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ABSTRACT

Ammonia dissipation from secondary effluent, ponded at shallow 

depth over permeable material, was studied with the intent of elucidating 

the mechanisms involved in its decline. After an experimental filter was 

constructed and operating, data were gathered on the following components 
and characteristics of the secondary effluent used: ammonia nitrogen,

organic nitrogen, nitrite nitrogen, nitrate nitrogen, dissolved oxygen, 
pH, temperature, and total alkalinity. A method was developed for col
lecting ammonia gas escaping from the liquid surface to the atmosphere.

Photosynthesis of algae was found to be responsible for causing 

a rise in pH resulting in a,shift in the ammonia-ammonium equilibria in

favor of ammonia. Analysis of samples collected at two hour intervals
/during 60 hour sampling periods revealed that the subsequent ammonia 

dissipation was in fact a true removal. Total ammonia removal after 60 

hours on the filter was found to exceed 70 percent under ideal condi
tions., Of the ammonia removed, 13 percent was found by experimentation 

to be released to the atmosphere while calculation revealed that six 

percent was lost to cell synthesis. A possible explanation of the re

moval pathways of the remaining ammonia is offered.



CHAPTER 1

INTRODUCTION

The problem of biological regrowth in receiving waters has 

been receiving the attention of authorities on water pollution for 

several years. Utilization of the nutrient load, exerted by secondary 
effluents is such that eutrophication, aging, and eventual death of our 

waterbodies is occurring in certain notable areas of the United.Statbs 
(1). It is becoming increasingly necessary to provide tertiary treat
ment to remove the constituents causing biological regrowth.

General Discussion
Many specialists are attributing excessive regrowth to the 

elements, nitrogen and phosphorous (2), while others are being more / 

conservative, pointing out that perhaps vitamins, hormones, and trace 

elements such as manganese, boron, cobalt, and vanadium may also pro
mote algal growth (3). Most authorities, however, admit that nitrogen, 

both in its oxidized form nitrate and its reduced form ammonia, is one 

of the elements contributing to biological regrowth in receiving waters. 
As a result, considerable research has gone into methods for the removal 

of nitrogen from secondary effluents (1,4,5,6).
This thesis describes one method for removing nitrogen in 

the form of ammonia (NH^), by utilizing the photosynthetic action of 
algae. The method presented is not one of several harvesting procedures 

in which algae must be precipitated from the water, thus introducing

1 ■■



high operating cost, but rather uses ponds in which depth and turbidity 
are controlled in a manner which encourages algae growth on the surface 
of coarse rock media placed on the bottom of ponds. Through photo
synthesis, the pH rises, causing the ammonia nitrogen equilibrium to 

shift in favor of gaseous NH^. When this occurs ammonia gas escapes to 
the atmosphere at a rate which is dependent upon the difference in the 

ammonia concentrations across the air-liquid interface (7).

Purpose and Scope
The purpose of this thesis is to present one method of removing 

nitrogen in its reduced form (NH^) from secondary effluent. The pH 
during the photosynthesis of algae, and the resultant effect of pH upon 

ammonia solubility, will be monitored. Data, using activated sludge 

effluent and combined activated sludge and trickling filter effluents, 

will be presented and discussed in an attempt to show that the method 

has wide application.

The original goal was to study conditions leading to nitrogen 
Tosses observed during operation of the Tucson Wastewater Reclamation 

Project's pilot filter. At TWRP it was determined that after activated 

sludge effluent had been ponded at 2-1/2 - 3 foot depth for 20 hours, 

from 60 - 100 percent of the ammonia nitrogen had been removed. Analyses 

for organic nitrogen, nitrates and nitrites revealed that the ammonia 

dissipation was in fact a true removal (8). Due to limitations in avail

able resources as well as the untimely inactivation of the TWRP pilot 

filter, duplication of all of the conditions surrounding the TWRP phe

nomenon could not be attained. However, an attempt will be made to use
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the data collected and the knowledge gained during this study to explain 
the TWRP phenomenon.

All of the data used in this thesis was collected during the 

period July 1 - September 30, 1969. There will, however, appear in 
Appendix A, data collected during 1967 and 1969 by.TWRP personnel which 
will also be discussed in an effort to elucidate the mechanisms involved. 

These data are being utilized because they were collected during seasonal 

changes, in which the onset and cessation of the above described ammonia 
removal phenomenon were observed.



CHAPTER 2

BASIC CONCEPT

The interrelationships of several factors make up the basic
concept. Ammonia becomes considerably less soluble as pH rises above 7.

Photosynthesis of algae can cause a rise in pH due to utilization of 
carbon dioxide (CO2). A pH increase resulting from CO^ utilization, and 

the corresponding escape of ammonia gas from solution, form the basic 
concept of this thesis.

For a comprehension of the concept described above, it is 
necessary for one to understand the effects of algae blooms on ammonia 

equilibrium in natural waters. The following equilibria exist in natural 

waters and are either directly or indirectly related to algae photo
synthesis and thus ammonia equilibria:

C02 + H20 ^ = ±  H2CO HCO " + H+ (1)

Ca(HC03)2 Ca++ + 2 H C 0 (2)

hco3™ co3= + H+ (3)

C03= + H20 q=±= HCO ~ + OH" (4)

Algae blooms are frequently the cause of a rapid rise in pH, 
attributed, in part, to the algae utilizing the carbon dioxide present. 

Carbon dioxide removal by this process, however, will result in a water
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of no higher pi I value than 8.3. Bicarbonates must be present in a 

system in order for a higher pH to develop. Carbon dioxide can then be 

extracted from the bicarbonates as follows:

2HC03" =^=±: C03= + H20 + CO^ (5)

The additional CO^ that is made available by the above reaction is 

utilized by the algae. In order to understand the continued rise in pH 
one must comprehend the equilibrium which exists between the additional 
carbonates formed and the hydroxyl ion as follows:

C03= + H20 ^=±r 20H" + CCL (6)

Thus, as additional carbon dioxide is made available, the excess carbon

ates cause an increase in hydroxyl ion concentration and therefore a 

further rise in pH (9).

The effect of this rise in pH upon the ammonia nitrogen solu

bility provides the basis for the primary area of study in this thesis. 

For domestic sewage effluent the ammonia-ammonium equilibrium existing 

is written as follows:

NH + H20 NH4+ + OH" (7)

This reaction is pH dependent to the extent that at pH values above 7 

the equilibrium shifts to the left in favor of ammonia (NH3) (10). When 
this happens the rate at which ammonia passes into the atmosphere is 

dependent upon the degree of departure from equilibrium which exists
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between the ammonia in the gas and liquid phases. Since the concen

tration gradient, that is the difference in the concentration of ammonia 

in the atmosphere and the liquid, is sizable, a transfer of ammonia from 

the solution to the atmosphere takes place (11).

The mechanism governing the above described interphase mass
transfer is known as diffusion between phases. The theory most often

used to explain interphase mass transfer is known as the film theory..
.Rich (12) describes the film theory as follows:

The film theory is based on a physical model in which two 
fictitious films exist at the gas-liquid interface, one 
liquid and. one gas. These films are considered to be stag
nant and furnish all resistance, to gas transfer. They are 
thought of as persisting regardless of how much turbulence 
is present in the gas and liquid, the turbulence serving 
only to reduce the film thickness.

The release of ammonia from secondary effluent to the atmosphere 

at elevated pH may be detailed in accordance with the film theory. / 

Initially, a combination of mixing and diffusion result in bringing dis
solved ammonia in contact with the liquid film. Passage through the 

stagnant liquid film, the liquid gas interface and the stagnant gas film 

is accomplished solely by diffusion. Mixing and diffusion then transport 

the ammonia into the atmosphere.



CHAPTER 3

PREVIOUS INVESTIGATIONS

A review of the available literature on nitrogen removal reveals 

that considerable research has been done on the subject. Nitrogen re

moval may be categorized in terms of the oxidation state of the nitrogen 

at the time of removal. Wuhrmann (6) recognized, and others have sub

stantiated (1,4), that nitrogen in the oxidized states (N0„ + N0o ) can
o Z

be removed under certain conditions through biological denitrification. 
On the other hand, removals of the reduced forms of nitrogen (organic 
nitrogen and NH^) have been accomplished by activated carbon filtration 

(13), ammonia stripping (14), and cell synthesis (15), as well as other 
non.-selective means. /

Removal of Nitrogen.in the Oxidized State 

Biological denitrification is the method of nitrogen removal in 

the oxidized state which has received the bulk of attention of late. In 
order for a high degree of removal to be realized it is necessary that a 

highly nitrified effluent be provided. Johnson and Schroepfer (1) have 

calculated the additional oxygen required for nitrogen oxidation. Oxi

dation of ammonia to nitrite is carried out by autotrophic bacteria,' 

primarily Nitrosomonas, as follows:

NH4+ + 1.502 = 2H+ + H20 -i- N02" (8)

7



Further bacterial oxidation to nitrate is accomplished by the autotropic 
bacteria Nitrobacter as follows:

N02~ + 0.S02 = N03~ (9)

Here one can see that four atoms of oxygen are required to 

oxidize one atom of nitrogen from NH^+ to NO^ . The amount of oxygen 

necessary for the oxidation of one pound of nitrogen may be calculated 
as follows:

(16. x 4) lb. 0
— n T T w r — = 4.6 lb./02/lb.N

Therefore, sine 1 lb. C>2/lb. BOD destroyed is required to 

stabilize the carbonaceous material, one can see that in order to obtain 

a nitrified effluent from a normal domestic waste a substantial increase 

in total oxygen transfer would be necessary. The additional cost of such 
aeration could be prohibitive and is a primary disadvantage of biological 
denitrification.

