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ABSTRACT ;

The effect on standard parameters of pollution by holding acti-. 
vated sludge effluent in a laboratory oxidation pond and filtering the . 

pond effluent through a laboratory vertical flow, natural earth filter 
was studied. As a second phase of the study, nitrogen removal by 

denitrification was examined. An artificial carbon source, methanol, 
was added to the flow beneath the surface of the filter. The flow rate 
during the study was 2 gpd. The pond had a capacity of 4 gallons. The

anaerobic filter, a 6 in. by 18 ft. column, was kept in a condition of
saturated flow. Removals obtained by the tertiary treatment with no 

-•* ̂metfaanod -addition -*o-"',fe$te,,e#ivl«feer-wiei,e-: 40 "percent for "nitrogen, 83 per
cent for biochemical oxygen demand, 63 percent for chemical oxygen demand, 

and 99+ percent for coliform organisms. While methanol was being added

to the filter, removals were 84 percent for nitrogen and 77 percent for

biochemical oxygen demand.



CHAPTER I

INTRODUCTION : -

One of the more critical problems facing mankind today is the 
rapid dwindling of the supply of clean water. Domestic sewage, munic

ipally produced at a rate of about 70 gpd/cap (1), represents a vast 
potential water source. If 80 percent of the sewage produced by a city 

could be recycled for domestic use, the city's water supply would be 
effectively enlarged five times (2). Unfortunately, convential bio
logical secondary treatment of domestic sewage does not purify the waste 
sufficiently to make it acceptable for such "higher uses" as primary 
recreation and domestic consumption. Further treatment--!ertiary treat

ment- -is necessary if wastewater is to be renovated for these higher 

uses. If reclaimed wastewater is to be used for recreational purposes, 

special attention must be given to the removal of the inorganic nutrients, 

nitrogen and phosphorus, since small quantities of these two elements 

may cause excessive aquatic plant growth, rendering the water unfit for 

recreational uses.
Much work is being done around the world on tertiary treatment 

and reuse of water. Some of the countries where investigations have 

been made or are in process are Italy, England, France, South Africa, 

Israel, Japan, and Mexico (3). Intensive work is being done in the 

United States, especially in the naturally dry Southwest where the prac

tice of reusing water for agricultural purposes has been in effect for 
years (4).



' " . : : . : ' : ' ■ ' 2 : 
This paper reports the investigation of one means of tertiary 

treatment. 1 The process consists of holding activated sludge effluent 

in an oxidation pond for a short period of time, following with filtration 
through a vertical flow natural-earth filter patterned after the pilot 

filter of the Tucson Wastewater Reclamation Project in Tucson, Arizona (5).

The effect of this treatment on standard parameters of water 
quality was determined. Included as a second part of the.study was the 

removal of nitrogen in the filter by biological denitrification, using 
methanol as an artificial carbon source.



CHAPTER II

REVIEW OF LITERATURE

. ■ . ' Tertiary Treatment
A well-operated secondary treatment plant removes as much as 

90 percent of applied biochemical oxygen demand (BOD), 90 percent of 

bacteria, and 30 percent of phosphorus. Nitrogen removal is erratic, ■ 
but a removal of 50 percent can sometimes be obtained (1,2,6,7,8). Re

cycling of secondary effluent will result in an increase in the con
centrations of the various dissolved and suspended matter in wastewater. 
Table I, from Neale (9), gives the average increase in concentration of 

various parameters of water quality for 22 cities in the United States.

The values represent the differences between secondary effluent con

centrations and original tap water concentrations.

If wastewater is to be used for recreational purposes, more 

efficient treatment is necessary--both to prevent increases in dissolved 

and suspended matter and to obtain higher removals of nitrogen and phos

phorus than is generally obtained by secondary treatment. Inorganic forms 
of nitrogen and phosphorus can serve as nutrients for algae present in 

a recreational body of water, and undesirable eutrophication can result.
Raw domestic sewage contains more nitrogen and phosphorus,re

lative to carbon, than is required in the assimilatory use of these 
elements by bacteria. For example, the removal of 100 lb of BOD is

'■ ■ • ' ■ 3



TABLE I
AVERAGE INCREASE IN CONCENTRATION 

OF
WATER QUALITY PARAMETERS FOR 22 CITIES

Values represent difference between secondary effluent concentrations and 
tapwater concentrations (9)

Pollution
Parameter

Average 
Increase, mg/1

Pollution
Parameter

Average 
Increase, mg/1

BOD 16 HCV 100

COD 87 CV -1

' ABS 6.4 sv 28

Na+ 66 Si03 15

K+ 10 P04"3 (total) 24

n h4+ 15 P04-3 (ortho) 25

Ca++ 18 *Hardness 79

Mg++ 6
*Alkalinity 81

.Cl" 74 Total solids 320

N03" .

10 pH -0.6

N02~ 1

* as CaCO



accompanied by removal of 6.8 lb of nitrogen and 1.7 lb of phosphorus; 
but raw Sewage contains roughly 21 lb of nitrogen and 7 lb of phosphorus 
for ever 100 lbs of BOD (10). Thus, it is evident that only a portion 

of the nitrogen and phosphorus can be removed by secondary treatment.

Among the possible methods of tertiary treatment are foam sep
aration, land application, electrochemical treatment, absorption on acti
vated carbon, electrodialysis, evaporation, liquid-liquid extraction, 

reverse osmosis, freezing, chemical and biological oxidation, flocculation 

and sedimentation, ion exchange, and filtration (2, 4, 6, 8, 11, 12, 13, 

14).
, A summary of the various methods of nitrogen and phosphorus re

moval, from Eliassen and Tchobanoglous (6), is given in Tables II, III, 
and IV. Table II summarizes methods of nitrogen removal; Table III 
summarizes methods of phosphorus removal; and Table IV summarizes methods 

that remove significant amounts of both nitrogen and phosphorus.

