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ABSTRACT

This report was prepared for the National Acid Precipilation Assessment Program (NAPAP)
in order to identify the most appropriate ammonia (NH,) emission {aclors available for inclusion in
the 1885 NAPAP Emissions Inventory. Ammonia emission faclors developed for several new
NAPAP source calegories were compared wilth factors developed lor other inventories The laclors
determined to be the most accurate for each category are presented in this report. Ammonia
emissions estimates based on 1985 activity levels and the emission factors presented in this repon
are summarized. The total NH, emissions included n the inventory are 1,685,473 tons per year
(TPY). Emissions lactors and estimates of NH, emissions are presented lor three calegories thai
were nol included in the invenlory, including emissions from human brealh, cigarette smoke and
human perspiration. Emission faclors and/or activily ievels for lhese categories were not sufficiently
reliable to justify their inclusion in the invenioiy. The issue ¢l ammonia emissions from wildlite
excrement is of paricular concern. The conclusions of this report and other NAPAP research
suggest that the net contribution of wildlife sources to the ambienl cencentrations of ammonia is
zero, and ammonia emission factors equal to zero are presenled in this report. The additional
NAPAP research suggesls that any ammonia emissions from wildlile are reabsorbed inte the natural
biomass, resulling in a net release to the atmosphere of zero. This position is In confiict with
sludies which recommend the application of ammornia emission factors for wildlife, thereby
suggesling that ammonia releases from wildlife sources may be significant. Clearly, further research
is required to resolve this issue. The most significant NH, emissions sources were livestock wasleg,
wastewater treatment, and ammonium nitrate manutaciure. These sources accounied Ior more than
83 percent of the total 1985 emissicns. Emission faclors for these major NH, sources were
assigned low confidence ralings which indicates that a more comprehensive and reliable NH,
emissions database for severa: significanl source categories is needed.
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EXECUTIVE SUMMARY

A major goal ol the Nalional Acid Precipitation Assessmenl Progiam (NAPAP) is the
development of a comprehensive and accurale emissions inventory lor pollutanis which are believed
to play a major role in the chemistry of acid deposition. Ammonia has been identified for inclusion
in Lhis invenlory.

The pumpose ol this sludy was to identify the most appropriale ammonia emissicn faclors
available for inclusion in the 1985 NAPAP Emissions Invenlory. This involved developing aminonia
. lission factors for source categories not covered under a previous NAPAP elfort and comparing
emission faclors developed in inventories prepared for NAPAP, the Canadian Cnvironmental
Prolection Service (EPS), the Electric Power Rosearch Institule (EPRI), and the NASA tLangley
Research Center.

In this investigation, ammonia emission lactors wcre developed for range animal wastes,
wildlife excrement, cigarette smoking, human breath, human perspiration, and waslewater trealment.
These categories, in addilion 1o forest fires, were previously identified as potentially large ammonia
emissions sources. Relevant dala were not available for developing an ammonia emission tfactor
for forest fires.

Though a few of lhe new ammonia emission faciors developed in this study may be
considered natural ammonia sources, Most natural source Ammonia emission faclors were developed
under a separate NAPAP effort by the Nationa! Oceanic and Atrmospheric Administration (NOAA).

The newly developed NAPAP faclois were raled (A:highest-E:lowesl) according o several
criteria including the validily of the lest methods used, the age ot the data, and lhe
representaliveness of the database. Appendix A discusses these cnilena in gelail. Al of the new
NAPAP factors were assigned lhe lowesl raling of E, excepl for taclors developed for human breath
and cigarelte smoking which were assigned ralings of D and C, respeclively,

Aclivily levels representalive of the 1985 base year were used lo estimale 1otal emissions
by source category For wildlile excrement, rsliable animal population data were noi available.

The comparison of ammonia emission faclors developed by NAPAP, EPS, EPRI, and NASA
was based on the same crileria which were used to rate the NAPAP factors (see Appendix A). For
all source calegories, the original NAPAP faclors ware chosen as the best available fer inclusion
in the 1985 NAPAF Inventory. Table 1 summarizes the ammonia emission factors selected, their
ralings, 1985 activily levels, and 1985 emissions eslimates.



Although ammonia emission lactors are presented in Table 1 for ihe categories cigaretle
smoking, human breath and human perspiration, emissions for these categories were rot included
in the 1985 NAPAP Emissions Inveniory. Ammonia emission factors equal to zero arc included in
Table 1 for wildlife calegories. The decision {o exclude emissions lor Ihese categories from the
invenlory was justified by one or morn of lhe following reasens:

. Conllicling research results upon which the emission factors were based cotntributed
significant uncertainiy for the application to the NAPAP prugram

. Activily rale data were either unavailable or unreliable

. Calculated emissions magnilude was too small to be of interest to the NAPAP
program

The decision to exclude ammonia emissions from wilalife excrement was based on concerns
related lo bolh the sources of data available lo develop the emission laclors and the uncertainty
in estimates of the aclivity rate data. The conclusions o! this study and subsequent NAPAP
research suggest lhat the nel contribution of ammonia Irom wildlife excrement is zero. This position
is in conflicl with olher research resuils which have recommended Lhe application ot emission faclors
for ammonia Irom wildlife sources, suggesling that ammonia emissions from wildlife sources may
be large.

The eniission totals by source category indicale that 48 percent of lhe 1985 ammonia
emissions are due to range animal wastes. The lop four calegories, range animal wasles, livestock
wzste management, ammonium nitrate production, and wastewater trealmenl accounted for 83
percent of the tolal calculated 1985 ammonia emissions. However, lhe emission 1aclors for these
categories received low confidence ralings. This indicales a need for more accurale and
comprehensive ammonia emissions data lor many significanl ammonia source calegories.

Major conslusicns of this study are

1. Comparison of ammonia emission factors developed for NAPAP, EPS, EPRI
and NASA resulted in lhe recommendation of a sel of faclors for the 1985
NAPAP Invenlory. In each category the original NAPAP emission faclor
was found 1o represent the besi available data.

2. Total ammonia emissions for 1985 can be broken down as follows:

range animal wasles (48.0 percent)
livestock waste management (23.2 percent)
ammonium nilrale production (7.6 percent)
waslewaler treatment (4.6 percent)

other categories (16.6 percent)

viii
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A more accurale and comprehensive ammonia emissions database should
be developed lor:

= range animal wastes = human breath and perspiration
» livestock waste management » ammonium nitrale manufacture
» wildlife wastes = mobile scurces

« waslewater treatmeni « coal and fuel oil combustion

« forast lires = coke manufacture



TABLE 1. SUMMARY OF AMMONIA EMISSION FACTORS CHOSEN FOR THE 1985 NAPAP EMISSIONS INVENTORY

Emlsslon

tactor 1985 Emisslon
(Ib emltted/ Actl /Ity £missions factor
Source unk)* rate” Units (tons/yrj° rating’
Livestock Wastes
Beef cattle feedicts 13 2.3x10 animals 151,549 r
Cropland spreading
beef cattie 1.7 6.5x10° animals 5,541 E
dairy cows 27 45x10° animals 60,736 £
swine 1143 43):182 animais 105,457 E
sheep . 1.9x1 animals 1,808 E
laying hens 0.34 2.9x10° animals 49,839 E
broilers 0.043 5.0x10* animals 10,781 E
turkeys 0.29 3.9x10 animals 5,579 E
Combustion Sources
Coal 0.00056 8.4x10° tons coal 235 E
Fuel oil 08 3.4x10 10° gallons fuel 13,563 E
Natural gas
utility boilers 3.2 3.5x10° 10° it gas 5,703 C
industrial boilers 32 1.1x10° 10° fi’ gas 17,788 C
commercial boilers 0.43 7.3x10° 10° ft* gas 1,800 C
Moblle Sources
Gasoline
leaded gasoline 0.42 5.3xi0’ 10° gallons fuel 11,168 D
unieaded gasoline 0.63 5.9x10’ 10’ gallons fuel 18,646 D
Diesel 0.95 2.8x10’ 10° gailons fuel 3,206 E