Apparently there is an area of uncertainty in the literature 

regarding denitrification. Jensen and Renn (16) state that in order for 

denitrification to occur there must be no dissolved oxygen present,. On 

the other hand, one of the conclusions reached by Lehman (5), Ludzack and 

Ettinger (17), was that in the presence of dissolved oxygen denitrifica

tion apparently occurred in micro-anaerobic environments.



Removal of Nitrogen in the Reduced State 
With respect to the removal of nitrogen in reduced forms, acti

vated carbon adsorption is used primarily as a polishing procedure to 

remove low concentrations of taste and Odor causing organic contaminants. 

Where relatively high concentrations of organics are involved, as is the 

case in domestic sewage or sewage effluent, the total cost of carbon 
adsorption treatment is approximately $85 per million gallons for a four 

. million gallon per day plant (13).
Another method of removing nitrogen in its reduced form is 

ammonia.stripping. In this process the pH is raised to approximately 11. 

The water is mechanically lifted and allowed to fall through a cooling 
tower device through which air is blown upward at high volumes. The 

difference in partial pressures of ammonia in the liquid and the blower 

air results in a transfer of ammonia out of solution. ,

Ammonia stripping, was installed at South Lake Tahoe, California 
where Gulp (14) report's that the capital and operating costs were $15 per 

million gallons for a 7.5 million gallon per day plant. In areas where 

land is at a premium, ammonia stripping would very likely be more feasi

ble' than the method presented in this thesis.

Cell synthesis is a method of removing nitrogen in the reduced 

state. Considering nitrogen removal by cell synthesis, Johnson and 

Schroepfer (1) report that: "Nitrogen removal in conventional biological
treatment processes usually results in a 30 to 50 percent removal of the 

incoming nitrogen, and no economically sound method generally applicable 

has yet been devised to increase this degree of removal." Barth and
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and others (4), in a study to determine the percentage of nitrogen 

removed by cell synthesis, found that 28 percent of the nitrogen at an

activated sludge plant at Hamilton, Ohio was removed in the form of

cellular growth, represented by waste sludge recycled to the primary 
clarifier, and.a change in the nitrogen mass in the aerator.

Symons and McKinney (15) in a study on the roll of nitrogen in 
cell synthesis stated: "It has been established that nitrogen enters

synthesis reactions at the oxidation level of and if any other 

nitrogen source except NH^ is to be utilized for bacterial synthesis, 

it first must be converted to NH„ before it is available." While 

bacterial synthesis in the secondary stage of treatment may deplete a

substantial portion of the incoming nitrogen, synthesis of algae cells

at the tertiary stage would provide additional uptake of nutrients.
Stratton (7) investigated nitrogen losses from alkaline water 

impoundments to estimate the magnitude of the pathway of gaseous ammonia 

release from surface waters. After predicting the rate of ammonia loss 

from two small eutrophic impoundments, it was found that only about 

18 percent of the predicted quantity could be collected and measured.

Nitrogen Removal at TWRP 
In the spring of 1967, Stafford (18), after observing the extreme 

clarity of activated sludge effluent retained 24 hours on the loading bays 

of the Tucson Wastewater Reclamation Project pilot filter, sampled and 

determined changes in relative nitrogen species. Tables A-I through A-V 

in Appendix A include the aforementioned data collected by TWRP during
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1967 and 1969. As observed, ammonia removals over 20 hours were in the 
range of 60 to 100 percent. During this time no suspended algae of

sufficient concentration to affect clarity were observed. There were,
• x ' .•■■■' - ■ . - however, extensive algal growths on the rock floor of the loading bays.

Temperature, as well as pH and mixing characteristics, is one 

of the variables upon which the above mentioned phenomenon depends.

Daily monitoring by TWRP in the spring of 1969, shown in Tables A-III 
through A-V in Appendix A, revealed that the seasonal onset of ammonia 

removal was near the middle of March. Throughout the summer removals up 
to 90+ percent continued. Data collected in the fall of 1967 and pre

sented in Appendix A, Tables A-I and A-II indicate that the seasonal 
cessation of ammonia removal occurred between October 13 and November 6.

z



CHAPTER 4

FILTER AND.METHOD OF SAMPLING

At the outset of this study the factors governing ammonia 
removal were not known. The phenomenon noted at TWRP however had been 
verified and it was thus decided to duplicate the surface characteristics 
.of the TWRP pilot filter.

Filter Design

Figure 1 shows the experimental filter used in this study. The 

filter consisted of a 3-1/2 foot length of 5 foot diameter corrugated 

metal pipe (CMP). A concrete base slopes to a central drain line. 

Underdraining was accomplished by the use of four perforated 1/2 inch
/galvanized pipes eminating radially from the central drain.

Filter media consisted of natural sand and grave1 excavated from 

the flood plain of the Santa Cruz River. A two inch layer of 3/8 - 1-1/2 

inch crushed rock was placed on top of the sand as shown in Figure 1. 

Epoxy, used to coat the interior of the corrugated metal pipe and seal 

leaks, provided an inert water contact surface.

Operational Procedure

Figure 2 shows a schematic diagram of the location of the filter 

with respect to the City of Tucson Sewage Treatment Plant, effluent 

ditch carrying effluent to a 42 acre holding pond, and effluent bypass 

to the Santa Cruz River.
12



13

sampling 
line #1, etc

rock

natural sand and gravel

graded gravel for underdrain

concrete base

corrugated metal pipe 
epoxy lined interior

gate valve to adjust 
filtration rate

scale 3/4" = 1'

Figure 1 Experimental Filter Design



42 acre holding pond

effluent ditch
note:
bypass valve opened to shunt 
plants 1 & 2 effluent to river 
when activated sludge effluent 
needed to load filter

ss to river

ii

experimental filter loaded with 
either plant 3 effluent or plant 
1,2 & 3 combined effluent

plant 3
activated sludge

plant 1
activated sludge

plant 2
trickling filter

Figure 2 Filter Location Map
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Loading of the filter was accomplished by siphoning either 

combined effluent or activated sludge effluent from the ditch. Combined 

effluent consisted of a mixture of activated sludge effluent and trick

ling filter effluent. During loading the water level was brought to the 
top edge of the CMP, providing a head of 15 inches above the filter 
media and the desiredifiltration rate was obtained by appropriate adjust

ment of the drain valve. For maximum flexibility in sampling the over- 

lying water, sampling lines were located at 3 inch depth intervals as 
shown.

Since the phenomenon, as observed on the TWRP pilot filter, was 

highly temperature dependent, it was thought that biological action 

might be responsible for some or all of the ammonia removal. Therefore, 
after a sampling run was completed, 2 inches of water was retained on 

the filter surface to prevent complete dewatering.

Sampling Procedure

Initially, sampling was done at approximate 24 hour intervals,

i.e., daily. After loading the filter with combined effluent, an

initial sample was collected from sampling line #1. The drain valve was
adjusted to provide a water level drop of approximately one foot in 24

2hours and a filtration rate of 7.5 gal./ft. /day. After approximately 

24 hours another surface sample was collected, and the filter was re

loaded. This sampling procedure was repeated from July 19 through 

August 1. The results in Table I show that the ammonia decrease 
averaged only 12 percent.
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TABLE I

Changes in Ammonia-nitrogen Concentration 
during Daily Loading with. Combined Effluent'

July 19-30, 1969

Sample (Time on NH -N(mg/1) % Depletion Water Level
Date Filter-Hr.) Drop (In.)

