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INTRODUCTION

Livestock in the United States produce 2 billion tons of waste per
year or an animal population enuivalent to that of two billion people,
This production is divided among 48,6 million cattle, 57 million hogs,

3 billion poultry, and 20,9 million sheep(27),

Loehr (16) in discussing water pollution control lesislation pointed
out that when waste disposal is on land, nitrogen levels may well be the
limiting factor for the maximum amount of animal wastes that can be
applied to the soil, since soluble nitrocem in the form of nitrates can
percolate to the ground waters,

Keller and Smith (13) indicated that 30-50 percent of the rural
water supply samples they studied in Missouri contained more than 5 me,
per liter of nitrate (USPHS standard is 45 milligrams per liter of nitrate),
They rerorted that the main contaminating source was waste matter at the
gite of animal habitation, Smith (22) reported in 1965 that feedlots
were contaminating properly constructed deep wells whieh were located
close to feedlots, The high concentration of ammonia nitrogen in feed-
lot runoff and lagoon effluent contribute to the nitrate concentration
in surface waters when the ammonia is oxidized, This contamination of
water supplies is important, If these waters are consumed by small
habies, death may result,

Stewart et al (25) in 1967 reported that nitrates were moving
through the soil and into ground water supplies under both feedlots and
irrigated fields in crops, exeluding alfalfa,

It is evident that arriculture is pollutings the envirorment. Tt
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is also evident that nitrates are contributing to the contamination of
some ground water supplies. Miner (19) reported in 1966 that cattle
feedlot rumoff contained considerable amounts of ammonia nitrogen, This
provides a potential source of nitrogen for nitrification and the for-
mation of nitrates,

The nitrate ion is very mobile and is therefore readily transported
through the soil profile, The soil would provide an excellent media to
dispose of animal wastes if the bacteria could biclogically reduce the
nitrates to nitrogen gas, The problem is to determine the conditions

under which denitrification will occur,

PURPOSE

The purpose of this research was to further develop ecuipment so
that a nitrogen balance could be run on a laboratory soil system., The
primary objective was to determine under what conditions denitrification
would occur when a soil is provided with large amounts of nitrosen carry-

ing organic matter,
REVIEW OF LITERATURE

Nitrogen removal by the process of mierobial denitrification has
been a topic of research for many years, Much research has been done
to determine the various steps that occur as nitrates are transformed
to nitrogen gas (molecular nitrogen). There is general agreement that
denitrification will occur when anaerobic conditions exist, This con-~
cept holds true for soil systems and liouid waste treatment systems,

There exists a school of thought which holds that in a permeable soil



it is impossible for denitrificationto occur., This precludes the
possibility that wones of anaerobiosis occur.

Since many literature reviews exist on the processes of mineral-
ization, nitrification, and denitrification, only & summary of the
processes will be included in this thesis. A few examples of denitri-
fication in biological waste treatment systems will be included to show
the similarity between the soil &nd biological waste treatment systems,

A small portion of the total nitrogen in the nitrogen cycle is
present in an available form for plant life at any one time (7)., Most
of it is tied up in plants that use it for synthesis and animals that
feed on the plants. Ninety-eipght percent of the nitrogen in the scil
occurs in the organic form. Inorgenic nitrogen rarely exceeds 2 to 3
percent of the total soil nitrogen,

Mineralization of nitrogen from fresh organic residues or from the
more stable humus fractions is dependent upon & mumber of environmental
factors. Physical and chemical conditions of the soil habitat, such as
moisture, pH, 2eration, temperature, the total nitrogen status of the
soil, and the inorganic mrtrient supply, will govern the activities of
the scil flora and the rate of mineraligzation,

The cepacity of soil microcrgenisms to convert ammonia teo nitrate
is of utmost significance. This secuence of events is termed nitrification,
Ammonia is oxidized to nitrite and the nitrite is oxidized to nitrate,.

The intermediste steps between thece states are still somewhat in doubt,

Denitrification has been defined as the bioleosicel reduction of

nitrate to nitrite to molecular nitrogen or the oxides of nitrojen,
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The process results in the escape of nitrogen into the atmosphere,
This mechanism has been known for nearly a century. 3Since that time,
researchers have determined that when denitrifiecation occurs there
must be an energy source for the bacteria to utilize, and the oxygen
concentration must be low,

Use of the soil as a disposal medium for wastes containing high
concentratiorsof nitrogenous materials will require that the nitrogen
which reaches the nitrate stage be converted to a form that will not
rapidly, move through the soil profile., The avenues of escape would be
for nitrates to be converted to molecular nitrogen or the wvolatilzation
of nitrogen as ammonia.

