
INTERACTIONS OF NITROGEN AND PHOSPHORUS ON THEIR UPTAKE

BY MIXED CULTURES IN THE BIODEGRADATION OF ACETIC ACID

A Thesis

Presented to

the Faculty of the Department of Civil Engineering

The University of Houston

In Partial Fulfillment

of the Requirements for the Degree

Master of Science 

by

Oscar Saenz, Jr.

August 1968

454473



ACKNOWLEDGMENTS

I would like to express my sincere appreciation to the following 

persons and organizations:

My wife, Lydia, for her understanding, patience, and encour

agement throughout the course of my study.

Professor N. Myrick, who directed the research and gave able 

assistance and encouragement.

David Tarazi of Southwest Research Institute, for his assistance 

in the statistical analysis of the data.

Lee L. Hiser of Southwest Research Institute, also for his 

assistance and direction in the project.

Eleanor Gillispie of Southwest Research Institute, for her very 

able assistance in deciphering and typing of the thesis.

Southwest Research Institute, for the most generous offer of 

their laboratories.

ii



INTERACTIONS OF NITROGEN AND PHOSPHORUS ON THEIR UPTAKE

BY MIXED CULTURES IN THE BIODEGRADATION OF ACETIC ACID

An Abstract of a Thesis

Presented to

the Faculty of the Department of Civil Engineering

The University of Houston

In Partial Fulfillment

of the Requirements for the Degree

Master of Science 

by

Oscar Saenz, Jr.

August 1968



ABSTRACT

A study was conducted on the interactions of nitrogen and phos

phorus on their uptake by mixed cultures in the biodegradation of acetic 

acid.

Ammonium sulfate and sodium hexametaphosphate were supplied 

as nutrient sources for nitrogen and phosphorus, with the N:P ratios 

varying throughout each experiment. The effect of these variations 

was observed in the final uptake of nitrogen and phosphorus, the 

biological growth, and the T^ACiC ratios.

It was found that nitrogen is the significant controlling factor 

in both the uptake of nitrogen and possibly phosphorus by the culture.

It was also found that cultures are able to assimulate other 

phosphorus sources other than ortho phosphates.

A new approach for measuring biological growth by the use of 

the modified Beckman Carbonaceous Analyzer was investigated.
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INTRODUCTION

The elution of compounds containing phosphorus and nitrogen is 

causing serious problems in rivers, lakes, estuaries, and other bodies 

of water.

Eutrophication of a body of water is caused by an accumulation 

of high concentration of nitrogen and phosphorus. These materials 

provide a rich nutrient environment for algal growth and unless they 

are eliminated or controlled in discharged effluents will lead to serious 

ecological inbalances in the receiving water. This condition will render 

a natural body of water undesirable from various standpoints. The 

water becomes turbid, highly colored, toxic as in the case of blue 

green algae growth, and deficient in bacteria. Even though pathogens 

are partially eliminated, the deficiency of bacteria is not desirable. 

Bacteria play a vital role in the total ecology of the natural receiving 

water. Besides providing a source of food for other forms of life, 

bacteria also assimulate biodegradable organic compounds thus stabili

zing the stream or river. Eutrophication also renders a body of water 

useless for recreational activities, shellfish production, etc. Therefore, 

this condition is not good from an economic point of view. It is there

fore necessary that nitrogen and phosphorus discharges into natural 

bodies of water be eliminated or properly controlled to low enough 

levels so as to not overproduce algal populations.
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OBJECTIVES

The purposes of this project are as follows:

1) To study the interactions of NH^-N and (NaPO^j^-P and their 

uptake by mixed biological cultures in the biodegradation of acetic acid. 

It is desired to establish some conclusions from the experimental data 

concerning the uptake of these nutrients by mixed cultures when the 

nutrient concentrations N:P ratios are varied.

2) To establish minimum N and P dosages in the total biodegrada

tion of acetic acid to obtain a nutrient free effluent. This factor is of 

prime importance particularly in the biodegradation of chemical wastes 

where the operator desires to add nutrients to the system so that the 

effluent is free of nitrogen and phosphorus.

3) To introduce a tentative mode of studying biological growth 

in the biodegradation of an organic substrate.
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BACKGROUND INFORMATION

In recent years investigators have conducted work on pollution 

abatement of phosphorus and nitrogen compounds. Various methods 

have’been investigated. These methods are as follows:

1) Coagulation and sedimentation for phosphate removal.

2) Biological removal of phosphorus and nitrogen.

3) Air stripping of ammonia nitrogen.

4) Ion exchange techniques for nitrogen and phosphorus 

removal.

The "Tahoe" process4 for nutrient removal uses the coagulation 

and air stripping methods for both phosphorus and nitrogen removal 

respectively. The results of this process have been encouraging.

The biological uptake of phosphorus and nitrogen has been 

studied somewhat by biologists. However, a number of questions 

remained unanswered particularly in employing this technique for the 

removal of nitrogen and phosphorus from waste waters. Echkenfelder6 

has studied some of the difficulties encountered in the biological removal 

of nitrogen. Connell and Vacker3 conducted some investigations recently 

on the effect of a number of variables on the removal of phosphate from 

a domestic waste using activated sludge. The parameters under study 

were culture age, concentration of suspended solids, aeration rates, 
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and BOD loadings. It was concluded that for optimum removal of phosphate 

by activated sludge the following requirements are essential:

1) Culture must be in the declining growth or bioflocculant 

phase. Uptake may be as high as 20-25 mg PO^/100 mg 

solid formed.

2) Adequate aeration will promote the removal to less than

1 mg/1 PO4 in the aeration tanks if the effluent contains 

sufficient BOD and utilizable cations. BOD to PO4 ratio 

in the influent is the limitation factor of metabolic uptake.

3) Excessive aeration to high DO levels in the bioflocculation 

phase promotes endogenous lysing of cells thereby return

ing phosphate to solution.

4) Prolonged retention of sludge solids in final clarifiers 

results in the anaerobic release of PO^.

A. W. Busch1 has also presented an excellent summary of work 

conducted at Rice University. Some discussion is made concerning 

stoichiometric ammonia-nitrogen requirements in the biodegration of 

glucose by mixed cultures. A fresh approach using the carbonaceous 

analyzer as a tool for the determination of biological growth as well as the 

T^AC is outlined.

Among Busch's references are included the work of N. Myrick 

entitled "BOD Progression in Soluble Substrates", and L. L. Hiser’s 
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work entitled "An 8-Hour Biological Oxygen Demand Test Using Mass 

Culture Aeration and COD".

This information is quite relevant in the progress of this project. 

A recent publication in Environmental Science and Technology8 brings 

to light the tremendous problems encountered in our natural bodies of 

water by the addition of phosphorus. Methods are outlined for the 

removal of PO4 from effluents.7
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EXPERIMENTAL PROTOCOL

Preparation of Substrate (Table 2)

An aqueous solution containing 3. 78 grams acetic acid/1 was 

prepared. This yielded a concentration containing 1.5 mg carbon/ml. 

The solution was then standardized by the use of the carbonaceous 

analyzer which measures total carbon.

Preparation of Stock Nutrient Solutions (Table 2A)

1) Ammonium sulfate (NHzj.^ SO4.

After being oven dried at 103° C and desiccated for 30 

minutes, an aqueous solution containing 47. 2 grams of 

ammonium sulfate/1 was prepared. This yielded a con

centration containing 10 mg nitrogen/ml.

2) Sodium hexametaphosphate (NaPO^)^.

The material was oven dried for one hour at 103° C and 

desiccated for 30 minutes. An aqueous solution containing 

3.28 grams (NaPO^)^/! was prepared. This yielded a 

concentration containing 1 mg phosphorus/ml.

Preparation of Dilution Water

The dilution water was prepared by adding a few crystals of 

Na2SC>3 to five gallons of tap water. The Na2SOj reduced the chlorine 

to chloride. The alkalinity of the dechlorinated tap water was then reduced
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PREPARATION OF SOLUTIONS

Substrate

MvJ
\/A?<yR

wvva Hg °C
•SeLuXinti

|k

CA-A^ 
s;ow<;. 
wa|YAl

Acetic 
acid

60. 1
A »,o

(liquid)

40. 0 40@43°C 118 3. 78 1.50

* In acclimation and experimental steps, 100 ml of stock solution diluted 
to 1000 ml in Imhoff cones will yield a solution that contains 150 mg/1 
of organic carbon.

Table 2

Stock Nutrient Solutions

M.PT. Foft/AVk\
REQM69 
CoAJC. 
va^|w\L 9m IK

SlOLK

^|R

nxtAi.