(continued)
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TABLE 1. (continued)

Emisslon
fac’or 1985 Emlission
(Ib eraitted/ Activity Einissions factor
Source unit)® rate Units (tonsfyr)° rating*
Ammonium Nitrate Manufacture
Neutralizer
anulator 18" 1.9x10° tons produced 17,818 D'
high density prilling 18* 2.4x10° tons produced 21,820 D'
low density prilling 18" 9.0x10° tons produced 8,080 D'
Solids formation
evaporation/concentration
high density 17 5.8x10° tons produced 4,905 5]
low density 17 3.2x10° tons produced 2,726 D'
high density prill towers 57.2 2.4x10° tons produced 68,244 A
low density prill towers 0.26 6.4x10° tons produced 83 A
rotary drum granulator 53.4 1.4x10° tons produced 4,011 D'
high density priil coolars 0.04 7.2x10° to  produced 16 A
low density prill ccolers 0.30 0 tons produced 0 A
low density prill dryers 1.6" 1.5x10° tons produced 116 D'
granulator coolers 1.19 0 tons produced 0 o'
Anhydrous Ammonla Fertllizer
Application 19 5.4x10° tons ferilizer 50,988 c
Petroleum Retlnerles
FCC units 54 1.6x10° 10’ barrels fresh feed 42,793 B
TGO uniis € 1.7x10° 10" barrels fresh feed 52 B
Heciprocating eng. e
COMEressors 0.2 h 10" #® gas bumed h B

(continued)
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TABLE 1. (contlnued)

Emisslon
{actor 1985 Emisslon
(b emitted/ Activity Emisslons factor
Saurce unit)® rate” Unlis (tons/yr)* rating’
Ammonia Synihesls
Carbon dioxide regeneration 2.0 4.9x10° tons produced 4,896 A
Condensate stripping 2.2 3.1x10° tons produced 3,464 A

Urea Manufacture
Sclution formation/
concentration 18.2 4.8x10° tons produced 44,122 A
Solids formation
nonfiuidized bed priliing

agriculiural grade 0.87 0 tons produced 0 A
fluidized bed prilling
agricultural grade 29 5.2x10° tons produced 749 A
feed grade 4.1 1.0x10* toris produced 21 A
drum granulation 2.2 2.6x10° tons produced 2,897 A
rotary drum cooler 0.0051 4.1x10° tons produced 0.1 A
Coke Manulacture
Oven charging 0.02 3.6x107 tons coal charged 358 D
Door leaks 0.06 2.1x10’ tons coal charged 645 D
Coke pushing C.1 2.7x10 tons coal charged 1,364 D
Quenching (ccntaminaled
water) 0.28 2.7x10° tons coal charged 3,525 D
Ammonlum Phosphate
Manutacture 0.14 B.2x10° tons P,O, nroduced 571 A

(continued)



TABLE 1. (continued)

LLLix

Emission
factor 1985 Emlsslon
(lb emitted/ Actlvity Emisslons factor
Source unit)” rate® Unlts (tons/yr)° rating’

Range Animal Excrement

Beet cattle 44.4 2.6x10° unconfined pop 578,890 E
Dairy Cattle 45.0 4.9x1¢° unconfined pop 109,725 E
Swine 39.0 4.8x10° unconfined pop 94,593 E
Sheep 4.5 1.0x10° unconfined pop 22,606 E
Wastewater Treatment 19.0 8.2x10° 10° gallons 77,762 E
wildilfe Excrement®

Big Game

carnivores 0.0 h kg animal h E
herbivores 0.0 h kg animal h E

Birds 0.0 h kg animal h E
Clgarette Smoking' 1.8 7.5x10 10° sinokers 68 c
Human Breath'

Smokers 9.1 7.5x10 10° smokers 340 D

Non-smokers 12.0 1.5x10" 10 non-smokers 911 D
Human Perspirat'on’ 0.55 2.3x10° person 60,000 E

*All 1actors chosen were developed by NAPAP unless otherwise indicated.

*Activity rates zre from the 1985 NAPAP Emission Inventory.

(continued)



Table 1. (continued)

“Emissions totals do not inc'ude 44,218 tons trom minor point source process emissions, area source category 99.

‘See Appendix A and this repor jor explanation of ratings. (A is highest, E is lowest)

*Emission factor is from mid-point of range reported in AP-42.

'Rating is lower than that reported in AP-42 because of the listing of a single factor rathe: than a range (as in AP-42).
’Emission faclors as high as 1.6 lo/kg animal for carnivores, 0.14 |b/kg animal for herbivores and 1.3 Ib/kg animal for birds were

developed. These emission laciors were based on research results that were not repiesentative of the wildermess environment.
Other NAPAP research results based on direct ammonia measurements in the wilderness environment support the zero emission faclor

assumptions presented in Table 1.

* Not available.

‘Emission factor was developed but the emissions for these categories were not included in the 1285 NAPAP Emissions Invertory due 10
unreliable activity rates or emission factors, or because the total emissions were insignificant.



SECTION 1
INTRODUCTION

In 1980, Congress eslablished lhe National Acid Precipilation Assessment Program (NAPAP)
1o coordinate and expand research on problems posed by acid deposilion in and around the United
Slates. As a part of Ihis program, the Emissions and Controls Task Group is responsible for lhe
development of a ccmprehensive emissions inventory ifcluding all atmospheric compounds believed
to play a signitican! role in lhe formalion of acid deposition. Ammonia (NH,) has been idenlitied
as one such compound.

The purpose of Lhis document is to idenlily the most appropriate sel of NH, ermission factors
tor inclusion in the 1885 NAPAP Emissions Inveniory by developing emission factors for source
calegories not included under a previous. NAPAP ellort' and by comparing faclors developed by
NAPAP wilh those deveioped {or inventolies sponsored by the Canadian Environmental Proteclion
Service (EPS),? the Eleclric Power Research Institute {EPRI)* and the National Aeronaulics and
Space Administration (NASA)*

The new NAPAP factors that are discussed in this document were considered for application
1o polentially significant ammonia sources for the 1985 NAPAP Emissions Inveniory. The calegories
include waslewater lreatmenl, range and wild animal excrement, cigarette smoking, forest fires,
human brealh, and human perspiration. With the exception of the wastewaler treatment category,
emissions for lhese new source categories were not included in the inventory because cither the
emission lactors or activily levels were unreliable. These laclors were multiplied by aclivity rates
for 1985 to develop estimates of the arnual ammonia emissions. The faclors were rated on a scale
of A through E, wilth A representing the highesi leval of confidence in the faclor and E the lowest
level of conlidence. The ralings were based on several criteria including the age of lhe dala, the
reliability of test methods used, the size of the database, the representativeness ol the database,
and the accuracy ol inlormation upon which engineering esiimates were Muue. Appendih A
describes the melhodology used to assign dala quality ralings.