Koelliker (15) reported an 8C percent reduction in total nitrogen
concentration when swine finishing wastes were applied by sprinkler
irrigation to plots of fescue grass., It was assumed that nitrogen was
lost due to denitrification,

Gillham and Webber (11) conducted a study to determine the auantity
of inorganic nitrogen reaching the groundwater from a particular barn-
yard, and to examine various factors affecting the extent of the result-
ing contaminated zone of groundwater. Several observation wells were
installed to measure the water quality. The ground water was flowing
beneath the barnyard, so it was possible to monitor the amount of in-
organic nitrogen added by the barnvards.

Nitrogen gas is present in the atmosphere; therefore, the demon-
stration of molecular nitrogen release is diffieult to show, Because
of meagurement difficulties, field experiments usually involve the

measurement of nitrogen losses over a long period of time. The



preparation of a soil nitrogen balance recuires that precise data
be available on the cuantity of nitrogen put into a system and that
leaving the system via leaching and volatilization.

Allison ( 2 ) discussed several examples of lvsimeter research
conducted since 1910, TFxperiments were conducted at Tthaca, New York,
for long periods of time, During a 15 vear period, two veretable crors
were grown per year plus the growing of rye as a winter cover crop,
Twenty-five percent of the nitrogen could not be accounted for in the
nitrogen balance, Experiments at Geneva, New York, indicated losses
of 17-36 percent of the available nitrogen to a rotation of timothy,
barley, and wheat, It was concluded that deficits of nitrogen escaped
to the atmosphere, T¥xperiments conducted at Windsor, Connecticut,
Knoxville, Tennessee, and Riverside, California, reported that 15 to
20 perecent of the total nitrogen could not be accounted for.

Greenhouse experiments conducted using clay pots have the ad-
vantage over field lysimeters in that drainage losses are prevented,
Both the lysimeter and the clay pot method rely upon the deficit of
nitrogen to show that denitrification occurs, The unaccounted fraction
presumably is lost by chemical and biologieal wolatilization, Four
methods of volatilization have been proposed and are listed as follows:

a) nonbiological losses of ammoniaj;

b) chemical decomposition of nitrite under acid conditions to

yield nitrogen oxides;

c) production of molecular nitrogen by the nonenzymatic reaction

of nitrous acid with ammonia or the amino acids; and

d) mierobial denitrification leading to the liberation of the



molecular nitrogen and nitrous oxides.

The previous methods described all use the concept of chemistry
by difference., P.J, Ross et al (20) developed a gas tight growth chamber
to investigate gaseous nitrogen changes that occcur in the soil-plant-
atmosphere system, Atmospheric air was replaced with argon and oxygen
(75% ergon and 25% oxygen), Isotopes of nitrogen were used in the nitro-
gen added to the system, This allowed the tracing of the N15 iso=-
topes when the ges was analyzed with the mass spectrometer. Plants
grown in the sealed chember were analyzed for total nitrogen, and then
redistilled for isctope ratio analysis. This type of system allowed
experiments of up to 30 days in length.

Stefanson and Greenland (23) conducted an experiment using a sealed
soil-plant system, Atmospheric air was replaced with a8 mixture of
argon and oxygen. This enabled the detection of small amounts of evolved
nitrogen, The gaseous components were analyzed using a gas chromatograph,

George (10) designed a system to study denitrification in the
laboratory, The system was designed so ithat water samples in the pro-
filé could be taken automatically. The gas anslysis system was auto=-
mated, He was unable to quantify the flow of gas passing through the
system, buu was able to show 2 loss of nitrogen from the seil-water-
manure system,

Meek et &l (17) analyzed the relation of dissolved oxygen, soluble
carbon, and redox potential to the movement of nitrate in scil columns,
Disappearance of nitrate was associsted with decreases in redox po=-
tential, oxygen content of the soil solution, and oxygen concentration in

the soil atmosphere, Denitrification occured without submergence



if the redox potential was sufficiently low, The studv demonstrated
that periodic drying increased soluble carbon in the soil solution,
This promotes denitrification,

Growth of the micro-organisms concerned in denitrification is not
dependent upon the reduction of nitrate, Bacteria are active in many
other tranasformations, Arable fields contain an abundance of dentrifvy-
ing micro-orranisms., Hence, the potential for wvolatilization is
enormous, but the conditions must be suitable for a denitrifying type
of metabolism for the bacteria ( 1).

As early as 1950 investigators began to consider the denitrification
process as a means of removing nitrogen from sewage and industrial waste

water, Table 1 gives possible sources,

TABLE 1 Nitrogen Removal Processes (21)

Biological Chemical Fhysical
Biological treatment Ton exchange Ammonia stripping
Anaerobiec denitrifi- Electrochemical treat- Reverse osmosis
cation ment.

Algae harvesting Fleectrodialysis Distillation

Land appliecation

The existence of nitrates in a waste water is essential if the

denitrification process is to work. Many schemes have been used to
remove nitrates in waste treatment svstems, The basic scheme is to
aerate the liguid waste and put it through an anaerobic stage, The
aeration and the bacteria cause nitrifiecation, The anaerobiec stare

causes the nitrates to be converted to molecular nitrosen,



One of the vroblems in the operation of the denitrification
process is in the control procedures necessary for maintaining continu-
ous nitrification and denitrification.