Table V, from Stephan (8), shows removals that can be expected 

from several methods of tertiary treatment. Removals by each process 

are based on concentrations expected in raw sewage. Investigators of 

the Tucson Wastewater Reclamation Project have experimented with several 

soil filtration processes using horizontal filtration distances of up to 

250 ft through a natural soil medium. Nitrogen removals of 86 percent,

BOD removals of 91 percent and coliform removals of 99+ percent have been 

obtained with final effluent concentrations of 5.0 mg/1, 1.3 mg/1 and 

160 organisms/100 ml for total nitrogen, BOD and coliform organisms 

respectively.



TABLE II
SUMMARY OF VARIOUS';METHODS "OF NITROGEN

REMOVAL FROM WASTEWATERS (6)

Process Class
Removal
Efficiency, o/o

Estimated 
Cost, $/mg

Wastes to be 
Disposed of Remarks

Ammonia
stripping

Chemical ■ 80-98 9-25 — Efficiency based 
on ammonia nitrogen 
only

Anaerobic 
denitri
fication -

Biological 60-95 25-30 None

Algae
harvesting

Biological . 50-90 20-35 Liquid and 
sludge

Large land area 
needed

o\



TABLE III

A SUMMARY OF VARIOUS METHODS OF PHOSPHORUS
REMOVAL FROM WASTEWATERS (6)

Process
Removal

Class Efficiency, o/o
Estimated 
Cost, $/mg

Wastes to be 
Disposed of Remarks

Modified
activated
sludge

Chemical
precipi
tation

Biological 60-80

Chemical 88-95

30-100

10-70

Sludge

Sludge

Chemical 
precipi
tation with 
filtration

Chemical 95-98 70-90 Liquid and 
sludge

Sorption Chemical 90-98 40-70 Liquid and 
solids

Cost based on 
water treatment 
costs



TABLE IV

A SUMMARY OF VARIOUS METHODS OF REMOVING SIGNIFICANT
AMOUNTS OF NITROGEN AND PHOSPHORUS FROM WASTEWATERS (6)

Process Class
Removal
Efficiency, o/o

Estimated 
Cost $/mg

Wastes to be 
Disposed of Remarks

Ion exchange Chemical 80-92 nitrogen .170-300 Liquid Efficiency and 
' cost depend on 
degree of treat
ment

Electro- 
Chemical Treat' 
ment

Chemical 80-85 4-8a Liquid and 
Sludge .

Electro
dialysis

Chemical 30-50 100-250 . Liquid Cost based on 
1-10 mgd capacity, 
1000 ppm solids

Reverse
osmosis

Physical 65-95 250-400 Liquid

Distillation Physical 90-98 400-1000 'Liquid
Land
application

Physical 86-98 phosphorus^ 75-150 none Large land area 
needed

aPower costs only

Nitrogen efficiency depends on form of nitrogen
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TABLE V

EXPECTED REMOVAL OF BOD, COD, PHOSPHORUS
AND

NITROGEN BY TERTIARY TREATMENT SCHEMES (8)

Process
Removal
of
BOD, %

Removal
of
COD, %

Removal
of
Phosphorus,

Removal of 
Total Nitrogen,

C 90 80 10 50
C 90 80 10 50
+ 93 85 10
Ai 3 ' 5 0 0

C 90 80 10 50
+ 93 85 95
A2 3 5 85 0

C 90 80 10 50
+
A2 3 99 5 99 85 95 0
+
A3 6 14 0 5

C 90 80 10 50
+
A2 3 99 5 99 85 97 0
+
A3 6 14 0 5
+
A. 0 0 2 204

50

50

55

75

C = 
Ai - 
A2 - 
A3 ‘ 
A4 *

Primary + secondary treatment 
Foam separation
Lime-alum coagulation and sedimentation and rapid sand infiltration
Adsorption in activated carbon
Electrodialysis



Denitrification

In biological treatment of sewage, organic forms of nitrogen are 

transformed to ammonia-nitrogen under aerobic conditions. The ammonia- 
nitrogen can then be oxidized to nitrite, primarily by bacteria of the 
species Nitrosomonas; and the nitrite can be oxidized to nitrate, primarily 
by the species Nitrobacter (15, 16, 17, 18).

The process of oxidation of ammonia-nitrogen to nitrite and 
nitrate is called nitrification and can be represented by the following 
formulas (15):

2NH3 + 302 ->• 2 HNO + 2H 0

2HN02 + 02 2HN03.

Nitrogen removal through denitrification is accomplished by the 
dissimilatory use of nitrate by certain bacteria. The nitrate radical 

serves as the final hydrogen acceptor in the metabolism of organic matter 

and is thus reduced to a nitrite radical. This may be further reduced 

with the eventual end products being nitrogen gas, N2, gaseous nitrous 

oxide, N20, or ammonia (16, 19, 20). Bacteria capable of denitrification 
occur naturally in soils. Two examples are Thiobacillus denitrificans 

and Micrococcus denitrificans (15).

As these bacteria break down organic matter to produce energy, an 

enzyme is used as a hydrogen acceptor (20),

CH3-CH2-+ enzyme ->* H2C=CH- + enzyme .H + H20

The amount of this enzyme is limited, so that if the bacteria are to con

tinue to function, the enzyme must be oxidized back to its original state.
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Several molecules can serve as the final hydrogen acceptor during the 

oxidation of the enzyme with molecular oxygen being preferred because it 
will yield the most energy to the bacteria (20). Certain bacteria can 
use nitrate as the final hydrogen acceptor in the absence of molecular 
oxygen. In the absence of both oxygen and nitrate, a process similar 
to dentrification is seen in the reduction of sulfate by the bacteria, 
Desulfovibrio desulfuricans.

