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A study of the selective stimulation of respiration in the 

cultures of bacteria and protozoa, as found in a typical domestic 

waste water, was conducted in the Sanitary Engineering and 

Science Laboratory of The Rice Institute during the 1958-59 

academic year* These studies were part of a broad investiga¬ 

tion of the study of the progression of the biochemical oxygen 

demand cf soluble organic compounds in order to determine the 

validity of a short-term B. O. D. determination. The progression 

in soluble substrates of the B.O-D. exerted by a mixed culture 

of micro-organisms was found to be a multi-stage reaction. This 

is believed to be the first work using this biochemical technique 

of studying intermediary metabolism to define the progression of 

the biochemical, oxygen demand of soluble organic compounds. 

Previous work on the inhibition of assimilation utilized pure 

cultures and heavy inoculums of bacteria for short incubation 

periods. 
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Sodium azide, 2,4-dinitr©phenol, and sodium fluoride 

were used for the selective stimulation of respiration or inhibi¬ 

tion of assimilation processes. Sodium aside was the only agent 

which produced a marked degree of stimulation of respiration for 

either glucose, glutamic acid or a 1:1 mixture of these substrates. 

The general pattern of oxidation due to these agents is shown in 

graph form. The progression of the oxidation of these soluble 

compounds can be altered considerably and yet produce 120-hour 

incubation period (five-day) B.Q.D. values which are within the 

accepted standard deviations for these substrates using the bottle 

dilution technique. Similar results were obtained from manometric 

experiments. A critical concentration of the inhibitory agent 

significantly prevented synthesis and forced the reaction in the 

direction of complete oxidation to carbon dioxide and water, as 

shown by increased plateau values. Low concentrations of sodium 

azide initially retarded respiration slightly and simultaneously the 

synthesis processes were partially inhibited. Relatively high 

concentrations of this agent reduced the rate of respiration con¬ 

siderably. No increase in the extent of oxidation of fresh settled 

sewage was observed in the presence of sodium azide or 2,4- 

dinitrophenol. 
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1. 

I. INTRODUCTION 

Biological oxidation treatment processes have long been 

recognized as effective means of removing soluble organic material 

from both domestic and industrial waste waters. One of .the best 

means of studying the process of biological oxidations is by defining 

the progression of the biochemical oxygen demand. The biochemical 

oxygen demand (B. 0. D.) of waste waters is the quantity of dissolved 

oxygen in mg/1, required during the stabilization of the decomposable 

organic matter by aerobic biological action. The determination of 

this quantity is accomplished by diluting suitable portions of the 

sample with water saturated with oxygen and determining the dissolved 

oxygen in the mixture immediately and after a period of incubation, 

usually five days, under favorable conditions for biological activity. 

The progression of oxygen utilisation in domestic sewage has been 

formulated as a first order reaction equation. The validity of the 

first order assumption in stabilization of industrial waste waters has 

not yet been established. 
* 

In 1958, Busch (1) presented a theory to show that the process 

of biological oxidation of soluble organic substrates involves first, 

conversion of the substrate into cell substance with varying degrees 

of synthesis, and second, the utilisation of this stored cell material 

The latter phase involves both the oxidative organisms and predator 
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organisms such as protozoa. The intent of this investigation was to 

continue the work initiated by Busch by studying the selective stimu¬ 

lation of respiration and the simultaneous inhibition of assimilation 

in mixed cultures of bacteria and predator organisms as found in a 

typical raw sewage. The relation between respiration and assimila¬ 

tion is presented diagramatically in Figure 1. 
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4. 
H. PREVIOUS WORK 

The first conclusive data on the relationship between synthesis 

and respiration in bacteria were obtained by Cook and Stevenson(2) 

in 1928, In experiments using washed suspensions of Escherichia 

coli, these authors found that the oxidation of formate was canied 

to completion while the oxygen uptake with glucose or lactate amounted 

to two-thirds and with acetate to three-fourths of the amounts re¬ 

quired for complete oxidation. These researchers were unable to 

determine whether the oxidations ceased because of enzyme destruc¬ 

tion, because of threshold concentrations being reached below which 

oxidation could not occur, or because of the accumulation of non¬ 

utilizable intermediate or end products of oxidation. 