Sherman and MacRae (2)) studied the reduction of nitrate by

adaptive cells of pseudomonas denitrificanis in relation to the oxXygen

concentration in the surrownding fluid. No nitrate reduction ocecurred
when oxygen was continually present at low concentrations, It anpears
that the competition between oxygen and nitrate for the donor electrons
so favors the oxygen that nitrate reduction only oecurs when the supply
of oxygen is inadeguate to meet the demand.

Bollag et al ( 8) isolated several reducing organisms from the
scil, The orpanisms were compared under various envirommental conditions.
Varicus combinations of bacterias revealed that interactions occur among
the mierobes during growth in relation to their denitrifying activity,

Isclated cases have shown that denitrification can occur in waste
treatment systems., Some research has been done with bioclogical sewage
treatment systems to remove nitrogen from the effluent, Young and
Bungay (26) used 2 grams per liter of powdered iron at various pH levels
to remove nitrates from sewage effluent, Ammonia was the prineipal end
product in each case, Because of the low pH reouired, it is unlikely
the process could be used on a large scale,

Pilot scale studies have shown that modification of the activated
sludge process to include controlled zones of anaerobiosis, provides
removal of 80 percent of the nfluent nitrogen. Barth et al ( 5) con-

ducted a series of field surveys to destermine whether deliberate



modification might increase nitrogen removal in municipal plants or
whether the pilot plant data was atypical, Five plants were used for
sample points in the study. Nitrogen balances were calkulated for each
of the plants, The inability to control process variables effectively
makes more efficient nitrogen removal by medification of existing
structures unlikely. The results demonstrated that denitrification was
possible if oxidized nitrogen was present,

Johnson and Schroepfer (12) conducted a laboratory experiment on
sewage effluent to investigate a biochemical, denitrification process
for nitrogen removal. Appreciable nitrification is obtained in the
activated sludge process, The dissolved oxygen coneentration in the
mixed liowor appears to be an important factor, Several batch denitri-
Tication tests were conducted to determine the rate of denitrification
in an activated sludge unit, Tt was found that by addine raw waste
to mixed liquor in the ratio of 1:5 the nitrate nitrogen was depleted
in approximately 3 hours; while the ammonia nitrogen increased to 6 mg
per 1. The rate of denitrification was extremely low without the addition
of raw waste,

Balkrishnan and Fckenfelder { &) observed that in an activated
sludge process an oxygen concentration of 6 mg per 1 not only preserved
but increased the nitrate concentration. There was good correlation
between the rate of denitrification and the rate of total crganie carbon
removed. The factors important in denitrification are the presence of
oxygen, amount and type of organic material, concentration of nitrate

in the substrate, and solids concentratien,
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In conventional waste treatment processes, when nitrification
is complete, little easily degradable organic carbon remains and
organisms at the mixed licuor exit are not in active metabolism, Sever-
al process modifications have been attempted to supplv organie carbon
and stimulate the organisms by diverting a portion of some oreganiec rich
inplant stream to mix with the nitrified process stream. Barth et al
(ly) combined the activated sludge process with the addition of methvl
alecohol to force denitrification. The alcohol supplies a source of
soluble carbon that the bacteria can readily oxidize.,

Seidel and Crites (21) conducted a pilot rlant study to test a
denitrification system. They used an anaerobic filter with the injeetion
of methansl at the entrance of the filter, They were able to remove
90 percent of the inorganic nitrogen with a detention time of 1,5 hours,
The upflow anaerobiec filter gave the best overall results,

Koelliker and Miner (15) conducted a study to determine the amount
of denitrification in swine oxidation ditch wastes when a dailv addition
of raw manure feed was made, Thev concluded that the orpanic ecarbon in
a well nitrified effluent from swine waste treatment is not sufficient
as an organic carbon source for denitrifying bacteria, Nitrified swine
wastes can be denitrified by adding raw swine manure to nitrified
effluent at a feed rate of BOD5 = 3,26 NO3-N,

Summary of Literature

The comparison of denitrification in a soil system and in a liquid
waste treatment svstem would seem to show that many common factors

exist, They are as follows:
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1) Both require a source of soluble carbon;

2) Both rely upon a period of anaerobiosis;

3) Both require nitrification as a necessity for denitrification

and;

L) Poth are difficult to control process wise,
Experimental methods include lysimeter studies, eclay pot studies in
greenhouses, sealed soil columms (static system), and soil columns
{dynamic system} with gas lysimetry., The sealed system and the soil
column with gas lysimetry are unique, They allow the total quantifica-
tion of nitrogen in the soil-water system, This allows the researcher

to get away from the concept of chemistry by difference,

EQUIPMENT

The basic system used in this experiment was desigmed in 1969 by
George (10). The driving force of the system is a tubing pump (See
Figure 1), The controller for the motor allows variation of speed
through a wide range. This allows considerable versatility for various
envirormental conditions,