When nitrate is used as the final hydrogen acceptor, denitrification 

will occur according to the following proposed sequence (21):

HNO3
+ 2H

HNO2

+ 2H

+ 2H
v

NH3

Conditions favoring denitrification, along with the absence of 

oxygen, are: moisture, a supply of oxidizable matter, a near neutral

pH, and a temperature in the range of 15-45°C (21).
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Effluent from an efficient secondary sewage treatment plant con
tains very little nitrate and insufficient organic matter to support 
complex denitrification. Thus, the effluent must be nitrified and a 
carbon source must be added if denitrification is to occur. Nitrific

ation can be accomplished by aeration. Methyl alcohol (methanol) has 
been found to be an efficient artificial carbon source.

The reduction of nitrate-nitrogen to gaseous nitrogen with methanol 
serving as the organic source can be summarized by the following equation 
(6) :

6H+ + 6N03~ + SCH^OH— 5CC>2 + 3N + 13 HgO.

Stoichiometric relationships calculated from this equation are 1.82 weight 

units of methanol for 1 weight unit of nitrate-nitrogen, where the term 
"nitrate-nitrogen" indicates that the nitrate is expressed as nitrogen.

Nitrogen removal in conventional secondary treatment is erratic 
and apparently independent of BOD and solids removal. Barth et al. (22) 
examined 5 secondary treatment plants and found nitrogen removals varying 

from 13 to 61 percent with little variation in BOD and solids removal. 

These investigators concluded that separate nitrification and denitrific
ation units are needed if nitrogen removal is to be an integral part of 

the treatment.

Johnson and Schroepfer (17) and Barth et al* (23) tried to in

corporate these units into model treatment plants.

The flow diagram for the process used by Johnson and Schroepfer 

is shown in Figure 1. Nitrification was accomplished by aeration. Raw



raw sewage

Figure 1.

separation

return sludge

sludge 
for

mixing tank separation 
tank

nitrified 
effluent

denitrified
effluent

Flow diagram for experimental denitrification process studied 
by Johnson and Schroepfer (17)
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sewage was added to the denitrification units, to present a demand for 

nitrate. The investigators reported 60.3 percent to 67.7 percent re
moval of total nitrogen when the plant was operated on a continuous 
basis. All the nitrogen lost from the.system was as gaseous nitrogen.

Barth et al. included the addition of sodium aluminate for the 
purpose of removing phosphate. Ordinary secondary treatment was followed 
by two units in series - a nitrification unit and a denitrification unit. 

Again, nitrification was accomplished by aeration. Methanol was added 
to the denitrification unit at a rate of 4 weight units per weight unit 
of nitrate-nitrogen. Removals of 88 percent of total phosphate and 91 

percent of total nitrogen were reported.
Christenson et al. (24) studied methanol-induced denitrification 

using a substrate composed of tap water, phosphorus, and nitrate. With 

methanol using a nitrate-nitrogen ratio of 2.4:1 during a batch process 

and 2.6:1 during a continuous process, no nitrate-nitrogen was reported 

in the effluent.



CHAPTER III

EQUIPMENT AND PROCEDURES „

The experimental tertiary treatment process consisted of holding 
activated sludge effluent in an oxidation pond followed by filtration 
of the pond effluent through a vertical flow, natural earth filter.
Samples of activated sludge effluent were obtained from the chlorination 
tank of Plant No. 1 of the City of Tucson Sewage Treatment Plant, Tucson, 

Arizona. No chlorine was being added to the effluent by the plant during 
this study.

Figure 2 shows a flow diagram of the experimental treatment process. 

Details of the individual units will be presented individually.

Loading Rates
The pond was loaded continuously and the filter was loaded inter

mittently— once daily--at a rate of 2 gpd, keeping the filter in a condition 

of saturated flow. The hydraulic loading rate of the pond was 379,000 

gpd/acre and the organic loading rate, based on an average influent BOD 

of 16.3 mg/1, was 51.5 lb BOD/day/acre. The hydraulic loading rate of 

the filter was 443,000 gpd/acre, and the organic loading rate, based on 

an average influent BOD of 8.1 mg/1, was 10.3 lb BOD/day/acre. Both 

the pond:and the filter were maintained at a temperature of about 25° C.

A tracer study using Pontacyl Brilliant Pink B showed the downward 
velocity of the flow through the filter to be about 2 in./hr.

' "• :■ • " ■ - : - 15 .. V



oxidation pond

activated sludge 
effluent
from —
refrigerator

sigmamotor
pump

pond effluent 
to refrigerator

pond effluent
from refrigerator  |

filter

waste

Figure 2. Flow diagram of experimental tertiary treatment process. Solid
lines indicate continuous flow, dashed line indicates intermittent 
flow



Laboratory Oxidation Pond 
The laboratory oxidation pond consisted of a 3-ft Incite cylinder 

with an inner diameter of 6.5 in. The bottom 6 in. of the cylinder was 

filled with coarse gravel with a minimum dimension of approximately 1 in. 
The outside was covered with aluminum foil in an attempt to exclude 
extraneous light, preventing algae growth along the sides. Continuous 
loading was accomplished by pumping glass wool-filtered activated sludge 

effluent into the pond through 0.125-in. ID rubber tubing using a Sigma- . 
motor pump. The purpose of glass wool prefiltration was to prevent 

clogging of the tubing. A combination of polyethylene and rubber tubing 

was used to carry the outflow from the bottom of the pond through a 
siphon-break, constant level device, into a 5-gal carboy which was kept 
at 4°C in a refrigerator. The activated sludge effluent feed also was 

kept in a 5-gal carboy in the refrigerator.

The pond had a capacity of slightly more than 4 gal and provided 

a detention time of 2 days. The pond was placed under fluorescent lights 

in order to maintain algae growth.

During the denitrification phase of the study, compressed air 

was slowly added to the pond to simulate wind effects on the surface of 

an outdoor pond and induce circulation. This was not done during the 
initial phase of the study.