^IyaI

Ammonium 
Sulphate

Sodium 
Meta-phos - 
phate

132.14

611.80

(NH4)2SO4

(NaPO3)6

4. 72

3. 28

10 mgN

1 mg P

10

1

47. 2

3. 28

10 nh3-n 
1

1 p

Table 2A

Nutrient Requirements

M IT« OGEW 9 ftOS?ttOR\)S
^3

_____
C|1.G c/s: 

msIK *'k
^110 

wi|K nvtk
C’lio 
w*llK mljg

C-llO q-io 
W||K

(NH4)2SO4

(NaPO3)6

60 6 30 3 15 1. 5

15 15 7. 5 7. 5 5. 0 5. 0

Table 2B
C (Substrate Carbon) = 150 mg/1 
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to 100 rrig/1 as CaCO^ which is equivalent to 12 mg inorganic carbon/ 

liter.

The desired alkalinity was obtained by adding concentrated HC1 

to the dechlorinated water according to the equation

Volume of concentrated HC1/1 of dilution water = 0. 0016 (A-X)

A = total alkalinity in mg/I CaCOj
(obtained by titration)

X = desired residual alkalinity in mg/1 CaCO3 
normally 100 mg/1 CaCOg (12 mg/1 carbon)

Assumptions

Assay of concentrated HC1 = 37.4%

Density of concentrated HC1 = 1.19

After the addition of the calculated HC1 volume, the dilution 

water was aerated to remove the excess carbonates.

It was decided to use tap water as the source for a proper dilution 

water because it contains desired nutrients fon the proper growth of the 

organisms. These nutrients include the essential trace minerals that 

are necessary for the synthesis of cells.

Acclimation of Culture

One hundred milliliters (1.50 mg organic carbon/ml) of the stock 

acetic acid solution was placed in a 250 ml beaker. The following nutrient 

concentrations were added:

1) Ammonium sulfate (NH^^ SO^ -
6 ml (60 mg NHj-N)
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2) Sodium metaphosphate (NaPO^)^ -
15 ml (15 mg Phosphorus)

The pH of this solution was adjusted to 6. 0 with the addition of

1.0 N NaOH. A pH meter was utilized in this step.

The pH adjusted solution containing the substrate (150 mg organic 

carbon) and nutrients was then poured into a 1 liter Imhoff cone. The 

volume was brought up to 1 liter with dilution water. The sample was 

then mixed and the pH noted. The pH was buffered at 7. 0 - 7. 5 by the 

dilution water. Aeration was adjusted at 1 scfh. Five ml of the clear 

supernatant from a freshly acquired sewage seed were placed in the 

cone.

The mixture was allowed to aerate until a definite growth was 

visible. This normally took place within 24 to 30 hours. At the end of 

this time, the aeration was discontinued. A filtered sample was obtained 

and the soluble organic carbon was determined by the use of the car

bonaceous analyzer. The carbon depletion was noted. The culture was 

allowed to settle and 150 ml of the supernatant was discarded. A new 

pH adjusted, nutrient containing substrate was again added to the cone. 

Aeration was again started and another filtered sample was obtained 

for carbon analysis. At the end of the next 24 to 30 hours, the aeration 

was again stopped. The culture was again allowed to settle and soluble 

organic carbon was again run on the mixture. The supernatant was
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discarded and the settled culture was washed twice with dilution water.

New feedings were again repeated with the acclimated culture until it 

was determined that the culture was thoroughly acclimated to the sub

strate. The guidelines that were used in making this decision were:

1) Rate of carbon depletion of the substrate

2) Flocculant appearance of the culture

The acclimated culture was continually fed until it was utilized.

Apparatus

A battery of eleven 1 liter Imhoff cones were set up. Individual 

air flow meters and aeration tubes were designated for each cone.

Air diffusion stones bubblers were not used for aeration but rather 3 mm 

ID glass tubes. See Figures 1 and 2. It was felt that aeration could be 

accomplished successfully by using open tubes only. A Beckman pH 

meter equipped with long line glass., calomel and temperature com

pensation .electrodes was used to monitor pH's. The long lines facili

tated the pH measurements at the Imhoff cones rather than taking a 

small sample. This also eliminated possible contamination errors by 

transferring the liquid to and from the pH meter.

Sampling equipment included eleven 50 ml beakers which were 

each designated for each cone. By using the same beaker for each cone, 

contamination errors were eliminated. Other sampling equipment 

included two-inch test tubes which were used for sampling for total

10



TYPICAL EXPERIMENTAL "’’SET UP"

N1P1 N1P2 N1P3 N2Pi N2P2 N2P3 , NaPi n3p2 n3p3
A

Figure 1 , Air
-_______ in

Figure 2

Apparatus
1) Nine 1000 ml Imhoff cones
2) Nine air flow meters
3) 3mm ID glass tubing (aerators) :
4) Tygon tubing
5) Air supply

Operating Conditions 
Temperature - room 
Air Flow Rate - 1 SCFH
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unfiltered carbon analysis (TUC). This will be discussed in the analytical 

procedure section.

Filtering equipment included millipore assemblies which contained 

filter holders and flasks. Millipore filters with a 0.45U pore size were 

used in the filtration of the sample. Associated equipment with filtration 

included 60 ml culture tubes which were employed to collect the filtrates.

Analytical apparatus which includes the carbonaceous analyzer, 

spectrophotometer, etc. , will be discussed in the analytical procedure 

section.

Setting Up Experiment

Nine 100 ml aliquots of acetic acid stock solution (1 ml =1.50 mg C) 

were placed in each of nine 250 ml beakers. Each beaker was designated 

according to Table 1..

The proper volume of nutrients as are specified in Table 2B were 

added to each beaker to give the proper C:N and C:P ratios desired.

The pH of the solution in each beaker was adjusted to 6. 0 with 1.0 N NaOH. 

The contents of each beaker were then placed into each of nine Imhoff cones. 

The volume was brought up to 1 liter with dilution water. This provided 

a mixture containing 150 mg/1 acetic acid carbon. Concurrently two 

extra cones were included. These were control samples and included the 

following:
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Control 1 = dilution water +
substrate + NjPj and no seed

Control 2 = dilution water + nutrients (NjPj) 
and no seed

■^T

Beaker
No.

Beaker
Desig.

C:N 
Weight

C:N
Mole

C:P 
Weight

C:P
Mole

N:P
Weight

1 N1P1 2.5/1 2.9/1 10/1 26/1 4/1

2 N1P2 2. 5/1 2.9/1 20/1 52/1 8/1

3 Nip3 2. 5/1 2.9/1 30/1 78/1 12/1

4 N2Pi 5/1 5.8/1 10/1 26/1 2/1

5 N2P2 5/1 5.8/1 20/1 52/1 4/1

6 N2P3 5/1 5. 8/1 30/1 78/1 6/1

7 N3P1 10/1 11.6/1 10/1 26/1 1/1

8 N3p2 10/1 11.6/1 20/1 52/1 2/1

9 N3P3 10/1 11.6/1 30/1 78/1 3/1

(C = substrate carbon)

Table 1

It was desired to do an air stripping experiment with acetic acid 

and also an ammonia stripping experiment with the second control sample. 

The pH of the ammonia control was adjusted to pH 8.0.
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One ml of previously washed acclimated culture was added to each 

of the cones, excluding the control samples. Aeration was started and 

adjusted at a flow rate of 1 scfh. 

Sampling

The sample cones were sampled at various time intervals. "O” 

time samples were taken three minutes after the experiment was started.

The sampling time varied for each experiment. Normally sampling 

was conducted at "O", 3 hours, 9 hours, 15 hours, 24 hours, 30 hours, 

40 hours, etc. An experimental run ran as long as 40 hours.

Sampling procedures were quite simple. At the time of sampling, 

the volumes in each cone were readjusted to the mark, the difference 

representing evaporation losses during A time. While aeration continued, 

a 30 ml grab sample was taken from each cone with a 50 ml beaker. 

Concurrently, small samples were taken in the small test tubes. These 

samples were used to determine total unfiltered carbon (TUC). Control 

samples were also taken without additional samples for total unfiltered 

carbon determinations. This parameter was not measured in the control 

samples.

After the samples were taken, aeration was stopped, pH's were 

noted and a new liquid level mark was placed on the glass surface of 

each cone. Aeration was again set at 1 scfh and started.

The 30 ml samples were filtered through a 0.45|J millipore filter. 

The filtrates were collected in culture tubes and saved for analysis.