Working with die colorless alga, Prototheca zopfii, Barker (3) 

observed an oxygen consumption of only 30 per cent of that theoreti¬ 

cally required for the oxidation to carbon dioxide and water of the 

glucose disappearing from the medium. A similar behavior was 

observed with other substrates with percentages varying from 60 to 

more than 80 per cent of the carbon assimilated, depending upon 

the substrate used. Barker concluded, the process of 

assimilation of these compounds proceeds in two experimentally 

distinct stages. The first, which has been called the primary pro¬ 

cess of assimilation, consists of an oxidative conversion of the 

substrate into a carbohydrate which is stored in the cells as glycogen. 
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The formation of this carbohydrate is rapid compared to its subse¬ 

quent decomposition in the process of cell synthesis which consti¬ 

tutes the second stage of assimilation, 

The work of Barker was further confirmed independently by 

Giesberger (4), Clifton (5), and Busch (1). Giesberger observed 

that hydroxy, keto, and dibasic acids as well as the simpler acids 

and alcohols were not oxidised to completion by the different species 

oi Spirillum studied. In addition, he pointed out that assimilation 

may occur to different extents in the same substrate with different 

species of the genus Spirillum, Carbon and oxygen balances led to 

the same type of equations as postulated by Barker. 

Clifton explored a number of possible reasons for the incomplete 

oxidation of substrates. Incubating Pseudomonas calcoacetiea and 

Escherichia coll in the presence of different substrates, he noted 

that regardless of the initial concentration of substrate, or of 

organisms, and of the presence of end products of respiration in 

the suspension medium, the same general pattern of oxidative assimila¬ 

tion was observed. The recent work of Busch delineated the incomplete 

oxidation of glucose, glutamic acid, and a 1:1 mixture of these sub¬ 

strates by mixed cultures of bacteria and predator organisms as 

found in a typical raw sewage. This work was performed in the 

study of the validity of the first order reaction assumption for the 

B. O.D, determination for soluble organic industrial wastes. 
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These various workers have presented information demonstrat¬ 

ing that for a given organism and substrate, a stoichmetric relation¬ 

ship exists between the amount of foodstuff utilized and the amount 

of basic assimilatory product formed during respiration under 

aerobic conditions. The variation that exists in the efficiency of 

oxidation by different species of microorganisms is shown in Table I. 

This is shown by the per cent of substrate oxidized in each case. 

Clifton (5) observed that the oxidation of various substrates 

by Pseudomonas calcoacetica in a phosphate buffer tended to proceed 

to completion in the presence of appropriate concentrations of sodium 

azide or 2,4-dinitrophenol, both of which are inhibitors of assimila¬ 

tion processes. He also studied the effects of different concentrations 

of these inhibitors. It appears that the processes of respiration and 

assimilation are closely related and influenced by the same agents. 

Clifton concluded that low concentrations of the inhibitors initially 

inhibit respiration slightly and simultaneously partially prevent 

synthesis. Critical concentrations of the inhibitory agent completely 

prevent synthesis and force the reaction in the direction of complete 

oxidation to carbon dioxide and water, the rate of oxygen consumption 

being somewhat further reduced Higher., concentrations of the 

inhibitors reduce the rate of respiration to a negligible value. 

Further observations of inhibition were made by Clifton and 

Logan (8) using Escherichia coil in demonstrating that sodium azide 
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and 2,4-dinitrophenol in suitable concentrations tend to increase 

the oxidation of acetate, lactate, pyruvate, glycerol, xumarate, 

succinate, and glucose. From this investigation, it appears that 

the assimilatory reactions are functions ox the chemical constitution 

of the substrate rather than of the free available energy, since the 

same amount of carbon is assimilated from lactic acid as from 

pyruvic acid, or from succinic as from fumaric acid, the free 

energy of oxidation of the first aeid being greater than that of the 

second in each pair. Only one carbon atom was assimilated by 

E. coli from the four precent in succinic acid as compared with 

one from the three-carbon compounds, lactic or pyruvic acids. 

In other words, the extent of oxidation is a function of both the 

substrate and the oxidising organisms. 

Burris and Wilson (9) obtained an increased oxygen consumption, 

but not oxidation to completion during the oxidation of glucose by 

Rhizobium trifolii in the presence of 2,4-dinitrophenol. The increase 

in oxygen consumption was also evident when the 2,4-dinitrophenoi 

was added after the glucose had disappeared from the suspension 

medium and the break had been observed in the rate of oxygen con¬ 

sumption. Tills suggests that the inhibitor stimulates the oxidation 

of assimilated material rather: than blocking the initial assimilation. 

Sodium azide had iittle influence on the course of the oxidation. 

In suspensions of Escherichia coli, neither inhibitor was effective 

when added after the break in the rate of oxygen consumption. 



Pickett and Clifton (10) observed that the aerobic assimila¬ 

tion of carbohydrate by yeast was inhibited by 2,4-dinitrophenol 

but without an increase in oxygen consumption, the glucose 

assimilated in its absence being fermented to ethyl alcohol and 

carbon dioxide in the presence of 2,4-dinitrophenol. Also, both 

oxygen consumption and assimilation were inhibited by aside; 

glucose being almost entirely fermented to completion. 