' ■ . ' . The Laboratory Natural Earth Filter

Figure 3 shows details of the laboratory natural earth filter.
Two 10-ft sections of 6 in. asbestos-cement sewer pipe were coupled to form 
the filter. The lower section was sealed with a piece of lucite epoxied



asbestos-cement 
sewer pips.

coarse
gravel clamp

rubber1 
stopper '

natural
earth

lucite . 
sampling tube ' 
with sampling holes

polyethylene
tubing

coarse
gravel

Figure 3. Details of laboratory filter



to the bottom of the. pipe. No sampling tube was installed at the 8-ft 
depth since this was the region of the connective collar between the 
two sections.

, Filter Media

The media used in the filter occurs naturally adjacent to the 
Santa Cruz River near Tucson.

.Figure 4, the grain-size distribution curve of the filter media, 
shows the media to be composed of sand and gravel-sized material. The 
uniformity coefficient was 4.83 with D^q , the effective size, being 
0.29 mm and being 1.4 mm. Several of the larger particles of the 
material were discarded from the sample because it was feared their 
.addition would^break the -previoual*y-dns-ba-l-l*ed-sampling tubes.

Method of Methanol Addition 

During the denitrification study, methanol was added into the 
sampling tube at the 7-ft depth. Static pressure was used to force 
the methanol solution into the filter. It was desired to add methanol 

to the filter at a rate of slightly more than two weight units of methanol 

for each weight unit of nitrate-nitrogen.

Methods of Analysis 

Analyses were conducted in accordance with Standard Methods for 

the Examination of Water and Wastewater (25). The methods used where 

more than one method is listed are given below.
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Analysis: Method:

Nitrate-Nitrogen Brucine
Anraionia-Nitrogen Distillation

Coliform Organisms Membrane Filter "
Dissolved Oxygen Azide Modification of the lodometric

Method -
SixtyT-ml glass stoppered bottles and 0.00625 N sodium thiosulfate 

were used in dissolved oxygen analyses. The sample bottles were filled 

from the bottom and allowed to overflow several times before stoppering.



CHAPTER IV

RESULTS AND DISCUSSION

.Initial Study-Effectiveness of Treatment 
The results of the initial phase of the study are given in Tables 

VI - XVI and Figures 5 through 9. Analyses were conducted at various 
intervals over seven months of operation.

Table VI summarizes the removal of BOD, COD, Coliform organisms, 

and nitrogen by the experimental tertiary treatment. All data needed in 

computing these removals were taken from Tables IX, X, XI, and XVI except 
for values of BOD and COD at the 7-ft depth and bottom of the filter 

which were estimated from the smooth curves of Figures 6 and 7.

Phosphate analyses were made in an attempt to determine phosphate 
removal during filtration. However, the asbestos-cement pipe was found 

to react with phosphates and removals could not be determined.

Alkalinity and pH
Bicarbonate alkalinity was the only form of alkalinity detected 

during the study since pH never exceeded 8.1. Table VII shows that 
alkalinity decreased in the pond - by 8.5 percent - while pH, Table VIII, 

increased slightly. This would be expected due to the use of carbon 
dioxide by algae during photosynthesis. Figure 5 shows that little 

change in alkalinity and pH occurred in the filter. The filter effluent 
had a pH of about 7.8 and an alkalinity of about 200 mg/1 as CaCOy

' ' ; 22
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TABLE VI

REMOVAL OF BOD, COD, COLIFORM ORGANISMS, AND 
NITROGEN BY THE EXPERIMENTAL TERTIARY TREATMENT 

' PROCESS AND ITS COMPONENTS

BOD COD
COLIFORM
ORGANISMS NITROGEN

REMOVAL IN OXIDATION 
POND, % OF Pla 46 16 98 20

REMOVAL IN FREEBOARD 
ABOVE FILTER MEDIA,
% OF PE 28 11 86 7

REMOVAL AT 7-FT 
LEVEL OF FILTER, 
% OF PE 83

REMOVAL IN 0-7 FT 
DEPTH OF FILTER,
% OF CONCENTRATION 
AT 0-FT 76

REMOVAL IN FILTER 
% OF PE 83 . 57 99+ 25

REMOVAL THROUGH 
FILTER MEDIA, % OF 
0-FT CONCENTRATION 76 52 .99+ 25

REMOVAL•BY TERTIARY 
TREATMENT PROCESS 
% OF PI 91 63 zw'lOO 40

(a) PI = Pond Influent
(b) PE = Pond Effluent
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TABLE VII

THE EFFECT OF TERTIARY TREATMENT 
ON BICARBONATE ALKALINITY

SAMPLE LOCATION
NUMBER OF 
SAMPLES

BICARBONATE 
' mg/1 .as 

MAXIMUM . 1

ALKALINITY
CaC03
MINIMUM MEAN

POND INFLUENT 4 258 227 236
POND EFFLUENT 
FILTER LEVEL, FT.

5 258 180 216

0 5 224 • 164 193
1 4 200 168 184
"2 4 224 183 197
3 5. 213 170 188
4 4 217 182 196
5 4 224 173 197
6 5 202 179 193
7 4 197 181 192
8 - - - -
9 5 219 177 198
10 5. 216 171 201
11 6 220 176 199
12 3 220 176 197
13 4 220 196 208
14 4 213 179 200
15 3 ... 216 195 204
16 4 216 181 200
17 4 212 185 . 197
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TABLE VIII 

THE EFFECT OF TERTIARY TREATMENT ON pH

SAMPLE LOCATION
NUMBER OF 
SAMPLES MAXIMUM

pH
MINIMUM MEAN

POND INFLUENT 8 7.8 6.6 7.4
POND EFFLUENT 10 8.1 6.7 7.6
FILTER LEVEL FT.

o 8 7.7 7.5
1 9: ' 7.9 7.3 7.5

. 2 9 7.8 7.1 7.5
3 8 7.8 7.4 7.6
4 4 7.7 7.4 • 7.5
5 4 7.8 7.2 7.5
6 4 7.9 7.3 7.7
7 4 7.9 7.3 7.6
8 - - -
9 6 7.9 7.3 7.7
10 .5 8.0 7.6 7.8
11 5 8.0 7.7 7.9
12 5 8.0 7.8 7.9
13 3 8.0 7.7 7.8
14 3 8.0 7.6 7.8
15 4 8.0 7.7 7.9
16 ' 4 8.0 7.6 7.9

. 17 3 8.1 7.8 7.9
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Biochemical Oxygen Demand and Chemical Oxygen Demand

Table VI, along with Table IX and Figure 6, shows that tertiary

treatment removed 91 percent of the BOD of the pond influent. Virtually
all of the removal had occurred by the time the wastewater reached the
7-ft depth of the filter. The removal of COD, as shown in Tables VI
and X and Figure 7, occurred more slowly and was less than the removal
of BOD. The tertiary treatment removed 63 percent of the COD of the
pond influent. ..