14



ANALYTICAL PROCEDURES

Total Unfiltered Carbon (TUC)

Total unfiltered carbon was run on samples collected in the small 

test tubes. This analysis had to be done immediately after sample collec

tion since the biological processes do not stop. The SwRI modified 

Beckman carbonaceous analyzer was used to determine total carbon in 

the unfiltered samples. Each sample was shaken vigorously and a 20 

microliter sample was taken with a microsyringe and injected into the 

previously calibrated instrument. The peak height was compared with 

a calibration curve and values obtained for total carbon.

Total Filtered Carbon (TFC)

Total carbon was concurrently determined on the filtered samples. 

Again the same technique was employed as in the unfiltered samples. 

Total Biological Carbon (TBC)

The difference between the total carbon from the unfiltered and 

filtered samples constitutes the carbon attributed to the biological growth.

The assumption made here is that all the suspended carbon is 

organic.

TBC = TUC - TFC

Inorganic Filtered Carbon (IFC)

A completely new inorganic carbon analyzer was used in this 

project. The old technique for eliminating the inorganic carbonates.

15



MODIFIED BECKMAN CARBONACEOUS ANALYZER

Figure 3
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which of course provides a source of error in determining organic carbon, 

depend on either acid stripping or precipitation with BaC^- Both of 

these methods have proven inadequate. In the first case where the CO2 

is stripped there is the danger of stripping any volatile organic compounds. 

BaCO3 precipitation is never totally complete and is very much pH 

sensitive.

The new approach does not eliminate the carbonates but provides 

a tool for actually measuring them. This method proved quite useful 

since it was possible to measure HCO3 + CO3 buildup in the system as 

the biodegradation of the substrate progressed.

Inorganic carbon was only determined in the filtered samples.

The mechanics of the system will not be discussed since possible 

employer patents and/or publications are pending.

Organic Filtered Carbon (OFC)

The difference between the total and inorganic carbon in the 

filtered samples provided the organic carbon'in the sample. This 

parameter represents the substrate carbon.

OFC = TFC - IFC

Ammonia Nitrogen

Ammonia nitrogen in the filtered samples was determined by the 

Nesslerization Method.10 The distillation step was omitted. The only 

modification was a millipore filtration step after color development.

16



Absorbances were read on a Spectronic-20 spectrophotometer. Readings 

were compared to a calibration curve.

Phosphorus

Stannous chloride method for Ortho Phosphate was used.10 The 

nutrient used in the project was not an ortho posphate, so that it had to 

be converted to the proper form to be able to measure it. This was 

done as per standard methods. The procedure involved acidifying the 

samples and heating for a period of one hour. This step converted the 

sodium hexametaphosphate (NaPOj)^ to a PO4 form which was then 

analyzed.

Nitrate (NO3)

Nitrate ion was analyzed as per standard methods.10 In almost 

all cases it was not necessary to analyze for this parameter. When the 

method was used it was merely as a qualitative tool rather than a quanti

tative one.

Nitrite (NO2)

Nitrite ion being an intermediate product of nitrification was 

measured in most cases where it appeared necessary to do so. The 

Saltzman method9 was used to measure NO2. Again, it was used as 

a qualitative tool.

Mixed Liquor Suspended Solids (MLSS)

In the early experiments MLSS were measured. However, it was 

not practical to use this method to measure biological growth. Further 

discussion will be presented.

17



MLSS were determined by the millipore filtration method.

The sample aliquots were filtered through 0.45|d filters which had pre

viously been tared. After filtration, the filters were dried at 103° C 

for 30 minutes and desicated for 30 minutes. Change in weight consti

tuted the MLSS.

Calculation

MLSS = wt. filter + sample - tare filter (1000) 
volume of sample in ml

Total Biological Available Carbon (T^AC)1

As was stated earlier, the difference between the total carbon 

and the inorganic carbon in the filtered samples represents the soluble 

organic carbon.

The T^AC represents the total soluble organic carbon that may 

be metabolized by microorganisms. From the available organic carbon 

data from each experiment it was possible to calculate the T^AC. 

Calculation

TfcAC = initial organic filtered carbon - final residual 
organic filtered carbon at AT in mg/1

Biodegradable Fraction (BF)

Fraction of organic filtered carbon that is utilized by the micro

organisms.

BF = _____________ TbAC .
Total organic filtered carbon

18



DATA PREPARATION

All analytical data obtained from each sample was tabulated in 

specially prepared data work sheets. In addition, all data was plotted 

on graph paper to observe progression results (Figures 7-15). Examples 

of data work sheets are presented in Tables 19-20 of the Appendix.

At the conclusion of the experimental work, a complete tabulated 

summary of all the obtained data was made (Tables 7-15 of the Appendix). 

From this summary, certain parameters such as nitrogen and phosphorus 

depletion in the system were extracted.

These values were tabulated after readjusting the "O" times to 

the initial log growth phase of the cultures (Figures 16-18). The final 

result of this tabulation was in obtaining averages. These averages for 

N and P depletion in most cases, represented the result of five experi

ments .

The tabulated averages for N and P depletions were transferred 

to Tables 4-5A. This time the tabulation was based on levels of phos

phorus and nitrogen. It was necessary to perform this task in order to 

obtain a better relationship on the interactions of the variables. The 

data from these tables were plotted (Figures 4-5A).

Biological carbon data from Experiment 3 were extracted from 

Figures 7-15. This data was tabulated, once again based on levels of 

nitrogen and phosphorus (Tables 6A-6B). The results of Table 6A 

were plotted (Figure 6A).
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From the nitrogen and phosphorus depletion data found in Tables 

4-5A, a statistical analysis of variance between N-P, N-N, and P-P 

interactions was conducted. The statistical method used was the Sum 

of Square^ method (Tables 3-3C).

Total Biological Available Carbon (T^AC) and TfoAC/C was

■ calculated and tabulated for Experiment 3 only (Figures 7-15).

20



STATISTICAL ANALYSIS OF NITROGEN AND 
PHOSPHORUS INTERACTIONS

Uptake of Phosphorus

Level of Level of P.^
N.1 15 7.5 5.0 Total

Pl P2 P3

Ni 60 3. 1 2. 0 1.4 6. 5

N2 30 2. 5 2. 5 2. 3 7. 3

N3 15 2. 0 2. 3 1.8 6. 1

__ Total____ 7. 6 6. 8 5.5 19.9
Level of N represent initial nitrogen concentrations in mg/1

2 Figures under level of P represent maximum P uptakes in mg/1 
Table 3

1. Total crude sum of squares =

MS B’l

2.

3.

4.

Correction due to mean -
- 4*00

Total corrected sum of square = 145.6^- UQ-oo a

Corrected sum of squares between different

.2,5

Corrected sum of squares between P

1.^4 Q B1 * - ,R,C^ n 4

5. Interaction sum of squares
1.8=1- .1.5- .15 = ‘Bl

21



Analysis of Variance 
Summary - Uptake of Phosphorus

Table 3A

Source of 
Variation

Sum of 
square

Degrees of 
Freedom

Mean 
square

Variance 
Ratio Fat 1% F at 5%

Between nitrogen . 25 2 . 12 . 54 18. 0 6.9
Between phos- .75 2 . 38 1.8 18. 0 6.9

phorus 
Remainder .89 4 . 22

Total 1.89 8 -A

Uptake of Nitrogen

Level of Level of N3
P1 60 30 15 Total

N1 n2 n3
Pj 15 37 23 15 75
P2 7.5 26 22 15 63
P3 5 32 17 15 64

Total 95 62 45 202

1 Level of P represent initial P concentrations in mg/1
3 Figures under level of N represent maximum N uptake in mg/1

Table 3B

1.

2.

3.

Total crude sum of squares =

[311 - * ^'3 5
Correction due to mean = 4533.

Total corrected sum of squares =
i- Mo z = 5n.z

Corrected sum of squares between different level of P

(35'a*o'a,y<i *
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4. Corrected sum of squares between nitrogen level N
(el1** "* 'XO1,X/cl = 4^0*

5. Interaction sum of squares

611.X -* l6! ^ - 43©

Analysis of Variance 
Summary - Uptake of Nitrogen

Table 3C

Source of 
Variation

Sum of 
square

Degrees of 
Freedom

Mean 
square

Variance 
Ratio Fat 1% F at 5%

Between phos- 29. 5 2 14. 8 1. 1 18. 0 6.9
phorus

Between nitro- 430. 9 2 215. 5 16. 7 18. 0 6. 9
gen 

Remainder 51.8 4 12. 9

____ Zotal______ 512. 2 8
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DISCUSSION AND RESULTS

The initial objectives of the project were to study interactions 

of N-P, N-N, and P-P in their uptake by aerobic microorganism when 

the initial of NH^-N and PO^-P were varied. The substrates under 

consideration were p-toluic acid and acetic acid. The variable of tem

perature was also to be considered. However, temperature was held 

constant and only the biodegradation of acetic acid was studied. Another 

change that was made was the use of sodium hexametaphosphate (NaPOj)^ 

as the phosphorus source instead of an ortho phosphate (PO^). The use 

of this compound was necessary because of the possibility of CaPO^ 

precipitation by using an ortho phosphate. The (NaPO^)^ compound 

will not precipitate calcium but possibly form a soluble complex.