From studies on the oxidative assimilation of various substrate 

by different species of bacteria and on the influence of 2,4-dinitro~ 

phenol and of azide on assimilation, Pickett and Clifton (11) 

obtained data which indicated that the effect of these agents on 

oxygen utilisation in the presence of glucose varied not only between 

species of an organism but also within a given species. Therefore, 

these authors suggested that the inhibitory agents act upon more 

than one enzyme, or enzyme system and the inhibition of assimila¬ 

tion probably results from the blocking of a series of enzymatic 

reactions. 

The effect of various concentrations of 2,4-dinitrophenol on 

the activity of activated sludge in relation to the operation of 

sewage treatment plants was studied briefly by .Rich and Yates (12). 

Both stimulatory and inhibitory effects appear to be reversible in 

the oxidation of synthetic sewage. The stimulation increased with 

increasing 2, 4-dinitrophenol concentrations dud ng short periods of 
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aeration, but for concentrations as low as 5 mg/1 the 2,4-dinitro- 

phenol tended to inhibit the activity as the aeration time increased. 

However, no inhibitory effect was observed for long periods of 

aeration when a 4 mg/1 concentration of 2,4-dinitrophenol was 

used. 

It is seen from the above discussion that although much work 

has been conducted in the study of the mechanism of respiration 

and assimilation processes in pure cultures using concentrated 

media with short periods of incubation {usually about 2 hours) no 

information pertinent to the experimental environment of this study 

is available. 



11. 
IE. THEORETICAL CONSIDERATIONS 

The most important single characteristic from the standpoint 

of waste water treatment and water pollution control is the amount 

of oxygen utilization duetto the aerobic action of bacteria and proto¬ 

zoa feeding upon the organic constituents of the waste water. The 

standard procedure for evaluating this oxygen requirement is the bio¬ 

chemical oxygen demand (B. O. D.) determination. The B. 0. D. is 

the quantity of dissolved oxygen in mg/1, required during the 

stabilization of the decomposable organic matter by aerobic biological 

action. The determination of this quantity is accomplished by 

diluting suitable portions of the sample with v/ater saturated with 

oxygen and determining the dissolved oxygen in the mixture immedia¬ 

tely and after a period of incubation, usually five days, under favor¬ 

able conditions for biological activity. The daily oxygen utilization 

of micro-organisms feeding on domestic sewage often conforms 

closely to the graphic plot of the first-order reaction equation. 

Hie first order reaction equation expressed in the differential 

form is: 

-dD 
dt 

integrating to: 

log 

d(La - L) = 

dt 

'a 

IC'I 

Kt 
L La-y 
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Solving for y, the following expression is obtained: 

y = La (1 - l<fKt) 

where: L& = oxygen absorbed during first stage 
L = oxygen requirement of sample at time, t. 
K1 = a constant at a given temperature. 
y = oxygen absorbed in time, t (B. O. D.). 
K = 0.434 K‘ = deoxygenation constant. 

According to this accepted theory, the rate of biochemical omdation 

of organic matter is proportional to the remaining concentration of 

oxidizable material; provided that the amount of available oxygen is 

not limited. Originally it was the generally accepted belief that the 

rate constant "k" of domestic sewages had a fixed value; however, 

in recent years it has become apparent that the rate constant 

varies from test to test. Since the variations in the rate constant 

are more significant during the early portion of the incubation period 

and were believed attributable to the initial differences in the micro¬ 

bial seed population, the use of a five-day incubation period was 

adopted as the standard procedure. 

Many workers. in their analysis of the exponential B. O. D. formu¬ 

lation have noticed variations in the present five-day determination. 

Caldwell and Langelier (13) have explained the unsuitability of a 

three-day incubation period in the standard dilution technique as due 

to an erratic lag phase. In 1949, higols (14) concluded that, "The 

use of a short-time B. O. D. test is, even with a heavy inoculum, 
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subject to much greater errors than the present five-day incubation 

period because of the lag period in the bacterial activity,!1 In 

establishing the primary standards for B. O.D. work, Sawyer et al. 

(15) emphasized the variations in results obtained with seed of 

different viability. 

In 1952, working independently, Busch and Sawyer (16) and 

£ehnfennig and Nichols (17) presented data showing a short-term 

(one to two-day) B.O.D. procedure to be more reproducible than 

the five-day test in the analysis of synthetic sewage and pulp mill 

wastes. In these studies, they speculated that protozoa were respon¬ 

sible for the variations in the five-day values. 