All ammonia emission factors presented in this document were compared wilth faciois
developed for previous inveniories sponsored by EPS, EPRI, and NASA 1o identily the mos!
accurale set of tactors for inclusior in the 1985 NAPAP Emissions Inventory. The criteria used for
raling the NAPAP faclors were also used to compare faclors among the inventories.

Finally, the factors chosen were mulliplied by nationwide aclivily levels for 1985 lo develop
annual emissions estimates for ammenia source calegories.

Ammonia emission factors lor wildlite calegories were not developed for application lo the
1985 NAPAP Emissions Inventory. The conclusions of this and other NAPAP rasearch® suggest



that the net contribulion of nalural wildlifle to atmospheric ammonia concentrations is zero.
Therelore emission faclors equal to zero are represented in the summary tables in this repor for
wildlile categories. The current information relevanl lo wildlife ammonia emigsions is discussed in
the text of the report. A high degree o! uncertainly is associaled with the application of any
ammonia emission factors for wildlife calegeries. The conclusions of this sludy suggest thal the
net contribution of ammonia 1o lhe ambient alr from wildiife excrement is zero. This posilion

conflicts with the resulls of other cludies which sugges! lhat ammonia emissions from wildlile
sources may be large.



SECTION 2
AMMONIA EMISSIONS

INTRODUCTION

Ammonia ermission lactors have been developed previously for use by NAPAP'. Emission
factors were nol available, however, for a number of polertially important categoriss. In this section,
ammonia emission faclors ar- presented lor the following natural and anthropogenic sources: range
animal excremenl, wi'dlite excrement; forest fires; cigaretle smoking; human breath; luman
perspiralion; and wastewater trealtment. The emission lactors developed are rated on a scale of
A through E, with A represenling the most reliable rating and E the least reliable. The criteria which
were used to evaluate the dala qualily of the emission factors are discussed in Appendix A.

Emissions estimates are also presented lor some ol Lhese categories, depending on the availabilily
of reliable aclivity data.

RANGE ANIMAL EXCREMENT

Approximately 67 percert ot all livestock wastes are produced by unconlined animals.
Though recently there has been a trer 1 tfoward conlfinement, unconfined syslems will likely continue
to dominate in the beel, dairy ceitle and sheep industries.®

The nitregen deposited with live~'ock manure slurry {(a mixture of feces and urine) on ranges
and pastureland is subject 10 ammonia volatilizalion. The rale of volalilizalion depends on such
variables as the ammonia content ¢f the manure, manure placement, ambient temperature, wind
ve'ocity, and the pH of the manure. Olher common mechanisms ol ammonia loss from livestock
manure include nitrification 2nd piant uptake.

Ammonia emissions per acre from range animals largely depend on the stocking rales and
dung distributions. Robbins (1978)° presenled typical stocking rates and animal weighls for several
livestock categories. He raporled average stocking rales of 3.5, 9, 7, and 12 head/acre and
average animal weights of 835, 1100, 66, and <40 Ibs/animal for beel calile, dairy callle, sheep,
and swine, respectively. Sweeten ard Reddel! (1976)" presented graphical data relating manurial
nitrogen delecated on the soil surface to average animal stocking rates in unils ol ft%/lb. Typical
slocking rates were used o {ind the number ol pounds of nilrogen defecated par acre-year from
this graph. The nilrogen excreted was found 10 be 500, 1200, 85, and 900 Ibs N/acre-yr, or 143,
133, 13.6, and 75 lbs N/animal-year for beel cattle, dairy callle, sheep, and swine, respeclively.



Ammonia volatilizalion losses from range animal manure depend on the NH,-N contenl ol
the manure (nitrogen presert as ammonium). Weslerman et al. (1985)* collecled da'a on manure
characteristics and reported average NH,-N contents in fresh manure ot 32, 3, and 52 as a percent
of total nitrogen lor beel catile, dairy cattle, and swine, respectively. Since their NH,-N esumate for
dairy cattle manure appeared to be unusually lbow and was based on only lhree dala poinis, an
estimate of 35 percenl NH,-N presenied by Overcash et al. (1983)° was used instead. This
estirnate was based cn twelve data poinis. Mo dala were avzilable on the Nid,-N contenl ol cheep
manure. Ar average oi NH,-N eslimates for beef and dairy cattle manure (34 percent) was used
for sheep.

Typical ammonia volatilization rales in the range sefting are diflicull to quantify. However,
many studies have been conducled to delermine volatilizalion rates from surface-applied animal
manures. Assuming that there is no piling of manure in the range setting, volatilization rates would
be simdar fiom range animal manure and surface-spread manure. The no-piling assumplion
presents a worsi-case scenario. However, it appears lo be a reasonable assumption, since
Sweelen (1976)" reported that al the end 21 a typical animal-year ol cattl2 grazing, more than 80
percent ol a paslure would have received no manure, 17 percenl would have received onre
dgefecalion, and only 3 percent of the pasture would have received more than cne delecation.

Westerman et al. (1985)° galhered data from several studies which measured ammonia
volatilization losses from surface-spread animal manures. They reported an average ammonia
volatilizaiion koss ol 80 percent ol the applied NH,-N seven days after application. This average
was based primarily on a study by Lauer et al. (1976)" in which volatilization losses were estimaled
from surface-applied dairy manure by periodically measuring the iotal ammoniacal nitrogen content
of manure samples collected from the soil suface. Holf et al. (1981)" reported an 82 percent loss
of NH,-N applied with surfac. spread swine manure. [n estimatling volalilization losses as a percent
ol NH,-N applied, 80 percen. vas used for volatiiization from catlle and sheep manure and 82
percent for losses from swine manure,

Ammonia emission factors for the various livestock calegories were calculaled by multiplying
nitrogen excreted (Ibs/animal-yr) by the NH,-N conlents to delermine the amount of NH,-N excreted
{Ibs/anir al-yr}. The NH,-N excreted was then multiplied by a molecular weight conversion factor,
1.21, to obtain Ibs NH.,animal-yr. Finaily, the emission faclors were calculated by mulliplying
ammonia excreted by lhe percent volatilization.

To calculate fotal ammonia vnlatilization, the emission faclors were mulliplied by unconfined
animal populations. Unconlined populations were obtained by multiplying tolal animal populations
obtained from the 1982 Census ol Agricul’ure, by the percent of animals unconlined, presented by
Robbins (1978)" as 80, 52, 84, and 9 percent for beef callle, daiiy cattle, sheep, and swine
respeclively. Total 1985 ammonia ermissions from range animals were 805,821 tons.

An E raling was assigned to the emissivn faclors for range animal excrement, since no
database was available to specifically quantify ammonia amissions from range animsql wastes, and
it was necessary 10 make many assumplions to derive lhe factors.



