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ABSTR-ACT: 

Recalculation of an.existing numerical model for particle 

diffusion into air from ground-based sources for circular 

source plots of 7 m diameter show that a satisfactory 
1 

relationship between horizonta~ flux of the diffusing gas at 

a sIngle measuring height above the center of the plot and 

flux density from the plot can be defined. This' provides a 

sImple technique for comparing volatilization rates of NH3 

from treated and untreated manure in the field, under 

outdoor conditions. 

The technique h~s been applied to the study of effects on 

swine mfUlure (~11~ scrofa -- ..... --- .QQ~~~1if~~) by addition of mono-

"" pr/or calcium phosphate (MCP) to spreading. Mean NH3 - flux 
r 

densities during peak volatilization periods of the first 

three da ys after.spreading were lower for MCP-treated plots 

by an average of 17%, with a maximum reduction of 30%. .. 
Variabil1ty of results from short-term sampling int.ervals (1 

ta 2 'h) was high. This makes short-teri detection of 

differences of < 20% difficult by analysis of variance under 

the adopted experimental procedures. Observations for 

volatilization from source plots of equal source strength, 

source plots ~ith different degtees of diluti~ of applied 

~nure, wetted manure plots as weIl as separated manure 

permit a further 
1 

deflni tian of , the sensjttvity of ~he 

technique. Suggestions are given about possible reductions 
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Recalculation d'~ modèle numérique de diffusion déogaz vers 

l'atmosphère à partir de sources terrestr~s pour des 

parcelles sources circulaires d'un'diamètre de 7 m donne une 

relation quantitative entre le flux horizontal du gaz à un 

seul niveau au-dessus du centre de la parcelle source et le 

débit de gaz venant de la parcelle. Ceci a permis la mise-

au-point d'une technique simple pour la comparaison directe 

de la volatilisation au champ de l'ammoniac à partir du 

lisier épandu, , trai té ou non, sous des conditions 

naturelles. " 

Cette technique f été appliquée à l'étude de l'effet 

du traitement du lisier de porc (!y! !g~~f~ g9~~!!igy!) avec 

du phosphate monocalcique~ Les débits d'ammoniac à partir du 

lisier traité, durant la période de haute volatilisation des 

trois pre~iers jours àprès l'épandage, étaient en moyenne de 

17% inférieurs à ceux du lisier non-~raité, avec une 

.réduction maximum de 30%. La variabilité dans les 
. 

observations lors d'échantillonnages à fréquence courte (1 à 

2 h) s'avère très élevée, rendant difficile la détection de 

différences inférieures è 20%. Des observations .. 
supplémentaires sont présentées pour démontrer davantage la 

, .. 
variabilité des résultats (pour la volatilisation à partir. 

de parcelles 
\ 

1 technique ,;>our 

sources iden~iques) et la sensibilité de la 

la détection de différences significatives 

~ , ... 1 ) 
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1. INTR~DUCTION 

Animal manure was at one ~ime' the mafn source of 

" nutrients for crop production. ~he philosophy of livestock~ 

waste management was based on the concept of applying the 

man ure to the land so that the nutrIents could be recycled 
'\ 

through the plants. Amounts applied usually did not exceed , 

those favourable for crop productIon, with minimum rlsk of 

pollutIon. But ss the cost of labor increased and farm Slze 

expanded, manure began to be lookeo upon more as an 

agricultural .waste than a nutriënt resource. Recen~ly, 

however, the cost of commercIal fertlllzers has 

slgnlflcantly Increased to pOInt where manure is being 

regarded as an economlcally asible alternative source of 

nitrogen. 

Enough total 

annuallv ln the 

ni~rogenl(N) 
provine) lof 

from manure 15 produeed 

Ouebee to meet a' large 

percentage ai crop requiremen.ts 1 al though a slgnificant .. 

portion of this N is usually lost before it lS utilize\ by 

the plants ln the field. , 

Approximately one-half of the N in manu~ is found in 

the liquid portion in the form of ammonium (NH4~). Altho~gh 
.... 

soluble and therefore readily availabl~ for crop use, it is 

quite susceptible to 10ss through volatilization as ammonia 

(NH3), particularly during the first few days after field 
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application (Adriano et al., lS14j Lauer et al., 1976; ~Off 
et al." 1981: and Beauchamp et a1.,1982). 

It has become the responsibility of the . 
agrometeorologist, soil scientist, crop specialist and 

agricultural engineer to develop successful management 

strategies which can be easily ,adapted to conventional 

manuring techniques on the farm ln order to minimize 

nutrient losses. ~ 

Apart from the nutrlent losses, studies have shown that 

high atmospherlc NH3 concentrations cause the formation of 
. 

complex sulfates of NH3 which are components of smog and , 
acid rain (Dawson, 1977). Another problem ,associated with 

high concentrations of NH3 ln the atmosphere is that it 

cobtributes to the N enrichment ~ nearby surface water 

(Hutchinson and Viets, 1969) . 

The potential for NH3 volatilization has been stud~ed 

since the early part of the last century (Sprengel, 1839; 

. Bouss ingaul t, 1844) . Sel ter and Schollenberger (1938) 

indicated- that up to 50% of the total N'in ma~ure at the 

~ time of spreeding cou1d be lost through volatilization. 

Sub$equent investigations 
/ 

in laboratory and on 

partially-closed atmospheric chambers over field microplots 

have demonstrated volatilizàtion losses from manure ranging 

typically from 20 to 80~ of the NH3-N during the first 3 to 

5 days after application (e.g.~ Stewart, J970: Mathers and 
, 

stewart, 1970; Adriano et 19B1). It 

'. ' , ,'" , ,', 
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must be emphasized, however, that these experiments are not 

truly' representative of fiela situations sinee their flôw 

structure, whieh in turn controls the rate of transport, is 

substantially different from that of the natural 

environment. 

It is only recently that micromete~rological techniques 
' .. 
have become available to~measure surface volatilization of 

gases out-of-doors, without interference in the dynamics of 

the airflow. With t~e help of these technlques a greater 

interest has been placed on the investigation of factors , 

governing the' rate of NH3 volatilization. 

The study rèported here explores the use of a simple 

micrometeorologlcal techniqUe~ or~ginally ~eveloped by 

Beauchamp et al. (1978) ln such a way as to make it better 

suited to replicated studles of effects of pIiysieal, 
? 

biological . or chemical treatments of manure on 
, 

volatilization put-of-doors. It then applies this technique 

to the investigation of: 

i) the sensitivity of replicated studies under 
r 

identical ~oil-crop-climatic-manure conditions, 

ii) the .differences in volatilization losses 

bet~een man ure ehem~cally treated with mono-calcium 
1 

phosphate (MCP) and un~reated manure, 

iii) the differences in volatili~ation losses from 

3 
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varions concentrations of surface applied manure, 

" iv)' ,the differences in volatilization losses from 

liquid manure (separated) and solid manure (unseparated) and 
" 

v) the effect of rainfall on NHa volatilization . 

. . 

;' . 
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2. LITBRATU~B REVIEW 
., ' 

Ammoniacal nitrogen generally comprises one-half to 

two~thirds of the total N in livestock manure (Bouldin and 

Klausfier, 1981). Immediately'following excretion, conversion 

of ammoniacal-N to NH3 begins. Since NH3 is agas at 
• f 

atmospheric temperatures and P!e~sures, rapid loss through 

voilatilization from surface applied manure would be 

expected. The volatilization, phenomenon, however, 

somewhat slowed down by the fact that compounds of varying 

degrees of stability are produced in the aquepus and solid 

forms of manure. Studies reported by Simpson (1981) and Vlek 

et al. (1981) eXpl"81ned the various reactions 'which govern 

NH3'yolatilization losses as shown below: 

Source NH3(gas in atm.) 

1 j 
# 

/~ 
sol n. ) 4 ) NH3 ( in soIn. )f "NH3 (gas in soil) Absorbed NH4+( .NH4+(in , 

, 1 

Adriano et al. (1974), ~xamined the effect of soi 1 

moisture and temperature on NIasses from m~nure under 
'~ , 

greenhouse conditions from m~asurement of N concentrations 

in the soil. At 10°C and a moisture-content of 60%, the \-

0 \ 
total loss. represented 26% of applied Nover 

. a 16 week 
, 

1 • 

period. At a temperature of ~50C and a 90% moisture content 

5, 

- -
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• 
the -"loss was estimated as being 45~ of applied N. Even 

though NH3-N measurements weré not taken\ the authors 
, 

hy,Po t hes i z ed that the loss of N occured mainly through the 
\ . 

volatilization of NH3. 

A number of relevant studies invoved NH3 lo'sses from 
, 

~ewagé sludge in a laboratory or greenhouse settlng. King 
~ ./ ' 

and Morris (1974) observ~ that 36% of the ammoniacal-N was 

lost from bare soil plots and 24% from grasa stubble plots. 