The conditions under investigation were as follows:

(C = substrate carbon)

Desig.
U:N C:P’ N:P 

weightWeight Mole Weight Mole

1) NjPi 2.5/1 2.9/1 10/1 26/1 4/1

2) N1P2 2. 5/1 2.9/1 20/1 52/1 8/1

3)N1P3 2. 5/1 2.9/1 30/1 78/1 12/1

4) 5/1 5.8/1 10/1 26/1 2/1

5) N2P2 5/1 5.8/1 20/1 52/1 4/1

6) N2P3 5/1 5.8/1 30/1 78/1 6/1

7)N3P! 10/1 11.6/1 10/1 26/1 1/1

8) N3P2 10/1 11.6/1 20/1 52/1 2/1

9) N^P3 10/1 11.6/1 30/1 78/1 3/1
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The nitrogen and phosphorus concentration were varied three

times. In Np the initial nitrogen concentrations were held constant 

while the phosphorus varied Pj, P2 and P3. For N2 and N3 the same 

approach was used. This made a total of nine Imhoff cones in addition 

to two control samples for each experiment. A total of five experiments 

were conducted for Np while only two experiments for N2 and N3 

conditions. These experiments were designated A, B, C, 2 and 3. The 

results for the N2 and N3 conditions correlated well with the Nj conditions 

so that it was felt that these data was perhaps sufficient to obtain the 

desired conclusions. In all cases, the initial acetic carbon concentration 

was set up at ft; 150 mg/1 organic carbon.

In the first three experiments (A, B, C) for the condition, 

mixed liquor suspeded solids (MLSS) were determined. These values 

were to be used as a measure of biological growth. The approach was 

changed in the other experiments because of the difficulty in measuring 

MLSS. It was extremely difficult to weigh MLSS especially since we 

were dealing with very minute weight changes. Absorption of water on 

the filters produced error of as much as 50 percent. The reason for the 

minute weights is that we started with essentially zero weight of (MLSS) 

at "O" time and finished with weights in the order of 2-3 mgs for 25 ml 

samples taken at termination time. It was not possible to filter larger 

samples because of filter plugging problems. Perhaps this method for
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\ measuring biological growth is adequate when measuring large weights

so that the error due to water absorption is reduced, but in our case, 

this method proved ineffective.

In the last two experiments, biological growth was measured by 

the use of the carbon analyzer. The difference between total carbons 

for the unfiltered (TUC) and filtered (TFC) samples constituted the bio- • 

logical cafcbon. In experiments designated 2 and 3, this approach was 

used. The progression curve points attributed to biological carbon 

turned out quite well in each individual experiment (Figure 7-15).

However, there was some variation in total biological carbon between 

the two experiments (Tables 10-15 of the Appendix). It is quite possi

ble that different mixed cultures were involved in each of the Igist two 

experiments. The mixed liquor in experiment 2 had a yellowish appear

ance while experiment 3 was white. No attempt was made to identify 

the cultures. Generally, the difference in total biological carbon (TBC) 

in these two experiments was 10 mg/1.

An interesting observation in all experiments was the increase in 

soluble inorganic carbon in the system. This increase in all cases paral

leled the biological growth (Figures 7-15). This, of course, is not unusual, 

since one of the products of bio-oxidation of the substrate is CC^. Of 

course, since we are aerating with air it would seem as if the HCOj - CO-j 

would naturally increase, however, control samples showed no increase 
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of carbonate, biocarbonate over a period of an experiment (Figure 16). 

The increase of the CO3 - HCO3 is therefore attributed directly or 

indirectly to CO2 evolution from the reaction. The uptake of the sub

strate by the microorganism leaves an inbalance in the system. This 

inbalance is an excess of Na. Therefore, CO2 either from the bio

oxidation process or from the aeration media immediately balances the 

system thus increasing the HCO3 - CO3 in the system. It might be an 

interesting approach to use the parameter of CO3 - HCO3 alkalinity 

increase in a bio-oxidation system to establish the end of a biochemical 

reaction.

Air stripping experiments showed that there was substantially 

no loss of the acetic acid substrate over a period of 40-50 hours at the 

operating pH and aeration rate (Figure 17). At levels Nj there was some 

loss of NH3 over a period of 30 hours at operating conditions. However, 

it did not appear substantial, since most of the experimental runs were 

complete before the 30 hours. See Figure 16. Air stripping controls 

of NH3 were not set up at levels N2 and N3.

The depletion of nitrogen and phosphorus was quite interesting.

The statistical analysis of variance (Tables 3-3C) indicated the 

following conclusions:

1) Phosphorus uptake at F 1% level

a) Nitrogen levels have virtually no effect on the 

phosphorus uptake.
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b) Phosphorus levels have also no effect on the uptake 

of phosphorus.

2) Nitrogen uptake at F 1% level

a) Phosphorus levels have virtually no effect on the 

nitrogen uptake

b) Nitrogen levels almost have a significant effect on the 

uptake of nitrogen.

c) More testing is required.

To further verify the statistical conclusions it was necessary to 

do a graphical study. A series of tables and their respective graphs 

were prepared. It was necessary to tabulate and plot the nitrogen and 

phosphorus depletion data on all possible combination of interactions. 

(Tables 4-5A and Figures 4-5A). Once this task was performed con

clusions were made as to what the interaction between these two 

parameters were. This required mostly visual observations of tabu

lated data and graphs.

From these tables and graphs the following conclusions were 

arrived: .

1) Effect of Varying Initial Phosphorus Levels on Nitrogen 

Depletion (Table 4 - Figure 4)

a) Phosphorus levels have no effect on the uptake of 

nitrogen.
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b) Nitrogen levels have a significant effect on the uptake

of nitrogen. Level Nj was limiting.

2) Effect of Varying Initial Nitrogen Levels on Nitrogen 

Depletion (Table 4A - Figure 4A)

a) Nitrogen levels have significant effect on the uptake 

of nitrogen.

3) Effect of Varying Initial Nitrogen Levels on Phosphorus 

Depletion (Table 5 - Figure 5)

a) Inconclusive - does not appear to be significant.

4) Effect of Varying Initial Phosphorus Levels on Phosphorus 

Depletion

a) Phosphorus levels do not appear to affect the uptake of 

phosphorus.

b) Nitrogen levels may have an effect on the uptake of 

phosphorus.

More testing is needed.

Conclusion - Nitrogen appears to be the controlling factor not only on 

its uptake but possibly the uptake of phosphorus.

As one can see the graphical interpretation correlated well with 

the statistical approach.

If the nitrogen levels are significant on the uptake of nitrogen, 

then the only probable route for the nitrogen is in the synthesis of cells.

A further study was conducted to establish if indeed more cells 

29



were produced at higher nitrogen levels. In this case, the biological 

carbon data from Experiment 3 was used.

Tables 6A and 6B were used in tabulating the data. From this 

tabulation, it was once again verified that the nitrogen levels are 

significant in the increase of biological growth. The data was plotted 

on Figure 6A. This illustration confirmed that the greater uptake of 

nitrogen at higher initial nitrogen levels went into producing a larger 

cell growth.

The uptake of nitrogen and phosphorus by the cells was as 

follows:

Level N} = 53 mg biological carbon produced _ 1.9 C
32 mg NH3-N taken 1 "n (molar>

Level N2 = mg biological carbon produced _ 2,4 _ C (moj[ar)
22 mg NHg-N taken 1 N

Level Ng = Limiting

Level Nj = 53 mg biological carbon produced _ 59 - C (rnolart
2. 3 mg P taken 1 P

Level N2 _ 47 mg biological carbon produced _ 57 _ C , . .
2.2 mg P taken 1 P 1X10 ar

Level Ng = Limiting

The obtained values do not appear to agree at all with the classical 

formula for a cell which is:

c5h7no2
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This formula indicates that the C:N molar ratio is 5:1. Our 

results show a molar ratio of 1.9:1 and 2.4:1 for two levels of nitrogen.