WILDLIFE EXCREMENT

Separate ammonia emission faclors were developed for carnivores, herbivores, and birds
because ol differences in diet and manure characteristics among wildlile species. The emission
taclors lor wildlite excremenl developed in lhis study were based on research resulls conducted on
animals in confined setlings and were not represenlative ot conditions in wilderness environmenls.
Additional NAPAP research representative of natural wilderness conditions suggests that the net
contribution of ammonia from wildlife is zero.> Therelore, emission lactors equal to zero are
included in the summary iables in this report. Data from Golley et al. (1965)” were used (o0
eslimale ammonia emissions from carnivore excrement. In this study, feces and urine produclion
were measured from eighl bobcals in a laboralory. The bobcats were led on diels of either
chicken, rabbit, or deer meal.

Average feces production for the bobcals was 25 g/day. Since tho average weight of the
bobcats was 6.5 kg, the manure produclion was 3.1 lbs/kg animal-year. Nitrogen constitules
approximalely 3.7 percent of animal rnanure.”” Assuming that livestock wasles and carnivore wasles
have sin .lar NH,-N contenls, about 40 percent ot the tolal nitrogen excreled would be in the form
of NH,-tl” Thus, approximalely 0.05 lbs NH,-N or 0.06 Ibs NH, were excreted per kg animal-year.

The average bobcat urine production was 238 ml/day. Based on urea concentration of 120
g/l urine and an ammonia concel.:*alion of 68 g NH/I urine, the average ammonia produced i the
urine of the bobcats was 16 g/bobcal-day or 2.0 lbs NHy/kg animal-year.

The combined ammania contenls of the leces and urine give an ammonia content ol the
manure slurry (a mixdiure of leces and urine) of 2.1 Ibs NH/kg animal-year. Given this estimale,
the average volatilization rate irom suriace-spread manure slurry of BO percent presented by
Weasterman el al. (1984)" was applied 1o estimate volatilizalion fiom carnivore slurry, which yielded
the emission 1actor of 1.6 lbs NH,/kg animal-year for excrement from carniveraus wildlile.

The emission faclor for excrement produced by herbivorous wildlife was derived from data
for liveslock wastes, since domestic livesiock have a vegetarian diet. Dala presenled by Weslerman
el al. (1984)" suggesl that the average arnmonia produclion in manure slurry from dairy cattle, beef
cattle, and swine is 0.17, 0.12, and 0.25 Ibs’kg animal-year. Assuming an average ammonia
volatilization rate of 80 percent for surface-spread manure slurry’, the emissior laclor for hierbivoious
wildlile is 0.14 Ibs NH,/kg animal-year.’

Data on e characteristics of pouliry manure were used to derive a separate ammonia
emission factor for wild birds. Loehr (1968} reported an average manure produclion for poultry
of 0.0062 ft’/day and an average manure density of 80 Ibs/At’ for Iresh manure mixed with urine.
Therefcre, the average manure produclion was 0.37 Ibs manure/day wilh an average nitrogen
conlent of 5.4 percent. Westerman et al. (1984) presented an average ol 33 percent NH,-N
content based on total nilrogen for fresh poultry manure mixed with urine. Thus, 0.0066 Ibs NH,-N



TABLE 2-1. EMISSION FACTGRS AND TOTAL 1980 AMMONIA EMISSIONS
FOR BIG GAME EXCREMENT

Potentlal

Emisslon factor Avg. wt.* Emisslons

Animal (lbs NH3/kg anlmal-yr) (kQ) Population® (1ons/yr)
Antelope 0.14 45 234,000 737
Barbary Sheep 0.14 NA £00 NA
Bear 1.6 NA 37,100 NA
Bighom Sheep 0.14 120 16,100 152
Bultalo 014 NA 800 NA
Caribou 0.14 g5 250,000 1,660
Deer 0.14 75 1,230,000 6,460
Elk 0.14 270 70,100 1,320
Wild Boar 1.6 NA 8,300 NA
Moose 0.14 400 87,900 2,460
Mounlain Goat 0.14 NA 5,200 NA

“‘Reference 3.

*Relerence 19.

are excreted pe- bird each day. Assuming an 80 percent volalilization rate’, the emission factor
for bird mantie is 2.35 Ibs NH/bird-year, or 1.3 Ibs NH,/kg bird-year.

In order lo calculate ammonia emissions, average weights and populations are needed fur
each wildlile species. Table 2-1 presents 'otal emission estimates for big game animals by wildlife
type, where sulficient data were available. Due to the lack of reliable wildlile population data and
the uncertainties associated with the emission faclors, NH, emissions from wildlife were not included
in the 1985 NAPAP Emissions Inventory. Further NAPAP research suggests that ammonia emission
in the wilderness selting are reabsorbed into the nalural biomass, resulling in a net release ol
ammonia 1o the almosphere of zero.® It the ammonia emissions are largely reabsorbed into the
biomiass in the natural setting, then regardiess ol the emission factor or emission rate, the nat
releasc ol ammonia emissions lo the atmosphere would approach zero. The decision to exclude
wildlile ammonia emissions from the 1985 NAPAP Emissions Inventory is in contlict with studies that

present emissions factors for application, thereby suggesting thal ammonia emissions Irom wildlite
may be significanl.

FOREST FIRES

Ammonia emissions from forest fires have been considered negligible in most emissions
inventories. Alihough the emission factor is small, the lolal emissions from \his source may be
significant due to the large amount of forest land that burns each year.



Aeliable inlormalion on ammonia emissions could not be located ior this category. A few
emissions inventories, including that prepared for EPS, have presented a lactor of 0.3 Ibs NH ion
wood burned for ammonia emissions from forest fires. The rationale {or the selection of this taclor
was an invenlory by Wholers and Bell (1956)".

Since no verifiable emission factor could be kcated lor ammonia from forest fires, this study
does not present one and does nol recommend a factor for the 1985 NAPAP Emission Inventory.
Ratizer, it is recommended that reliable dala be developed for ammonia emissions [rom this source.

CIGARETTE SMOKING

Cigarette smoke resulls from the incomplete combuslion of lobacco and consists mainly of
nilrogen, oxygen, carbon dioxide, carbon monoxide, hydrogen, argon, and methane.” Sloan and
Morie (1974)" measured ammonia in lobacco smoke using an ammonia electrcde. Cigarettes were
smoked by a one-port, syringe-lype simoking machine a fjusted lo operate at one 35-ml, two-second
puft per minute. To measure ammonia, an Oricn Model 95-10 ammonia electrode was used in
conjunction with the Crion Model 407 specific-ion meler.

Two domestic cigarelie brands (one wilh a filter and one wilhout a filter), one European
brand {dark tobacco), and two non-commercial types (burley tobacco and flue-cured tobacco) were
used in the study. Seven analyses were performed on each cigaretie type. The average ammonia
content of the smoke from ihe various cigareiltes was 81.8 ug NH,/cigarette.

Newsome et al. (1982)" measured the content of several compounds in cigarette smoke.
A simple smoking machine was used which replicated normal human puff volumas of 40 ml and
appropriaie velocily distributions during the two-second puff duralions. Ammoniacal compounds iri
the smoke were determined by the Nessler procedure. This method did not distinpuish belween
ammonium compounds and free ammonia. The experimenl showed average ammonia conlents of
12, 13, and 7.6 ug/40 ml puft ior cigareltes with no filter, acelate filters, and aceta'? adsorbent
liters, respectively. The average ammonia conlent of smoke from ihese cigarelles was 11 ug
NH,/puff.  Assuming an average of 11 pufls per cigaretle, the resulting factor is 121 ug
NH,/cigaretle. The overall ammonia emission lacior was taken as an average cver both studies,
or 100 ug NHycigarelie.