They concluded that the lower losses from the grass st~bble 

plots were siue to the fact that air mov~ment over and 

through the 
... 

lower grass was duè to the additional boundary-

layer resistance introduced 'by the grass. In a similar 

study, Ryan and Keeney (1975 ) found losses between Il and 

60% 0 f the ammon iacal-N app lied ln the sewage sI udge. Losse's 

depended mainly on soil type, decreaslng as the clay content , 

of the soil increased from 5 to 30%. Donovan and Logan 

(1983) concluded that the NH3 loss increased as the soil 
, 

temperature and pH increased. They found that a vegetative 

cover . increased the NH3 loss from sludge with large 

particles but h~~ no effect on weIl homogenized sludge. 

Recently, Adamsen and Sabey (1987) noted that surface 

applied sludge lost 40% of the ammoniacal-N in the two weeks 

proceeding application while only 0.4% was lost from ~ludge 
: ' 

placed 25 mm below the surface over the same period of time. 
i 

Boff ~t al. (1981) used a partially closed sfstem to 
i 
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measure the NH3-N volatilized from microplots of' liquid 

swine manure in a greenhouse and field experiment •. They 

found that NHa-N losses varied quite considerably with 

temperature, soil an~ manure pH a~d wind speed. Nearly 65% 

of the NH3-N applied to the greenhouse plots was lost in 3.5 

days, while only 14% of the NH3-N was volatilized from the 

field plots. The difference in the measurements was 

attrlbuted to a higher pH of the soil (7.0 to 6.5) and 

~anure (7.8 to 6.4) ln the greenhouse és compared to the 

field. Their volatilization sampllng procedure was similar 
, 

to that descr~bed J>y Kissel et al. (1977) which consisted of 
/ 

a volatilization chamber through which aIr was drawn to 

aCld traps that retained the NH3 lost from the chamber. Liss 

(1975) and Lemon (1978) had already pointed out such field 

measurements to be unrealistlc due to the fact that this 

type of system interfered with turbulent eddies that are 

essential for volatilization estimatesj also, the method was 

subject to variability due to the non-homogeneous' Boil 

condi~ions which were found bv Robston (lS7B) to pro duce a 

rariability of +55%. 

Lauer et al. (1976) tried to circumvent this difficulty -by determining volatilization losses in the field indirectly 

from NHa-content measurements of manure samples and the' 

underlying soil collected at intervals after spreading. 

Corrections were made for increases in the NH3-N content of 

. t~e soil. In experiments of 5 to 25 days duration, total 
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10'8es of ~H3 represented 61 to 99~ of the 
"'-

• 
total 

initial N~3-N ~ontent, most of which was lost in the first 

week. Quantit~es of N volatilized as NH3 ranged from 17 to 
, 
" '316 kg(N) ha-l, dep~nding on application rate and total 

NH3-N content of the manure. They hypothesized NHa loss was 
.", 

affected by factors such as the relative partial pres&ure of 

the NH3 in the manure and the~ ambient atmosphere, the 
v 

wett1ng and drying of the manure, the air temperature and 

~he diffusion rates of NH3 (and NH4+). Three general stages 

of NH3 volat~lization were observed, begin~ing immediately 

after applic'ation to the land. In1tially, the 

concentration was assumed to increase due to a slight 

increase in the NHa partial pressure gradient. As NHa was 
\ 

lost, the compos1tion of the manure changed 50 that a lower 

pH occured, lowering the partial pressure of NHa to that of 

the ambient atmosphere. They found highest volatilization 

losses during periods of continuous drying. In the winter 

their measurements found losses to be quite low due to snow 

cover, low temperatures and freeze/thaw cycles which in turn 
, . 
incr~ased leaching lossês. 

Beauchamp et al. (1978) developed a non-interfering 
'\ 

diffusion model to predict surface flux of NHa from 9bserved 

windspeed and NH3 concentration at several levels above the 

surface. A correction for atmospheric stability was 

s~bsequently incor,porated into.the model by' Wilson et al.. 
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(1981 apd 1982). The res~lting !r!J~2!2[X ~!!Y!~!!Qn mQg~! 

!~~~l relates surface flux' to horizontal flux profiles ln a~ 
\ , '. ~ 

l 

vertical 'plane above the' surface. It simulstes emission of ... 
-., 

fluid e~ements (or particles) from ~e source {i.e. se~âge 

sludge in this particular study) by ttacking i~di~idual 

trajectories. The trajectory dynamics are determined by an 

eXPpDentiallY-decaYihg memory term, with a time-constant 

equa~ ta the Lagrangian time scale, and a random input term 

for momentum change during a 6iven time step. 'A simple 

application of the model consists of predicting the 

horizontal flux profile above the center of a circulai plot. 

Only plot diameter, surface roughness (micrometeorologicaJly 

d~fin;t roughness length) and a general idee of atmospheric " . 
stabil ty must be specified. The advantage of the technique 

lies 
Il 

in the fact that it summarizes a realistic· level of 

understanding of turbulence statistics (in the form of the 

Lagrangian time sc~le and velocity ~cales), and the 

dependence of effective turbulent diffusivity on distance 

from the source, into a statistically predictive model which 

needs very few ~nput ~easurements. 

The numerical simulations of the 0 TSM showed that 
. 

hori2ontal flux profiles over the center of a circùlar plot, 

~or different cases of atmospheric stability, tend to 

intersect st a height (ZINST) (Wi.lson et al., 1983). This 

permits source s~rength estimâtés 

instr'ument requirements, based 

1 

on 

wit1i~' very .. 
mean- wind 
"' 

simple 

and 

• 

.' ~ ... ~ L L .. < ...... ~~, ~ ~ 'l,~' '--'Il,!·,"': .. 
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concentratioq measurements at this single height, r~gardles8 

oT ~wind direct\ion and atmoapheric, stàbility. ZINST ia a weak 

function of surface roughness, assumed to be homogeneous 

throuihout thè test area. Sy comparison, EuferiaD diffusion 

models require input data at va~ious points i~ space to 

define the vertical and horizontal flux components of the 

mas~ balance. It may have to be pointed out that the TSM 

defines th~ horizontal mass flux at ZINST as a measure of 

source strength but does not equate the two; the latter 

. . 

'corresponds ta. the vertically-integrated horizontal flux' '. .. 
profile. 

In their ~tudy, Beauchamp et al. (1~78) estimated NH3 

~osses from anaerobically digested sewage sludge applied in 

th e fie 1 d . A f a ~ ·8 P pli ca t ion rat e 0 f 15 0 kg ha - l , w i th 40 t 

of the,total-N occuring as NH~-N t~ey found that 60% of the 

total,N w~s lost i~ 5 days. In subsequent experiments 56% of 

the total-N was volatilized over 'a 7 day pe.riod. \ They 

,att'ributed the diffe're~ce·t~lower a~bient air temperatures 
1 

which they found to be directly Irelated to the 
1 

volatilization. As weIl a~ stating that ait temperature had 
\ 

a ~ignificant effect on the NH3 volatilization they al$o 
~ 

observed that the volatilization flux densities followed a .... , 
1 0 

diurnal pattern, cpnsistent with the observations - of 
1 

McGarity' and Rajarat~am (197~), 
; 

DenJlÎead et al. (1974) and 
, 

the: - largest 

\ . ' 

loss 

• 

J 
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occured at "midday an~ that this diurnal pattern was 
o 

most 
• 0 

.significant ,on the first_two days after application. They 
-

also found th~t rainfall sligh,tly d1epressed t~e NH3 lossses' 

but fou~d no evi~ence of a relationship between NH3 10ss and 

~ the atmospheric'water vapour defi~it. 

1-

.,'. ), 

Beauchamp et al. (1982) used the TSM to determine the 

NH3 volat..ilization from Iiqui'd dairy cattle manure· applied 

to a field for 6-7 d~y periods during four successive yearly 

studies in the month of May. Estirnated losses ranged between 

24 and 33% '0 f the NH,3 -N 'in the man ure through v9lat i 1 iza t ~on 
, 

in 6 tir 7 days after application~ T~ey also observed a 
, 

strong diurnal pattern in the magnitude of the fluxes 

throughout the day sirnilar ta their 1978 findings. RainfaIl 

" again tended to decrease NHa losses but they found that 

temperature 

,volatilization 

, 
appeared . to play a larger role in 

, 
phenomenon. Their results show 

the 

lower 

volatilization losses than those observed by La'uet. et al. 

(1976) but, it should be kept in mind that a different 
. 

experi~enta~ method was employed. 

Brunke èt al. (t'988) used the TSM to correlate NH3 , 

lasses from swine and dairy manure with measured 
• 

meteorological-parameters. They found strong correlations on 

the first day (i.e. the day the manure ie applied) with net 
. 

radiation and ! windspeed. They concluded that 
. , 

~volatilization to a large degree depends on the dryi~~ of 

manure as ~ell as the codcentrati~n appl~ed. Sw~ne ·~~nu.e 

Il 

" o 

, ' 

.... ~ - , 
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exhibited 

, , 

.. 
a near linear relationship .(r2 =O.99) between 

/ i 
the 

NH3 10ss and the ammoniacal-N applied, as weIl às the total 
, 

N applied. Thi& relationship did Dot exist for sur~ace 

app1ied dairy manure. Thelr resul ts also showed - that îthe 

sOlI appeared ta have a NH3 blndlng threshold Since ~he y­
,,-

Intercepts extrapolated from the regression Ilnes were less 

than zero. ThIS ln{Drmatlon would be helpful ln sltuatIon~ 

of 10w N requlrements. They also --demonstrated, Slmllar to 

Adamsen and Sabey (1987), that losses from surface ap~lied 

manure were at least ten tlmes greater than losses found 

with manure IDcorporated Immedlately after applIcatIon. 