The studies of Orford and Ingram (18) in 1953 clearly revealed 

that the monomolecular equation was a poor egression for the 

analysis of biological oxidation. In addition, these researchers 

concluded that i;k:; and i4Llt values vary with time and therefore 

have very little physical or biological significance as measures 

of oxidation speed or strength.;i In the same year, Hoover et al. 

(19), studying the biological oxidation of milk wastes, proposed a 

two-phase B. O D. progression. This theory postulated two bio¬ 

chemical reactions; ie, that the oxygen utilization during the second 

phase is due to the endogenous respiration of the bacterial cell 

material produced by assimilation of the substrate during the first 

phase In 1954, BusweU et al. (20) concluded that the monomolecular 
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law is invalid for the B. 0. D. test and agreed with the conclusions 

of Hoover. 

More recently, Busch (1) presented a similar theory on the 

progression of the B. Q. D. of soluble substrates as a multi-stage 

reaction. According to this theory, the first stage represents the 

assimilation of available nutrients into cell material plus intermediate 

stored products. Subsequent utilization of oxygen in excess of 

endogenous respiration is attributed to the activity of protozoa and 

higher organisms feeding on the bacteria. Busch obtained a “plateau" 

value of oxygen utilization representing the consumption of all the 

substrate, by the bacterial ceils. This plateau in oxygen utilization 

represented a characteristic value for a given substrate. For soluble 

organic substrates, Busch stated that the plateau value offers a more 

valid point for determining the total load or “ultimate" oxygen demand 

than does the conventional five-day incubation test. 

Gotaas (21), studying the temperature effects on the B. O. D. 

reaction presented data showing a break occurring after the first 

few days of incubation at 5° and 10°G. This break corresponds to 

the plateau reported by Busch. Also, Gotaas pointed out that “k!i 

values computed by ignoring this break conformed more closely to 

the usonomolecular formulation than did the values taking the break 

into consideration. 
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From the above discussion, the need for a clear and definite 

delineation of the progression of the B.O.D. in order than an 

accurate short-term determination may be established is evident. 

With the establishment of the validity of the first-stage plateau as 

a reproducible percentage of the theoreticai B. 0. D., this study was 

initiated to determine the possibility of increasing this percentage by 

selective poisoning of the bacterial assimilatory processes using the 

technique developed by Clifton (5). The result of blocking assimila¬ 

tion would be an increased first-stage respiration and thus a higher 

ratio of plateau values to theoretical B. G. D. 



IV. EXPERIMENTAL TECHNIQUE 

In this investigation, both manometric and bottle dilution tech¬ 

niques were employed for the determination of B. C. D. values. The 

manometric procedure requires the use of relatively high concentra¬ 

tions of both substrate and seeding organisms. Therefore these 

experimental conditions are directly related to the concentration of 

substances normally found in waste water treatment plants but are 

markedly higher than those encountered in pollution studies of streams. 

This procedure was used to study the broad aspects of the problem 

where it was not feasible to prepare large numbers of bottle samples. 

Bottle determinations were used to confirm the results of the mano¬ 

metric method in dilutions applicable to stream conditions. It is 

seen, therefore, that the techniques employed encompass the broad 

realm of biological oxidation, from waste treatment plant design to 

pollution control studies. 

A. Procedure for Determining B. O. D. Values - Manometric Tech¬ 
nique. 

The manometric procedure utilised was the standard technique 

presented in Standard Methods {22}. Sewage was collected at the 

Bellaire Treatment Plant and incubated at 20°C for 24 hours. In 

preparing the seed, sewage was filtered through Whatman No. 2 

filter paper as in the method of Busch (1). Determinations of pH 

were made both at the beginning and at the termination of the experi¬ 

ments. In this method as well as the bottle dilution method, the 
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mineral nutrient ratios of B. 0. D. to nitrogen of 17:1 and B. Q. D. 

to phosphorus of 90:1 were maintained as recommended by Sawyer (23). 

B. Procedure for Determining B. Q. D. Values - Bottle Dilution 
Technique. 

In this work involving the setting up of a large number of sam¬ 

ples in a single dilution for one substrate, it was found advantageous 

to use the technique of Busch and Sawyer (16), These researchers 

added the substrate directly to the dilution water rather than pipett¬ 

ing a small amount into each individual B. O. D. bottle. However, 

the inhibitor in these experiments was pipetted into each bottle since 

various concentrations of the inhibitor were used. The pH of the 

dilution water was cheeked in each experiment. 