This difference would tend to indicate that we might have a loss 

of NH3-N. Air stripping experiments (Figure 16) overrules this 

possibility. Another possibility is the analytical method of measuring 

NH3"N. However, great care was taken in determining this parameter. 

The other possibility is that perhaps the classical formula for cells 

does not always hold true in mixed culture sustems. We are more 

inclined to believe the last possibility. However, we cannot completely 

confirm this deduction, since the cell mass was not analyzed.

Level Ng was limiting in the experiments. The P levels did 

not become limiting in the biodegradation of acetic acid in any of the 

experiments. Good examples of what actually occurs in a limiting 

situation are observed in Figures 13-15. The TfoAC values drop. 

Likewise T^AC/C which represents the fraction of biodegradable sub

strate decreases. Biomass only grows to the extent at which it has 

utilized all the nutrient or all the substrate. In a nutrient limiting 

situation, food is still available, but cells are no longer synthesized. 

Therefore, the net result is the biodegradable fraction still available 

is not utilized.

One last observation that was noted in this work was the remaining 

residual catbon. It is possible that this residual carbon is not attributed 
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to the initial substrate, but may be attributed to a metabolic product 

of the culture. To confirm this statement it would be necessary to 

analyze the sample for acetate ion (Figures 7-15).
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EFFECT OF VARYING INITIAL PHOSPHORUS

LEVELS OF NITROGEN DEPLETION

TABLE 4

NH3-N mg/1

Time 
Hours

N- Level Nq Level N-} Level
N1P1 N1P2 N1P3 N2P1 N2p2 N2P3 N3P1 N3P2 N3P3

0 0 0 0 0 0 0 0 0 0
10 13 - 11 7 12 8 7 13 8 12
20 23 18 20 16 14 14 15 14 15
30 30 23 28 18 17 17 15 15 15
40 35 26 31 20 17 17 15 15 15
50 37 26 32 22

EFFECT OF VARYING INITIAL NITROGEN

LEVELS ON NITROGEN DEPLETION

TABLE 4A

Time 
Hours

Pi Level | P9 Level Pq Level
N1P1 N2P1 N P 3 1 N1P2 N P w2r2 N P 3 2 N1P3 "N p2 3 N3p3

0 0 0 0 0 0 0 0 0 0
10 13 12 13 11 8 8 7 7 12
20 23 16 15 18 14 14 20 14 15
30 30 18 15 23 17 15 28 17 15
40 35 20 15 26 17 15 31 17 15

37 26 22 32

(Data on these tables is found on tables 16-18)
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EFFECT OF VARYING INITIAL PHOSPHORUS

LEVELS ON NITROGEN DEPLETION

FIGURE 4
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EFFECT OF VARYING INITIAL PHOSPHORUS

LEVELS ON PHOSPHORUS DEPLETION 

(NaPO-j) 6 -P mg/I

Time 
Hours

N.i Level No Level Nq Leve L
N1P1 N1P2 N1P3 N P 2 1 "N2P2 N P2 3 N3P1 N P3 2 N P 3 3

0 0 0 0 0 0 0 0 0 0
10 .9 • 6 .5 1.8 .8 1.7 1.7 1.1 1.0
20 2.0 1.1 1.0 2.4 2.1 2.3 2.0 1.5 1.5
30 3.1 1.8 1.3 2.5 2.5 2.3 2.0 2.3 1.8
40 3.0 2.0 1.4 2.5 2.1 2.0
50 3.1 1.9 1.4

TABLE 5A

(Data on these tables is found in tables 16-18)

EFFECT OF VARYING INITIAL NITROGEN

LEVELS ON PHOSPHORUS DEPLETION

TABLE 5

Time 
Hours

Pi Level P? Level Pq Level
N1P1 N P 2 1 N P 3 1 N P12 N P 2 2 N P 3 2 N P13 N P 2 3 N P 3 3

0 0 0 0 0 0 0 0 0 0
10 .9 1.8 1.7 .6 .8 1.1 .5 1.7 1.0
20 2.0 2.4 2.1 1.1 2.1 1.5 1.0 2.3 1.5
30 3.1 2.5 2.0 1.8 2.5 2.3 1.3 2.3 1.8
40 3.0 2.0 2.0 2.5 1.4 2.1
50 3.1 1.9 1.4
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EFFECT OF VARYING INITIAL NITROGEN

LEVELS ON PHOSPHORUS DEPLETION

FIGURE 5
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EFFECT OF VARYING INITIAL PHOSPHORUS
LEVELS ON PHOSPHORUS DEPLETION

mg/1

P

FIGURE 5A
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SUMMARY

THE EFFECT OP VARYING INITIAL LEVELS

ON

TIME IN HOURS
(Refer to Table 4 
averages)

NH-i-N

THE DEPLETION OF NITROGEN AND PHOSPHORUS

FIGURE 6
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THE EFFECT OF VARYING INITIAL PHOSPHORUS

LEVELS ON BIOLOGICAL GROWTH-EXP. NO. 3.

Biological Carbon mg/1

TABLE 6A

Time 
Hours

NiLevel N„ Level Nn Levei
N1P1 N1P2 N1P3 N P 2 1 N2P2 N P 2 3 N3P1 i'N p3 2 N P 3 3

0 0 0 0 0 0 0 0 0 0
10 20 18 15 20 20 10 25 38 30
20 36 34 36 36 42 40 42 45 44
30 48 48 51 42 48 50 41 43 46
40 52 53 54 38 48 46
50

THE EFFECT OF VARYING INITIAL NITROGEN

LEVELS ON BIOLOGICAL GROWTH

Biological Carbon mg/1

TABLE 6B

Time 
Hours

P., Level P„ Level Po Level
N P11 """N P2 1 N3P1 N P 12 “N p 2 2 N P 3 2 N P 13 VN P2 3 N P 3 3

0 0 0 0 0 0 0 0 0 . 0
10 20 20 25 18 20 38 15 10 30
20 36 36 42 34 42 45 36 40 44
30 48 42 41 48 48 43 51 50 46
40 52 38 53 48 54 56
50 •

(Data on these tables obtained from figure 7-15)
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THE EFFECT OF VARYING INITIAL

LEVELS OF NITROGEN

ON BIOLOGICAL GROWTH

LEGEND

• N1

B N2

▲ n3

(Refer tu Table 6A 
averages)

FIGURE 6A
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BIODEGRADATION OF ACETIC ACID

mg/1

PROGRESSION CURVES

TbAC = ISO mg/1

= .975 u

Legend
• Organic Flit. Carbon

(Substrate)
▲ Inorg. Flit. Carbon

• NHj-N

» Biological Carbon

FIGURE 7
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BIODEGRADATION OF ACETIC ACID

PROGRESSION CURVES 
EXPERIMENT NO. 3

LEVEL N-jPa

mg/1

B.C.

mg/1

# Biological Carbon

FIGURE 8
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WlUDhiGKADATION OF ACETIC ACID

PROGRESSION CURVES

mg/1

TfoAC ■= 1^0 mg/1

= .960

Legend

• Organic Flit, Carbon 
(Substrate)

A Inorganic Flit.
Carbon

.■ NH3-N

FIGURE 9
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BIODEGRADATION OF ACETIC ACID

PROGRESSION CURVES 
EXPERIMENT 3

* Biological Carbon

FIGURE 10

TbAC =l£0 mg/1

TbAC = .960

Legend

• Organic Flit.
Carbon (Subs.)

A Inorg. Flit.
Carbon

■ NH3-N
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BIODEGRADATION OF ACETIC ACID

PROGRESSION CURVES 
EXPERIMENT NO. 3

TbAC mb. lf>0 mg/1

= .938

Legend
• Organic Flit. Carbon 

(Substrate)

A Inorg. Flit. Carbon

■ NH3-N

«■ Biological Carbon

FIGURE 11
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biodegradation of acetic acid

PROGRESSION CURVES 
EXPERIMENT NO. 3

TIME IN HOURS

•a- Biological Carbon

FIGURE 12

46



biodegradation of acetic acid

PROGRESSION CURVES 
EXPERIMENT NO. 3

mg/1

LEVEL N3P1

TyAC = llj.1 mg/1

- .915

Legend

• Organic Flit. Carbon 
(Substrate)

▲ Inorg. Flit. Carbon

■ NHj-N

* Biological Carbon

FIGURE 13
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BIODEC/HADATION OF ACETIC ACID

PROGRESSION CURVES 
EXPERIMENT NO. 3

LEVEL NjP2

* Biological Carbon

FIGURE llj.
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BIODEGRADATION OF ACETIC ACID

PROGRESSION CURVES
EXPERIMENT NO. 3

LEVEL N3P3

0 10 20 30 4.0 50
TIME IN HOURS

TbAC =. 11^1 mg/1

2^2. =.926
G

Legend

e Organic Flit. Carbon 
(Substrate)

A Inorg. Flit. Carbon

a NH3-N

* Biological Carbon

FIGURE 1$
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AIR STRIPPING
OF AIuMONIA

PROGRESSION CURVE
EXPERIMENT NO. 3

FIGURE 16

OPERATING CONDITIONS

Air Flow 1 sofh 
pH 8.0-8.5

AIR STRIPPING OF ACETIC ACID Legend

• Organic Flit.
Carbon (Substrate)

▲ Inorg. Flit.
Carbon

■ NHj-N

FIGURE 17
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CONCLUSIONS

1) Phosphorus Uptake at F 1% Level (statistical) Tables 3-3C

a) Nitrogen levels have virtually no effect on the 

phosphorus uptake.

b) Phosphorus levels have also virtually no effect on the 

uptake of phosphorus.