Efforts to reduce voiatillzation losses of NH3 by 

--ehemlcal treatment have a long and IntermIttent history. 

During the early part of the twentleth century the common 

practlce was to add gypsum (land-plaster) , kainite, 

phosphorlC aCId, suiphuric aCld or aCld phosphate to freshlv 

excreted mBnure durlng storage. Applicatlon of these 

chemical addItIves to the manure was also practlced at the 

time of spreading (Agee, 1913 and Thorne, 1930). The 

advantages were qUlte apparent, Increased conservatIon of 

NH3 was ~ttalned as weIl as the fertilizing effects of the 
\ 

added phosphorus and potassium. 
\ 

Due to varying and questionable sClentific procedures 

man~ear1y studies yielded contradictory results. Lemmerman 

-Cl and Wie~sman (1918) and No1te (1922) found that the addition 
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of gypsum to 
y 

~ , ' i ! 

manure was inef?ective 'at 
., 

controlling NH3 

volatilization ..... Earlier studies by Diet:z:ell (1897), Severin 
, 

(1904 ) and Vivien (1905 ) though, observed tb.at gypsum 

signiflC'1.ntly decreased NH3 losses . Mixed results were also 

reported "for superphosph'ate,' lime and sulphurlc aCld. Blank 
1 

(1919) and Wlssenlink (1921) notlced that sulfuric aCld was 
\ 

successful ln the reductlon of NH3 losses. The latter 

mentu).,oed 
( 

that the advantages Inherent ln the addltlon of 

sulfurlc aCld were offset by the fact that It was harmful to 

llv~tock / 
and also that It seemed ta destroy th'e carboneous 

materlai ln the manure, BJ~rn-andersen (1905) found that 2~ 

superphosphate slgnlflcantly decreased NH3 lasses and 

Lemmerman and WIE'Smann (1918) went on ta shulV that~'lO% and 
.. 

15% superphosphate reduced NH3 lasses bv 27.5~ and 70.2% 
/-

respectIvelv over 62 days. 

Salter and Schollenberger (1938) stated that strong 

aClds, "-such as sulfurlc and phosphorlc aCld, are effecfIye 

ln the reductlon of NH3 lasses Slhce t~ey tend tü reduce the 

pH, resultlng ln ,more ammonlacal-N occurrlng as NH4+. 
. 

Midgley and Wlser (1937) ascrlbed a slmllar effect ta mono-

calcium phosphate (MCP) or superphosphate (MCP and gypsum). 

Both studles dlscussed ln detall the chemlstry lnvolved wlth 
. > • 

the addItIon of these chemicals ta manure. Thev mention that 

" 
phosphoric ,cId forms a stable end product when reacting 

witp NH3 - ammonium phosphate as in the reaction given 

below: 

13 
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(1) 

The reactlon of sulfurlc aCld and.NH3 lS essentlally the 

same. as ammonIum sulphate lS produceci as a fInal product. 

When superphosphate lS added to manure 

reactlon 1S developed' 

1 
Ca(H2P04)2.IhO + NH3 

the followlng 

. ( 2) 

As gypsum ts added ta NH, the resultlniS reactlon glven 
, 

belaw ensues' 

Ca(OHl2 ( 3 ) 

The assumptlon expressed by equat Ions (1) ta ( 3 ) are 

subJect • ta debate. ln man ure generally occurs as 

ammonIum carb-onate rather than free NH3. As ammonIum 

carbonate reacts with such chemicais as superphosphate or 
~ 

aCld stable end products such as H20, COz and .,. phosphoric 

ammonium salt evol ve. When gypsum reacts with ammonIum 

carbonate, however, two chem4.,cals are produced, namely 

\ 
ammonium sulfate and calcium carbonate. As the manure dries 

these two chemicals react and form free NH3. Therefore 

14 
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gypsum ~houyi not be as effective as 

-~ 

either superphosphate 

or phosphoric acid in reducing 10sses( due to 

volatilization (Salter and Schollenberg--er, 1938). 

Safley et al. (1983) found that 94% of the N~ from 

ca t t lem an ure w a s los t a ft e r 28 d a y SIn tt h e ab sen c e 0% 

chemlcal treatment, whlle 70% and 53% of the NH3 were lost 
~ 

wlth t rea tmen t of superphosphate BIId phosphorlc aCld 

., respectlvely. Both of these treatments were observed to 
"1 

conserVe N oetter than gvpsum. 

Slgnlflcant reductlons ln NH3 losses from hog manure 

were found 
, 
ln the laboratory slmulatlons of Tomar and' 

MackenzIe (1987). Observed lasses over 15 davs were 

23:5 g kg- 1 for untreated llqUld hog man ure whlle thev were 

4.39 g kg- 1 and 1.04 g kg- 1 respectlvely for treatrnent rates 

of 2 and 4 g of added superphosphate per 100 g of manure. 

Studles conducted by Fenlon and MI11s (1980) and Muck 

'" and Herndon (1985) examlned the addItion of lIme ta manure 

to reducp N lasses. The theory behlnd these method9 was ta 

add a suf1lcient amount of lIme ln order to stab11ize the 

man ure and thus prevent the breakdown of urea lnto NH3. 

Their studies showed rnIxed resu1ts; when lime was applied" at 

10w rates, N losses were greater than those from unlimed 

man ure . 
'Jo; 

./hen lime was added at a Sufr'icient amount 'lo bring 

the pH al ov~ la, no appreciable 109s of total N, was 

~ observed. 

15 
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3. MATERIALS AND METRODS 

3.1 ModificatioD and ~pplication of the TSM .odel 

C ) . d . OOSI erlog the desirability of repeated 

volatilization studies uqder identical soil and wind 

conditions the numerical simulatIons of the Trajectory 

SimulatIon Model (TSM) were repeated (by Dr. M. Leclerc) for 

source plots of 3.5 m radIus with a roughness length of 

l cm, appropriate for cut grass. , The orIgInal sImulatIons 

were based bn characteristics of a two-dimensionai wlnd-

fIeld. Since turbulence IntensItl~s become large close to 

solid surfaces (Monin and Yaglom, 1971), and sinee smaller 

plots are less llkely to -assure suf.,fIclent averaging of 

crosswlnd components, the determlnation of the sampling 

height (ZINST) was repeated for charaeteristics of a three-

,( dimenslonal turbulent wlnd f1eld. 

Results summarized ln Figures 3. land 3.2 show 

.0 
significant differences between two- and three-dimensional 

simulation for the higher surface roughnesses. A 

satisfactory definitlon of ZINST (of approxlmate1y 12.5 cm) 

cao be obtained even for these small source radii, , 
permitting formulation of a quantitative relationship 

between the observations at the ZINST-level' and mean NH3 

flux density of the plot (Fz(Q)) as:·.-
1 
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Figure 3.1 Dimensionless normalized horizontal flux SC/Fz(O) 
versus height for a circutar source of radius 3~5 m and 
various z val~es at neutral atmospheric stability, using a 
three-dimgnsional windfield. Solid and da shed lines indicate 
results of numerical simulations using a two-dimensional wind­
field, for z values of 2 cm and 0.3 cm respectively. Vertical 

o lines define range of possible random shifts of 2.5 cm in 
position of the sampling orifice from lts ideal (12.~ cm) level. 
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Figure 3.2 Dimensionless normalized horizontal flux SC/Fz(O) 
versus he1ght for a circular source of radius 3.5 m and various 
z values under unstable conditions, using a three-dimensional 
w~ndfield. Solid and dashed lines indicate results of; 
simulations using a two-dimensional windfield, for z values o 
of 2 cm and 0.3 cm respect1vely. 
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Fz (0) = ------------

model 

r 

where sand c are mean cup windspeed and Mean ammonia 

concentration "at 12.5 cm above the surface. The numerically-

determined constant sc/Fz(o), whose value depends on source 
1 

plot radius and roughness length (zo), has a value of 12 for 

the g}~en experimenta1 parameters. The model is normalized 
r 

to a surface 'flux Fdo) of UD1ty. 

3.2 Measured Clima;ic Data 

In order to document general climatic ,--- conditions 

var10us meteorological parameters were recorded at, th~ 

downwind side of the test circles throughou-t the 

experiments, Figure 3.3 displaying the field equipment 

setu~ and wiring diagram. 

Windspeed was measured over the entire sampling pcriod 

by a cup anemometer (Climet Co. 1 model" 14-102) at the 

sampling height of the central Mast. In addition, air 

temperature at 1 m above the ground (copper constantan 

therm'ocoup, es) , soi 1 temperature at 10 cm depth 

o (thermocouples), soil heat flux at 10 cm depth (Thermonetics 

flux plate, modo H11-18-3), net radiation (Fritschen, R-800 

~ 
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Figure J.3 Field equiprnent setup and wiring diagram 
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miniature net radiometer), 'relative humidity (Cole Palmer 

humidity pr~be) and surface temperature of the ground 

(Barnes IT3 IR thermometer) were also recorded for each 

sampling period. 