Colifbrm Organisms

The coliform content of filter samples, as shown in Table XI 
and Figure 8, varied considerably. However, all sampling levels below 
the . 12~.ft . depth ,o£*th=e 'fflter 'had TeS'S- than- :b0^coliforms -per 100 ml of 

sample.

Dissolved Oxygen •

Results of dissolved oxygen analyses are given in Table XII. 
Traces of dissolved oxygen seemed to have been present at all sampling 

depths in the filter. However, it is believed that the sampling pro

cedure accounted for 0.05 - 0.10 mg/1. Thus, dissolved oxygen dis

appeared in the upper foot of the filter. ’

Samples of the pond effluent in the inital phase of the study 

were taken from the fluid stored in the 4°C refrigerator and were subject 

to reaeration. Thus, the data cannot be considered representative of 
the actual dissolved oxygen in the pond effluent and cannot be used in 
analyzing the pond.
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THE EFFECT . OF THE TERTIARY TREATMENT ON

TABLE IX

ECT OF THE TERTIARY TREAT!
BIOCHEMICAL OXYGEN DEMAND

NUMBER BOD, mg/1
SAMPLE LOCATION OF SAMPLES MAXIMUM MINIMUM MEAN

POND INFLUENT 4 37.4 2.6 16.3
POND EFFLUENT 5 20.5 1.3 8.8
FILTER LEVEL, FT

0 ' 5 12.3 3.6 6.3
1 4 7.8 2.6 5.6
2 4 s 5.7 2.8 4.3
3 5 5.9 ' 1.3 3.2
4 3 3.5 1.4 2.8
5 3 3.5 1.4 2.2
6 3 2.5 0.8 1.5
7 4 2.8 0.4 1.7
8 —  —  —  —

9 3 1.9 0.7 1.3
10 4 3.6 .0.6 1.7
11 4 5.4 0.3 1.8
12 -• 2 2.3 0.8 1.5
13 3 2.0 1.1 1.4
14 3 1.6 0.6 1,0
15 2 2.2 . 1.0 1.6
16 4 1.8 1.0 1.2
17 4 4.4 0.7 1.9
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TABLE■X

THE EFFECT OF THE TERTIARY TREATMENT ON 
CHEMICAL OXYGEN DEMAND

SAMPLE LOCATION
NUMBER 
OF SAMPLES

COD,
MAXIMUM

mg/1
.MINIMUM MEAN

POND INFLUENT 5 36.1 24.9 30.7
POND EFFLUENT 7 43.8 17.0 25.7
FILTER LEVEL, FT 

0 10 34.7 15.2 22.8
1 9 26.6 12.8 20.5
2 6 20.8 15.3 18.1

■ .3 8 ■ 24.8 9.9 16.6
4 5 18.7 10.8 15.0
5 5 18.7 10.6 14.4
6 5 23.2 12.3 16.8
7 3 25.1 11.6 . 17.2
8 . - - - -
9 5 16.2 6.7 12.5
10 . 4 16.5 7.1 • 11:9
11 6 ' ' 16.6 6.8 11.0
12 ■ 4 14.9 5.2 9.6
13 6 20.9 5.2 11.4
14 4 14.5 9.2 12.4
15 4 13.9 5.0 10.8
16 5 • 16.2 9.2 12.5
17 4 12.7 9.4 11.2
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Figure 7. Chemical oxygen demand in laboratory filter

©

10 15



32

TABLE XI

THE EFFECT ON THE TERTIARY TREATMENT 
OF COLIFORM ORGANISMS

SAMPLE LOCATION
NUMBER 
OF SAMPLES

COLIFORMS,
MAXIMUM

THOUSANDS/100 ml. 
MINIMUM MEAN

POND INFLUENT 5 10,100 <10 1230
POND EFFLUENT 7 474 4.0 20
FILTER LEVEL, FT 

0 7 354 0.10 2.8
1 7 5.0 0.08 1.9
2 5 > 30 0.17 0.46
3 7 0.65 0.01 0.09
4 4 4.5 0.05 0.95
5 5 1.3 <0.01 0.05
6 4 1.8 0.07 0.45
7 4 1.7 <0.01 0.01
8 - - - -

9 6 0.05 <0.01 0.03
10 5 1.09 0.16 0.50
11 5 3.2 0.02 0.28
12 4 0.27 <0.01 0.01
13 3 0.01 <0.01 < 0.01
14 3 <0.01 <0.01 <0.01
15 4 0.05 <0.01 <0.01
16 3 0.01 <0.01 0.01
17 3 <0.01 <0.01 <0.01



Or
ga
ni
sm
s,
 
th
ou
sa
nd
s/
10
0 

ml

0.05

0 . 01

10 155
Filter depth, ft.

Figure 8. Effect of percolation through filter on coliform organisms



34

TABLE XII

EFFECT OF TERTIARY TREATMENT ON
DISSOLVED OXYGEN

SAMPLE LOCATION
NUMBER 
OF SAMPLES

AVERAGE DO 
CONCENTRATION, mg/1

POND INFLUENT ' 5 4.8
POND CONTENTS 3 6-1 .