Tolal ammonia emissions from cigaretle smoking in 1980 were calculated using statistical
dala from a nalional heallh survey '’ A 1otal population of 160,768 was sampled, of whici1 52,442
or 23 percent were smokers. Therefore, of lhe tolal population of the United Stales in 1980
(226,546,000}, approximately 74,760,180 persons were smokers. The study reported an average
of 22 cigareties smoked per cerson each day or 8030 cigarettes per year. Thus, ap.roximately 1.3
X 10° Ibs NH, cr 63 ons were emitted from zigaretle smoke in 1980. Since the 1o al emissions o:
ammonia Irom cigarette smoking based on 1980 population data are insignilicant, estimales were
nol includad in lhe 1985 NAPAP Emissions Inventory.



The ammonia emission lactor for cigarelte smoke was based on current data with reliable
test melhods. Since the database was small, a raling of C was assigned to lhis factor.

HUMAN BREATH

Aramonia is produced by the human body as a metabolic end producl. A portion ol this
araimonia is exhaled through respiratior.

Nefedov €1 al. (1969)" sludied the content of contaminants in the human expired air ol 10
smokers and 11 non-smokers. Ammonia and amino compounds were delermined by ihe
colorimetric test with Nesslei’s reagent. The average ammonia content of expired air was 0.56
mg/m’ for sinokeis and 3.76 mg/m’ for non-smokers. Neledov aiso reporied an average of 20
m’/day air expired per person Thus, ammonia &mis  »i {acats 19° hurnan breath ware calculated
as 9.1 Ibs NH,/1000 person-year lor smokers and 12.0 ibs NH,/10C0 person-yeur for non-smokers.

To estimale total ammcnia emissions from human breath, 1980 population eslimates lor
smokers and non-smwokers in the Uniled Stales were mulliplied by the taclors derived. In 1980, a
total population of 226 546,000 was reported, with 33 percent or 74,760,180 eslimated as smokers
and 151,785,820 as non-smokers."” Therefore, total 1980 ammonia emissiwns wera 340 tons/year
for smokers, 911 lons/year for non-smokers and 1250 tons/year for the entire U.S. population.

The tactors developed for human brealh were given a D rating. Although reliable ‘2sl
methods were used, the database was small and the tesl used by Nefedov et al. {1969)" did not
distinguish between ammonia and amino compounds. Since the reliability of the emission factor
for human breath is low and total emissions based on 1980 population are insignificani, emissions
from human brealh ware not included in the 1985 NAPAP Emissions Inventory.

HUMAN PERSPIRATION

Pari of the ammonia produced by the human vody as a melabolic product is emitted 1o the
almosphere as perspiration. Altman and Dittmer (1968)" reporied that 24.5 g urea are typically
produced each day by the human body (assuming a body weight of 70 kg). Approximalely 5
percent of this is released through perspiraion as ammonia.® Thus, tha emission factor for human
perspiration was calculaled as 1.5 Ibs NH/1000 persons-day or 0.55 Ibs NH,/person-year.

This faclor was multiplied by lhe total U.S. populalion for 1980.7 The tlolal ammonia
emissions due 1o human sweat in 1980 were eslimated at 60,000 tons.

The ammonia emission factor lor human perspiralion was given a low confidence rating of
E beceause the database was cmall and the dala were difficult to verily. Since the ammonia
emission faclor tor ammonia emissions from human perspiration was highly uncertain, emissions for
this colegory were not included ir the 1985 NAPAP Emissions Inverntory.



WASTEWATER TREATMENT

Ammonia volalilization rales from publicly-owned treatmenl works (POTWS) are difficult 1o
quantify accurately. The highly variable nature of the physicalchemica! composilion of wastewater,
lhe variely of treatmenl processes available, and the mode/efliciency .1 selected operations are
important variables altecting lhe (ate of Iree ammonia in waslewaler, Various trealmenl alternalives
can also promote several differert NH, removal mechanisms simultaneously. Wilthout detlailed
information describing the treatment processes and specilic operalional paramelers, eslimation ol
the relative impontance of the compeling NH,-N removal mechanisms involved during wasiewaler
treatmenl operations, such as hitrificalion, bacterial assimilation, adsorption, and volatilization, must
be based on engineering judgment.

Evaluation of the ammonia emission potential from POTWSs began wun a review of the 1984
Needs Survey data collected by the EPA Office of Municipal Pollution Control.?' Influent and effluent
ammonia concenlrations for over 850 waslewater trealment facililies nationwide are included in this
survey. The mean influent NH,-N removal elliciency derived from the data is approximately
75 percent. This level of NH,-N removal correlates well with accepled engineering assessments®,
and is supported by relevant research involving the efficiency of nitrogen removal from wastewater
trealment operations.”

The concentralion of NH,-N present in untreated domestic wastewater of average strength
is approximately 25 mg/l”? Assuming typical operations ' that the facility dala used to calcutale
the 75 percent NH,-N removal efficiency are representauve of lhe more than 1£,000 POTWs
operaling in the United States, approximately 19 mg NH,-N would be removed during wastewater
treatmenl for every liter of influent treated.

Research has shown that the elficiency of air stripping of free ammonia is greatly dependent
on the lreatment process and operational parameters. For example, results oblained by Lee and
Naimie* in a 1984 sludy of ammonia removal mechanisms showed a dependency on pH tor air
siripping efticiency ranging from over 90 percent at a pH ol 10.0 to less lhan 10 percent al a pH
ol 7.5. Since the pH of unirealed domestic wastewaler generally ranges between 7.0 and 8.0, the
NH.,-N removal rate due to air stripping would be aboul 10 percenl under normal treatment
nperalions. The emission rate for ammonia from POTWSs was thus estimated al 10 percent of the
amounl of NH,-N removed by trealmenl operations, or 1.9 mg/liler of influent trealed.

An emission factor of 19 x 10° ibs of NH/gallon of wastewater inflluent trealed was
developed by simply manipulating the units of the estimated emission rate from mg/liter 1o Ibs/galion.
To calcula‘'z lotal ammonia emissions from POTWSs nationwide, the emission factor was multiplied
by the 8.2 x 40" gailons of induslrial wastewaler treated by POTWs in 1984.*' The resulling total
ammonia emissions from POTWs eslimated for 1985 were 77,760 tons.

Broad assumptions were necessary 10 develop an emission faclor lor waslewater treatment
due to the variations in operating procedures and trealmenl methods employed at different tacilities.
Thus, an E raling was assigned 1o the emissicn [actor for POTWSs.



SECTION 3

COMPARISON OF NAPAP AMMONIA EMISSION FAC i 0RS TO
FACTORS DEVELOPED IN OTHER INVENTORIES

in this seclion, NAPAP ammonia emission factors, which were developed lor applicalion to
the 1980 NAPAP Emissions Inveniory,’ are compared to factors developed for inventories sponsored
by the Canadian Environmental Prolection Service {(EPS)? the Electric Power Research Instilule
(EPRI)®, and the NASA Langley Research Cenler* The objective of the comparative analysis was
to identity the most appropriate 1actors for use in the development of the 1985 NAPAP Emissions
Invenlory.