For sorne of the experiments, latent heat flux was 

determined bv the eddy correlation technique, using a 

Campbell SClentlfic sonic anemometer (CA27) and fast-

r e s p an s e K r y p ton h y g rom ete r (K H 2 0 ) . 0 n l y are lat ive me as ure 

of the sensIble heat flux was used, based on the measured 

temperature d~fference between surface and amblent air and a 

transfer coefflClent proportlonal to the mean horlzontal 

wlnd speed. 

The data collectlon and manlpulatlon was done by a 

(Campbell SClentlflc CR7-X) datalogger WhlCh calculated ten 

minute averages for the above-mentloned parameters. Data 

were transfered from the datalogger to a cassette tape at , 

the end of each sampling day. From the cassette the data 

were dumped through a cassette interface (Campb e 11 

Scientific C-20) and loaded onto a mlcrocomputer where they 

were stored on a standard floppy dlSk. The stored data were 

averaged over each test period to get a relative measure of 

the climatic factors encountered during the volatilization 

sampling. 

0, 
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3.3 Experiaental approach 

For each eKperimen~ excluding tests 4 and 13 (see Table 
~ 

4. 1) , four circular test plots of 7 m diameter were used . 
. 

The plots were separated from each other by 5 m, 
,f 

and were 

arranged along a straight line perpendicular to the 

,di~ection of prevailing wind (south-west) and 1-2 h sampling 

intervals were conducled simultaneously on aIl of the plots 

during dayllght hours. The lest site was attended at aIl 

times durlng'sampllng operatIons and sampling stopped when 

wind dlr~ion shlfted bv more than !40o from the prevailing 
1 

dIrection to avold lateraI contamination between plots. Thè 

site was a level sandy Ioam field, with soil physical and 

chemical parameters reported'by Lajoie and Baril (1956), 

located on the McGi11 (Macdonald College) ExperImental Farm, 

30 km west of Montreal. 
... , 

It had an ùpwind fetch of at least 

400 m, with short grass up to 150 m and growing corn beyond. 

(a) Untreated Swine Manure Tests 

Liquld swine man ure (LSM) obtained from the 

Experimental Farm was dumped lnto four separate 200 L-drums 

at the test site along each selected plot. The Dianure wa..s.. 

mixed thoroughly by a sump pump and then spread 
If 

onto the 
~ 

~lots with the same sump pump. The volatilizatioq sampli~gJ 

began immedia~ely thereafter. 

22 
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Ch) Mono-calcium Phosphate Tests 

--

LSM was placed to volume into four separate 200 L-drums 

and mono-calcium phosphate (MCP) adde~ to two of the drums 

in a completely randomized. design, while the remaining two 

drums were left untreated. Data on the chemistry of MCP are 

given in Table 3.1. After\ne addition of MCP the, manure 

mixture ~ was almalgamated thoroughly wIth a sump pump. The 

drums were then covered with plastIc and left for SIX days, 

being mIx~d agaln every second day. On day SIX the man ure 

was once ag~l~ thoroughly mlxed and then applled to the 

plots and the NH3 volBtillzatlon meBsurement Immediately 

fo Il owed. 

. ... 

Table 3.1 Chemlcal characteristlcs of monocalcium phosphate (MCP) 
(as speclfl~d by the manufacturer) 

-----------------------------------------------------------. 
91. 2% .. 
6.7% 

Free Acid (H3P04) 0.1% 4 · . . . . . . . . . . . . . . . . . . .. . . . . . . 
Moisture (H20) 6.5% 

Acid Insoluble · . . . . . . . . . . . . . . . . . . . . . . . .. 0.2% 

Arsenic (As) · . . . . . . . . . . . . . . . . . . . . . . . .. 0.2 ppm 

Fluorine (F) · . . . . . . . . . . . . . . . . . . . . . . . ... 9 ppm 

Neut~alizing Value · ........................ . 84.5 

• ----------------------------------------------------------

\ 
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Manure Dilution Rates Tests 

LSM was placed into the f~r 200 L-drums at different 

volumes according to a predetermined water to manure ratio. 

Drums 1 to 4 obtained 50 L, 100 L. 150 L , an d 200 L , 

respectlvely of manure and were filled to volume with water. 

The manure-water 
~ 

mIxtures were then thoroughly mixed and 

applied ta their respectIve plots at which time sampling 

began. 

( d ) Separated Manure Tests 

The mBnur~lectl0n and appllcation procedure for 

these tests lS s imilar to that of the untreated manure tests 

stated above. Qnly two plots are used for these tests with 

one of the plots recelving separated manure whlle the other 

plot received untreated manure. 
\ 

Separation of the 
<3 

llquid 

fract ion was obtained by a 100 ~ m screen. Immedia te l y 

following separation the manure was spread onto the plots 

and sampling began. 

(e) Wetted Ma~ure Tests 

The man ure collection and application procedure for 

these tes ts ·is essen t iall y the same as for the above 

mentioned untreated ma'nure t~sts. Once the manure has been 

applied ta each plot, two plots-are rando~ly selected ta be 
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wetted by approximately '2 mm 'of water every 2 h of 

sampling. This appeared~to keep the manure on the surface 

moist at aIl fimes during sampling. 

:J 

(f) Soil and Manure Samples 

For selected tests, soil profIle 
( 

samples 
f) 

were 

periodically taken for subsequent determination of their 
~ '\ 
ammoniacal-N concentration. USlng a soil sampler, samples at 

depths of 0-2.5 cm and 2.5-7.5 cm were obtained. 
{l f' 

Prior to the applIcatIon of manure to each of ~~e test 

plots, man\r~ samples were taken from each weIl mixed drum 

for the determination of total N according to Bremner and 

Mulvaney (1982) and amm6nlacal-N. Due to financiai 

constraints only selected tests were analyzed for the a~ove 

men t 10ned concen t ra t IonJi-. 

(g) Silica Gel Tubes 

Sampling tubes for ammonia with silica gel absorbers 

(Supelco ORBO-52; 4 mm internaI diameter and 70 mm length) 
.t 

were attached to a Mast at the center of each plot at a 

height of 12.5 cm above the zero-plane displacement of the 

grass surface. Figure 3.4 shows a tube divided into two 
~ 

sections. Section 'a' which is twice the size of section 'b' 

is the measured ~ection. Section 'b' is measured 

p~riodically to see if the probability of sampling lOBS 
, 

~ exists. This is true when the concentration in section 'b' 
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lS greater than 25% of that in section 'a'. Such a situation 

wes never found to eXlst for any sampllng perlods. 

The slilca gel tubes have been designed to absorb 

amInes anè alcohols over a range of concentratIons from 16.9_ 

to 67.6 mg m- 3 WhlCh was malntalned throughout aIl tests. 

Flow rates through the tubes were malntalned et 

3 ~Q.5 L mln-\:, dlfferences are attrlbut~ble to varylng 

degrees of reslstance Introduced lnto the sampllng 11ne from 

VarYIng dlmensions of orIfIce of the sampllng tubes 
./ 

-0.( 

after 

break1ng the~r prevlously sealed ends. Flow 7ates through 

the tubes were monltored ln each sampl~g Ilne at the 

b e gIn n l n ~ and end 0 f e h '- ~. S f.I m p Il Il g P e rIO dan d fou n d t 0 h aOJ e 

" remalned constant to wIthln 2% during rùns. Unless otherw1se 

spec1f1ed, sampl1ng per1od? were l to 2 h, coverlng most of 

the daylight hours of days l through 3 after the applIcatIon 

of manure. 

(h) Ammon18 DetectIon TechnIque 
--' 

The ammonl8 (NH3) concentratIon of the 5011, manure and 
~ 

slilca gel adsorptIon tubes was performed by an Orlon ~model 

95-10 .ammonla electrode as seen ln FIgure 3.5. ThIS 

electrode Rllowed us ta obtaln fast, econOIDlcal and accurate 

measurement~ of dlssolved ammonia. 

The electrode uses a hydrophobie gas-permeablp membrane 

to separete the ~ample solution from the internaI ammo~ium 
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salt (NH4èl) solution. Dissolved NH3 in the sample solution 
1 

diffuses throùgh the gas-permeable membrane with a mean pore 

size of 0.2 m~, until the partial pressure of the NH3 is. the 

same on both sides of the membrane. SlDce the partIal 

pressure of ammon18 lS proportlona1 to ltS ~concentration, 

the concentratIon of NH3 cao be ca1cu1ated . 

.A 

In order to operate t~e NH3 e1ectrode for concentration 

~ 
measurements the fo11owlng materlals had to be used: 

- Cornlng 125 dIgItal pH/mV meler, 
/ 

- magnetlc stlrrer~ 

- 10 M NaOH, 

- InternaI fIlllng solutIon, 

- dlstl1led, delonized water and 

- standard solutIon 

To 
\ 

adJust the pH of the sample solution to 

approxlmately 13, whlch lS the ~eratlng range of the 

e1ectrode shown ln Figure 3.6, ~aboratory-prepared 10 M NaOH 

was used. 