The tubing pump, F, draws the atmosphere from the soil ecolumn, O,
The air then passes through a caleium stilfate drying tube, G, This
provides dry air for chromatographic, H, analysis, The gas then
passes into an air displacement column, B,

A sensing device was necessary to determine the pressure changes
in the air displacement column, B. A mercury manometer, D, was equipped
with small wire electrodes to function as a switeh., The mechanism

described is for the output side of the system, As the tubing pump, F,






LEGEND FOR FIGURE 1

A - 0il Reservoir

B - Air Column

C - Soil Column

D - Mercury Manometers
FE - Sample Flasgks

F - Vacuum Pump

G = Drying Tube

H - Gas Chromatograph
I - Solenoid Valve

J -~ Relay

K - 110 Volt Source

L - 24 Yolt Source
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removed air from the soil profile, C, pressvre was inereased in the air
colum, This moved the mercury up to the wire contacts, The cireunit
through the mercury was made, energizing a normally c¢losed relay and

completing the eircuit to the solencid valve, T The solenoid valve

o
opened and allowed oil to flow out of the air column, By, until the
pressure equalized and the mercury switch, D, broke contact. Making
the contaet through the mercury caused the solenoid valve, I,s to close,
The reverse process cccurs on the Iimput side of the system,

The flow to oil through the solenoid wvalve, I, and into storage

o
tank, A,, provided a method to drive the wet test meter., As air was dis-
placed from the reservoir, A , it was forced into the wet test meter,
This caused the hand on the meter to move and make contact with the
brush contact, When contact was made, the eontrol cireuit (10) was
activated, This activated an integral gas sampling valve on the gas
chromatograph, Within the control eircuit, a reset timer was activated
which activated the recorder, This allowed the output gas to be sampled
automatiecally.

A Fisher - Hamilton Model 29 Gas Partitioner with a 1 millivolt
recorder was used to monitor the gas removed from the soil system,
Samples were injected into the partitioner at two-one hundredths cubic
feet intervals,

The Model 29 Gas Partitioner employs a dual column, dual detector
chromatographic system to separate and measure carbon dioxide, nitrogen,
methane, and carbon monoxide,

The first gas separation column was 6 feet long and 1/} ineh in
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diameter, It was packed with di-2-ethyl-hexyvlsebacate on 60-80 mesh
column pack, The second column was 6,5 feet long, 3/16 inch in
diameter, and was packed with 42-60 mesh molecular sieve, As each gas
passed one of the detecting thermistors, it produced an electrical
gignal which was amplified and recorded by an auwvxiliary recorder, TFach
separated conponent produces a peak on the recorded chromatogram, The
height of the peak was proportional to the coneentration of the compound
that produced it; the time at which the peak appears identifies the
compound,

A sample component was quantatively determined by comparine its
peak height with that of a standard, Before each weekly run was started,
it was necessary to run a stendard air sample,

The ccncentraotion of the unknown components was determined by using
the following equation:

c(s) = | H(S }C(STD)

H(STD)

¢(s) = Concentration of sample component percent by volume,

C(STD)= Concentration of standard component percent by volume,

H(S) = Peak height of sample comnonent, and

H(STD)= Peak height of standard component,

A plexiglass eylinder with an inside diameter of 8.5 inches and
72 inches long was used as the module for the soil, The ends of the
cylinder were faced with a lathe to insure a good geal, The hottom
plate was permanently glued to the end of the plexiplass evlinder,

Studs were glued to the inside of the bottom of the cylinder so that a

perforated metal plate could be used to support the soil, Fasteners
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were fabricated to provide a method to secure the ton 1id of the column
and make it possible to remove the top lid, The top 1lid was sealed
with Formica Brand 140 Adhesive,

Air brought into the column was injeected through ports in the top
lid of the column. Weekly additions of distilled water were added
through a port in the top lid of the colum, The wall of the ecylinder
was fabricated so that samples of the water could be removed through
samplers at specified points in the profile. Tensiometers were used
in an attempt to monitor the soil moisture content.

An automatic control panel designed by Mensch and Reece (18) was
used to control equiprment that extracted water from the soil-water
system, The controller operates on 24 volt D,C. Mimtte and second
pulse generators in the counting system make it nossible to measure
time from one second to 99 minutes, The basic purrose of the control
panel was to control the tubing pump and solenoid clamps that allow
one point to be sampled at a time. The water samnles were drawn from
the soil column by a tubing pump., The suction line from each of the 13
collection flasks ran through a solenoid operated pinch clamp to a
common suction line, which led through the tubing pump and the gas
chromatograph., The automatic control panel made it possible to control
the tubing pump and the solenoid clamps so that the suction lines to
each sample bottle could be opened separately,