7-19(t=0) 12.2 19 2
7-20(t=23) 9.9
7-21(t=0) 11.9 8 12

. 7-22(t=23) 10.9
7-23(t=0) 12.2 7 7
7-24(t=24) 11.4
7-24(t=0) 11.6 13 6*
,7-25 (t=23) 10.1
7-25(t=0) 10.6 39 4*

• 7-26(t=27) 6.5

7-26(t=0) 7.3 33 2*
7-27(t=23) 4,9
7-28(t=0) 11.1 9 12
.7-28(t=6.5) 10.1
7-29(t=0) 14.2 16 14
7-30(t=23.5) 11.9

Average Percent Depletion 
Excluding 7-25 § 7-26 = 12%

^Trickling filter and activated sludge effluent mixed. 
*FiIter not drained before reloading.
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It was decided to determine the effect of longer retention of 

combined effluent on the filter. After several preliminary runs, the 
filter was loaded and a 60 hour sampling run with combined effluent was 
made. As shown in Table II and Figure 4, samples were collected every 

two hours and determinations were made for ammonia, dissolved oxygen, 
and pH.

Next, activated sludge effluent was used and three 60 hour 
sampling runs were m a d e I n  each case the empty filter was loaded in 
the manner previously described prior to sampling. On the first 60 hour 

run with activated sludge effluent ammonia, pH and dissolved oxygen were 

determined. During each of the last two sampling runs determinations 

for ammonia, organic nitrogen, nitrites and nitrates along with pH, 

dissolved oxygen and alkalinity were made on samples collected from the 

sampling line, just below the surface of the water. In addition, samples 
for dissolved oxygen were drawn from directly above and three inches 

below the filter media in order to determine whether conditions favorable 
to denitrification existed. In all cases, sampling lines were allowed 

to flow to waste for several seconds in order to collect a representative 
sample.

In an effort to determine the amount of ammonia gas escaping to 

the atmosphere, the apparatus shown in Figure 3 was used. A 100-ml. 

volume of 2 percent boric acid was placed in the bubbler to collect any 
ammonia evolved. The atmosphere within the bell along with any gases 1 
released from solution were circulated through the system for two (Run 3) 

or three (Run 4) hours. Water samples were collected at the beginning
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gas bubbler with 100 ml. 
27, boric acid

battery powered 
diaphragm pump

gas collection bell

Figure 3 Gas Collection Apparatus
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TABLE II

Sampling Run 1, August 5-7, 1969 
Two-Hour Interval Sampling of Combined Activated Sludge 

and Trickling Filter Effluents

Time
Sample (Time on 
Date Filter-Hr.)

Dissolved 
Oxygen, mg/1 ..PH NH3-N, mg/1

10 AM 8-5(t=0) 3.1 7.6 10.9
12 N 8-5(t=2) 4.6 7.7 11.2
2 PM 8-5(t=4) 4.9 7.7 10.9
4 PM 8-5(t=6) 2.9 7.7 11.5
6 PM 8-5(t=8) 2.0 7.6 11.2
8 PM 8-5(t=10) 1.2 7.6 12.0
10 PM 8-5(t=12) 1.2 7.6 11.5
12 MN 8-5(t=14) 1.0 7.6 11.7
' 2 AM 8-6(t=16) 1.4 7.7 11.7
4 AM 8-6(t-18) 1.1 7.7 10.1
6 AM 8-6(t=20) 1.4 . 7.7 10.6
8 AM 8-6(t=22) 1.6 7.7 10.9
10 AM 8-6(t=24) 1.8 7.8 10.1
12 N ' 8-6(t=26) . 4.5 7.9 10.1
2 PM 8-6(t=28) 6.0 8.0 9,8
4 PM 8-6(t=30) 11.5 8,1 9.8
6 PM 8-6(t=32) 12.5 8.3 9.5 /
8 PM 8-6(t=34) 9.8 8.2 9.2
10 PM 8-6(t=36) 7.4 8.0 . 9.5
12 MN 8-6(t=38); 4.5 7,9 8.4
2 AM. 8-7(t=40) 3.3 7.9 9.0
4 AM 8-7(t=42) 2.6 7.9 8.1
6 AM 8-7(t=44) 2.0 7,9 8.4
8 AM 8-7(t=46) 5.3 7.9 7.8

10 AM 8-7(t=48) 12.5 8.1 7.8
12 N 8-7(t=50) 32 8.4 6.7
2 PM 8-7(t=52) 38 8.7 6.3
4 PM 8-7(t=54) 47 9.2 5.0
6 PM 8-7(t=56) 37 9.0 3.9
8 PM 8-7(t=58) 18 8.9 3.4
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and end of each gas collection period and analyzed in duplicate for 
ammdnia-nitrogen.

-Analyses Made
The analyses made during this thesis were aimed at determining 

the pathway by which the ammonia nitrogen concentration is reduced during 
photosynthesis and elevated pH. Nitrogen species as well as dissolved 

oxygen, pH, and alkalinity were determined as explained below.. In 
addition, a method of determing the quantity of ammonia gas given off at 
the surface of a liquid was developed. A brief justification of the 

■method used for each analysis is given below. An explanation of the 

significance of the data, obtained by each particular analysis is given 
in Chapter 5 under Discussion of Data.

Determinations for ammonia-nitrogen were made On 100 ml. samples
/

by the distillation method as presented in the 12th Edition of Standard 

Methods, Part III, page 391: (9). Ammonia-nitrogen was run in order to 

determine the rate at which ammonia levels were reduced during detention 
on the experimental filter.

Organic nitrogen was determined from a separate 100 ml. sample 

run for total Kjeldahl nitrogen. Samples were digested, distilled and 

titrated in accordance with Standard Methods, Part II, page 404 (19).

By subtracting the ammonia: nitrogen concentration from the Kjeldahl 

nitrogen, organic nitrogen was obtained. Organic nitrogen was monitored 
for two reasons. First, to provide the necessary data to determine if a 
reduction in ammonia-nitrogen is accompanied by a corresponding reduction



in total nitrogen and second, to evaluate whether or not a correlation 
exists between a reduction in organic nitrogen and an increase in 
aiiraionia-nitrogen.

Nitrate nitrogen was analyzed by the modified brucine method (20), 

while nitrites were run by a diazotization procedure as described in 
Standard Methods, Part III, page 400 (19). Analyses for nitrates and 

nitrites were run to verify whether or not ammonia reductions were merely 

reductions or actual removals. In addition, the degree of nitrification 
could be seen and total nitrogen calculated.

Dissolved oxygen was determined in the TWRP lab at the Tucson 
Sewage Treatment Plant on a Beckman Field-lab model 1008 DO meter. Prior 

to each sampling run the DO meter was calibrated with a sample of the 
water to be analyzed. Since algal photosynthesis exerted an influence on 

the ammonia removal mechanism DO was monitored to obtain a measurement/ of 

the degree of photosynthetic action occurring.
. Determinations for pH were also run in the TWRP lab on a Corning 

model 10 pH meter which was calibrated with an 8.3 buffer before reading. 

The pH was measured to determine its relationship with ammonia reduction 

and as a further yardstick to gauge photosynthesis.

Alkalinities were determined by titration with a strong acid in 

accordance with Standard Methods, Part m ,  p. 369 Q9). Alkalinities were 
run to determine how algal use of CO^ affected the alkalinity species 

distribution.

The final analysis made was that of determining the amount of 

ammonia gas collected at the water surface. After ammonia had been



collected in 100 ml. of 2 percent reagent grade boric acid, the sample 
was analyzed for ammonia-nitrogen by the method previously noted in this 

section. Development of this procedure was done in the lab by the author. 

A known amount of ammonia was released in a closed system approximating 

in size that of the gas collection system shown in Figure 3. By bubbling 
the resulting gaseous mixture through 100 ml. of 2 percent boric acid and 
then distilling, a 98 percent recovery of ammonia was realized.



CHAPTER 5

PRESENTATION AND DISCUSSION OF DATA "

All data were collected "between July 1 and September 30, 1969.
A wide range of seasonal temperature variations was therefore not covered 

by this research. Related data collected during the spring and fall 

seasons however are presented in Appendix A. Throughout the section on

Presentation of Data reference is made to sampling runs. A sampling run

simply refers to a relatively short period of intensified sampling.

Presentation of Data
Table I shows the results of initial operation of the filter.

The intent was to determine the extent of ammonia losses after 24 hour 

detention of combined activated sludge and trickling filter effluents 'on 

the filter surface. Removals averaged 12 percent but were not significant 

in terms of what had been noticed at TWRP. Twenty-four hour removals 
approximated those noted by Stratton (7).

A 58 hour sampling run using combined effluent was then made. 