POND EFFLUENT 4 4.6
POND EFFLUENT1 2 8.5
POND EFFLUENT2 2 3.8
FILTER LEVEL, FT

.'0 6 0.30
1 5 0.07

. 2 6 0.10
3 7 0.06
4 6 0.09
5 7 0.06
6 7 0.08
9 6 0.07
10 6 0.06
11 5 0.08
12 4 0.10
13 4 0.05
14 1 0.05
15 2 0.05
16 1 0.05
17 1 0.05

^During denitrification study 
2Before storing in refrigerator. During denitrification study only.
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During the denitrification phase of the study, dissolved oxygen 

samples of the pond effluent were taken before the effluent was stored 
in the refrigerator. However, since air was being added to the pond 

during the denitrification study while no air was being added during 
the initial phase of the study, the data from the denitrification study 
cannot be applied to the initial phase.

Nitrogen
The results of nitrogen analyses are given in Tables'XIII, XIV, 

XV, and XVI and Figure 9.

Nitrite analyses were made on all samples initially, but only 

occasional analyses were made after NC^-N concentrations proved to be 

negligible - less, than 0 .,05. mg/1 N.

A decrease in NH^-N in the pond with a concurrent increase in 

NO^-N concentrations indicated that nitrification was occurring. A 
significant quantity of nitrogen was removed in the pond. Possible 
reasons for the nitrogen removal are algal uptake, NH^ volatilization, 

and denitrification. However, the pH in the pond was not great enough 

for significant nitrogen loss through NH^ volatilization (25). Thus, 

cell uptake and denitrification would seem to be responsible for the 
nitrogen loss in the pond.,

The concentrations of the different forms of nitrogen at each 

sampling depth of the filter are plotted in Figure 9. In this figure, 
the sum of the NH^-N, NO^-N, and organic -N curves is less than the 

total -N curve for most depths of the filter. The reason is not clear.

It is not believed that the samples contained undetected NC^-N.
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TABLE XIII

EFFECT OF TERTIARY TREATMENT ON
ORGANIC-NITROGEN

. NUMBER ORGANIC NITROGEN, mg/1 AS N
SAMPLE LOCATION . OF SAMPLES MAXIMUM MINIMUM MEAN

POND INFLUENT 
POND EFFLUENT 
FILTER LEVEL, FT

■ o 
1

: " ■ 2

3
4
5
6
7
8 
9
10
11
12
13
14
15
16 
17

6
5

7
6 
7 
4 
3 
3 
3
3

4
3
4 
3 
3 
2 

3 
3 
2

4.4 
2.2

1.4 
1.2 
0.9 
0.8 
2.0 
0.9 
3.3
2.5

1.7
1.6
3.0 
1.6 
1.6
1.1  

1. 1  

1. 1  

1.1

1. 1

0.9

0.9
0.4
0.6
0.3
0.8
0.2
0.3
0.2

0.3
0.8
0.3
0.2
0.2
0.2
0.2
0.2
0.5

2.1
1.3

1.2
0.8
0.8
0.5
1.2
0.6
1.4 
1.3

1.2
1.2
1.5 
0.8 
0.8 
0.6 
0.8 
0.5 
0.8
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TABLE XIV

THE EFFECT OF TERTIARY TREATMENT ON
AMMONIA-NITROGEN

SAMPLE LOCATION
NUMBER 
OF SAMPLES

AMMONIA-
MAXIMUM

-NITROGEN, mg/1 AS N 
MINIMUM MEAN

POND INFLUENT ' 7 21.2 8.9 14.5
POND EFFLUENT 6 11.3 3.8 8.1
FILTER LEVEL, FT 

0 • 8 8.4 0.0 4.7
1 7 1.2 0.0 2.5

. - 2 8 . ... 3.0 0.0 1.3
3 6 1.7 0.0 0.7

' 4 3 0.0 - 0.0
5 1 0.0 - 0.0
6 2 0.0 - 0.0
7 2 0.0 - 0.0
8 - - - -
9 1 0.0 - 0.0
10 2 0.0 - 0.0
11 1 0.0 - 0.0
12 2 0.0 - ‘ 0.0
13 2 0.0 - 0.0
14 2 . 0.0 - 0.0
15 2 0.0 - 0.0
16 2 0.0 - , 0.0
17 . - : 2 0.0 - 0.0
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TABLE XV

THE EFFECT OF THE TERTIARY TREATMENT
ON NITRATE-NITROGEN

SAMPLE LOCATION
NUMBER 
OF SAMPLES.

NITRATE-
MAXIMUM

-NITROGEN, mg/1 
MINIMUM

AS N 
MEAN

POND INFLUENT 8 T.9 0.2 1.0
POND EFFLUENT 8 9.9 1.2 4.7
FILTER LEVEL, FT 

0 9 12.0 ■ 5.4 7.6 .
1 9 12.0 5.4 7.8
2 ’ 9 11.0 4.6 7.5

- 3 ' 8 12.6 4.3 7.4
4 5 13.7 6.0 11.2
5 3 10.9 5.7 8.9
6 3 10.1 5.8 8.6
7 5 13.6 5.5 9.4
8 - - - -
9 5 14.0 5.6 9.7
10 5 14.7 5.0 10.5
ii 5 - 14.9 6.6 10.0
12 5 14.9 6.3 10.6
13 5 14.6 5.3 9.6
14 4 14.7 6.7 10.2
15 5 14.2 6.1 10.6
16 4 11.6 6.5 9.6
17 4 14.7 4.6 9.5)
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TABLE XVI

TOTAL
THE EFFECT OF TERTIARY TREATMENT ON 

-NITROGEN (THE SUM OF ALL FORMS OF NITROGEN)