The water used to dllute the samples had Lu be NH3 free ) .. 
in order to obtalD ac~ur~te measurements. 

1 

clistilled watel{" 
c., 

exchange columo. 

which had passed through 

For thlS we used 

an anIon-catIon 

/ AmmOnIUm chloride (NH4Cl) stanqard solutions 10- 2 M, 

10- 3 M, 10- 4 M~xlO-2 M con,centrations were prepared far 
~ 

calibration' of the ammopia electrode. The milli-voltage 

29 

'\ 



~ , ." 1, ' , • 

o 

G 

~ 
:... 

7 8 9 10 1 11 

solution pH 
j 

Figure 3.6 Influence of solution 
of NH4~ NH3 · 

30 

. ' 

100 
mnmonla 

~ 

80 ... 
. ' 

% of 
60 

SpCCICS 

40 

20 

alr1lnOnlUm 

0 

12 13 14 

pH on ratios 



o 

o 

. , - . ,~" , " '. 1'\ 

1 
potential from the digital pH meter was plotted against the 

standard concentrations on 4-cyele semi-logarithmic paper. 

For calibration purposes the 10- 3 M millivoltage potential 

readlng was adjusted to zero. When plotted, the points 

produced a straight Ilne slope of approximately 58 mV/decade 

(as seen in Figure 3.7~. 

The calIbratIon curve begins to drIft at approximately 

9x10- 6 M, outside the operatlng range of the Instrument. In 

this range the rate of NH3 dIffuSIon through,the membrane 

and the rat~ of equllllbrlum between NH3 and NH4+ 1 n- the 

InternaI fl11ing SolutIon are slow. NH3 absorption from the 

aIr then may become a source of error. 

FIgure 3.8 shows the response time of the electrode 

with respect ta step changes ln the concentration. For MOst 

of our readlngs (10- 3 to 10- 6 ) the response time appears to 
, 

be approxlmately 1-2 mInutes. 

The advantages of thiS type of ammonia electrode over 

other methods of analysis is that it: 

i ) allows small sample volumes (2.5 mL) to be 

measured, 

li) allows qUlck, accurate and simple measurements, 

IIi) does not destroy the sample and 

IV) funetions in coloured or turbid solutions where 

photometrie methods fail. 

The disadvantages are that: 
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i) frequent calibration (every 60 minutes) is 

necessary. 

i~). it 15 not specifie but selective, 50 that 

volatlle amines may Interfere with measurement5 and 

11 i) reprodUClblllty lS threatened due ta 

temperature fluctuations, nOlse and drift. 

\ . 
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4. RESULTS AND DISCUSSION 

4.1 Suamary of Experiments 
( 

Thlrteen field experlrnents were carried out on NH3 

volatllization durlng daylight hours on rainfall-free days 

of June, 

months. 

1985 through Novernber, 1987, ex~ludlng winter 

Table 4.1 shows the dates and the descrlptlon of 

each test conducted. Meteorological condltlons(~veraged over 

the test perlods are summarlzed ln Table 4.2 as a basis for 

Interpretation of dlfferences ln estlmated NH3 flux 

densities. They Indlcate typlcal Guebec summer and fall 

weather condltions. Misslng data for sorne of the tests are 

generally due to equlprnent breakdowns and technical 

problems. 

Sorne lib ack ground" levels of atmospherlc NH3 were 

measured on July 9-10, 1987 at the test sIte in order to see 

lf upwind contamination of plots should be considered. The 

measurements were made at the ZINST (12.5 cm) 

height for the 3.5 m radius plots. The 

samplin~ 
J .. 

measured 

concentrations tend to agree ~ith those reported by Denmead 
" 

et al. ( 1976) and Beauchamp et al. (1978 ) f~r the 

atmosphere tbove a grass clover pasture. Our results, given 

in Table 4.3, were at least three orders of magnitude 

smal1er than observed peak experimental values. Therefore 
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Table 4.1 Field Experiments 

~ \ ::: ., .. " .~ l _., ( ~ 

~~' , 

---------------------------------------------------------------------

Test # Date Descrlption 

1 July 4-6/85 MCP 

2 July 15-18/85 MCP 

3 Aug 22-24/85 MCP 

4 Oct 29-31/85 Sephrated 

5 June 25-26/86 Dl1utions 

6 July 8-10/86 Dilutions 

7 Jury 21-23/86 1 MCP 

8 Aug 19-20/86 Untreated 
-' 

9 Sept 16-18/86 Wetted 

10 July 23-25/87 Untreated 

Il Aug 19-21/87 Untreated 

12 Oct 8-10/87 ,--Wetted 

13 Nov 6-8/87 Separated 
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Table 4.2 Mean meteorological conditions during test 
periods: Cumulat ive precipitation during the 
prece'eding 2 weeks (CP) , air temperature at 1 m 
(Ta) , net radiation (Rn) , soil heat flux (S F) , 
soil temperature (Ts) , mean wind speed (U) and 
relative numidi ty (RH) , 

Test no. CP Ta Rn SF Ts U RH 
(mm) (deg.C) (Wm- 2 ) ( Wm - 2 ) (0 C ) (m s - 1 ) (t) 

1 41. 3 26,5 n. a. 26.2 27.8 1. 71 58.9 

') 32.3 23.5 350.5 25.0 22.1 2.6 1 60.4 .... 

3 16.6 24.2 n. a. n. a. 15.5 1. 62 58.0 , 

4 25.2 10.4 193.0 15.0 6.3 2.3 2 41.0 

5 68.8 16.8 413.0 31.0 17.9 0.92 53.0 

6 65.7 21.0 517.0 38.0 19.8 1. 72 56.0 

7 61. 6 23.8 501.7 62.3 25.7 1.J2 45.1 
li 

8 50.4 26.6 450.7 33.4 18.3 1. 32 25.2 
/ 

9 74.6 13.6 350.0 23.0 12.8 0.6 2 45.0 

10 73.8 27.9 473.0 n. a. 25.0 1. 12 60.7 

Il 13.4 25.1 445.0 n. a. n.a. 1. 82 51. 3 

12 19.0 R.4 185.0 n. a. n.a. 1.72 58.0 

13 50.1 3.2 158.0 n. a. n.a. 2.82 27.6 
--------------------------------------------------------------------------

l ) measured ,at 1 m heighlj 2 ) measured at 12.5 cm height. 

o 
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Table 4.3 Backgroundlconcentrations of atmospheric 
NH3 measured at the ZINST sampling height OD July 9-10,1987. 

Date Time period Atm. NH3 cane. (.r-t.g m- 3 ) 

----------------------------------------------------------------------, 

July 9/87 1030-1230 .706 

1240-1440 .417 

1440-1640 .357 

July 10/87 1030-1230 .429 

1230-1430 .343 , 

1430-1630 .332 

any correction for background sources was deemed 

unnecessary. 

For aIl of the tests where windspeed was measared close 

ta the ground (ZINST= 12.5 cm) , the 0.25 JII S-l cup 

anemometer stalling speed must have introduced 

underes t ima tian of average windspeed, leading to 
..> 1 underestimation of estimated fluxes of up to 10%. These 

'systematic errors wou1d not affect relative comparisons 

between plots. 
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4.2 UNTRRATBD SWIHB MAHURE 

In arder ta examine the relative variability of data 

from the 7 m dlameter circles for plots of equal expected 

source strength, four untreated manure plots were 

simultaneously observed. Mean NH3 flux density results from 

tests 8, 10 and Il conducted ln July and Aueust of 1986 and 

1987 are presented in Table 4.4. ~ean values were estimated 

for aIl sampling perlods of a given test (16 to 32 h over 2 

to 4 days). The fact that longer tests tend ta result in 

lower overall means is not important here Slnce varlability 

between replicates withln tests 18 ~ing examined. 

Table 4.4 Mean NH3 flux den81ties (kg ha- 1 h- 1 ) for 4 
repllcations of untreated SWlne manure. 