For the analysis of the samples, the Alsterberg alkaline-iodide 

sodium aside modification of the Winkler Method (22) was employed. 

Five milliliters of filtered settled sewage per liter of dilution water 

were used as the seed in these bottle studies. 
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V. CALCULATIONS 

A. Computation of Daily B. O. D. Values - Manometric Technique 

An equation (1) for calculating biochemical oxygen demand 

from the manometer deflections was derived by Langeiier and 

Caldwell (IS). 

(1) w - Kh 
where w - oxygen uptake in ppm. 

h « observed manometer deflections after 
correction for thermo-barometric changes 
{in cm). 

K - temperature-fluid constant. 

The value of the temperature-fluid constant (It) may be taken 

as: 

(2) K * 
P V o s 

273 V, 

T 
g * Y~ o< 

where V = total volume of gas in flask, connection, and 
^ manometer to the index point (in ml). 

Vs = volume of original sample being tested (in ml). 
Yf « total volume of fluid (sample plus added diluents, 

nutrients, seed, etc.) undergoing testing in the 
flask (in ml). 

= solubility ofoosygen under test conditions 
(in ml/mi). 

= 0.028 ml/ml at 25°C or 0.031 ml/ml at 20°C. 
PQ = normal pressure of manometer fluid {in cm) 

(height of manometer fluid equal to atmospheric 
pressure). 

= 76 x 13. 6/^ where <( ~ specific gravity of 
manometer fluid. For Brodies solution 
R ~ 1.030. 

T - temperature (in degrees absolute). 

Employing Brodies solution for tlrs manometer fluid and the 



temperature of the constant temperature bath as 20°G, the value of 

; may be taken as: 

K 1.314 ISL- + 0.04402 JJL 
V. v 

Therefore: 

(3) W ® h 1.314 3L 4 0.04402 ^f .„r 
V, s s 

When the ratio of or the. “secondary dilution factor" is 
JL O 

small, equation (3) may be reduced to: 

h /vJ (4) w = 1. 31 h V /V 
g s 

The symbols used in these equations are those of Ludwig, 

Oswald, and Gotaas (24). 

B. Computation ox Daily B. O. D. Values - Bottle Dilution Technique 

An equation (5) for calculating the biochemical oxygen demand 

of samples analysed using the dilution technique in bottles was de¬ 

rived by Bisch and Sawyer (16). 

(5) mg/h B. O. D. « D. O. * (D. O.. ~ D. O.. . ) - D» O. ^ 1/P 

where P. O. * mg/h dissolved oxygen in zero day 
° diluted sample. 

D. O. = mg/L dissolved oxygen in sero day 
“ blank. 

D. O,. . - mg/L dissolved oxygen in incubated 
u Df blank. 
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D. O.. ^ - mg/L dissolved oxygen in incubated 
sample. 

P ----- per cent of substrate expressed as a 
decimal. 

The equation in this form is applicable only to substrates 

representing a small fraction of the total volume of the individual 

B.O.D. bottle. 
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VI. EXPERIMENTAL RESULTS 

A. Selective Stimulation ox The Respiration of Glutamic Acid. 

The B. 0. D. values obtained with the manometric procedure 

for a heterogeneous population of micro-organisms during 120 

hours of incubation in the presence of a SCO mg/1 solution of 

glutamic acid and various concentrations of sodium aside are 

plotted as a function of time in Figure 2, which presents a typical 

pattern of the inhibition of assimilation. As shown in Figure 2, 

after an initial, lag period the biochemical oxygen demand proceeds 

at a relatively constant rate and on reaching a value characteristic 

for a particular concentration of sodium aside, decreases to a 

rate near that of the control sample of the substrate. This 

change hi rate of respiration {oxidation) or plateau value corres¬ 

ponds to the depletion oitlie substrate from the medium. However, 

for the glutamic acid sample containing 5 mg/1 sodium aside the 

plateau values ware considerably higher than the- control indicating 

an increase in respiration due to the selective inhibition of the 

assimilatory processes. It is noted for glutamic acid that in¬ 

creasing concentrations of sodium aside produced a prolonged 

lag period and a decreased rate of oxidation. Figure 8 shows 

B. O.D. values for a 200 mg/1 glutamic acid solution containing 

8, 5, and 8 mg/1 sodium aside. It is especially important to 
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observe the different mode of action of the 5 and 8 mg/1 

sodium aside samples. The 8 mg/1 sample did not yield a 

plateau value equivalent to the control, thus indicating not only 

partial blocking of the assimilation process but also inhibition 

of respiration. This graph clearly denotes the existence of a 

critical' concentration of the inhibitory agent which blocks assimi¬ 

lation and forces respiration towards completion. The same 

typical pattern of stimulation of respiration is observed for 100 

and 200 mg/1 glutamic acid samples presented in Figures 4 and 

5, respectively. 