Ammonia, pH and dissolved oxygen were closely monitored. The results of

this run are shown in Table II and Figure 4. Here it can be seen that

the ammonia concentration increases slightly during the first 10 hours. 
This increase is followed by a nearly steady decline for the next 40 

hours. At this point the ammonia begins to fall rather precipitously 

from 7.0 mg/1 to 3.4 mg/1 in eight hours. During this time the pH

24
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remained between 8.4 and 9.2. From hour 46 (8 AM) to hour 54 (4 PM) the
dissolved oxygen increased from 5.3 to 47 mg/1. A bloom of suspended
algae had occurred by the third day, producing the high DO concentrations.

Having effected an ammonia decrease of 69 percent it was the 
author's desire to determine if a similar reduction could be accomplished 

in a shorter period of time by lowering the water depth above the filter 

media to eight inches. Results of this experiment are shown in Table III 

and reveg.1 a 78 percent reduction after 32 hours on the filter. Again, 

however, the algal bloom was suspended and would thus require removal 

prior to beneficial use of the water.
It was then decided to study the affect of activated sludge

effluent on the rate and nature of ammonia reduction. Therefore, the 
filter was loaded with activated sludge effluent and the sampling contin

ued. After several preliminary sampling runs the data shown in Table IV 

And Figure 5 were collected again over a 58 hour period. A study of 

Figure.5 .reveals that the relationships of ammonia and pH are similar to 
those of Run 1. Dissolved oxygen concentration however never exceeded 

19 mg/1. During this run a.heavy algae growth developed on the rocks on 

the surface of the filter media although the overlying water remained of 

about the same clarity as when loaded. Ammonia reduction exceeded that 

of Run 1 at 72 percent, while the pH never rose above 9.13. Although a 
bloom of suspended algae did not Occur during the three day sampling run, 

by hour 98 there appeared to be one developing. As seen in Table IV a 

sample taken at hour 97.5 revealed a complete absence of ammonia.
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TABLE III

• Thirty-Two Hour Sampling Run August 8-9 > 1969 
Combined Effluent Loaded to 8 Inch Depth

Time
Sample (Time on 
Date Filter-Hr.) .

Dissolved 
Oxygen, mg/1 pH NH3-N, mg/1

10:00 AM 8-8(t=0) 2.0 7.6 11.9

10:30 AM 8-9(t=24.5) 30 8.6 6.7
6:00 PM 8-9(t=32) 41 9.6 2.6

/
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TABLE IV

Sampling Run 2, August 14-16, 1969 
Two-Hour Interval Sampling of Activated Sludge Effluent

Time
Sample (Time on 
Date Filter-Hr.)

Dissolved 
Oxygen, mg/1 ; pH °C NH3-N, mg/1

8:30 AM 8-14(t=0) 5.2 7.8 29 10.1
10:30 AM 8-14(t=2) 5.7 . 7.9 32 9.5
12:30 PM 8-14(t=4) 7.3 8.0 34 10.1
2:30 PM 8-14(t=6) 10.5 8.4 35 9.8
4:30 PM 8-14(t=8) 11.4 8.5 34 9.2
6:30 PM 8-14(1=10) 11.0 8.4 31 9.5
8:30 PM 8-14(1=12) 10.4 8.2, 29 9.5
10:30 PM 8-14(1=14) 8.8 8.3 27 9.0
12:30 AM 8-15(1=16) 7.6 8.3 28 9.0
2:30 AM 8-15(1=18) 6.4 8.3 27 9.0
4:30 AM 8-15(1=20) 5.7 8.2 26 8.4
6:30 AM 8-15(1=22) 5.4 8.1 25 9.0
8:30 AM. 8-15(1=24) 7.4 8.2 26 8.7
10:30 AM 8-15(1=26) 10.7 8.5 29 8.1
12:30 PM 8-15(1=28 11.7 8.7 33 7.8
2:30 PM 8-15(1=30) 17.3 8.8 35 7.6
4:30 PM 8-15(1=32) 18.5 8.8 37 6.4
6:30 PM 8-15(1=34) 16.0 8.8 33 \ 6.4 ,
8:30 PM 8-15(1=36) 11.0 8.6 28 5.9.
10:30 PM 8-15(1-38) 10.4 8.6 27 5.6
12:30 AM 8-16(1=40) 8.2 8.6 25. 5.9
2:30 AM 8-16(1=42) .7.4 8.5 24 5.6
4:30 AM 8-16(1=44) 6.5 8.5 24 6.2
6:30 AM 8-16(1=46) 5.5 8.5 23 5.9
8:30 AM 8-16(1=48) 6,9 8.5 27 5.6
10:30 AM 8-16(1=50) 11.0 8.6 30 4.8
12:30 PM 8-16(1=52) 16.1 8.8 33 4.5
2:30 PM 8-16(1=54) 17.8 9.0 33 4.2
4:30 PM 8-16(1=56 18.7 9.1 33 3.6
6:30 PM 8-16(1=58) 17.0 9.1 31 1 2.8
10:30 AM 8-18(1=98) 13.4 9.4 30 0
1:30 PM 8-19(1=125) 13.6 9.5 37 0
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Between September 10 and 12, a third 60 hour sampling run was 

made again on activated sludge effluent. Weather conditions during this 

run, however, were not favorable to the photosynthetic process. Skies 
were continually overcast from 6 AM September 10 to 6 PM September 12 
with the exception of two hours, 1-3 PM, September 10. Samples collected 
during Run 3 were analyzed for ammonia, organic nitrogen, nitrates and 

nitrites in addition to DO, pH and alkalinity. The results are presented 
in Table V and Figure 6. These data establish that nitrification during 
the first 36 hours is almost nonexistent.

Apparently there is a correlation between the ammonia and organic 

nitrogen results. It appears that during the first 24 hours there may 
have been a breakdown and conversion of organic nitrogen, to ammonia 

nitrogen. Following an increase in ammonia the concentration of organic 

nitrogen drops slowly until the pH reaches approximately 8.2 after 52 / 

hours on the filter. Here there is a drop in ammonia of approximately 

2.5 mg/1 followed by a leveling out period to the end of the run.
Organic nitrogen exhibits a significant drop of 3 mg/1 shortly after the 

ammonia begins to decline. After the drop, however, the organic nitrogen 

increases very slightly after hour 40 and to the end of the run. This is 

probably due to the onset of an increase in algae population.

Algae produced during this run, like that of the previous run, 
were not suspended in the water, but developed upon the rock surfaces.
It is felt that the weather conditions by reducing light intensity and 

thus photosynthesis were responsible for the low degree of ammonia removal 
during this run.
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TABLE V

Sampling Run 3, September 10-12, 1969 
Two-Hour Interval Sampling of Activated Sludge Effluent

Time
Date (Time on 
Filter-Hr.)

DO
mg/1 PH °C

Aik.mg/1 NH -N Org-N NO -N 
as CaCOg mg/1 mg/1 mg/1

NO -N 
mg/1

6 AM 9-10 t=0) 3.0 7.6 25 274 13.2 5.9 0.26 0.138 AM 9-10 t=2) 2.7 7.7 26 272 13.2 5.6 0.24 0.1010 AM 9-10 t=4) 3.3 7.6 26 272 13.2 5.9 0.24 0.0912 N 9-10 t=6) 3.9 7.7 27 . 268 12.9 5.6 0.22 0.09
2 PM 9-10 t=8) 5.0 7.8 31 270 13.1* 5.5 0.25 0.06
4 PM 9-10 t=10) 6.3 7.8 29 268 12.9* 5.3 0.22 0.08
6 PM 9-10 t=12) 6.3 7.8 28 266 12.9 5.3 0.25 0.07
8 PM 9-10 t-14) 5.1 7.8 .28 268 13.7 5.0 0.22 0.05
10 PM 9-10 t=16) ■ 4.7 7.8 27 272 13.7 4.8 0.22 0.07
12 MN 9-10 t=18) 4.1 7.8 26 278 13.7 4.8 0.24 0.10
2 AM 9-11 t=20) 4.0 7.8 26 276 13.7 4.9. 0.23 0.11
4 AM 9-11 t=22) 4.0.. 7.8 25 276 13.9 4.7 0.22 0.09
6 AM 9-11 t=24) 3.9 7.8 25 274 14.0 4.2 0.20 P. 10
8 AM 9-11 t=26) 3.8 7.8 26 . 272 13.7 5.0 0.19 0.09
10 AM 9-11 t=28) 6.6 7.9 27 266 13.7 4.8 0.22 0.10
12 N 9-11 t=30). 10.0 8.0 . 27 268 12.7 4.8 0.24 0.11
2 PM 9-11 t=32) 14.0 8.2 30 268 12.3* 5.0 0.26 0.06
4 PM 9-11 t=34) 17.4 8.3 30 266 12.7* : 2.9 0.31 0,. 08
6 PM 9-11 t=36) 17.1 8.3 29 268 11.8 2.8 0.36 0.09
8 PM 9-11 t=38) 13.9 8.2 26 270 11.5 1.7 0.41 0.18
10 PM 9-11 t=40) 12.2 8.2 26 264 11.5 1.4 0.47 0.07
12 MN 9-11 t=42) 10.5 8.2 25 264 11.2 1.4 0.50 0.07
2 AM 9-12 t=44) 8.9 8.1 25 264 11.2 1.6 0.56 0.08
4 AM 9-12 t=46) 7.7 8.1 24 262 11.2 1.8 0.60 0.08
6 •AM 9-12 t=48) 6.8 8.1 23 262 11.2 1.7 0.62 0.10
8 AM 9-12 t=50'. 5) 7.3 8.1 24 262 10.9 3.6 0.62 0.09
10 AM 9-12 t=52) 9.4 8.2 24 256 11.5 3.1 0.71 0.10
12 N 9-12 t=54) 14.9 8.3 26 258 8.7 2.0 0.81 0.14
2 PM 9-12 t=56) 20.1 8.5 28 256 8.4* 2.2 0.90 0.14
4 PM 9-12 t=58) 23.7 8.6 27 252 8 . 3* 2.0 1.07 0,18
6 PM 9-12 t=60) 22.8 8.6 26 246 7.6 2.2 1.30 0.16