Plot # 

Test l . 2 3 4 

, 
8 1. 64 1. 62 1. 88 1. 76 

10 0.88 0.82 0.92 0.87 
Il 7.54 8.48 7. 11 8.19 

ns = not significant at the 0.05 level of confidence 

Analys is of data from these tests show _ that the 

advanta~e of economy of land inhèrent with small test plots 
ct.-
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is offset to some degree by high variability of 
~ 

observations t as shown in Figures 4. l and 4.2. Since the 

variability 

simul taneous 

meteorological 

between plots 

appears random in nature 

plots it 15 not llkely 

var.lables. Dlffere/tlces ln 

would lead,to sy~ematlc 

among the four 

attributable to 

applled total N 

errors; they are 

preeluded by the faet that N analysls of 50 em 3 samples 

between repllcated plots showed only one slgnlflcant 

difference (35% - attrlbutable ta non-representatlveness of 

the smail sample) ln 8 cases, wlth 6 samples agr-eelng wlthln 

l~. The unlf~rmlty of terraIn and length of sampllnf, perlod 

( ) l h) make slgnlflcant varlatlons ln 3erodynamlc 

characterlstlcs of adJacen\ plots equally unllkely. Tbe Most 

llkely source of varlabillty Iles (a) ln random error ln 
\ 

ammonl8 detectlon and (h) ln random errors ln adjustment 

helght of sllica gel tubes durlng replacement between 

sampllng periods. Thelr relative contrIbutIons wIll be 

furlher dlscussed below. VariatIons ln flow rates through 

sampling Ilnes (of up to 16%) are Dot cons 1 dere~ as a 

potentlal source of rand~error SlDce they were known and 

corrected for. \ 
Examinatlon of Figures 4.1 and 4.2 show a diurnal ,. 

pattern of flux magnitude with peak losses generally 

occuring around noou as the soil surface temper~ture is 

increasing and the soil-water content is decreasing. A 

.:1}1 Ieduction in flux magnitude with time can also be 
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Figure 4.1 Ammonia Flux denslty for 4 untreated plots 
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seen from the above mentioned results. Similar findings 

have been reported by McGarity and Rajaratnam (1973), 

Denmead et al. (1974), Beauchamp et al. (1978 and 1982), 

Mclnnes et al. (1986) and Brunke et al. (l988l. 

Even though plot varlabl1ty appears la be rather strong 

Inn a t ure, n 0 '5 t a t I S tIC a 1 1 y SIg nIf Ica n t d i f fer e n ces we r e 

• 
found to eXlst belween plots. The results of Table 4.1 may 

be tahcn ta IndIcate the relatIve varIabIllty expected from 

the modlfled technIque under the experlmenta1 condItIons of 

thls study. 

Tesl Il, WhlCh was conducled ln August of 1987, 

produced ubcharacterIstIcally hlgh flux values. The average 

NH3 flux over the entlre test of,the four plots ranged from 

7.11 to 8.48 kg ha- 1 h- 1 , WhlCh IS sIgnlflcant1y hlgher than 

the mean flux densitles for aIl untreated measurements from 

the thlrteen tests conducted durIng thls studv, WhlCh was 

2.37 !2.28 kg ha-lh- l • Comparatlvelv, test 10 WhLCh was 

condu~ted only three weeks prIor ta f~st Il generated mean 

fluxes of between 0.82 and 0.92 kg ha- 1 h- l . The ammonlacal-

N concentration of the manure applled to the plots for test 

10 and Il was 0.46% and 0.60% respectively. ThIS would lead 

ta expectation of a greater NH3 - loss for test Il but some 
..... 

other veriables must have come into play ta produce the 

o actua11y observed differences. (1981) pointed Hoff et al. 

out that m~nure ând sail ~H were a possible exp1anation for 
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in their calculated NH3 , lasses. The 
c 1 

differences in tests 10 and Il are probably not attributable 

ta dissimilarities in soil or man ure pH sinèe the test plots 

w~re within 20 m of ~ne another for the two tests, thus any 

differences in sail pH would be considered negligible. 

Analysis of manure pH found a standard devlation of only 

~0.142, whlch would ~ot contribute ta any notlcable 

(dlfferences. Upon examlnatlon of Table 4.2, it can be seen 

that there are only Sllght differences ln most of the 

measured meteorologlcal parameters. Mean wlndspeed showed a 
, 

notlceable dlfference (1.8 m S-1 to 1.1 m S-1) WhlCh agaln 

m.lght explaln sorne, but not all, of the observed 

enhancement. Most likely the discrepancy resulted from 

differences ln manure handllng and storage procedures which 

were beyond the scope of our observations. 

Figure 4.3 shows that after three days, excluding 

overnight losses, test 10 lost approximately 10.1% of the , 
initially applled ammoniacal-N content. The corresponding 

curve for, test Il shows that 63.8% of the ammoniacal-N was .. ~ 
lost wlthin three days of field application. Past studles 

with man ure have produced ~milar results. Lauer et al. 

(1976) observed up to 99% 'lasses of NH3 from dairy manure 

after 25, days at9 Adriano et al. (1974) reported losses of 

~ up to 50% of the total-N applied within a few weeks. 

Beauchamp et al. (1978) in their sewage sludge experiments 

lost approximately 60% of the applied ammoniacal-N after 
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days. 

Most previous studies have also shown similar 

observations in short-term flux magnitude measurements. 

McGarity and Rajaratnam (1973) observed first day peak flux 

values of approxlmately 0.32 kg ha- 1 from the 

applicatIon of 118 kg urea-N ha- 1 to the 5011 WhlCh were one 

order of magnItude lower than the flux values reported by 

Denmead et al. (1974), Beauchamp et al. (1978 and 1982) and 

Brunke et al. (1988). The McGarlty and RaJaratnam (1973) 

st \1 d\v used a seml-closed NH3 measurlng technIque and 

t~e~efore It could be assumed that underestimation of lasses 

~~. May have occured Slnee a dlslurbance of the natural 

environment could have ellminated sorne atmospherlc processes 

that crltlcally Influence volatIlIzatlon of NH3 (LISS, 

J975). Even consideriog the above mentloned variabllity in 

estlmatlng general NH3 flux magnitudes from 7 m dlameter .. 
plots, lt appears lhat our observatlons are weIl withln the 

accepted range cited in the Ilterature for open_systems. 

An attempt was made durlng sampllng of test la ta 

compare the amount of NH3 volatillzed to the measuremenls of 

ammoniacal-N in the 8011 at depths of 0-2.5 cm and 2.5-

7.5 cm as a function of tlme. Results are given ln Table 

4.5. Measurements were made prior to field application of 
.t 

the manure and at the end of each of the three sampling duys 

of the test. Some ammoniacal-N moved from the manure into 

the 0-2.5 cm layer and very little reached the 2.5-7.5 cm 
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layer. The increase in the ammoniacal-N content in the 0-2.5 

cm soil layer was relatively insignificant considering the 
/1#-

concentration applied with the swine manure. Such a 

comparison, however, do es not permit the definitlon of an 

effective N balance due to the fact that no measurements of 

N03-N ln the sOlI were made. Rather lt Indlcates the short 

term change ln ammonlacal-N concentratIon that can be 

expected from the applIcatIon of manure to turfgrass. 

Table 4.5' NH3 volatllized and ammonIum content of the 
0-2.5 and 2.5-7.5 cm soil layer followlng applIcatIon of 
llqUld SWlne manure from test 10 on Ju1y 23-25,1987. 

Day TIme GUID. NH3 volatlllzed AmmonIum conc. 
(mg NH3 kg- 1 ) (mg k g- 1 ) 

0-2.5 2.5-7.5 

l 0 0 1. 10 1. 20 
1 8h 161.1 84.40 1. 40 
2 32h 380.7 155.90 1. 80 
3 56h 450.7 103.70 1. 90 
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4.3 Mono-calciu. Phosphate Tests 

Four field experiments were carried out on 

vo1atilizallon from MCP-treated and untreated manure in 

July and August of 1985 and 1986. Table 4.6 shows the amount 

of M~ added to each storage drum approx1mately six days 

prlor to fIeld appl1catlon. 

There IS some uncertalnty ln the absolute magnItude of 

the calculated fluxes. For tests land 2 the mean cup 

windspeed 
. 

was measured at l m and extrapolated to the 

12.5 cm level on the basls of an assumed logarithmic wlnd 

profile whose determlnant pnrameters (partlcularly the 

frictIon veloclty) were not known precisely. 

Table 4.6 Experlments and amount of mono-calclum 
phosphate (MCP) used ln tests on MCP-treatment of manure. 

1 ... 
Test no. Date Arnoun t of MCP added (kg) 

Plot no. 

l 2 3 4 

1 July 4- 6, 1985 a 1.0 a 1.0 
2 July 15-18, 1985 1.0 0 1.0 0 
3 Aug. 22-24, 1985 1.0 1.0 0 0 
7 July 21-23, 1986 1.0 1.0 0 0 

----------------------------------------------------------------
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Examples of mean observed rates of NH3 volatilization ( 

are shown in Figures 4.4 to 4.6j in (general, they show a 

diurnal pattern and the expected decrease in relative 

magnitude wlth tlme, consistent with the observations 

mentloned earl~er. ThIS pattern 16 also eVldent ln the 

perlod-by-perlod mesuremnets of the four ~est plots (2-

treated and 2-untreated) glven ln FIgure 4.7. 

AnalYSlS of varIance on perlod-by-perlod measurements 

of NH3 flux of the completely randomlzed MCP tests showed no 
, 
dlfference at the 0.05 confIdence level between 

treated and untreated plots. When the mean NH3 flux densltes 

were examlned from the treated and untreated measurements 

• and grouped wlth tests as an addlt~on~l variable a 

slgnlflcant dlfference at p< 0.025 was found to exist. The 

results ln Table 4.7 show qUlte weIl the dlfference in 

average fluxes ,WhlCh cannot easlly be notlced from the 

per 1 od-by-perl od measurements, Wl th rprluct.lons of 

volatilizatlon from treated plots between 5 and 30%. 