Frlemmeyer flasks, E, containing sulfuric acid were used to trap
water samples, FElectrodes with 110 volt notential between them were
used to by pass a full sample hottle, The water level in the Trlen-

meyer flasks makes contact with the electrodes, eomnleting a relay
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circuit, and the controller advances to the next step,

This system provides for water sampling, gas sampling and analvsis,
and gas quantification, Water samples are trapped in Frlemmeyer flasks
The chromatograph determines the concentration of carton dioxide, oxygen,
nitrogen, and methane, The air colums allow the volume of air to be
measured as it moves into and out of the s0il system, TPhotograrhs of the
equipment are presented in Plate T and Flate 11,

PROCFDURES

The s0il used in the system was a loamy sand found in the Himter's
Island area south of Manhattan, Kansas, It was sieved throush a coarse
sereen to remove large sticks and stones, The soil was weighed and
placed in the nlexiglass cylinder, S$»il was added wntil the depth was
approximately 60 inches,

The soil was compacted by allowing distilled water to flow up through
the soil profile until the water level was above the top of the soil, The
water was then released and the soll was allowed to settle for 5 days,

The alternate wetting and drying was continued for 21 days, This allowed
the soil to settle uniformly,

Soil cores were removed at 12 roints in the soil nrofile, after the
profile was settled, and fritted glass samplers were inserted, A commosite
of the cores removed from the column was a»alvzed for nitroren forms,

A layer of air dry manure ervivalent to 50 tons per aere{oven dry basis)
wag added to the soil system, The manure was covered with 4 inches of snil,
The top was then placed on the colum and sealed,

The control panel was set so that sample points 1 through 13 could
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be sampled every two minutes, This secuence was used until the sample
bottles contained enough liquid for proper laboratory analysis, A
second sequence was used to extract air and water during the remainder
of the test run. This seauence extracted a sample from point 13 every
2), minutes,

Water samples were trapped in Brlenmeyer flasks containing sulfuriec
acid., The acid stopred all biclorical action and trapped the ammonia,

The experiment was started on 25 Aupust 1970 and was continued
until 23 December 1970, TFour and one-half liters of distilled water
were added to the soil for the first run and three armd one-half 1liters
were added for each of the next 16 runs, This was ecuivalent to 3.75
inches per week,

After 17 test runs of 1 week duration, the soil was sampled at 4
inch intervals and analyzed for organic matter, vH, and nitrosen forms,
The manure layer was separated and also analyzed for nitrogen farms,

Soil-Water OQuality Analysis

S0il samples in this experiment were analyzed for pH, organic
matter, ammonia nitrogen, nitrate nitrogen, and total nitrogen by the
Kansas State Soil Testing Laboratory., The results are tabulated in
the appendix,

“Yater samples rere analyzed in the Sanitarv Fnrineerirg laboratory
at Kansas State University. Nitrates were determined using the Brucine
test (see Standard Methods), nitrites were determined using the Hach
Kit, and ammonia was determined using the direct nesslerization

technique (see Standard Methods). The water samples were also analyzed



for Chemical Oxygen Demand and Biological Oxygen Demand according to

procedures outlined in Standard Methods (3),
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FXPLANATION OF FLATE 1

Fig. 1 Stand used to support scil column and mechanism to
allow rotation of soil column for removal of soil
from column

Fig., 2 lmpty scil column with sampling positions denoted
by rubber stoppers



THIS BOOK
CONTAINS
NUMEROUS
PICTURES THAT
ARE ATTACHED
TO DOCUMENTS
CROOKED.

THIS IS AS
RECEIVED FROM
CUSTOMER.



PLATE I

e e R O e

2

FIG,

1

FIG,



23



Pig, 1

Fig, 2

EXPLANATION OF PLATW 2

Gas chromatograph and recorder used for gas analysis

Seil eolumn with soil and manure in place with the
input air displacement column located to the richt of
the soil column
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RESULTS

The collection of data to evaluate denitrification in a laboratory soil
column was continued for 17 weeks(Fxperiment 1), Graphs showm in Figures 2
through 22 explain some of the events that occurred in experiment 1, During
this time various problems cecurred, The major problem being that of mal-
functioning salenoid valves, This allowed the oil in the outrut air dis-
placement column to be drained into the storage reservoir, The water sampling
system, the gas sampling system and the gas measurement system performed
satisfactorily.