Above conclusions are also confirmed graphically.

2) Nitrogen Uptake at F 1% Level (statistical) Tables 3-3C

a) Phosphorus levels have virtually no effect on the 

nitrogen uptake.

b) Nitrogen levels are almost significant on the uptake 

of nitrogen.

More testing is needed.

- These conclusions are also verified graphically.

3) Cultures can utilize (NaPOj)^ as a phosphorus source.

4) . With further experimentation it will be possible to utilize the

modified carbonaceous analyzer to measure biological growth 

in a bio-oxidation system. Figure 7-15.
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5) It has been found that the classical formula for a cell, C5H7NO2 

may not be completely accurate in mixed culture systems.

The C:N molar ratios found in this work were in the order of

1.911 and 2.4:1 instead of 5:1 as is stipulated by the above 

formula.

Maximimum Nitrogen Uptake:

0. 6 grams NH^-N 
gram Biological Carbon

6) C:P molar ratio was found to be 59:1

Phosphorus Uptake:

______ . 0432 grams P 
gram Biological Carbon

Note: C represents Biological Carbon
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Ua U*

Sample 
Designa

tion

Exp. 
Desig. PH

Temp.
°C

Aera- 
tion 
Time 

Hours

| Parameters mg/1 A Parameters/Time

OFC IFC TBC nh3-n po"-p 
4 AOFC AIFC ATBC I

A 
po"-p 

4

N1P1 A 7.25 0 147 25 60 13.60 0 0 0 0
8.20 2.5 152 20 52.5 13.65 7.5 0
8.25 20.0 96 43 40.0 13.00 51 18 20.0 .6
8.80 26.5 30 63 30.0 10.52 117 38 30.0 3.1
8.88 43.0 1.0 75 19.5 11.32 146 50 40.5 2.3
8.85 51.0 60 72 20.0 11.40 141 47 -40.0 2.2

N1P2 A 7.26 0 152 25 49 6.4 0 0 0 0X z 8.26 2.5 153 19 54 6.0 .4
8.48 20.5 136 23 39 6.0 16 10 .4
8.55 26.5 113 26 37 5.9 39 1 12 .5
8.36 42.5 36 63 23.5 5.0 116 38 25.5 1.4
8.78 51.0 2 76 22.5 4.2 150 51 26.5 2.2

N p A 7.35 0 144 24 70 2.8 0 0 0 01 o 8.26 2.5 139 22 63 2.9 5 — 7 0
8.45 20.5 120 29 59 1.9 24 5 11 .9
8.56 26.5 80 43 43 2.0 64 19 27 .8
8.80 42.5 6 72 37 1.3 138 48 33 1.5
8.80 51.0 1 70 39 1.3 143 46 31 1.5

OFC - Organic Filtered Carbon
IFC ~ Inorganic Filtered Carbon
TBC - Total Biological Carbon

RESEARCH PROJECT TABULATION OF DATA - Table 7



m o\

Sample 
Designa

tion
Exp. 
Desig.

PH Temp.
°C

Aera- 
tion 
Time

Hours'

Parameters mg/I A Parameters/Time

OFC IFC TBC NH3-N PO~-P 4
A 
OFC AIFC ATBC A

NH3-N hd
 > O

■P
' I

II
1 ►d

N P B 8.00 0 153 35 60 12.5 0 0 0 0X X 8.15 3 157 30 55 14.6 5 CT
8.25 6 152 26 59 13.6 1 1
8.20 22 1 90 36.5 10.5 152 55 23.5 2.0
8.35 27.5 1 82 36 9.2 152 47 24 3.3
8.32 30.5 3 78 29 8.8 150 43 31 3.7
8.30 48.5 7 74 28.5 9.4 146 41 31.5 3.1
8.42 53.5 12 69 27.0 10.3 141 35 33 2.2

N1P2 R 7.90
8.18

0
3

144
158

39
25

• 60
60

5.2
5.5

0 0 0 
0 1 o

8.28 6 145 25 58 5.3 — ■» 2 —
8.35 22 37 63 27 4.3 107 24 33 .9
8.32 27.5 1 77 2.5 143 38 2.7
8.35 30.5 6 70 23 2.5 138 31 37 2.7
.8.48 48.5 6 70 23 3.0 138 31 37 2.2
8.47 53.5 7 69 27 3.2 137 30 33 2.0

N P B 7.85 0 153 25 60 2.0 0 0 0 0X J 8.18 3 155 23 58 2.0 w 2 0
8.24 6 177 23 58 2.2 -e 2
8.20 24 58 51 31 1.3 95 26 29 .7
8.28 28 37 63 29 1.2 116 38 31 .8
8.40 31.5 20 63 27 1.8 133 38 33 .2
8.52 48.5 11 63 20 .9 142 38 40 1.1
8.55 53.5 11 63 20 .8 142 38 40 1.2

OFC - Organic Filtered Carbon
IFC ™ Inorganic Filtered Carbon
TBC - Total Biological Carbon

RESEARCH PROJECT TABULATION OF DATA - TABLE 8



OFC-Organic Filtered Carbon
IFC - Inorganic Filtered Carbon
TBC - Total Biological Carbon

Sample 
Designa

tion
Exp. 

Desig.
PH H

 
o ro

 
O

 FJ nd

Aera
tion 
Time 

Hours

Parameters mg/; ■ A Parameters/Time

OFC IFC TBC NH3-N PO7-P4 A OFC A IFC A TBC A
.NH3-N hj

 t
>

N P C 7.65 0 59 12.7 0 0± ± 8.18 3.3 45 12.0 14 .7
8.32 19.3 - 31 9.7 28 3.0
8.41 21.5 26 9.3 33 3.4
8.54 23.8 31 6.7 28 6.0
8.64 26.8 27 9.0 32 3.7
8.65 49.3 27 9.3 32 3.4

N P C 7.65 0 52 4.4 0 0
1 z 8.18 3.3 46 4.2 6 .2

8.35 19.3 36 3.4 16 1.0
8.38 21.5 30 2.6 22" 1.8
8.54 23.8 32 20 ——
8.61 26.8 30 3.0 22 1.4
8.68 49.3 29 3.8 23 .6

N P C 0 52 1.4 0 0
JL D 3.3 51 1.1 1 .3

19.3 41 .6 11 .8
21.5 36 ..5 16 .9
23.8 37 .3 15 1.1
26.8 32 .4 20 1.0
49.3

-
25 .4 27 1.0

RESEARCH PROJECT TABULATION OF DATA - TABLE 9



OFC-Organic Filtered Carbon
IFC - Inorganic Filtered Carbon
TBC - Total Biological Carbon

Sample 
Designa

tion
Exp. 

Desig.
PH Temp.