Total N measurements showed values between 0.3 and 1% 

based on liqUld weight of the sample and volatilization 

losses can be expressed tn percentage of initial or 

rem~ining total N. These values are relative; they do not 

iDclude NH3 valatilizatioD during evening or nighttime when 

sampling did not take place or any losses of N through 

leaching. The results from test 7 id~1able 4.8, indicate 
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Figure 4.4 Mean Ammonia Flux density results from MCP 
treated and untreated plots, for days 1-2 of test 2 
(July 15-16, 1995). 
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that after 8 sampling rUDs,_ covering the peak volatilizatiQ,ll 

periode of the first three daye after spreading, about 12.5~ 

of the total N from the manure had volatilized' from' the 

treated plots whlle 22.4% of the total N had been lost from 

the untreated plots. 

Table 4.7 Average NH3 flux densltIes (kg ha- 1 

treated (MCP) and untreated plots. 
h- 1 ) for 

Test 1 Tes t 2 Test 3 Test 7 

Treated Plots 4.46 4.26 2.62 2.37 , 

Untreated Plots 5.54 4.94 2.76 3.39 

% DIfference 19.5 13.8 5. l 30.1 

{ 

Table 4.8 
total N 
total N. 

Volatlllzatlon lasses as percentage of remalnlng 
ln manure and cumulatIve 1055 ln terms of InItIal 

l 
3.5 
5.5 

23 
25 
28.5 
47 
50 

Cumulative loss 
r during the 8 runs 

Av~ate Loss Per Run 
Trea\ed (MCP) Untreated 

3.52% 7.06% 
2. 67% ~ 5. 22'~ 
1. 13% 1.97% 
1.25% 1.71% 
1.32% 2.98% 
1 . 14'. 2.56'. 
0.70% l . 19~6 
1.46% 2.15% 

-------- ~-------

12J% 22. 4~o 

"':'t-.l ---------------------------------------------------------------------
*) mid-point of sampling run, measured from moment of 

inital sampling after spreading. 
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4.4 Dilution Tests 

Î 
The ability of the 7 m plots to detect significant 

differences rates was examined on 

dIlutIons of swine manure wlth relatIve proportIons of 

manure (on a per-volume basls) of 100%,75%,50% and 25%. Two 

tests were conducted ln June and July of 1986 based on the 

above mentloned crIterIa. The Mean NH3 flux densltles over 

the entlre observatIon perlod (lndlcated ln Table 4.1) from 

the dIlutIon' tests glven ln Table 4.9 clearly Indlcate the 

expecled reductlon of NH3 volatlllzBtlon .from~14te munure, 

due ta reductlon ln partIal pressure .ft NH3 \ (Beauchamp et 

al. , 1982 and Harper et al., 1983). They show, as does 

FIgure 4.8 lhat an Inverse relationship between flux 

magnItude and dllutlon of manure eXlsts which is 

statIstlcally slgnIflcant wIth p( 0.05. 

For buth tests a strong curl~]Btlun was found to eXlst 
, . 
(r 2 =0.9S) between the Mean NH3 flux of the first sampllng 

day and lts correspondlng dllutlon rate. ThIs shows that NH3 

to a large degree depends on the 

concentratIon of total N and NH3 applled; part1cularly on 

the flrst day after spreading. ThIs 15 similar ta the 

findlngs of Chao and Kroontje (1964) and Brunke et al . 

(1988) who observed an almost perfectly linear'relation~hip 

between applied ammoniacal-N and the NH3 volstilized: 
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Figure 4.8 Ammonia Flux density for plots with various 
dilutions of manure, for test 5 (June 25-26, 1986). RatidS 
represent relative proportions of water added to manure 
on a per volume basis. 
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Beauchamp et al. (1982) however, found no apparent 

correlation between the above mentioned parameters in their 

study. 

Table 4.9 Mean NH3 flux densities (kg ha- 1 

dilutIons of swine manure. 

Test 5 Test 

25% 0.244 0.201 

5 O~. 0.438 0.264 

75?t. 0.!i29 0.514 

100% 1.074 0.823 

F-test ** * 
*) signlficant at the 0.05 level of confidence 
**) slgnlflcant at the 0.01 level of confidence 

6 

It 18 also qUlte interesting to note that 

for 

" 

the 

regression line from test 5 presented ln Figure 4.9 has a y-

(1 
lntercept that is Iess than zero. ThIS may lndlcate an NH3 

deficiency or blnding threshold of the soil, similar ta the 

findings of Brunke et. al. (1988). 
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4.5 SFparated Manure T~ts 

Manure separation tests were conducted in the fall of 

1985 and 1987. After field application it was observed that 

the unseparated manure remained wet for a much longer period 

of time .than the separated man ure plot (recelvlng only the 

liquid fractIon). For bath test 4 and 13 the InItIal NH3 

loss was found to be hlgher for the separated manure. On .. 
subsequent days (I.e. 2nd and 3rd), thlS pattern reversed 

and lhe separated manure was notlced lo be slgniflcantly , 

lower flux then the unseparated manure wlth p(0.005. These 

results as seen ln Tab le 4.10 and FIgure 4.10 would seem to 
~ 

indi'ca te that inItlallv :he separated manure has a hlgher 

volatlllzation potentlal due ta the fact that a greater 

percent age of lts N IS ln the volatIle li~UId form. Since 

the manure is spread OH an aerodynamlcally rough surface 

(turf grass) the more aqueous solution separated 

manure) tends to attach itself to the surface for a short 

t ime whereJ i t may in t urn, result in a grealer Initial NH3 

loss through volatllization. The unseparated manure, , 
meanwhile, remalns wet for a much ronger perlod of time 

since its volatile liquid fraction seems to adhere to the 

solids in the manure before they are eventually drawn out; 

it therefore has low initial NH3 losses. 
t . 

59 

, 

.. ~ .. "::; .. 

'.' 



, r"- p~ 

\ 

3 ,-------------------------------------------------------------~ 

-

2.8 

2.6 

2.4-

2.2 

2 -1 

..: 1.8 

~ 1.6 

~ 1 4-
...1 

w... 1.2 
< 
z 
o 
:z: 

.;§ 0.8 

0.6 

0.4-

0.2 

o ~~~~~~~~~--~~~~~~~~~~~~--._-L~~~~~~~~L-~, 
1220 1330 14:40 1550 950 1120 1250 1420 1550 945 1125 1305 1445 1625 

rIME OF DA Y 

!ZZl Separ'a ted ~ Ay~n-Separated 
"-

Figure 4.10 Ammonia Flux density for plots with separated 
and unsepara ted manure, for tes t 4 (Oc tober 29-31, 1985) . 

• 

\ 

60 



o 

.<, ... _ .. ....... ~.~, ....... · .... i·~:·:~·,·::~ .... ; ",·~·r·k_·""·· 

Table 4.10 Mean NH3 flux densities (kg ha-1h- 1 ) for 
da ys 2 and 3 for separated manure and unseparated manure 
tests. 

Date Separated Unseparnted F-test 

Oct 29-31/85 0.371 0.733 

Nov 6-8/87 0.304 0.350 

** slgnlflcant at the 0.01 levet 
, 

Î 

On later days (I.e. 2nd and 3rd) the separated manure 

may have moved Into the SOlI and as a resu1t the NH4+ May 

have been adsorbed by catIon exchange whlle the unseparated 

manure may have been trapped on the surface of the turf 
1'0' 

grassvand thus have been exposed to the natural enVlronment 

for greater NH3 losses. These flndlngs ure Slmllétr to those 

reported by Donovan and Logan (1983) who examlned factors 

affectlng NH3 volatlllzatlon from sewage sludge app1led ln ft 

1aboratory study. They observed that volatlllzatlon from 

lar~ sludge partlcles was generally greater than that 

encountered with homogenlzed sludge over a perlod of tlme. 

Thelr flndlngs, however, were not determlned as belng 

• statlstlcally slgnificantly dlfferent. 

For test 13 the NH3 fluxes for the separated manure 

were higher for every sampllng run of the first day while 

** 
** 

Ct for test 4 only the initial sampling run of the fjrst day 

had a greater flux density. These differences in the first 
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,day observations of the two different tests may be due to 

the fact that for test 13 the average ambient air 

temperature was approximately -1.5 oc for the first day as 

compared to 7.2 oc for the first day of test 4. This lower 

aIr temperature may have Inhlblted the separated manure 

fr~m movlng lnto the SOlI as quickly for test 13 as test 4, 

thus resultIng ln a larger NH3 loss over the flrst day. 

4.6 Rainfsl1 SimulatIon Experiments 

In arder 'ta examIne the relatIve effect of ralnfall on 

the magnItude of NH3 volatlllzatlon losses, two tests were 

conducted ln September and October of 1986 and 1987. 

Considerlng the faet that aIl testIng was conductf'd Or! 

rainfall free davs, ralnfall sImulatIon had to be carrled 

out. ThIS was performed by wettIng the selected plots wIlh a 

conventlonal waterlng cano PrIor to each sampllng run 

(approximately every 2 hi water at a dppth of preclsely 2 mm 

was applled to the plots. Th~ amount of water seemed to 

keep the manure al the SOlI surface qUlte wet durlng the 

entire Sampllng perlod whIle the unwetted plots appeared to 

be quite dry on the surface a few hours after spreadIng. 