Table 3-1 summarizes the ammonia emission faclors developed by EPRI, NASA, EPS, and
NAPAP. For many source categories, there are large discrepancies between the emission factois.
The reasons tfor such large discrepancies include the lack ol a good database characterizing
ammonia emissions from most sources and the lack of slandard methods for measuring aimcspheric
ammonia. The selection ol appropriate emissions faclors for applicalion 10 the 1985 NAPAP
Emissions Inventory is based on an objective analysis of the credibilily of the information used to
develop the emission factors. For some categories the emissions facalors were manipulated to be
consistent with the forrnat and struclure of the 1985 NAPAP Emissions Inventory.

LIVESTOCK WASTE MANAGEMENT

Cropland Spreading of Manure

The EPRI and NASA factors for livestock wasle managemenl were consistenlly higher than
the NAPAP tactors for each animal type. The NAPAP factors for animal wasle, which have recently
been revised, did not differ significanlly from the faclors daveloped by EPS; however, the
lwo sludivs used exiremely divergent melhods to derive their respective faclors.

The EPRI iactors ft  ‘eslock wasle managerient used an overall 50 percent volalilizalion
rate based on total nitrogen excreted. Althe:gh the 50 percent figure was referenced to several
siudies in the EPRI report, Adritno &t 2l. (1974)® found nitrogen losses ranging from 26 to
46 percent of tolal nitrogen applied with catile manure in a greenhouse. Therefore, 50 percent is
larger than {he highest loss measured. In addition, nitrogen losses measured in this siudy were nol
all due to volatilization. Olher mechanisms of nilrogen loss such as denitrification and ieaching of
NO, would be included in their eslimale as well. The 50 percenl volalilization rate was also
referenced to Giddens and Rao (1975).° Review of this study revealed that a volatilization rate of

10
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TABLE 3-1. COMPARISON OF AMMONIA EMISSION FACTORS

Emisslon Factors

Source NASA* EPRI® EPS’ NAPAP Units
Livestock Waste Management’
Beef catlle 34 103 18 1.7 Ibs/animal
Dairy cows 71 88 18 27 Ibsfanimal
S 7 14 14 4.3 Ibs/animal
Sneep . 9 18 1.9 bs/animal
Laying hens 0.4 0.8 - 0.34 (bs/animal
Broilers 0.4 0.8 -- 0.043 Ibs/animal
Turkeys - 2.2 - 0.29 Ibs/animal
Beef Cattle Feedlots -- - - 13.0 ibsfanimal
Combustion Sources
Coal 2 19 2 0.00056 Ibsftons coal
Fuel Qii 1 0.97 1 0.8 Ibs/10° gallons
Natural gas 03 - - -- Ibs/10° f°
utility boilers - 3.24 - 3.2 lbs/10° t°
industrial beilers -- 3.20 - 3.2 Ibs/10° 1t
commercial boilers - 0.49 - 0.49 1bs/10° 1t
Mobile Scurces
leaded gascline 2.0 0.64 20 0.42 Ibs/10° gallons
unleaded gasoline - 0.64 2.0 0.63 ibs/10° gallons
diesel 2.0 0.95 2.0 0.95 Ibs/10° gations

(continued)
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TABLE 3-1. (Continued)

Emisslon Factors

Source NASA® EPR/" EPS’ NAPAP uUnits
Ammonium Nitrate Manutacture
With grarnulator - 38 -- - Ibs/ton
With prill tower -- 2.0 - - ibs/ton
Neutralizer -- - 1.0 18° Ibs/ton
Solids formation
evaporation/concentration -- -- 1.0 17 lbs/ton
high density prill towers - - 0.4 57.2 lbs/ton
low density prill towers -- -- 0.4 0.26 Ibsiton
granulators -- -- -- 59.4 Ibs/ton
high. density prill coolers -- -- - 0.04 ibs/ton
low density prill coolers - - - 0.3C Ibs/ion
low densily dryers -- - -- 1.6° Ibs/ton
granulator coolers - - - 1.19° IbsAon
Ammonla Synthesis - 3.2 - -
Carbon dioxide regeneration -- - 2.0 2.0 tbsston
Condensate stripping - - - 22 Ibsfton
40 - IbsAon

Loading and storage - -

{continued)
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TABLE 3-1. (Continued)

Emission Factors

Scurce NASA? EPRI® EPS” NAPAP Units
Urea Manuiacture
Solution formation/ - 4.35 - -- lbs/ton
concentration -- = - 18.24
Sclids formalion
nonfluidized bed prilling
agriculturai grage - - -- 0.87 Ibs/ton
fluidized bed pnlling
agricultural bed - - - 2.9 Ibs/ton
feed grade -- . - 4.1 IbsAon
drum granulation - - - 2.2 lbsAon
rotary drum cooler - - - 0.0051 Ibs/ton
Anhydrous Ammonla Fertilizer
Application 20 . 60 19 lbs/ton
Ammon:um Phosphate
Manufacture - - 0.08 0.14 lbsAon
Petroleum Refineries
FCC units - - 54 54 Ibs/10° barrels
TCC units - 6 6 Ibs/10 barrels
Recip.ocating engine
COMPressors -- -- - 0.2 Ibs/10* f#* gas

{continued)
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TABLE 3-1. (Continued)

Emlssion Faciors

Source NASA® EPRI® EPS’ NAPAP Units
Coke Manufacture
Oven charging - - 0.02 0.02 lbs/ton
Door leaks - - 0.06 0.06 Ibs/ton
Coke pushing - - 0.1 0.1 Ibs/ton
Quenching {contaminated
water) - - - 0.28 lbs/ton
Range Animal Exsrement
Beef Cattle - -- 44 ibs/animal
Dairy Catile - - - 45 ibs/animal
Swine - - -- 29 Ibs/animal
Sheep - -- -- 45 Ibs/animal
Wastewater Treatment - - - 19 Ibs/10° galions
Wiidlife Excrement'
Big Game
carnivores - - 0.41 0.0 lbs/kg animal
herbivores - - 0.036 0.0 lbs/kg animal
Birds - -- - 0.0 ibs/kg animal
Forest Fires® - -- 0.3 -- Ibs/ton wood
-- - 100.0 100.0 ug/cigarette

Cigarette Smoking®

{continued)



TABLE 3-1. (Continued)

Emlssion Factors

Source NASA? EPRI® EPS° NAPAP Units

Human Breath® 35 - - tbs/10° persons

Smokers - - a1 9.1 lbs/10° persons

Non-smokers - - 14 12 tbs/10° persons
0.55 - 0.55 Ibs/person

Human Perspiration’ -

*Refercnce 3.
®Reference 2.
‘Reterence 1.

NASA and EPRI emission factors are for all livestock wastes. EPS emission factors are for wastes from feedlots. NAPAP emission
factors for cattle feedlots and cropland spreading of wastes are shown separately.

*Emission factor for NAPAP is from the midpoint of range reported in AF-42.

'Emission factars as nigh as 1.6 lb/kg animal for carnivores, 0.14 Ibo/kg animal for nerbivores and 1.3 lb/kg animal for birds were
developed. These emission factors were based on research results that were not representative of the wildemess environment.
Other NAPAP research results based on direct ammonia measurements in the wilderness environment support the zero emission

factor assumptions presented in Table 1.

