<A<0,15$
. . ; where A = algal concentration in %

■ ' v :' ■■ ■ D =i difference in B,0,D, ' ' .; ;

31
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The effect of live algae in waters of high (50-200) 

B.O.D. gave indeterminate results that may possibly be in
terpreted upon •further study,
6,2 Effect of Algae on B.O.D.—  Chlorophyll Test

The chlorophyll concentration of Chiore11a may be . 
related to algal concentration by the formula.

A
0,962

,, v/' where A X  .algal concentration in %
■■ x C = chlorophy ll concentration in
■■ ;::v: 6 : : ppm.:: ; v’'", ' ' ■

For species other than Chlorella the constants in the 
above equation would be reevaluated by plotting "A"- 
versus "C" on log-log plot if a linear relationship were ■ 
evident. If not, another function would be derived. The 
algae-chlorophyll concentration relationship must be checked 
periodically. -
6.3 Effect of Algae on B.O.D. ••- Volatile Filtered Solids Test 

The volatile solids concentration of lagoon water 
was found to be unreliable as an indicator of algal'concen
tration or of difference in B.O.D. caused by algae. . This 
conclusion was based on the variableness of volatile solids 
concentrations in washed algae and upon the presence of
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indeterminate quantities of organic matter in the water . - 
besides organic matter.in algal form.
604 Suggestions for Further Study _ . •

The following topics are believed by the author 
to be worthy of further investigations

(1) Long-term studies of variation in the effect 
of algae on B.O.D. to determine whether the values found 
in the preparation of this thesis will change with factors 
such as season, algal species, B.O,D. strength of pond 
water, light Intensity, and. other environmental factors»

(2) The effect of algae on the B.O.D. of high- 
strength (50-200 ppm) sewage wa.ters.«

(3) Long-term studies., of (a) algal volatile solids 
concentration and (b) the ratio of chlorophyll to dry 
weight in attempting to discover a consistent seasonal 
variation of these values in oxidation ponds, and' if so, 
whether or not these tests may be employed as' indicators ' 
of pond efficiency*
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TABLE IV 

B.O.D. DATA

Date /? A1 'f e 3.C.D.' Date 5 Alr&,
11-03-62 0.0000 11.7 11-27-52 0.1000

0.0125 15.0 0.2000
0.0 50 13.1 0.2500
0.0500 23.6 12-01-62 0.0000
0.1000 33.5 0.0125

11-10-62 0.0000 20.0 0.0250
0.0250 26.5 0.0500
0.0500 33.5 0.1000
0.1000 48.0 0.2000
0.2000 68.8 12-08-62 0.0000

11-20-62 0.0000 18.0 0.1400
0.0125 21.2 0.0275
0.0250 24.3 0,0550
0.0500 29.3 0.1100
0.1000 44.4 0.2200
0.2000 60.0 12-05-62 0.0000

11-27-62 0.0000 23.0 0.0125
0.0125 25.75 0.0250
0.0250 29.2 0.0500
0.0500 35.75 0.1000

* Each value represents the average of four B.O.D. determinations.
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l.O.D." Date % Al-i.e B.C.P.*
49.3 12-05-62 0.2000 150.0
77.4 12-22-62 0.0000 22.5
Be.7 0.011S 29.5
107.0 0.0233 37.5
"117.0 0.0465 51.0
121.5 0.0930 76.5
127.1 0.1860 132.5
13^.0 12-29-62 0.0000 20.5
160.0 0.0125 28.5
72.5 0.0250 37.5
80.0 0.0500 53.2
90.0 0.1000 88.5
110.0 0.2000 136.5
130.0 01-05-63 0.0000 21.7
172.5 0.0125 29.9
26.1 0.0250 38.7
34.2 0o0500 53,7
42.1 0,1000 88.7
58.5 0.2000 138.7
88.5
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