NUMBER TOTAL-NITROGEN mg/1 AS N
SAMPLE LOCATION OF SAMPLES MAXIMUM MINIMUM MEAN

POND INFLUENT 6 23.8 15.2 18.4
POND EFFLUENT 6 20.9 11.7 . 14.7
FILTER LEVEL, FT 

0 : ' 7 / /. 19.3 10.3 - 14.6
' 1 : 6 ^ . 13.0 8.3 10.7

' . • 2 : 7-' v 11.0 7.3 9.3
3 ■ 3 11.2 7.4 8.4
4 - 3 14.6 12.2 12.3
5 . 3 11.6 6 .6 9.5
6 3 13.1 6.2 10.0
7 • 3 14.8 11.0 13.2
8 - - - -
9 4 14.3 9.3 12.0
10 3 15.5 11.4 13.4
11 4 15.4 9.6 12.5
12 3 15.2 11.6 13.1
13 3 15.3 11.6 13.1
14 2 14.9 11.3 13.1
15 3 14.4 11.3 12.8
16 3 11.9 11.2 11.4
17 ; 2 15.2 9.8 12.5
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Total-nitrogen decreased to a depth of about 4 ft and then began

to increase. Possibly, nitrogen was being removed from the liquid phase
by microorganisms in the upper depths of the filter. In the lower depths,

nitrogen could have been released from the microorganisms by degredation.

Organic nitrogen stayed relatively constant through the filter,
declining from slightly more than mg/1 to slightly less than 1 mg/1.

Ammonia nitrogen declined rapidly until it vanished at a depth
of 4-ft. The reason for this decrease.is not completely clear. There

was not enough dissolved oxygen present in the influent to the filter
for complete nitrification to occur and dissolved oxygen samples showed

no oxygen below the first foot of the filter, meaning that no nitrification
should have occurred below this depth. However, the surface of the liquid

often dropped below the 0-ft level before the filter was loaded. Apparently,

the air that was trapped in the soil upon loading of the filter added
enough dissolved oxygen to the fluid to allow nitrification to occur.

Nitrate nitrogen increased slightly up to a depth of 10 ft where
it reached a constant value of approximately 10 mg/1.

Denitrification Study

The results of the denitrification study are presented in Tables

XVII, XVIII, and XIX and Figures 10 and 11. The BOD and NO^-N values

for the filter effluent given in Table XVII were estimated from Figures

6, 9, 10, and 11. Analyses during the denitrification study werq, con-
• %ducted at various intervals over three months of operation.

. ' Maintenance of a continuous flow of the methanol solution into 
the filter was difficult. Consequently, the CH^OH : NO^-N ratio varied
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TABLE XVII

A COMPARISON OF BIOCHEMICAL OXYGEN DEMAND 
AND NITRATE-NITROGEN CONCENTRATIONS AND 

REMOVALS WITH AND WITHOUT METHANOL ADDITION 
TO THE FILTER

BOD N03-N
Before CH^OH During CH^OH Before CH^OH During CH^OH

• Addition Addition Addition Addition

POND
INFLUENT 16.3 mg/1 7.8 mg/1 1.0 mg/1 0.4 mg/1
FILTER
INFLUENT 8.8 mg/1 8.6 mg/1 4.7 mg/1 8.4 mg/1

FILTER 
0-FT LEVEL 6.3 mg/1 4.8 mg/1 7.6 mg/1 13.6 mg/1

FILTER
EFFLUENT ~ 1.5 mg/1 ~ 2 mg/1 ~ 10 mg/1 “ 1.5 mg/1

REMOVAL BY 
FILTER 83% 77% None 85%

REMOVAL OF 
TOTAL NITROGEN 
BY FILTER 25% 79% *

REMOVAL OF 
TOTAL NITROGEN 
BY SYSTEM 40% 84% *

*Assuming total nitrogen of pond influent and at 0-ft level of filter to 
be the same in both phases of study and 1.0 mg/1 of organic nitrogen in 
filter effluent.

/
* %
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greatly r from 0 to possibly 8 or 10. The flow was usually slower than
desired, so it is believed that the average CH„0H : N0„~N ratio was less3 3
than the desired 2:1.

Biochemical Oxygen Demand During the Denitrification Study

Figure 10 and Table XVIII show that the addition of methanol to 
the filter resulted in a large increase in BOD near the depth of addition, 
7-ft, but had little effect on the BOD at greater depths. Table XVII 
shows the BOD of the filter effluent to be 1.5 mg/1 during the initial 

phase of the study and 2.0 mg/1 during the denitrification study. The 

latter figure, estimated from Figure 10, is probably conservatively high. 
As shown in Table XVII, the BOD of the filter influent was reduced by 

83 percent during the Initial"phase of the study and 77 percent during 
the dentrification study.

Table XII indicates that the addition of air to the pond during 
the denitrification study significantly raised the dissolved oxygen con

centration in the filter influent. Reduction of BOD in the freeboard 
above the filter media was greater during the denitrification study than 

during the initial phase of the study, probably because of the increased 
oxygen concentration in the pond effluent.

The BOD of the pond influent was considerably lower during the 
denitrification study. Thus, the effect of the addition of the air to 
the pond on BOD cannot be analyzed.

Nitrogen During Denitrification Study '

Results of nitrate analyses made during the denitrification study 

are given in Tables. XVII and XIX and Figure 12. Nitrite was found to be
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, TABLE XVIII

THE EFFECT OF METHANOL ON BIOCHEMICAL
OXYGEN DEMAND . .

' BIOCHEMICAL OXYGEN 
NUMBER . - DEMAND, mg/1

SAMPLE LOCATION OF SAMPLES . MAXIMUM MINIMUM MEAN

POND INFLUENT 3 10.1 3.6 7.8
SURFACE OF POND 3 8.6 7.4 7.9.
POND EFFLUENT 3 11.2 4.1 8.6
FILTER DEPTH, FT

0 4 10.1 2.3 4.8
1 3 7.0 2.3 5.0
2 4 4.3 2.8 3.6
3 5 5.2 2.2 3.6
4 3 6.9 2.4 4.2
5 2 11.5 8.2 9.8
6 4 22.0 3.5 16.7

8 -  -  -  -  

9 6 5.1 0.2 2.5
10 5 8.6 1.7 4.0
11 4 5.0 1.4 2.7
12 4 2.5 1.0 2.0

- 13 . 4 3.1 1.1 1.8
14 ; 3 3.6 1.6 2.3

- “ 15 . - , 1 - . ■ - ■ 1.4
16 0 , - —  ■

. 17 . ... o , ■ . - - ' -
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negligible and no detectable amounts of NH^-N were found. . The nitrogen 
removals given in Table XVII were calculated by assuming that the total 
nitrogen of the pond influent and at the 0-ft level of the filter was 

the same in both phases of the study and that the organic nitrogen con
centration in the filter effluent was ,1.0 mg/1.