The composite soil sample taken before the experiment started contained
747 ppm of nitrate nitrogen, 2,34 ppm of amronimm nitrogen and 00,0275 percent
total nitrogen(organic-N + ammonium-N}, Figure 3 shows a plot of the final
NHh-N and NOB-N from the soil analysis, This indicates inecreased nitrifiecation
at the bottom of the eolumn, The soil eolumn eontained 75,526 kiloerams of
oven dry soil, The soii contained 21,29 grams of nitrogen and the manure
contained 6,86 grams of nitrogen for a total of 28,15 grams of nitrogen in the
soil-manure~system{Table 2), The nitrate nitrogen was a very small contributor
to the total mass of nitrogen in the system, A final analysis of the soil after
17 test runs indieated that the average nitrate nitrogen concentration was 5,31
ppm, the average armonium nitrogen concentration was 5,82 ppm, and the average
total nitrogen content was 0,0296 percent, The manure lost 5,29 grams of
nitroren and the soil gained 1,42 grams of nitropen for a net loss of 3,87 grams
of nitrogen, Approximately 79.6 percent of the nitrosen lost from the system
wasg due to leaching with the remaining 20 percent due to denitrifieation,
Considering the total amount of nitrogen in the soil and manure, 2,8 percent was
lost due to denitrification and 10,94 percent was lost due to leaching for a

total loss of 13,74 percent,



26

TABLE 2

NITROGEN BALANCE SHEFRT

Initial Nitrogen:

Soil 21,29 grams

Manure 6,86 grams

Total 28,15 pgrans
Final Nitrogen:

Soil 22,71 grams

Manure 1.57 grams

Total 2,.28 grams
Nitrogen Removed in HZO 3.08 grams
Nitrogen Removed in air (0,79 grams)
Change in soil nitrogen content = +1.,42 grams
Losa of nitrogen from menure = 5,29 pgrams
Net loss from manure and soil = 3,87 grams

Percent leached from bottom of soil column= 79,6 percent



27

The ammonia concentration was initially high in the water samples
immediately below the manure layer. This high concentration of ammonia
moved down the soil profile, When the experiment was stormed after 17
weeks, the ammonia concentration was negligible in all water samvles,
The maximum ammonia concentration was 110,00 ppm, the maximm nitrate
nitrogen concentration was 207,00 ppm and the maximum nitrite nitrosgen
concentration wvas 87,50ppm for the 17 test runs.

The nitrate nitrogen concentration was originally high at the upper
level of the column, but decreased to negligible concentrations during
run 5 and began increasing as new nitrates were formed, This is easily
seen in the average nitrate and ammonia nitrogen concentrations in the
water samples for the 17 test runs (Fig., 2 and Fig. 5). Figsure 5 in-
dicates that nitrification was occurring. The initial high nitrate econ-
centration decreased to acceptable concentratiorsdurine mm 3(10 mg/1
NOg-N). During run 5 (Fig.1C) the average nitrate nitroren concentration
started increasing, The average ammonia concentration inereased to a
peak during run 3 (Fig.8). This means that the mierooresanisms in the
soil were transforming the organic nitroren to ammonia and then after a
short delay the ammonia was converted to nitrate and leached out of the
soil e¢olumn, As the mineralization of nitrogen decreased, the nitrifi-
cation rapidly increased for a short period of time and then started
decreasing, This is reasonable to e pect because of the lack of
ammonia to convert to nitrate.

This leads to an assessment of the nitrate and armonia movement
in the water samples during each test run. Data are presented in Figures
6-22, During run 1 (Fig, 6) the distribution shows no definite trend.

This is attributed to the initial concentration of nitrate nitroren
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in the soil, During run 2 (Fig., 7) the nitrate concentration leveled
out with most of the initial nitrates having moved nut of the soil
colum (Fig. 7). The ammonia concentration during run 2 increased to
146 ppm at sample point 2, This was exvected in the area directly helow
the manure layer. During runs 3, 4, and % the nitrate concentrations
drooped to a constant level of 1-3 pom for all the samnling points in
the column, The ammonia concentration was at one of its highest levels
during run 3 (196 ppm) and decreased to 106 ppm in run 5,

The nitrate nitrogen began inereasing during rm 6 (Fig.1l) with
the maximum concentration being 9.5 ppm. Sample points 8-13 showed no
inerease in nitrate nitrogen, The ammonia concentration was highest in
the fir st 7 sample points, The maximum nitrate nitrogen concentration
moved down to sample point 2 during rmn 10 (Fig.15) and the ammonia
moved down to sample point A. During the first 10 runs the ammonia
moved ahead of the nitrate nitrosen, During run 11 (Fig,lA) the maximum
nitrate concentration moved ahead of the armonia nitroeen, This same
trend was exhibited in run 12, with the downward movement of both the
ammonia and the nitrate nitrogen, The ammonia concentration in run 13
moved slightly ahead of the nitrate nitrogen, During run 13 the maximum
ammonia concentration was at sample roint 11 with the maximum nitrate
nitrogen at sample point 10,

The maximum hitrate nitrogen amd ammonia nitrogen moved to sample
point 12 during run 14 (Fig,19). During run 15 (Fig.20) the major cuan-
tity of nitrate nitrogen moved out of the s0il colum, The ammonia de-

creased to negligible concentration in the first 11 sample points, The
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nitrate concentration decreased little in runs 14 (Fig,?l) and 17 (Fig,
22). The concentrations leveled out so that the nitrate nitroren plot
was linear with respect te the sample points, The ammonia eonecentration
dropped to an averaze concentration of less than 1 ppm durine the last
run (17}.