Bottle dilution studies are reported in Figures 6 and 7 for 

a 300 mg/1 glutamic acid solution. Excellent results were ob¬ 

tained in these two experiments. It is noted that five-day values 

are practically identical and well within the accepted standard 

deviation. The plateau values are equally reproducible in the 

cases where they are duplicated. The sensitivity of the phenomena 

of selective stimulation of respiration is well demonstrated by 

the plateau values obtained in Figure 7. The two experiments 

reported in Figures 8 and 7 utilized seed collected at two 
r 
f 

'different times from the same treatment plant. 

The other inhibitory agents of assimilation studied in a 

solution of glutamic acid were sodium fluoride and 2,4-dinitro- 

phenol. These agents showed no marked degree of either 
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stimulation or inhibition within the inhibitor concentration ranges 

studied. Typical results of these manometric experiments are 

presented in Table If, for % 4-dinitroplienol and in Table HI for 

sodium fluoride* Similar results were obtained for ICO mg/1 

and 200 mg/1 glutamic acid solutions in the presence of various 

concentrations of 2,4-dinitr oplienol. 

B. Selective Stimulation of the Respiration of Glucose. 

The same general pattern of stimulation of respiration 

noted with glutamic acid was exhibited in escperiments employing 

glucose as the substrate and sodium aside as the- inhibitor. 

Typical results from manometric studies vara; presented In 

Table IV. This substrate was also studied in bottle dilution, 

experiments. Typical data from one of these experiments are 

plotted in Figure 8. Table V gives data on an experiment 

studying the' effect of 2, 4~ dinitrophenol on glucose oxidation. 

From these bottle dilution studies, it is noted that 2,4"dinitro~ 

phenol had neither a stimulative nor inhibitory effect on the 

oxidation of glucose within the inhibitor concentration range 

employed. 

0. Selective Stimulation of The Respiration ox a 1:1 Mixture 
of Glutamic Acid and Glucose. 

For studies using a 1:1 mixture of glutamic acid and 

glucose as the substrate, results similar to those found for 
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Table 31. influence of 2,4-Dinitrophenol on B. O. D. 
of 300 mg/1 Glutamic Acid Solution by a Mixed 
Culture of Micro-organisms. 

(Manometric Method) 

B. O. D. mg/I 

Hours 
Incu¬ 
bation 

Concentration of % 4-Dlnitrophenol - 
mg/1. 

0 1 5 15 

0 0 0 0 0 
12 4 4 4 3 
18 17 14 14 12 
20 33 30 30 27 
24 78 75 76 79 
28 90 89. 88 92 
36 100 99 98 102 
38 112 110 110 113 
42 116 114 113 116 
46 117 115 115 117 
48 120 117 117 119 
56 127 125 125 126 
60 131 128. 128 130 
66 136 132 133 135 
72 139 136 136 140 
84 147 142 144 148 

108 156 149 156 157 
120 157 150 158 158 
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Table HI. Influence of Sodium Fluoride on B. O.D. of 300 mg/1 
Glutamic Acid Solution by a Mixed Culture of Micro-organisms. 

(Manometric Method) 

' B.O.D. - mg/1 

Hours 
Incu¬ 
bation 0 

Concentration of Sodium fluoride 
mg/1 

15 10 15 20 

0 0 0 0 0 0 0 
10 3 3 4 5 4 4 
18 19 18 • 20 20 19 20 
20 42 41 48 40 42 45 
26 77 77 79 74 78 67 
28 82 81 84 79 83 85 
34 91 88 93 88 92 93 
40 96 95 98 93 97 98 
48 107 105 108 103 107 106 
52 115 112 114 109 114 112 
58 124 121 124 118 124 124 
78 138 136 139 133 138 144 
96 147 145 148 141 147 153 

120 150 149 152 145 151 158 
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Table IV. Influence of Sodium aside on B.O.D. 
of 300 mg/1 Glucose Solution by a Mixed Culture 

of Micro-organisms. 
(Manometrie Method) 

B.O.D - mg/1. 

■HOOTS  
Incu¬ 
bation 

 Concentration of Somum aalde ■-  
mg/1. 