The 

the 

The mean flux density values are shown in Table 4.11. 

initial sampling runs for each test were 

calculation of the Mean flux densities, 

neglected i-::; 
since freshly 

spread manure wes wef for both the wetted and unwetted 
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plots. Therefore we waited for the manure to dry before any 

water was applied to the wetted plots. In both tests, 

watering was not 

sam/l ing 
1 

run of 

performed until prior to the second 

the fIrst day. It can be seen from the 

results that the~slmulated ralnfall sllghtly depressed the 

volatlllzatlon of NH3, Slmllar ta the flndlngs of Beauchamp 

et al. (1978 and 1982). The latter studv found that NH3 flux 

densltles were lowered bv ralnfall but the dIurnal aIr 

temperature cycle appeared ta dIctate the volatlllzatlon 

1055 to a larger degree. Harper et al. (1983) and Mclnnes et , 

(1986) ~eported mInImum ralnfall amounts ln arder ta 

reducc NH3 lasses from surface applled urea. Harper et al. 

(1983) estlmated that 5 mm of ralnfall was requlred to 

prev,ent NH3 lasses from a tropIcal pasture whlle Mclnnes et 

al. (1986) stated tha~ a ralnfall event of at least 10 mm 

must occur ln arder for any reduction ln NH3 lasses. 

Bouwmeester et al. (1985) remarked that Interaction between 

NH3 1055 and raInfall 15 eomplex sinee ralnfall may Inerease 

the loss potential, beeause It adds water ta the topsoll, 

while at the same tlmê reducing lasses due ta transport of 

ammonlaeal-N into the soil. 
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Table 4.11 Mean NH3 flux d~nsities for wetted and unwetted 
manure plots (kg ha- 1 h- 1 ). 

Test Date Wetted Unwetted F-test 

9 
12 

Sept. 15-18/86 
Oct. 8-10/87 

0.441 
0.329 

ns= not slgnIflcant at the 0.05 level 

0.467 
0.405 

ns 
ns 

--------------------------\-------------------------~---------

Tests 9 ~nd 12 showed differences between treated and 

untreated plots ranglng from 5% to 18%. However, these 

differences are not statlstlcallv signiflcant from elther' 

" perIod-by-perl~~ measurements or by taking tests as an added 

variable. The p~ssibIllty eXlsts that if greater amounts of 

simulated rainfall had been applled to test pJots (similar 

to those reported above), effects May have been more 

pronounced. 

measurements 

In general, 

apparent and 

this study. 

Flgure 4.11 shows the period-by-perlod 

of the wetted and unwetted plots from test 

the diurnal pattern of flux magnitude 

similsr ta the findings rep~d esrlier 

9. 

is 

ln 

A possible explanation for the significantly low NH3 

flux values from the first day of sampling could be due to 

the faet that the average eup windspeed on that day was only 

0.10 m S-l. The mean eup windspeed on ~ubsequent days ~a~ 
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Figure 4.11 Ammonia Flux density for manure plots 
wetted and unwetted, from test 9 (Sept. 16-18, 1986). 
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>l~O m 8- 1 which would account for the greater magn~tude of 

lasses due ta the fact that NH3 flux as observed by Brunke 

et al. (1988) is highly and positively correlated with 

windspeed. 

4.7 Sensitivity Analysis 

In order to examIne the relatlve accuracv of results 

from the 7 ID diameter clrcles, the posslble contributlons 

towards random sampling errors from experlmental test 

procedures will be examined: 

We estimate uncertainties in the vertical placement of 

samp 1 ing orifice during sampllng perlods and during 

replacemenf of silica gel tubes to have been as large as 

±2.5 cm from the required sampllng height of 12.5 cm above 

zero-displacement and roughness length. As seen in Figures 

3.1 and 3.2, where the corresponding range of displacement 

has been indicated by vertical bars, this could lead to 

errors in flux estimates of 10 to 15%. 

Generally the sllice gel tubes were refrigerated and 

stored at 3 ta 5 oc. Sample tubes were capped and sealed 

before storage and storage period was no longer than two 

weeks before chemical analysis. Thus, st~rage time was 

commensurate with the period (of at least 7 days) where NH3 

samples trapped by silica gel tubes are considered stable 

(NIOSH Manual, 1979). 
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Error in determination of absorbed NHa i9 suspected 

~s a major source of random variation between pl~ts of 
~ ,.- ... " 

similar treatment. The cal i b rat ion. curve -10r ihe 1 ammohia 
'~ 

log-linear electrode has a slop~ (in the plot of 
t . 

concentration vs. electrode potential)-of approximately a 

de cade (10) per 50 mV. USlng best-flh Ilnear regression on 
'\ 

measured points, deviatlons of up to 5 ~V were observed 

betwee~ actual pOInts and best-flt curve, corresponding to 

potentlal errors of up ta '33%. Samples' and standards must b.e 

kept at the seme temperature since a 2% error may, result , 

fro~ a one-de~ree dlfference in temperat~r~, 

The longer response tlme of the NH3 electrode ·at lower 

i 
concentrations may favor absorption of NH3 from air; this is , 

• 
expected to be a minor error, however, and ~e could not 

" 
quantify lt. 

It appears llkely that the errors ou t\ i n e d ab 0 v e account 

for the observed variability in the volatilization 

estimates. As a consequence, analysis and calibration 

procedures are more crucial ta data quality than they are 

for the 'larger circles where samplinr heigh,t and absorbed 

concen t ra t i ons are hi gher. Hepl i ca te standards should be 

used for recalibration every hour of reading. In this way it 

may weIl be possible to reduce'considerably the fluctuations 

of the teqhnique. The desirability of anemometers with low 
, 

stalling speed for meas~rements close ta the ground has 

, ') 
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already been pointed out if precise flux estimates are to be 

obtained in conditions of low wind. 
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5. CONCLUSIONS 

The TSM model can be used on small (7 m diameter) test 

plots, making it attractive for comparative studles on 

effects of treatments on volatillzation of NH3 from manure 

under fIeld condItIons, as weIl as for other agriculturalfy 

Important volatillzation processes, such as the 

revolatilization of deposited pesticide. However, the 

potentIal lS lncreased for systematic error ('ue ta non-

uniformity of applied dose or 1055 of wind data due to , 

stallIng of 8nemometers ln low near-ground windspeeds) and 

for random error (ln detectlon of NH3 at low concentratIons 

and due to Incorrect plac{ng of sampling orIfice). With the 

experlmental 

dIfferences 

to detect 

procedures followed ln 7 present study, 

ln volatlllzatIon rates ~ ( 30% are difficuit 

from short-term sam~llng perlods by statlstical 

analYSls, although thev WIll still be observable ln longer-

term (several days) Mean fluxes. Where absolute values of 

volatllization rates of NH3 are Lu Le cumpared al dlfferent 

times of year, uniformity of chemical, phYSlcal, and 

probably mlcroblological properties of man ure prlor to 
• 

spreading should be assured to a higher degree~than was done 

in the present study. 

Appl i cat ion of the mocli fied TSM- t echn i que to '-,: the NH3 

volatilization from manure spread on sandy-loam under summer 
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and fall field conditions with hi~h Boil moisture in Quebec 

showed reduction in mean volatilization rates between 5% and 

30* rèsulting from the addition of mono-calcium phosphate 

(~CP) when MGP was added 6 days prior to spreading. Given 

the fact that this reduction seems low compar~ to 

comparative réported laboratory studies, further work on the 

effect of MGP under fIeld conditions, under different 

climatic condi t ions, rnay be advIsable before general 

conclUSIons about lts effectlveness can be drawn. 

NH3 flux densIties were found to be slgnlflcantly 

different (p<'0.05) when 25%, 50%, 75% and 100% solutions of 

manure (on a per-volume basls) where applled to source 

plots. An approxlmate Ilnear relationshlp (r2~0.95) was 

observed to eXIst between me an flrst day NH3 flux denslty 

and the,correspondlng applled ~llutlon rate. 'FhlS supports 

the assertIon that NH3 losses are dependent upon the arnount 

of arnrnoniacal-N or total-N ~pplled. partlcularlly on the 

first day after spreadlng . 
• 

First day volatiliza~on losses from separated manure 

were greater than those observed from unseparated manure. On 

subsequent da ys this pattern reversed and los ses from 

unseparated manure were significantly higher (p ~ 0.01) 

probably due to the fact that solid manure particles 
~ ~ 

prevented the rapid movement of the volatile liquid fraction 

into the soi 1. 

Simulated rainfall plots (2 mm prior to each 2 h 
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• 
samp1ing run) appeared ta reduce NH3 lasses by between 5% to 

18% as compared to unwetted plots. Significant differences 

in their respective lasses however, were Dot ~areDt (p ) 

o . 05 ) • A m 0 r e ex t en s ive 1 n v est i g a t ion in t 0 the am 0 u nt a f 

rainfa11 required ta suppress va1atillzation of NH3 ta a 

significant degree must be conducted. 
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