• Table XVII shows that the concentration, of all forms of nitrogen 

in the filter influent was reduced by 84 percent during the denitrification 
study, as compared with 25 percent during the initial phase of the study.
The concentration of all forms of nitrogen in the pond influent was reduced 
by 79 percent during the denitrificatioh study and 40 percent during the 

phase of the study without methanol addition. The nitrate concentration 
of the filter influent was reduced by 85 percent during the denitrification 

study.

Figure 11 shows that NO^-N decreased steadily throughout the 
filter during the denitrification study with no precipitious drop near 
the depth of CH^OH addition (seven feet). Apparently, the downward velocity 

of the wastewater in the filter was not enough to prevent the lighter 

methanol from rising. This resulted in denitrification occuring above 

the depth of methanol addition. ,

Table XVII indicates that the addition of air to the pond during 

the denitrification study caused nitrification in the pond and in the 

freeboard above the filter media to be greater during the denitrification 

study than during the initial phase of the study.
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TABLE XIX

THE EFFECT OF METHANOL ON
NITRATE-NITROGEN

SAMPLE LOCATION
NUMBER OF 
SAMPLES

NITRATE- 
MAXIMUM

-NITROGEN, mg/1 
MINIMUM

as N 
MEAN

POND INFLUENT 4 1.1 0 0.4
SURFACE OF POND 2 9.3 4.4 6.8
POND EFFLUENT 3 11.4 6.2 8.4
FILTER DEPTH, FT 

0 4 17.3 8.1 13.6
1 4 • 17.2 6.0 11.8
2 4 17.3 6.8 11.4
3 6 17.7 5.6 9.6

: 4 4 14.6 5.4 8.8
5 7 13.9 4.8 8.6
6 10 12.7 • 3.2 6.9

■ 7 ■ - ■ — -
'• 8 . -  ' . - - -

9 . 10 5.6 0.3 2.7
10 8 4.4 0.7 2.6
11 6 3.8 0.0 2.3
12 5 ■_ 2.2 . 0.4 1.3
13 3 1.8 0.2 1.7

, 14 1 - 3.1
15 3 3.9 0.4 2.0
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Discussion of Denitrification Study _

In this study, the feasibility of nitrogen removal from activated 

sludge effluent by methanol-induced denitrification was examined. The 

secondary effluent was held in an oxidation pond for two days and then 

filtered through a vertical flow, natural earth filter.' A methanol 
solution was added to the flow beneath the surface of the anaerobic 
filter. It was desired to add methanol to the flow in amounts slightly 

exceeding the stoichiometric relationship of methanol to nitrate-nitrogen. 

Because the methanol solution was added more slowly than desired, it is 

believed that the methanol: nitrate-nitrogen ratio maintained during
the study was very near to the stoichiometric ratio.

Since good nitrogen removal was obtained using low methanol 
nitrate-nitrogen rations, it appears this method, might be feasible on a 
larger scale. However, one significant problem that would have to be dealt 

with would be the achieving of sufficient mixing of the methanol solution. 

The filter used in the study was only 6 in. in diameter. In a larger 
size filter, mixing would be difficult to achieve. Because of the mixing 

problem, further investigation is recommended. One suggested method would 

be the use of two shallower filters in series. ■ The system should be con
structed so that the fluid in the conduits leading to the second filter 
and in the filter itself would remain anaerobic. The methanol would 
then be added to the flow in the closed conduits between the filters.

Mixing would occur more readily in this system since it would not be 
hampered by the soil.



CHAPTER V

SUMMARY AND CONCLUSIONS

This investigation was divided into two phases. In the first, 

the effects of a means of tertiary treatment on standard parameters of 

pollution were studied. Activated sludge effluent was held in an oxid

ation pond and the pond effluent was filtered through an anaerobic, 
vertical flow, natural earth filter. In the second phase, nitrogen re

moval by induced denitrification was studied. An artificial carbon 

source, methanol, was added to the flow beneath the surface of the filter.
In the first, phase of the study, 83 percent of the BOD and 99 

percent of the coliforms in the activated sludge effluent were removed
. <5 . -

by the system. However, nitrogen removal by the system was only 40 

percent and the filter removed only 25 percent of.the nitrogen applied 

to it. Virtually all of the reduction in these three parameters of 

pollution occurred in the pond and the upper depths of. the filter with 
the lower depths of the filter serving no useful purpose.

In the second phase of the study, methanol was injected into 
the filter in an attempt to increase nitrogen removal and make use of the 
lower depths of the filter. Nitrogen removal by the treatment was 84 
percent and BOD removal was 77 percent. The filter removed 79 percent of 
the nitrogen applied to it. Thus, adding methanol to the flow greatly 

increased the nitrogen removal and had little effect on removal of bio
chemical oxygen demand. . .

50



In conclusion/ it can be stated that this form of nitrogen re
moval can be successful if adequate mixing of the wastewater and methanol 

can be achieved. Because of engineering problems that would be encountered 

in attempts to achieve mixing within the filter, it is recommended that 

an investigation be made using two filters of lesser depth in series.

The system should be constructed so that flow through the second filter 

is anaerobic. The methanol would be added to the flow in closed conduits 

between the two filters. Mixing.would occur more readily since it would 

not be hampered by the.soil particles.
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