This analysis of the water samples has indicated that the ammonia
moved ahead of the nitrate nitrosen until run 11, During runs 12-17
the ammonia and nitrate nitrogen moved through and nut of the soil
column at about the same rate, The ammonia continually decreased as
the runs continued,

The CON analysis of the water samnles showed no decrease with
{See Table 12) depth as Koelliker (1L) described in his field studv of
the renovation of liguid swine wastes, The COD data taken with respect
to depth was very erratic., The averape decrease in COD per run (Fig.h)
was expected because organic matter was being removed and none was being
added.,

Analysis of the gas data indicated that the pas concentration
measurerents were in error, The analysis indicated an excess of about
9 grams of nitrogen. The volume of gas being measured was large com-
pared to the change in nitrogen concentration in the air, A small
error in the nitrogen gas concentration measurement results in a large
error when it is considered that only 0,79 grams of nitrogen were un-
accounted for in tlie soil, manure, and leachate,

This leads us to the next step in this research, The atomsnhere
contains 78 percent nitrocen and 21 percent oxvpen by volume, The
literature indicates that a synthetic atmosphere should be used to

replace the normal atmosphere,



43

FEXFRRIMINT 2

A trial vun was made to evaluate the use of the Fisher/Hamilton
Model 29 Gas Partitioner with a synthetic atmosphere of helium and oxygen
(80% He, 20% 05), The same equipment was used in the experiment as in the
first experiment, The s0il used in exreriment 1 was removed from the soil
column, sieved, dried and placed back into the soil eolumn for experiment 2,
Water samples were analyzed for nitrate, nitrite and ammonia as deseribed
in the procedures for experiment 1,

The initial composite soil sample had a nitrate concentration of
8.5 ppm, an ammonium concentration of 16,1 ppm and a total nitrogen
content of 0,0298 percent, The final soil analvsis showed that the
average nitrate concentration was 1,83 ppm, the ammonium concentration
was 15,9 ppm and the average total nitrogen content was 0,0356 percent
(TABIE 14),

The chemieal oxygen demand inereased to 8344 ppm durine run 3{TARLF 13)
The biological oxygen demand for rum 3 was roughly‘IEOO prm, The literature
indicates that the COD-BOD ratio is in the range of 6 to 15, The ratio
from run 3 was 6,9, which is within values riven in the literature,

The soil initially contained 0,55 grams of nitrate nitrogen and
19,28 grams of total nitrogen(organic-N + ammonium~N) for a total of
19,83 grams of nitrogen, The manure initially contained 0,05 grams of
nitrate nitrogen and 6,81 grams of total nitrogen{organic~N + ammonium-N)
for a total of 6,85 grams, This gives a total for the manure and soil of

26,69 grams of nitrogen,



In the final soil analysis, the soil contained 0,122 grams of
nitrate nitrogen and 23,03 grams of total nitropen(organic~N + ammonium-N),
The manure contained 2,80 grams of nitrogen in the final analysis, This
gives a total of 25,95 grams of nitrogen, The difference between the initial
and final content of the soil and manure was 0,74 grams, This means that
the rest of the nitrogen was lost due to denitrification, ammonia
volatilization, or leaching,

An analysis of the water showed that 0,210 grams of nitrate nitrogen,
0,176 grams of ammonia nitrogen,and 0,008 grams of nitrite nitrogen were
lost due to leaching (0,400 grams total), Approximately one~half of the
nitrogen was lost due to volatilization and denitrifieation (L6 vercent),
The remaining 54 perecent was leached out of the soil ecolumn,

During the second experiment the chromatoeraph was not able to
completely separate the components in the gas that was injected ihto it,
There was also a very large difference in the input and output wvolumes
from the soil column, It is possible that a leak developed because the
peak heights from the chromatograph during run 3 looked like those of

atmospheric air,

CONCLI'SIONS
The objectives set ocut for in experiment 1 were not reached, A
nitrogen balance was not possible, The gas measurement system provided
a satisfactory balance of input and outout rases for exmeriment 1, but
not experiment 2,

A very small amount of the nitrogen in the svetem was lost due to
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denitrification (0,79 grams - experiment 1), The system was held at
aerobic conditions for the 17 test runs, This was internerted to mean
that no anaerobic pockets existed, The chromatoszraph used for the analysis
of the gases did not have the necessary accuracy to correctly measure
the small changes in nitrogen concentration, The soil svstem in the
first experiment was held at near aerobic conditions for the entire
experiment, This was why the amount of denitrification was low as compared
to gystems having an anaerobic period and then an aerohie period,

The movement of the ammonia is very much like that deseribed by
George (10), The nitrates followed the armonia through the first 10
runs, During the remainine 7 runs the nitrate and ammonia moved to-
gether with the nitrate nitrogen at times moving ahead of the ammonia
nitrogen,