*Average of duplicate samples;
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On each of the three afternoons of September 10 - 12 the gas 

collection system was operated from 2-4 PM in ah effort to determine the 
quantity of ammonia being released. Results of ammonia collection are 

given in Table VII, and indicate that from 2.5 to 46 percent of the 

ammonia removed was collected at the surface.

A final sampling run was made from September 16 to 18 under clear 
skies and otherwise favorable conditions to photosynthesis of algae. 

Samples collected during Run 4 were analyzed for the same data as those 
of the previous run, By the second day of the run it was apparent that 
something unexpected was happening when a thin film of algae cells was 

noted floating on the water surface. Continued observation revealed that 

many small gas bubbles formed almost a continuous layer on top of the 

water as if trapped under the film. On the afternoon of the second day 

an effort was made to skim off the film and the bubbles through one of 

the sampling lines, only to have the same condition return the next 

morning. A sample of the surface skimmings was collected, the bubbles 
resolubilized and the sample analyzed for ammonia by distillation. No 

difference however was found between the ammonia concentration of the 

surface skimmings and that of a sample taken from just beneath the sur

face. Therefore, although the author has no supporting data, it is his 

opinion that the bubbles were probably oxygen attempting to escape from 
the super-saturated water.

It is felt by the writer that the thin film prevented or slowed 

the photosynthetic, process resulting in a low dissolved oxygen level:, 
and thus low pH values. Consequently a low removal rate on ammonia was 

noted. Results of sampling for Run 4 are shown in Table VI and Figure 7.
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• TABLE VI

Sampling Run 4, September 16-18, 1969 
Three-Hour.Interval Sampling of Activated Sludge Effluent

Date (Time on DO Alk.mg/1 NH„-N Org-N NO„-N NO -N
Time Filter-Hr.) mg/1 pH °C : as CaCOg mg/1 mg/1 mg/1 mg/1

6 AM 9-16(t=0) 3.2 7.6 25 240 12.3 3.1 0.01 0.10
9 AM 9-16(t=3) .3.7 7.7 26 240 12.3 2.0 0.01 0.09
12 N 9-16(1=6) 7.3 7.8 29 . 240 12.3* 2.0 0.02 0.09
3 PM 9-16(t=9) 9.6 8.0 31.5 236 11.6* 2.1 0.03 0.12
6 PM 9-16(t=12) 8.9 8.0 31 236 9.8 1.4 0.04 0.14
9 PM , 9-16(t=15) 6.1 7.9 28 .240 9.5 1.4 0.05 0.18
12 MN 9-17(t=18) . 4.1 7.9 26 239 9.5 1.4 0.05 0.23
3 AM 9-17(t=21) 3.5 7,8 25 236 9.5 . 1.4 0.04 0.18
6 AM 9-17(t=24) 2.8 7.8 24 234 9,5 1.4 0.03 0.12
9 AM 9-17(t=27) 3.8 7.9 25 234 9.0 1.4 0.03 0.13
12 N 9-17(t=30) 6.7 8.1 29 234 9.2* 6.4 0.04 0.15
3 PM 9-17(t=33) 10.3 8.2 31 234 8.8* 1.3 0.06 0.24
6 PM 9-17(t=36) 8.1 8.2 29 233 8.1 5.6 0.08 0.28
9 PM 9-l7(t=39) 4.7 8.1 25 232 8.1 2.2 0.10 0.25
12 MN 9-18(t=42) 2.4 8.0 23 229 7.8 2.2 0.09 0.24
3 AM 9-18(t=45) 2.1 . 8.0 22 231 7.5 2.1 0.07 0.21
6 AM 9-18(t=48) 1.8 7.9 21 231 7.3 2.0 0.05 0.18
9 AM 9-18(t=51) 3.6 8.0 24 233 7.3 2.0 0.04 0.18
12 N 9-18(t=54) 5.9 8.1 30 231 6.9* . 2.0 0.05 0.17
3 PM 9-18(t=57) 9.7 8.3 31 218 6.2* 2.0 0.09 0.25
6 PM 9-18(t=60) 7.0 8.2 29 218 ' 5.3 3.1 0.12 0,30

*Average of duplicate samples.
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TABLE VII

Ammonia Gas Collection Data, 
Sampling Runs 3 and 4

Time and Date 
Sampled

NH'-N Collected 
mg

NH„-N Reduction 
mg/1

% of Actual 
NHg-N Reduction

Run 3

2-4 PM, 9-10 0.112 .00495 2.5

2-4 PM, 9-11 0.392 .0231 __ *

2-4 PM, 9-12 0.392 .0461 46

Run 4
12 N-3 PM, 9-16 0.168 .0074 1.1
12 N-3 PM, 9-17 0.784 .0461. 11.5

12 N-3 PM, 9-18 0.476 .0375 5.4

*Two hour interval samples run in duplicate showed 
increase in NH^-N from 2-4 PM, 9-11.
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After the run was completed, it was thought that the film could 

possibly be removed by overflowing the filter. For approximately five 

minutes the filter was allowed to overflow until it appeared the film w s 

gone. Further checking however revealed that by the following day the 
previous condition had returned. ■

The ammonia concentration went from 12.3 to 5.3 mg/1, represent
ing a reduction of 58 percent. Dissolved oxygen and pH values did not 

exceed 10.3 mg/1 and 8.27, respectively. Again, there was very little 

nitrification during the sampling run. Organic nitrogen values are 
father difficult to correlate. Initially they show a decrease from 2.3 

to 1.2 mg/1 over the first 30 hours. Then an increase of 1.0 mg/1 took 
place after which the organic nitrogen remained relatively constant at 
2.1 mg/1 from hour 39 to hour 60,

During Run 4 ammonia was collected at the surface, this time 

between the houfs of 12 noon and 3 PM, September 16, 17, and 18. Table 

VII shows that from 1.1 - 11.5 percent of the ammonia removed was 
collected at the surface.

As mentioned, alkalinity determinations were made from Runs 3 

and 4. Results of these determinations are shown in Tables V and VI, 
During each run it was observed that the total alkalinity decreased by 

about 10 percent.

Discussion of Data 

The data point up conditions favorable to the removal of ammonia 

by interphase gas transfer during algal photosynthesis. Elevated pH 

causes the solubility of ammonia gas to decrease considerably (9). As a
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result, ammonia escapes to the atmosphere in accordance with the laws 

governing gas transfer presented under Basic Concept. Wind velocity and 

sunlight conditions may also play a role in the mechanism.

As expected, ammonia gas solubility in water is inversely pro
portional to temperature (21) . This is probably part of the reason for 
seasonal variations in ammonia removal noted at TWRP. Mixing conditions 
also are of considerable importance. Once converted to the molecular 
(NHg) form, wind action and the resultant turbulence allow for a rapid 

escape of ammonia to the atmosphere by bringing air containing a very low 
concentration of ammonia into contact with water containing a relatively 
high concentration of ammonia. Sunlight of course is responsible for 
photosynthesis and thus elevated pH as discussed earlier.