Emission factor was developed but emissions for these categories were not included in the 1985 NAPAP Eniissions Inventory due 10
unrehiable activity rales or emission factors or because the lotal emissions were insignificant.

— No emission tactors reported. Industrial sources were accounted for in the NASA inventory afthough no emission f{actors were

presented.
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47.6 perceni of the total nilrogen applied was measured for pouliry manure only. The basis for the
assumplion of 50 percenl ammonia loss could nol be veritied,

The EPRI faclors aiso did nol consider dilferences in manurial ammonia conlents between
liveslock calegories and did not account for manure injection. Injection of animal manures reduces
volatilization losses dramatically and is an increasingly popular method of manure application since
il encourages the conservation of applied nutrients.

The factors developed by NASA for liveslock waste management were based on an
85 percent volatilization rate and excrelion rates presenled by Loehr, 1968.” These lactors did not
account for dilferences in ammonia content belween animal lypes. The volalilization rate used was
tor surface-applied manure only and did not account for manure applied by injeclion. Since neilher
NASA nor EPRI provided for the lower volatilization rales ol injected manure, the NASA and EPR!
factors may have overestimaled ammonia emissions from livestock waste management.

EPS developed factors for cattle, swine, and sheep in feedlots only. Their factor
development was based on the assumption lhat most of the ammonia emitted from animal wasle
comes from urine rather than feces. They utilized data on average daily urine production for
herbivores and carnivores™'' and a 10 percent volatilizalion rale (Healy et al., 1970)® to obtain
ammonia emission rates.

The omission of the nitrogen in feces from EPS ammonia emission faclor calculations leads
to an underestimation of ammonia emissions. Numerous sludies characterizing livestock wastes
have shown thal an average of 50 percent of lotal marurial nilrogen is present as NH,-N.* In this
lorm nitrogen may be readily volatilized. Furiher, depending on the carbon:nitrogen ralio of manure,
a fraction of manurial nitrogen may be transformed into N.'-N over lime." In addition, the
volalilization rate used by EPS (10 percenl) appears low since numerous studies designed lo
measure ammonia volatilization from surface-spread manure slurry report an average ol 80 percent
volatilizalion of applied NH,-N.* EPS also used one factor for all animal types. This does not
account for dilferences in NH,-N contents in the manure and urine of various liveslock types.

The NAPAP ammonia emission factor {or cropland spreading of animal manures has been
revised to retlect individual NH,-N contents of manure by livestock calegory. Previously, an average
NH,-N content was used over all animal lypes. The revised lactors are rnore accurale since they
are based on separate NH,-N conlents of 43, 38, 58, and 73 percent ol tolal nitrogen for dairy
cows, beel cattle, swine, and poullry, respeclively (Table 3-2). Since the NH,-N conient of sheep
manure was not available, an average Nk | conlerl ol dairy cow and beel catlle manure
(41 percent) was used. The volatilization rates were based on the average of several sludies which
included data for surface-spread and injected manure, various manure types, and ditlferent manure
management practices.’
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TABLE 3-2. AMMONIA CONTENT IN ANIMAL MANURES AS PERCENT OF TOTAL NITROGEN'®

Manure Type Dalry Cows Beel Cattle Swina Poultry
Fresh 3 32 52 kK]
Scraped 24 5 28 58
Slurry 3g 38 64 75
Lagoon 67 71 81 86
Average* 43 38 58 73

"Percenlages were averaged for manur lhal was scraped, slurned, and held in fagoons.

These factors were also revised for consistency wilh other NAPAP faclors. The factors for
cropland spreading ol liveslock waste which had been previously developed represented NH,-N
emitted rather than NH, emitled. Since all other NAPAP are expressed in lerms of NH, emilted and
not in terms ol NH,-N, the factors lor cropland spreading were muliiplied by a molecular weight
conversion factor, 1.21, 1o oblain the revised factors.

Table 3-3 oullines the revised emission factors which were developed for cropland spreading
of animal wastes. Dala on total manure voided, nitrogen excreted, and nitrogen available for
cropland spreacing were obtained from Van Dyne and Gilbertson {1370)7 (Table 3-3). Emissicn
laclors were developed by multiplying the nitrogen available for spreading by the NH,-N content of
each manure type and by a 59 percent volalilization rale. This result was mulliplied by 2 melecular
weight conversion factor and divided by the animal population for 1974™ to obtain Ibs NH,
emilled/animal-year. Annual ammonia emissions were then calculated by multiplying the faclors by
animal populations for 1980 oblained from the 1982 Census of Agricullure. Revised emission
factors and emissions estimates appear in Table 3-3. The tolal revised ammonia enissions for
cropland spreading ol animal manures is 520,000 tons/year.

NAPAP emission factors for liveslock wasle management included faclors for cattle feedlols,
as well as cropland spreading. NAPAP developed an emission faclor for beef caltle teedlols
utilizing over 56 data points from studies which measured ammonia emissions at catile feedlots.
Data were obtained from an EPA study™ and a study conducled at a Colorado feedlol.”’

Due to the many variables associaled wilth the measurement ol ammenia from livestock
wastes, several assumplions were necessary to derive ammonia emission faclors from livestock
wasles for each invealory. The NAPAP lactor, however, appears to be the most reliatle since it
is based on lhe widest database and considers differences between animal types and application
methods. Therefore, the NAPAP faclors for livestock wasle management are recommended for
inclusion in the 1985 NAPAP Emissions invenlary.
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TABLE 3-3. REVISED AMMONIA EMISSIONS FOR LIVESTOCK WASTE MANAGEMENT

Manure production®

Manure for spreading®

(10° tons/yr) (10’ tons/yr) Animal 1985
Emission factors® popuiation® Emisslons

Animal Manure N Manure N (Ibs NH,/animal-yt) (1982) {tons/yr)
Cattle 62,485 1,666 17,897 304 1.7 6.5 x 10° 5,541
Dairy Cow 25,210 Bi4d 206,358 498 27 45 x 10° 60,736
Swine 13,360 1,086 5,538 284 43 49 x 107 105,457
Sheep 3.796 147 1,700 48 1.9 1.9 x 10° 1,809
Laying Hens 3,374 158 3,259 92 0.34 29 x 10° 49,839
Broilers 2,086 136 2,434 122 0.043 50 x 10° 10,781
Turkeys 1,251 76 983 36 0.29 39 x 107 _ 5579
TOTAL 111,562 4,083 52,169 1,384 239,742

*Reference 29.

*Calculaied by multiplying nitrogen available for spreading by (percent of total ndrogen as NH,-N, b

y 1.21) and by 59 percent (parcent of

ammonia in manure that volatilizes) and dividing by animal popuiations for 1374 (Reference 21). For sheep manure, 41 percent (an average

NH,-N conent over cattie and dairy Cow manure) was used.

‘Figures for cattle, dairy cows. swine, laying hens, and broilers are taken from reference 11. Figures for sheep and turkeys are taken from

reference 21.