0 1 5 10 

o' 0 0 0 0 
12 3 2 0 0 
22 36 21 18 10 
24 52 31 27 16 
Be¬ 66 43 38 23 
ss 82 52 54 33 
30 86 73 62 42 
34 m 88 85 53 
36 93 89 94 55 
42 96 93 107 85 
48 99 101 111 108 
54 104 104 114 123 
60 lit) 108 116 127 
72 125 125 121 133 
78 180 132 122 138 
84 135 137 125 138 
96 141 144 133 144 

108 148 152 143 154 
120 152 156 159 160 
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Table V. Influence of 2,4-Binitrophenoi on B.O. D. 
of 800 mg/1 Glucose Solution by a Mixed Culture 

of Micro-organisms* 
{Bottle Dilution Technique) 

B.O.D. - ing/1 

Hours Concentration of 2,4-Bdnitrophenol 
Incu¬ 
bation 0 

mg/1 
1 3 5 

0 0 0 0 0 
12 0 0 0 0 
18 26 34 41 80 
24 107 105 101 99 
80 112 112 112 114 
36 118 118 122 118 
42 120 120 122 122 
48 122 126 124 124 
54 135 136 135 135 
60 161 154 172 165 
72 187 187 193 195 
84 202 202 199 206 
96 221 214 217 215 

120 221 217 217 217 
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glutamic acid and glucose alone were obtained when sodium 

aside was used as the inhibitory agent. Typical data for a 

manometric experiment are presented in Table VI. Typical 

results obtained from a dilution experiment are plotted in 

Figure 9. 

D. Selective Stimulation of The Respiration of Sewage. 

An experiment using fresh settled sewage in the presence 

of various concentrations of sodium aside and 2? 4-dinitrophenol 

was performed. The data from this experiment are found in 

Table VU. It is noted that there was no well defined degree of 

stimulation of respiration in these samples. The same sewage 

was used for the study both inhibitors. 

E* Net Stimulation Produced by Sodium Aside. 

Thennet stimulation produced by sodium aside using the 

bottle dilution technique is shown in Figure 10 for each substrate 

at a specific incubation time. It is noted that the stimulation 

effect is not linear and at higher sodium aside concentrations 

the inhibition of respiration becomes significant. 

F. Stimulation of Respiration of Various Substrates Due to 
Sodium Aside. 

The extent of the increase in oxidation of the various 

substrates is presented in Table VIE. The theoretical carbon¬ 

aceous B. O. B. is based on the following equations: 
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Table VI. Influence of Sodium aside on B. O.D. of 
SCO mg/1 Solution of a 1:1 Mixture of Glucose and 
Glutamic acid by a Mixed Culture of Micro-organisms. 

(Manometric Method) 

B.O. D. - rng/1 

Hours 
Incu¬ 
bation 

Concentration of Sodium azide - 
mg/1 

0 1 3 5 

0 0 0 0 0 
12 4 5 2 2 
IS 15 15 7 6 
22 52 47 25 17 
24 79 84 78 53 
30 85 92 102 83 
36 91 98 109 94 
40 93 100 110 95 
48 107 112 116 104 
54 117 123 120 108 
80 124 132 130 115 
84 127 138 137 121 
72 135 143 147 130 
78 138 147 151 134 
84 141 150 154 137 
88 142 151 155 1-39 
98 144 153 159 142 

108 146 156 162 145 
120 149 158 164 148 
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(1$ Glucose 

C6H12°6 + 602 ”■** 
6C02 * 

6H2° 

{2} Glutamic acid 

C_ 10.IJ +4,5 0„ ^5CO + SH 0 + NH„ 
0 9 4 2 2 g 3 

The percent of the theoretical oxidation of glucose in the presence 

of 5 mg/1 sodium azide was 46.7% as compared to 33% for the 

samples without sodium aside. The net increase in oxidation 

was 8.7%. For glutamic acid and the mixture, the percent in¬ 

crease in the presence of 5 mg/1 sodium aside was 23.7% and 

16.6% respectively. It should be noted that the percent increase 

was taken from the plateau on the respective curves and that in 

some cases the time differential is on the order of 18 hours 

because of the lag induced by the inhibitor. 

G. Effect of Sodium Azide on hag Period. 

Hie effect of sodium aside on the lag period is presented 

in Figure 11. For a given B. O. D. value, the ratio of the time 

of the lag in the sample to that of the sample is plotted as a 

function of the concentration of sodium aside. It is readily 

observed that the lag period in these bottle dilution experiments 

is of longer duration for higher concentrations of sodium azide. 