With regard to the collection of ammonia gas at the surface, 
several items must be pointed out. Although the quantities of ammonia 

collected averaged only 13.3 percent of the ammonia removed, it is possi
ble that this data is not representative for the entire filter. That is, 

operating the ammonia collection system as a closed system for 2-3 hours 

may have caused a significant alteration of the carbon dioxide equilibri

um conditions so vital to the metabolism of algae and if this is in fact

the. cause, the pH of the water would have been depressed and thus the
: " . '

solubility of ammonia increased. Continuous recycling of gases collected 

at the surface in the closed bell may have resulted in a CC^ buildup 

under the bell, thus forcing more CC^ into the water directly below, 
thereby lowering the pH.
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These data Establish 'that a portion ,of the1ammonia removed 

escapes from the liquid surface to the atmosphere. Unfortunately, the 
test setup used did not allow for the benefits of good mixing chacter- 
istics. The filter, located at an elevation below that of the adjacent 
ground and being of vertical wall construction, probably resulted in 

poor mixing characteristics. In addition, the gas collection system as 

shown in Figure 4 most likely resulted in almost no mixing under the bell 
during operation.

Examination of the data reveals several interesting facts related 
to ammonia removal. Rate of ammonia loss is greatest during daylight 
hours when increased algal activity drives the pH upward. During night

time, however, the rate of ammonia loss is still significant, although 

less than during the daytime. Mixing conditions at night were practically 

non-existent during all sampling runs. One would suspect therefore that 

other mechanisms for ammonia removal were in operation in addition to 

losses to the atmosphere.

Results of the total alkalinity determinations for Runs 3 and 4, 
as shown in Tables V and VI, lend more evidence to indicate that ammonia 

loss to the atmosphere is the pathway of the major portion of ammonia 
removed during this study. During Run 3 the alkalinity decreased by 10.2 

percent over 60 hours. For Run 4 the decrease was 9.2 percent. In each 
of these cases the phenolphthalein alkalinity remained zero. Although 

several pH values for Run 3 exceeded 8.3, the writer found upon checking 

the pH again eight hours later that pH values of 8.3 were noted on those 

six samples which initially exceeded a pH of 8.3.
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The fact the total alkalinity was seen to decrease as shown in

Tables V and VI, is apparently in contradiction to what Sawyer and

McCarty (9) report in their text. In discussing pH changes in the
presence of algal blooms they state:

As the pH increases, the alkalinity forms chage with the 
result that carbon dioxide can also be extracted for algal 
growth both from bicarbonates and from carbonates in 
accordance with the following equilibrium equations:

2HC03~ = # =  CO ~ + H20 + C02 (5)

CO ~ + H O  20H" + CO (6)

Thus the removal of carbon dioxide by algae tends to cause 
a shift in the forms of alkalinity present from bicarbonates 
to carbonate and from carbonate to hydroxide. It should be 
noted that during these changes the total alkalinity remains 
constant.

Further in the same text the authors discuss natural waters 
containing Ca++.

-f-In natural waters containing appreciable amounts of Ca , 
calcium carbonate precipitates when the carbonate-ion 
concentration, according to equation 3 becomes great 
enough to exceed its solubility product:

Ca++ + C03“ CaCO (10)

This precipitation usually happens before pH levels have 
exceeded 10, and it places a ceiling over the pH values 
obtainable.

The only explanation apparent to the writer for the declining 

alkalinity is that precipitation of CaC03 occurred. Theoretically this



could occur only at pH greater than 8.3 since it would be necessary for 

phenolphthalein alkalinity to be present. Precipition of CaCO^ also 
offers a possible explanation for the decline in pH of those samples 
having pH greater than 8.3. With the removal of CO3"" from equation 3 

under Basic Concept there is an effective increase in H+ concentration 
and a resultant lowering of pH.

Another means of ammonia removal which occurred during this study

is that by cell synthesis. According to the literature on algal growth,

ammonia is the preferred oxidation^ state for cell assimilation of 
nitrogen (22).

Ammonium salts can be utilized as the sole source of nitrogen 
by most algae and are generally more readily assimilated than 
is nitrate. If .the.two forms are supplied together, the 
ammonium nitrogen is utilized preferentially and the nitrate 
is only consumed when the ammonia is exhausted. (22)

The effect of light on synthesis is of interest in an effort to

explain the continued ammonia removal during nighttime. Fogg (22) states

that ". . . light has little effect on the rate of ammonia assimilation 
by nitrogen-deficient cells but doubles the assimilation fate of normal . 

cells". Assuming normal cells and assuming all ammonia removed at night 
goes to synthesis, ah estimate of the amount of ammonia going to 

synthesis may be obtained. Using Figure 5 which best illustrates the 

diurnal changes in ammonia concentration, the average nighttime rate of 

removal is calculated from the data of 7:30 PM to 6 AM, August 15 and 16.

Rate^f N n ^ 17 . 9-1-S. 7mg/l/10. 5hr. + 6.1-5. 8mg/l/10.5hr,
Removal  ̂ ^
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and •

Average Nightly
Rate of NH = 0.037mg/l-hr.
.Removal

Therefore, the rate of removal due to synthesis during the daytime is
0.074 mg/1-hour. Adding the daytime and nighttime removals over the 58 

hour run the total ammonia going to cell synthesis would be 3.6mg/l or 
49 percent of the ammonia removed during the run.

It is possible, by assigning an estimated weight, volume and

percentage nitrogen to the algae present to obtain another estimate of 
the amount of ammonia going to synthesis. In Appendix C, the total 

active surface area of the filter rock has been calculated to be 8.05m . 
This assumes active algal growth on all rock surfaces to a depth of 

2.54 cm. Although growth does not occur on the bottom of rocks on the 

top layer, growth does take place on a portion of the surfaces of rocks 

on the second layer.
If the thickness of the algal layer is limited to the average 

diameter of a Chlorella cell and taken to be 0,012 mm (22) then the total 
volume of cells synthesized-is equal to,

(8.05m2) (1.2 x 10~5m) = 9.66 x 10"5 m3

By using a density figure of 1.05 g/cm (23) the wet weight of the algae

is,
3cm - gm 

(9,66 x 10“5 m3) (106 m3) (1.05 m3) = lOlgm
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If the dry weight is then taken as three percent of the wet weight the 
total dry weight of the cells is seen to be 3.03 grams. Of the total dry
weight, 10 percent is assumed to be nitrogen (22). Since the water

volume above the filter media is 694 liters, the nitrogen removed by

synthesis represents ,303 gm/694 1 or 0.437 mg/1 which is 6.2 percent of
the ammonia removed during Run 2.

Of the two methods presented for estimating the ammonia going to 

cell synthesis the weight-volume method is probably the more reliable.

The nighttime removal method assumes no ammonia loss to the atmosphere 
at night. Even with minimal mixing there would be some loss to the 

atmosphere since the pH remains between eight and nine.

Figure 6, illustrating Run 3, shows an initial increase in 
ammonia nitrogen and a corresponding decrease in organic nitrogen. It 

seems logical to expect a breakdown of organic nitrogen to ammonia 
nitrogen although this did not occur in Run 4. Closer examination of 

the rate of organic nitrogen reduction reveals that it slightly exceeds 
the rate of ammonia nitrogen increase. This may be due to the possibili- ' 

ty that some ammonia gas is escaping to the atmosphere.

A third possible pathway for ammonia removal is that of bio

logical denitrification. To evaluate this mechanism the DO data in 

Table VIII were collected. This verified that DO was always present in 

the liquid above and three inches below the filter media. Unfortunately, 

however, this fact is not sufficient to rule out the possibility of 
denitrification. In light of the micro-enviroment concept (5), it 

would be necessary to collect all gases escaping from the water surface
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TABLE VIII

Dissolved Oxygen at Media Surface (Line 5) 
and 3 Inches Below Media Surface (Line 6) 

of Experimental Filter

Dissolved Oxygen mg/1 Dissolved Oxygen mg/1 .
Sample Line 5 Line 6 Sample . Line 5 Line 6
9-10 t-0) 2.5 1.8 9-16(t=Q) 3.1 2.7
9-10 t=2) 3.1 2.0 9-16(t=3) 5.4 1.1
9-10 t-4) 2.9 1.5 9-16 (t=6) 8.2 1.2
9-10 t=6) 3.7 1.6 9-16(t=9) 9.7 1.2
9-10 t-8) 5.8 1.4 9-16 (t=12) 8.7 1.4
9-10 t=10) 6.2 1.9 9-16(t=15) 6.0 1.2
9-10 t=12) 6.0 1.4 ; 9-17(t=18) 4.1 . 1.3
9-10 t=14) 4.9 1.5 9-17 (t—21) 2,9 1.2
9-10 t=16) 4.4 1.6 9-17(t=24) 2.1 1.1
9-10 t=18) ' 3.7 . 1,3 9-17(t=27) 3.9 1.4
9-11 t=20) 3.3 1.4 9-17(t=30) 7.1 1.1
9-11 t=22) 3.0 1.4 9-17(t=33) 10.6 0.6
9-11 t-24) .. 2.5 1.5 9-17(t=36) 7.7 1.3
9-11 t=26) 3.8 1.3 9-17(t=39) 4.4 1.0
9-11 t=28) 12.2 2.2 9-18(t=42) 2.8 1.3
9-11 t=30) 9,6 1.8 9-18(t=45) 2.5 1.3
9-11 t=32) 13.9 1.8 9-18 (t=48) 2.2 1.3
9-11 t=34) . 17.5 1.9 9-18(t=51) 3.5 1.3
9-11 "t=36) 17.0 1.8 9-18(t=54) 6.8 1.3
9-11 t=38) 14.9 2.1 9-18(t=57) 9.6 1,6
9-11 t=40) 11.9 0.9 92l8(t=60) 6.7 1,4
9-11 t=42) 10.5 4.2
9-12 t=44) 8.8 3.6
9-12 t=46) 7.6 2.8
9-12 t=48) 6.7 2.2
9-12 t=50) 7,1 1.7
9-12 t=52) 11.1 0.7
9-12 t=54) 16.5 2.1
9-12 t=56) 21.5 1.0
9-12 t=58) 22.7 2.5
9-12 t=60) 22.5 2.3
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and analyze for free nitrogen content to verify the occurrence of 
denitrification. In addition, radioactive N"*"̂ tracers could be used to 

determine if the nitrogen collected was that dissolved from the atmos

phere or that reduced from NC^ and NO^ by biological denitrification.