°C

Aera
tion 
Time 

Hours

Parameters mg/1 A Parameters/Time

OFC IFC TBC nh3-n o
4>
- 
II
1 hd AOFC AIFC ATBC A 

NH3-N gt
>

•C
' I

II
 

i hd

N P 2 6.55 0 140 20 0 60 15 0 0 0 0 0
1 J. 7.72 4.5 144 19 0 72 15 -4 0 0

7.50 11.5 155 15 0 56 15.3 -15 0 4
7.30 23.5 148 15 0 73 16.4 -8 0

28.0 153 15 0 59 16.4 -13 0 1
7.50 34.5 114 21 0 67 15.3 26 1 0

47.5 3 55 36 50 14.0 137 35 36 10 1.0
8.62 52.0 1 60 33 47 13.7 139 40 33 13 1.3

N1P2 2 6.70 0 132 24 0 60 7.5 0 0 0 0 0
J. 7.70 4.5 146 18 0 58 7.0 -14 0 2 .5

7.60 11.5 157 18 7 51 7.2 -25 7 9 .3
7.65 23.5 48 54 32 44 6.2 84 30 32 16 1.3

28.0 4 74 32 40 5.6 128 50 32 20 1.4
8.20 34.5 1 60 29 33 5.6 131 36 29 27 1.4

47.5 1 60 34 36 5.2 131 36 34 24 1.8
8.50 52.0 1 62 33 36 5.2 131 38 33 24 1.8

N P 2 6.70 0 140 24 0 60 5.0 0 0 0 0 0
± J 7.80 45 146 18 42 5.3 -6

7.68 11.5 163 15 8 59 4.5 -23 8 1 .5
7.68 23.5 79 39 16 52 4.8 61 15 16 8 .2

28.0 36 62 16 50 4.7 104 38 16 10 .3
8.22 34.5 1 60 29 39 4.0 145 36 29 21 1.0

47.5 1 60 30 42 4.2 145 36 30 18 .8
8.65 52 1 62 29 49 4.6 145 38 29 11 .4
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OFC-Organic Filtered Carbon
IFC - Inorganic Filtered Carbon
TBC - Total Biological Carbon

Sample Aera- Parameters mg/1 Parameters/Time
Designa- Exp. PH Temp. tion _■ [X A -tion Desig. °C Time OFC IFC TBC NH--N po7-p 4 AOFC Zi IFC ZSTBC NH3-N PO.-PHours 4

N P 2 6.70 0 136 24 0 30 15 0 0 0 0 0z. ± 7.75 4.5 146 18 0 30 15 0 0 0 0 0
7.62 11.5 156 18 8 28 15.6 0 0 2 0
7.42 23.5 144 16 8 28 16.0 12 0 2 0

28.0 146 18 0 29 15 10 1 0
7.75 34.5 97 29 8 23 15 59 5 8 7 0

47.5 1 62 36 10 12.7 155 38 36 20 2.3
8.78 52.0 1 66 38 9 12.3 155 42 38 21 2.7

n2p2 2 6.90 0 132 24 0 30 7.5 0 0 0 0
7.80 4.5 146 18 0 22 7.4 0 8 .1
7.65 11.5 161 21 0 23 7.4 0 7 .1
7.72 23.5 62 52 20 12 6.1 89 28 18 1.4

28.0 20 70 24 11 5.3 141 46 19 2.2
8.22 34.5 4 64 30 8 5.3 157 40 22 2.2

47.5 4 60 34 16 5.2 157 36 — 2.3
8.70 52 1 68 34 4 5.3 160 44 26 2.2

N2P3 2 6.90 0 134 22 0 30 5.0 0 0 0 0
Z 3 7.85 4.5 149 15 0 24 5.5 0 6 —

7.70 11.5 150 18 14 29 5.1 0 1 —
7.68 23.5 84 42 12 22 . 6.0 66 20 8 —

28.C 46 56 8 17 4.3 104 34 13 a
8.15 34.5 2 62 34 16 4.2 148 40 14 .8

47.5 2 59 33 13 4.7 148 37 17 .3
1 8.75 52.C 1 66 36 14 4.6 149 44 16 .4
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OFC-Organic Filtered Carbon
IFC - Inorganic Filtered Carbon
TBC - Total Biological Carbon

Sample 
Designa

tion
Exp. 

Desig.
' PH Temp.

°C

Aera
tion 
Time 

Hours

Parameters mg/1 Parameters/Time

OFC IFC TBC NH3-N PU 1 
ii sr 
o Pm Z\OFC A IFC

Iatbc A
NH3-N PM 1 

illO 
<J Pm

N3P1 2 6.90 0 134 22 0 15 15 0
3 1 7.92 4.5 137 19 — 10.3 15 0

7.69 11.5 151 19 — 9.2 15 0
7.40 23.5 141 19 • 0 11.4 15 0

28.0 140 28 0 13.0 15.4 0
7.62 34.5 124 18 0 13.8 15 0

47.5 117 18 0 13.4 15 0
8.25 52.0 130 22 0 8.8 15.3 0

N P 2 7.00 0 136 16 0 15 7.5 0 0 0 0J z 7.80 4.5 ‘ 138 18 — 13.2 7.4 0 0 1.8 .1
7.65 11.5 160 18 — 14.8 7.6 0 0 .2 0
7.35 23.5 142 18 — 15.2 7.4 18 0 —— .1

28.0 133 27 — 14.2 7.4 27 9 8 .8 .1
7.50 34.5 90 32 8 12.8 6.6 70 14 32 2.2 .9

47.5 1 62 32 1.0 5.6 159 44 28 14.0 1.9
8.70 52.0 1 70 28 2.6 5.6 159 52 12.4 ' 1.9

N3p- 2 6.95 0 138 18 0 15 5.0 0 0 0 0 0J J 8.00 4.5 142 18 0 11 4.5 0 0 a 4 .5
7.69 11.5 160 18 0 14.2 4.5 0 0 a .8 .5
7.35 23.5 132 28 0 12.4 4.9 28 10 0 2.6 .1

28 148 18 0 12.2 4.5 12 0 2.8 .5
7.55 34.5 . 123 19 5 10.6 4.6 37 1 5 4.4 .4

47.5 6 58 42 6.0 3.3 154 40 42 9.0 1.7
8.68 52 4 68 26 3.4 3.2 156 50 26 11.6 1.8
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Sample 
Designa

tion
Exp. 

Desig.
PH Temp.

°C

Aera
tion 
Time 

Hours

Parameters mg/1 A Parameters/Time

OFC IFC TBC NH3-N h)
 O 

•t
s 
II
 

1 hd AOFC MFC ATBC A
NH3-N hd o 

in
i hd

N.Pn 3 7.90 0 158 32 0 60 15 0 0 0 0 0
1 1 8.50 3 144 30 12 49 15 14 -2 12 11 0

8.52 9 144 30 12 43 15 14 -2 12 17 0
8.50 23 54 60 46 31 13.4 104 28 46 ■ 29 1.6
8.74 29 4 86 49 25 13.0 154 54 49 35 2.0
8.80 32 4 84 47 34 12.7 154 52 47 26 2.3
8.80 45 8 78 53 19 13 150 46 53 41 2.0

N.P, 3 7.98 0 156 30 0 60 7.6 0 0 (0 0 0
1 2 8.50 3 148 30 4 55 7.6 8 0 4 5 0

8.55 9 144 30 12 59 7.6 12 0 12 1 0
8.58 23 20 66 66 40 4.8 136 36 66 20 2.8
8.82 29 8 78 44 38 4.8 148 48 44 22 2.9
8.85 32 8 74 52 43 4.7 148 44 52 17 2.9
8.82 45 4 78 52 34 5.1 152 48 52 26 2.5

N.P- 3 7.98 0 156 30 0 60 5.0 0 0 0 0 0
1 3 8.48 3 142 32 4 54 4.5 14 -2 4 6 .5

8.55 9 144 30 8 48 12 0 8 2
8.55 . 23 16 70 60 34 3.0 140 40 60 26 2.0
8.84 29 14 80 46 32 2.8 142 50 46 28 2.2
8.88 32 10 74 46 39. 2.6 146 44 46 21 2.4

—

8.82

——

45 6 80 53 32

—

3.1 150 50 53 28 1.9

OFC-Organic Filtered Carbon
IFC - Inorganic Filtered Carbon
TEC - Total Biological Carbon
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Sample 
Designa

tion
Exp. 

Desig.
PH Temp.