The effect of sodium azide is not linear.. However, the effect 
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exhibits a characteristic pattern for each substrate studied in 

this biological environment. 
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W. DISCUSSION OF RESULTS 

The results obtained from the experiments presented in 

the preceding discussion clearly demonstrate that it is possible 

selectively to stimulate respiration oxidation of glutamic acid, 

glucose, and a 1:1 mixture of these compounds by a mixed 

culture of micro-organisms in the presence of sodium azide, 

an inhibitory agent of assimilation (synthesis). It was observed 

that a critical concentration of this inhibitory agent significantly 

prevents synthesis and forces the reaction in the direction of 

complete oxidation to carbon dioxide and water, the degree 

of which was indicated by a plateau value. Low concentrations 

of sodium aside initially retarded respiration slightly and simultan¬ 

eously the synthesis processes were partially inhibited. Relative¬ 

ly high concentrations of this agent reduced the rate of respira¬ 

tion considerably. This was the typical pattern observed for 

glutamic acid, glucose, and the mixture of these substrates 

studied in a solution of sodium azide. This pattern is similar 

to the one reported by Clifton and various other workers for the 

oxidation of high concentrations of substrates by heavy inoculums 

of pure culture of micro-organisms during short periods of 

incubation. . 

Other inhibitory agents of assimilation, such as 2,4-dinitro- 

phenol and sodium fluoride, showed no marked degree of 
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stimulation or inhibition of respiration of these substrates. Ho 

increase in the oxidation of fresh settled sewage was observed 

by the action of sodium azide and 2,4-dinitrophenol. The 

variations in the degree of stimulation of respiration for a given 

substrate by various pure cultures of bacteria or algae have 

been reported by many workers. For the heterogenous popula¬ 

tion of micro-organisms used in this investigation* reproducible 

data were obtained for each inhibitory agent studied. It is 

possible that a mixed culture from another source may give 

different results due to the variations in the micro-organisms 

present. The stimulation of oxidation obtained with seed from 

various sources would be of interest in the continuation of these 

studies. The use of a population of micro-organisms grown, on 

the substrate to be studied should be investigated in an attempt 

to reduce the prolonged lag period. 

It was further observed tlat the bottle dilution technique 

gave more reproducible results than the manometric method. 

As noted in Figure 2 and 3* the 5 mg/1 curves for the mano¬ 

metric technique show different rates of oxidation and different 

lag periods, Similar variations existed in all eases where the 

manometric experiments were duplicated. These variations in 

the manometric experiments are probably due to the larger 

number of micro-organisms present in this biological environ- 
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ment as compared to that found in the B.O.D. bottle. In 

addition, different five-day B.O.D. values were obtained with 

the two techniques. 

The plateau phase obtained in the curves for the various 

substrates in the presence of sodium aside with both techniques 

is in agreement with the multi-stage B.O.D. reaction as postu¬ 

lated by Busch (1). It is important to note that the rate and 

path of oxidation can be altered considerably and yet still obtain 

iive-day B.O.D. values for:the bottle dilution technique which 

are within the accepted standard deviations for these substrates. 
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vm. CONCLUSIONS 

The following conclusions may be drawn: 

1. The progression in soluble substrates of B. O.D. exerted 

by mixed cultures of sewage organisms seed is a multi-stage 

reaction. A plateau occurs in the oxygen consumption curve 

upon completion of direct substrate oxidation. The rate and 

the path of the progression can be altered considerably by the 

use of an approximate inhibitor of assimilation (synthesis) pro¬ 

cesses and yet produce five-day B. O. D. values in dilution 

studies which are within the accepted standard deviations for 

these substrates. 

2. It is possible selectively to stimulate the respiration (oxida¬ 

tion) of glutamic acid, glucose, and a 1:1 mixture of these 

compounds by a mixed culture of micro-organisms with sodium 

aside. ' ' ' 

S. A critical concentration of sodium aside significantly pre¬ 

vents synthesis and forces the reaction in the direction of 

complete oxidation to carbon dioxide and water as shown by 

increased plateau values. Low concentration (on the order of 

1 to 2 mg/1) of sodium aside initially retard respiration slightly 

and simultaneously the synthesis processes are partially inhibited. 

Relatively high concentrations (greater than 5 mg/1) of this agent 
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reduce the rate of respiration considerably. 

4. The critical concentration of sodium azide is 5 mg/1 in 

bottle dilution studies for 300 mg/1 solutions of glutamic acid, 

glucose, and a 1:1 mixture of these compounds. This concen¬ 

tration was in the same order of magnitude for the manometric 

studies. 

5. Overall patterns of stimulation are similar to those reported 

by other workers using pure cultures of micro-organisms. 

0. Two other inhibitory agents of assimilation, 2,4-dinitrophenol 

and sodium fluoride, show no marked degree of stimulation or 

inhibition of oxidation of these substrates. 

7. Neither sodium azide nor 2,4-dinitrophenol increased the 

oxidation of fresh settled sewage. 
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