As mentioned under Presentation of Data, there was a marked 

difference in algal growths which developed with activated sludge 
effluent and combined effluent. With, combined trickling filter and 
activated sludge effluent a suspended algae bloom was underway by the 
second day on the filter whereas with activated sludge, effluent the . 
bloom was not suspended but attached to the surfaces of rocks at the 

bottom of the basin. The author has no conclusive evidence as to the 

reason for the difference in the nature of the blooms, however, it is 

suspected a suspended bloom occurs very rapidly in combined effluent 

due to increased suspended solids and turbidity over activated sludge 
effluent.



CHAPTER 6

APPLICATION

The method of ammonia removal described in this thesis may very 
likely have wide application. Operation and maintenance costs should be 
very low. As long as the process is controlled to prevent a bloom of 
suspended algae the costs should remain practical.

Requirement for Application
A number of conditions should be met before this ammonia removal 

process is applied. First, yearly temperature variations must be taken 

into account. Reasons for the seasonal effects of the ammonia removal 
process set forth in this thesis have not been throughly investigated.

It is, however, known that ammonia,removals in excess of 60 percent have 

been noted between mid-March and late October .(Appendix A). The results 

of sampling Run 3 indicate the importance of direct sunlight without long 

periods interrupted by overcast skies. For this reason, the Southwest is 

probably the most suitable for application of this system in the United 
States.

Another prerequisite for utilization of the ammonia removal 
system is the availability of land. Providing the required detention 

time at proper depth would involve considerable acreage. Removal rates 
found in this thesis would probably make the method feasible. However, 
if rates similar to those noted at TWRP could be established the land 

cost could be cut to one-third.
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Mixing characteristics as mentioned are of considerable 

importance. Shallow detention basins should be located such that there 
are no major obstructions to air circulation.

The final requirement for application is the need of a highly- 
clarified secondary effluent. Although this thesis did not fully in

vestigate the prerequisites for suspended algae blooms, it was found 
that blooms occurred within 24 fours with combined effluent and were not

I - . ‘ -

apparent until after 72 hours with the less turbid activated sludge 
effluent. Quality of the activated sludge effluent used in this thesis 
may be found in Appendix B, (Plant 3).

Possible Design 

Shallow basins would appear to be most suitable for ammonia 

reduction as presented in this thesis. Although a filter was used in 
this study, filtration rate did not seem to affect the rate of ammonia 

removal significantly. Depth could be within.the range, of 1 - 2-1/2 
feet depending on the available land area. Side slopes should be gentle 

enough to provide exposure of light to a maximum of surface area. The 
basin floor and side slopes.could be lined with 1-1/2 - 2 inch rock to 
provide a maximum growth area for algae. Since detention time is 
critical the basin could be baffled using low-lying earth dikes whose 

slopes are lined with rock; Baffles, however, should be as far apart as 
practicable in order to allow for skimming of the water surface by wind 

action. In this way should a surface film develop, the material would 
be floated to the sides and thus not hinder the gas transfer process,



CHAPTER 7

CONCLUSIONS AND SUGGESTIONS,FOR FURTHER STUDY

Activated sludge effluent and combined activated sludge and 
trickling filter effluent was ponded at shallow depth -over a permeable 

material. The decline in ammonia nitrogen concentration was closely 
monitored along with other forms of nitrogen. Ammonia gas. escaping from 

the. water surface was collected in an acid trap system in an effort to 
determine the percentage ammonia being, discharged to the atmosphere. The 

pH,.dissolved oxygen and alkalinity were monitored to assist in under
standing the effect of photosynthesis of algae.

Conclusions
From the results of this study the following conclusions may be

drawn:

1. Dissipation of ammonia nitrogen under conditions of photo

synthesis of algae and elevated pH as presented in this thesis 
is in fact a true removal of ammonia and not a conversion to 

another form of nitrogen.

2. Collection of ammonia gas at the water surface verifies that 

between one and 46 percent of the ammonia is removed from the 

liquid as NH^ gas.
3. Ammonia concentration drops at. the rate of approximately 

.31 mg/l-hr. during the daytime when the pH reaches 8.5.
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4. High sunlight intensity promotes algal growth and thus 
increases the removal rate of ammonia nitrogen.

5. Diurnal dissolved oxygen and pH minimums appear to increase 

with time on the filter as an attached algae growth developes.

Suggestions For Further Study 
From this study the following areas should be examined to further 

elucidate the mechanism of ammonia removal presented herein:

1. Determination of the relationship between water depth and 
rate of ammonia removal.

2. Verification of whether or not biological denitrification is 
responsible for a portion of the ammonia removal.

3. Determination of whether or not a relationship between 

filtration rate and ammonia removal rate exists.
4. Study of ammonia removal rate as effected by turbulence at 

various ranges of pH.
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APPENDIX A

DATA ON NITROGEN CONSTITUENTS REVEALING AMMONIA 

REMOVAL PHENOMENON AT TUCSON WASTEWATER 
RECLAMATION PROJECT

Data assembled in Appendix A was collected by personnel of the 

Tucson Wastewater Reclamation Project during the summer and fall of 1967 

and the spring of 1969. At that- time, the project consisted of a slow 
sand pilot filter 18 feet in depth. Dimensions of the filter surface 
were approximately 115 feet by 220 feet. The filter surface was divided 
into bays by a number of four'foot grave1 dikes. To operate the filter, 
the bays were filled with activated, sludge effluent which was allowed to 

filter by gravity through the sand.

Tables A-I and A-II compare the water quality, with respect to 

nitrogen constituents, of activated sludge effluent at the time of load

ing and after 20 hours retention on the filter. Perusal of the data in 

Table A-II reveals that between October 13 and November 6 ammonia removals 
were greatly reduced.

By 1969, the method of operation had been modified such that 

prior to loading of the pilot filter bays, activated sludge effluent was 

retained in a three foot deep detention basin for approximately 24 hours. 

Table A-HI contains data on activated sludge effluent samples collected 
at the time of loading of the detention basin. Results of analyses done 
on samples collected after 24 hours in the detention basin are contained
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in Table A-IV. Table A-V shows the concentration of nitrogen constituents 
in the water after 20 hours in the filter loading bays.
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TABLE A-I '

Nitrogen Constituents, Pilot Filter Influent 1967, 
Tucson Wastewater Reclamation Project

)ate Sample NH -N N0?-N NO -N Org-N Kjeldahl
Collected mg/1 mg/1 mg/1 mg/1 mg/1
Aug. 8 18 _ _ _ 0.2 7 : 25
Aug. 9 15 0.2 12 27
Aug. .10 14 — — — 0.2 11 25
Aug. 11 . 22 —- 0.2 4 26
Aug. 14 15 — — — 0.2 3 18
Aug. 15 18 0.1 0.2 .4 22
Aug. 16 17 0.1 0.2 5 22
Aug. 18 15 0.1 0.2 7 22
Sept. 5 4 0.4 . 0.2 12 16
Sept. 6 *’* — -- — —- - 19
Sept, 7 - -- — - - 22
Sept; 8 12 0.3 0.2 11 23
Sept. 13 16 0.2 6 22
Sept. .14 20 0.5 0.5 2 22
Sept. 28 22.4 -- -- 7.8 30.2
Oct. 2 18 0.1 0.2 4 22
Oct. 4 15 0.1 0.2 5 20
Oct. 6 10 0.1 0.2 12 22
Oct. 10 16 0.5 0.2 6 22
Oct. 31 30.2 — — — — — — 11.8 42
Nov. 10 16 -- 5 21
Nov. 14 12 -- — 0.2 13 25
Nov. 20 10 . 0.1 . 19 29
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TABLE A-II '