During the second experiment the system was held at anaerchie
conditions, The soil-manure system lost 0,34 grams of nitrogen due
to denitrification or ammonia volatilization,

It has been demonstrated that the gas chromatograrh is not
capable of accurately separating the gases involved so that a nitro-
gen balanece could be attained, The next step would be to use a
synthetic atmosphere (He, 05) and analyze the output gas on a mass

spectrometer,
SUAGESTTONS FCR FURTHER STUDY

The eruvipment used in this research has shown that it can be used
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to cuantify the movement of nitrogen in the soil, It can also be used
to measure the volume of input and output of gas from a soil system,

The gas chromatograph should be removed from the eirecuit, The
gas sample should then be taken as a composite from the air displace-
ment column and the sample analyzed with a more sophisticated ras
chromatograph or a mass spectrometer, This is needed to show that
the system is capable of providing a total nitrogen balance,

The next step would he to set up a series of 3 colwms with 2
loading rates of manure with one application rate of water or to hold
the manure loading rate constant and vary the water apnlication rate,
The present equipment with modifications could be used, The available
egquinment would also allow the water table to be varied, The various
rates of manure application and water ammlication would help to make
predictions concerning movement of nitrate into the ground water,
This data could be correlated with field studies involving various
manure application rates,

It has been shown in research with licuid waste treatment
systems that soluble energy sources for the bacteria usually are the
limiting factor in denitrification, If this is true, it is possible
that bacteria denitrifying animal wastes in the soil are limited in
available energy., The rate of oxvgen uptake would be an indicator of
the energy available. Several methods exist for determining the
oxXygen uptake rate. They include eontinuous monitoring of dissolved
oxygen uptake with a dissolved oxveen probe, the Hach BOD manometer,

or the nse of a %Warburg manometer.
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TABLE 14
Nitrogen Balance for Experiment 2

Initial Nitrogen

Seil
Manure
Sum
Final Nitrogen
Soil
Manure
Sum
Nitrogen lost from system =

Nitrogen lost due to leaching

Nitrogen lost in gas

Percent lost to leaching

19,83 grams
6.86
26,69

0.7, grams
0,40 prams
? (0.34 grams)

54 percent
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ABSTRACT

A study to determine the factors affeecting denitrifiecation in a
laboratory soil column was conducted, Loamy sand was selected as the
soil for the study. A layer of air dry manure was placed in the soil
four inches below the soil surface, at the rate of 50 tons per acre,

Previous research at Kansas State University indicated that it
was possible for denitrification to occur when periods of anaerobiosis
ocecured, With this in mind, the first experiment was conducted at
aerobic conditions for 17 weeks, A second experiment was conducted
at anaerobie conditions for 3 weeks., "ater was added at the rate of
3,75 inches per week for both experiments,

During Run é of FExperiment 1 the nitrate concentration in the
water samples started increasing, This continued until Run 12, The
nitrate econcentration steadily decreased during the remainder of
Experiment 1, The ammonia concentration moved down the column ahead
of the nitrate nitrogen during the first 10 runs of Fxperiment 1. The
ammonia and nitrate nitrogen moved at about the same rate during the
last 7 rmms.

The soil gained in nitrogen concentration during Fxperiment 1
and the manure lost about 75 percent of the organiec and ammonia nitroeen,
A majority of the nitrogen lost from the system was due to leaching,
Denitrification or wolatilization accounted for about 20 percent of
the nitrogen lost from the system,

An air displacement column was used to measure the intermittent

gas flow, This provided a method to measure the input and output gases



from the soil column, but provided little help in the gas analysis,
because the Fischer/Hamilton Model 29 Gas Partitioner provided poor
quantitative results, Analysis of the data provided an execess of 9
grams of nitrogen for the nitrogen balance,

The second part of the experiment consisted of purging the soil
colum of atmospheric air and replacing it with 80 percent helium and
20 percent oxygen. It was hypothesized that the chromatograph would
be able to detect the change in nitrogen concentration when the input
gas contaihed 80 percent helium and 20 percent oxygen rather than 78
percent nitrogen and Z1 percent oxygen, During Run 3 of Fxperiment
2, a leak developed in the system, The nitrogen concentration jumped
to about 80 percent which would indicate that atmospheric air was
entering the system, There was a higher rate of nitropgen loss from
the soil eolumn in Experiment 2,

Two critical points have been considered, The first being when
continuous aerobic conditions exist and the second when the column is
maintained at continuwous anaerobic conditions, It appears that more
useful information could be determined (a total nitrogen balance) if
a better type of gas analyzing equipment were used., The best method
of gas analysis would be the mass spectrometer,

This system does provide a method to determine the rate of nitrate
movement through a soil profile, The rates of application of water to
the soll system in these two experiments have been high, The variation
of water application rates would give some insight into the rate of
nitrate movement into the ground water when correlated with field
studies, This data cbuld then be intervolated to other tvpes of soil

to give some meaningful informatior on nitrate movement in soil svstems.