°C

Aera
tion 
Time 

Hours

Parameters m.g/1 Zs Par ame tiers/Time

OFC IFC TBC NH -N po7-p4 A OFC A IFC A TBC A 
NH3-N P

m 1
III 

<■
<i £

N P 3 8.10 0 156 30 0 30 15 0 0 O 0 0Z 1 8.54 3 146 32 8 31 14.7 10 2 8 0 .3
8.59 9 114 32 20 30 14.7 42 2 20) 0 .3
8.60 23 58 65 42 20.5 13 98 35 42 9.5 2.0
8.80 29 11 89 42 19.5 13 145 59 42 10.5 2.0
8.88 32 12 90 37 17.5 12.7 144 60 37 12.5 2.3
8.90 45 6 100 33 17.0 12.7 150 70 33 13.0 2.3

n9p9 3 8.10 0 159 30 0 30 7.6 0 0 0 0 0z z 8.55 3 145 33 8 30 7.4 14 3 8 0 .3
8.60 9 152 34 8 29 7.4 7 4 8 1 .3
8.60 23 42 72 46 19 4.6 117 42 46 11 2.8
8.85 29 10 84 48 17 4.6 149 54 48 13 2.8
8.90 32 10 84 48 14.5 4.6 149 54 48 15.5 2.8
8.90 45 10 84 48 13.0 4.6 149 54 48 17.0 2.8

N_P„ 3 8.10 0 156 30 0 30 5.0 0 0 0) 0 0Z J 8.55 3 148 30 4 27 3.9 8 0 4 3 1.1
8.59 9 152 34 0 27 4.3 4 4 O' 3 .7
8.71 23 24 70 62 11 2.3 132 40 62 19 2.7
8.92 29 8 86 52 8.5 2.3 148 56 52 21.5 2.7
8.92 32 8 90 41 10.0 ■ 3.2 148 60 41 20.0 1.8
8.90 45 12 90 37 13.5 3.0 144 60 37 16.5 2.0

OFC-Organic Filtered Carbon
IFC - Inorganic Filtered Carbon
TBC - Total Biological Carbon

RESEARCH PROJECT TABULATION OF DATA - TABLE 14
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OFC-Organic Filtered Carbon
IFC - Inorganic Filtered Carbon
TBC - Total Biological Carbon

Sample 
Designa

tion
Exp. 

Desig.
PH Temp.

°C

Aera
tion 
Time

Hours

Parameters mg/1 I Zs Parameters/Time

OFC IFC TBC NH3-N P
h 1

II <t 
oP
h

Lore
a IFC A TBC A

NH3-N P
h 1

III 
<-
O

<i PC

N3P1 3 8.10 0 154 32 0 15 15 0 0 0 0 0
8.60 3 146 32 8 13 15 8 0 8 0 0
8.60 9 156 34 0 15 15 -2 2" 0 0 0
8.68 23 24 82 54 .6 13 130 50 54 14.4 2.0
8.90 29 13 89 44 .6 13 141 57 44 14.4 2.0
8.92 32 15 87 40 0 13 139 55 40 15 2.0
8.90 45 17 93 36 0 13 137 61 36 15 2.0

N3P2 3 8.15 0 150 32 0 15 7.6 0 0 0 0 0
8.60 3 150 32 0 15 7.6 0 0 0 0 0
8.62 9 152 34 0 15 7.4 -2 2 0 0 .2

23 28 82 46 1 4.6 122 50 46 14 3.0
8.88 29 12 82 45 0 5.0 138 50 '■5 15 2.6
8.92 32 14 80 45 0 5.0 136 48 5 15 2.6
8.90 45 17 85 40 0 5.4 133 53 ■ 0 15 2.2

N3P3 3 8.20 0 152 32 0 15 5.0 0 0 0 0 0
8.60 3 154 32 0 14.5 4.2 -2 0 0 .5 .8
8.61 9 151 35 0 14.0 5.0 1 3 0 1.0 0
8.75 23 29 77 54 .2 4.4 123 45 e 14.8 .6
8.86 29 17 92 36 0 4.0 135 60 36 15.0 1.0
8.92 32 10 92 50 0 3.4 142 60 50 15.0 1.6
8.92 45 16 

------

90

—

46 0

—- ----

4.1 136 58 46 15.0 .9
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* "0" Time represents microorganisms in the initial log growth phase.

*
Time

Hours

ZS NH^-N Depletion r.g/1 1 (NaP03)fi -P Depletion mg/1
"'Experiments Experiments

A B C 2 3 Aver. A B C 2 3 Aver.

N.P- 0 0 0 0 0 0 0 0 0 0 01 1 10 11 11 17 12 13 .3 .6 1.8 1.0 .9
20 21 21 27 22 23 1.4 1.9 3.1 1.7 2.0
30 28 28 33 30 30 3.1 3.3 3.7 2.2 3.1
40 35 33 25 38 35 2.9 3.3 3.7 2.2 3.0
45 38 34 25 40 37 2.7 3.1 3.6 3.1 3.1

N.Po 0 0 0 0 0 0 0 0 0 0 0 0 01 2 10 12 10 12 7 12 11 .1 .3 .8 .6 1.0 .6
20 20 28 19 15 19 18 .4 .7 1.4 1.0 2.2 1.1
30 25 36 23 22 23 23 .6 2.7 1.4 1.4 2.9 1.8
40 29 37 25 25 25 26 1.2 2.6 1.1 1.6 2.7 2.0
45 28 36 25 25 26 26 1.6 2.5 .8 1.8 2.2 1.9

N.Po 0 0 0 0 0 0 0 0 0 0 0 0 0
1 3 10 10 9 3 7 7 .3 .2 .6 .4 1.2 .5

20 21 24 13 20 20 .7 .6 1.0 .9 1.8 1.0
30 29 33 23 28 28 1.2 .9 1.2 1.0 2.2 1.3
40 33 27 26 31 31 1.4 1.1 1.1 .9 2.1 1.4
45 33 29 27 32 32 1.5 1.1 1.1 .9 1.9 1.4

Table 16

COMPUTATION OF AVERAGES FOR NITROGEN AND PHOSPHORUS DEPLETIONS
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* "0" Time represents microorganisms in the initial log growth phase.

* A NHO-N Depletion mg/1 A (NaPO3)fi -1 Depletion mg //I
Time "'Experiments Experiments

Hours A B C 2 3 Aver. ABC 2 3 Aver.

N2P1 0 0 0 0 0 0 0?
10 15 8 12 1.9 1.6 1.8
20 21 11 16 2.7 2.1 2.4
30 33 13 23 2.7 2.4 2.5
40 14

N2P2 0 0 0 0 0 0 0
10 6 10 8 1.0 .6 .8
20 14 14 14 2.1 2.2 2..1
30 20 16 18 2.3 2.8 2.5
40 23 17 20 2.3 2.8 2.5
50 25 18 22

N2p3 0 0 0 0 0 0
10 5 8 7 1.7 1.7
20 10 17 14 2.3 2.3
30 13 20 17 2.3 2.3
40 15 19 17 2.1 2.1
50 16

Table 17

COMPUTATION OF AVERAGES FOR NITROGEN AND PHOSPHORUS DEPLETIONS
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* "0" Time represents microorganisms in the initial log growth phase.

* A NH--R Depletion rig/1 ! A(NaP03)6 -F Depletion mg/1
Time "'Experiments Experiments

Hours A B 0 2 3 Aver. A B 0 2 -3 Aver.

Nqpi 0 0 0 0 0
J 1 10 13 13 1.7 1.7

20 15 15 2.0 2.0
30 15 15 2.0 2.0
40 15 15 2.6 2.0

N P 0 0 0 0 0 0 0
J z 10 3 12 8 .9 1.2 1.1

20 12 15 14 1.8 2.2 1.5
30 15 15 15 1.9 2.6 2.3
40 15 15 15

N P 0 0 0 0 0 0 0
J J 10 1 12 12 .7 1.3 1.0

20 4 15 15 1.3 1.7 1.5
30 7 15 15 1.7 1.8 1.8
40 12 15 15

Table 18

COMPUTATION OF AVERAGES FOR NITROGEN AND PHOSPHORUS DEPLETIONS



Table 19

RESEARCH PROJECT

Calculations:

Run No: Substrate: Date:
Description T1 T.2. Tl ^2___ T] T? Tl T? T1 T?
D.O. mg/1 
PH

NP-3-N
Volume Sx 
DP
Spec Read.
ygNH3-N
mg/lNH3-N

po7-p 4

Volume Sx 
DP
Spec. Bead. 
zigPO/pP 
mg/1 PO4-P

NO--N

Volume Sx
DP
Spec. Read.
ngNOg-N 
mg/1 NO3-N

3 nP
, 2

Volume Sx 
DP
Spec. Read.
yl NO2-N
mg/1 NO9-N

c
A 
R

Tot Unfil. Car, 
Reading 
mg/1

B 
0 
N

Total Filt Car, 
Reading 
mg/1

Filt. Inorg. Carb.
Reading
mg/1
(Filtered Organic

1. To convert jugNHo-N, PO.-P, NO„N to mg/1 = —r- size ml.343  sampleo m i (ml N0~-N)(2.05 x IO"6)
2. To convert ul N0„-N to mg/1 =  ---- 2—;--------- -2 sample size

67
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Table 20

Sample 
No.

Desig
nation

Sx 
ml 
nh3

Sx 
ml 
PO4

Spec. 
Read. 
NI-h-N

«g 
NH3-N

mg/1 
nh3-n

Spec. 
Read. 
P0/-P

ng
PO.-P 4

mg/1
PO.-P 4

' 4

68