Nitrogen Constituents, Pilot Filter Influent 
after 20 Hours Detention in Filter Loading Bay, 1967, 

Tucson Wastewater Reclamation Project

Date Sample NH -N NO -N NO -N Org-N Kjeldahl-N
Collected________mg/1_______mg/1_______mg/1_______mg/1_____ mg/1
Aug. 8 1.0 -- 0.1 ' 4.3 5.3
Aug. 14 0.5 0.1 7.3 7.8
Sept-. 6 -- - . 0.1 -- 5.6
Sept. 13 1.0 0.2 0.2 . 9.6 10.6
Sept. 14 1.0 0.3 0.1 7.4 8.4
Sept. 15 1.5 0.2 0.3 9.1 10.6
Oct. 2 1.0 0.1 0.2 5.4 6.4
Oct. 4 1.0 0.1 0.2 9.4 10.4
Oct. 5 2.0 0.1 0.2 9.0 11.0
Oct. 6 1.0 0.1 0.2 7.7 8.7
Oct. 9 1.0 0.2 0.2 . 9.6 10.6
Oct. 10 3.0 0.1 0.2 11.8 14,8
Oct. 11 6.0 0.2 0.2 4.6 10.6
Oct. 13 1.0 0.1 0.2: 5.2 6.2
Nov. 6 10.0 0.1 0.5 10.4 20.4
Nov. 7 17.0 0.1 1.0 7.0 24.0
Nov. 9 13.0 0.1 0.2 8.0 21.0
Nov. 10 12.0 0.1 0.2 8.7 20.7
Nov. 13 0.5 0.1 0.5 10.4 10.9
Nov. 14 0.5 0.1 0.1 22.2 22.7
Nov. 15 7.0 0.2 0.1 9.8 16.8
Nov. 16 7.0 0.1 0.1 12.8 . 19.8
Nov. 21 15.0 0.1 0.1 4.6 19.6
Nov. 22 10.0 0.1 0.1 11.0 21.0



53
TABLE A-III '

Nitrogen Constituents, Detention Basin Influent 1969,
Tucson Wastewater Reclamation Project

Date Sample 
Collected

NH -N 
mg/1

NO -N 
mg/1

NO -N 
mg/1

Org-N
mg/1

Kjeldahl-N
mg/1

March 5 22.4 0.04 0.1 6.4 28.8
March 6 20.7 0.10 0.2 4.8 25.5

: March 10 19.0 0.21 0.0 7.3 26.3

March 12 20.2 0.10 0.0 5.6 25.8

. March 14 15.7 1.04 0.3 6. 7 22,4
March 17 14.6 2.10 0.6 4.2 18.8

March 19 13,4 0.82 0.2 7.0 20.4

March 24 15.1 0.66 0.1 ; 7.0 22.1
March 28 17.4 0.07 0.2 5.0 22.4

March 31 18.5 0.64 0.1 . 5.0 23.5

April 2 17.9 0.46 0.2 3.7 21,6
April 7 20.2 0.17 0.0 7.0 27.2
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TABLE A-IV

Nitrogen Constituents, Pilot Filter influent 1969,
Tucson Wastewater Reclamation Project

Date Sample NH -N NCU-N NO -N Org-N Kjeldahl-N
Collected ______ mg/1 mg/1 mg/1_______mg/1_____  mg/1
March 5 16.8 0.99 0.4 5.6 22.4

March 6 16.8 ’ 1.10 0.4 4.8 21.6
March 10 11.2 1.53 0.9 6.7 17.9

March 12 13.4 „ 1.06 0.5 1.7 15.1

March 14 . 12.9 1.06 0.4 4,5 17.4

March 17 10.1 1,27 0.7 4.5 14.6

March 19 7.8 1,50 0,7 6.8 14.6

March 24 3.4 1.16 0.5 5,0 8.4

March 26 5.0 1.24 0.4 3.4' ' 8.4

• March 28 0.0 1.27 . 0.4 4.8 : 4, 8
March 31 6.2 1.04 0.3 . 5.3 11.5

Apr! 1 2 _ 11.8 . 0.94 0.4 2.8 14.6

April 7 7.8 0.86 0.5 7.9 15. 7
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TABLE A-V . ;

Nitrogen Constituents, Pilot Filter Influent
after 20 Hours Detention in Filter Loading Bay 1969,

Tucson Wastewater Reclamation Project

Date Sample NH -N N0?-N NO -N Org-N Kjeldahl-N
Collected mg/1_______mg/1 ■ mg/1 mg/1  mg/1
March 5 14.6 1.16 1.3 5.0 19.6

March 6 14.0 1.20 1.4 4.8 18.8

March 10 11.2 1.40 1.7 6.4 17.6

March 12 9.0 1.40 3.1 2.8 11.8
March 14 10.1 1.27 2.4 4.7 14.8

March 17 9.0 1.44 3.7 1.9 10.9

March 19 5.0 1.06 2.5 6.5 11.5

March 24 0.6 1.52 3.3 4.4 5.0

March 26 . 0.6 1.44 1.6 4.7 5.3

March 28 0.6 1.40 1.1 3.6 4.2

March 31 0.0 . 1.06 1.2 3.1 3.1

April 2 3.9 1.01 0.9 . 4.5 8.4

April 7 0.0 1.12 0.6 7.6 7.6



APPENDIX B

ANALYTICAL DATA TUCSON SEWAGE TREATMENT 
PLANT 1968-69
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TABLE B-I

Chemical and Physical Analyses 1968-.69*, 
Tucson Sewage Treatment Plant

Influent
Plant #1 
Effluent

Plant #2 
Effluent

Plant #3 
Effluent

Total solids, evaporation* 1,039 706 735 693
Suspended solids 228 36 ■ 41 19
Dissolved solids 811 670 694 674
Fixed residue 770 561 560 552
Volitile residue 269 145 175 141

Total alkalinity (CaC0„) 266 249 264 229
Total acidity (CaC0„) 24 15 16 14
pH 3 7.6 7.7 7.8 7.8
BOD 204 19 55 17
COD 330 46 116 43
ABS § LAS 6.8 0.3 2.6 0.3
Grease 65 14 24 13

NH -N 22.0 18.3 22.9 15. 5Nof-N 1.0 0.1 0.8
NO^-N - 0.4 0.3 1.9
Organic-N 16. 2 5.8 10.1 5.6
Total-N 38. 2 25.5 33.4 23.,8
Silica (S102) 58 34 32 30
Aluminum 4 iron (A^O^ + i?e2®3  ̂
Iron (ferrous)

44
0..1

33
0.1

35
0.2

26
0.,1

Total iron (ferrous) 0.3 0.3 0.3 0.,2
Calcium 94 73. 76 74
Magnesium 19 16 . 16 14
Hardness (grains/galIon) 18 15 15 14
Chloride . 88 83 87 82
Carbonate 0 0 0 0
Bicarbonate 325 304 322 279
Phosphate, ortho 34 34 44 33
Sulfate 283 176 171 165
Sodium § potassium (Na) 50 51 52 47

*Department of Water and Sewers Sewerage Division Annual Report, 
Fiscal Year 1968-69, City of Tucson, Arizona.

+A11 results in mg/1 except as noted.



APPENDIX C

CALCULATION OF ACTIVE SURFACE AREA OF
-FILTER ROCK MEDIA ■ '

By dividing the particle size distribution curve into 10 percent 
intervals, the total active surface area may be determined as follows:

TABLE C-I.
Active Surface Area of Filter Rock

% Passing 
Interval

Avg. Particle ? 
Dia. ft. x 10 Dia.^ x i0“3

# Part, in 
10.5 lbs.

Surface Area 
of Int. in^

0-10 5.66 .181 672 975

10-20 6.91 .330 368 795

20-30 7.33 .392 310 754

30-40 7.85 . .483 252 ' 685

.40-50 . 7.91 .495 . 246 6.96

50-60 8.16 .543 224 675

60-70 8.5 .615 198 647

70-80 9.0 .727 167 611

80-90 9.75 .925 131 564

90-100 10.9- 1.30 93.5 505
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surface area of all particles _ , n . 2
in 105. lbs. of media - b,yu/ m.

6,907 i n . 105 lbs. media = 44,600 cm^/ft.^ 

assume active filter depth of 1 in.

active filter volume = x -^ = 1.64 ft.^4 1/

total active area = 1.64 ft.3 (44,600 cm2/ft.3) = 73,200 cm2

adding 10 percent for angularity of particles 7,320

80,520 cm2

total active area 0 nr 2 _ , = 8.05 mfor algae growth
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