Range Animal Excrement

NAPAP was the only ammonia inventory that incluced a separate emission factor for range
animal excrement (see Section 2). EPRI included range and pasture !ands as an emission source
based on land use categories. The EPRI faclor for paslureland was based on data by Denmead
et al. (1976)™ for ungrazed pasture only. They used the same factor (5.8 kg NH/m"-day) for
grazed and ungrazed pastures even lhough one would expect much grealer emissicons il a paslure
were grazed due 10 manure deposils. The EPRI factor for rangeland was based on an upper limil
from a sludy by Miner (1976)* in which ammonia was estimated from several areas at a dairy larm.

The NAPAP faclors for range animal excrement (see section 2) were on & per animal basis
rather than a per area basis. This approach accounted for all manure and urine produced by range
animals. The factors were based on dala characterizing nitrogen produclion, stocking rates, manuse
distribulion, ammonia content, and volalilizalion rales by animal group. This per animal approach
is consistent with ithe development of factors from nther agricultural systems which involve ammonia
emissions from manure such as fecdlots and land soreading of manures. Therelore, (he2 NAPAP

faclors for range callle excrement are recommended lor inclusion in the 1985 NAPAP Emissions
Inventory.

Appilication to the 1385 NAPAP Emission Inventory

A composite emission lacinr was developed 1o represent ammonia emission from livestock
waste management practices for application to the 1985 NAPAP Emission Inveniory. The composile
factors were developed by calculaling the average of (e emission factors for cropland spreading
and range animal excremenl, weighted by the percent of the populations lhat were confined and
unconfined. These weighted average faclors were applied 1o the calegories for beef cattle, dairy
cattle, swine, and sheep.

The distributions of confined and unconfined populations for each of these categories have
been presented by Robbins (1978).° The resullant emission faclors that were applied for livestock
waste management are 36.9 Ib/animal for beef catlle; 36.4 Ib/animal for dairy catlle; 7.4 Ib/animal
for swine; and 4.1 Ib/animal for sheep. These emission factors were then mulliplied by total animal
production data by stale obtained from the 1882 Census of Agriculture 10 represent 1885 Emissions.

COAL. COMBUSTION

The NAPAP ammonia eimission factor for coal combustion is smaller than those cited by
EPS, EPRI, and NASA by a factor ¢f 1000. The EPS and NASA faclors are identical (2.0 Ibs
NH,/lon coal) and were traced to a 1¢port by Wholers and Bell (1956)." This relerence presenled
no basis for the estimate. An effort was inilialed to locate an original data source for this factor;
however, the origin of this faclor could not be ascenained.
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The EPRI factor (1.9 lbs NHyton coal) was developed from Wholers and Bell (1956) and
trom factors of 2.6 and 1.06 Ibs NH,/lon coa! presented by Sonderlund (1977)* and Muzio and
Arand (1976)%, respectively. The Sonderlund factor was obtained from Hill (1945)° which was
based on a pre-1945 study. The Muzio and Arand faclor was based on lests performed on a
laboratory scale firetube boiler firing biluminous coal. The study was designed lo study the effects
of ammonia injection on lhe release of nitrogen oxides during coal combustion. The factlor (1.06
Ibs NH,/ton coal) was based on one data point without ammonia injection. Another point in the
study with ammonia injection released only 0.03 Ibs NH,/lon coal.

The NAPAP factor for ammonia from coal combuslion is 0.00056 Ibs NHyton coal. This
taclor was based on a full-scale study at a Wisconsin power plant.* Bauer and Ancren (1985) 1ook
six samples from each of two 527-megawatt furnaces fired wilh bituminous coal. The unils
consumed 2 x 10° kg dry coal/hour. The NAPAP faclor was based on an average etaission rale
over Unit Il only, since Unit | operaled with the addition of ammonium carbonate which is nol
representative of current practices. Additional support for the NAPAP emission lactor is afforded
by bench-scale evaluation conducied by the US EPA Industrial Environmental Laboratory.™ The
resulls of these evaluations showed that the combustion of medium volatile biluminous coal formed
essentially no NH,, even under extremely fuel-rich conditions.

Selective catalytic reduction is an N7, reduclion process which uses ammonia as a reagent.
Thus, most of the ammonia emissions measured from these unils would be due to the NO, control
system and nol coal combustion itself. Based on lhis lactor for selective calalytic reduction,
NAPAP's emission factor for coal combustion {0.00056 Ibs NH/on Coal) appears o be more
reasonable than lhe 2.0 Ibs NH ton coal reporied by EPA, EPRI, and NASA.

Although the NAFAP iaclor dillers greatly from those developed by EPS, EPRI, and NASA,
it represents more recent and reliable data. The other factors are based on unverifiable and
outdated sources. Therelore, for coal combustion the NAPAP emission faclor of 0.00056 Ibs
NH,/lon coal is recommended for inclusion in the 1985 NAPAP Emissions inventory. It should be
noled, however, that Ihis factor was based on only six data poinis from a single boiler firing

bituminous coal. 1n order 1o develop a more representalive factor, more data should be generaled
on ammonia emission {rom coal combustion.

FUEL OlL COMBUSTION

The NAPAP, EPS, EPRI, anc NASA ammonia emission factors for luel oil combuslion are
all in good agreement. Nevertheless, they will be evalualed in order 0 delermine tne most
reasonable factors.

The EPS and NASA Iactors {1 Ib NH/10° gallons) were traced back to an invenlory

presented by Wholers and Bell {(1956)." The original dala used to develop this faclor could not be
localed.



The faclor developed for EPRI (0.97 Ibs NH/10° gallons) was based on an average ol
factors developed for residual and distillate oils. The EPRI factor for residual oil wis based on
Wholers and Bell (1956) and on an average of lwo tesls by Muzio and Arand (1976).¥ This study
used a 200,000 BTU/hr unil at 2 percent excess air. Their distillale oil factor was derived from
Hovey and Risman {1966)® who oblained the factors from two sludies conducted earlier than 1954.

NAPAP's ammonia emission factor for fuel oil combustion (0.8 Ibs NH/10° gallons) was
developed Irom the Muzio and Arand (1976) data used by EPRIL¥ Though this faclor was based
on only two data points, it is the most reliable since EPS, EPRI, and NASA all based their factors
on unveriliable data presented by Wholers and Bell (1956)" which were over ihree decades old.

Theretore, NAPAP's emission factor for fuel oil combuslion is recommended for inclusion in the 1985
NAPAP Emissions Inventory.

NATURAL GAS COMBUSTION

For natural gas combustion, NAPAP and EPRI developed identical lactors. EPS did not
present factors for this category. The NASA faclors were based on values reported by the National
Academy of Science (1979)% which were traced back to studies over three decades old wilh litlle
information available on the test methods used.

The NAPAP faclors for nalural gas boilers were developed from a 200,000 BTU/hour
laboralory gas combustor.? Separate factors were developed for ulility, industrial, and commercial
boilers. Each factor was based on weighted averages over varying conditions of excess oxygen
as recommended by Cass et al.(1982).* The [actors were based on 55 da'a poinis.

The lactors developed by NAPAP and EPRI for ammonia fron: natural gas combustion are
recommended for inclusion in the 1985 Emissions Inveniory. NASA's iaclors were based on out-
dated sludies with litile information available on the lest methods used.

MOBILE SOURCES

NAPAP and EPRI developed similar emission faclors for mobile sources. NASA .nd EPS
developed identical factors.

The EPS faclor (2 Ibs Ni /10" gallons) was based only on vehicles wilh three-way catalylic
converters. This would tend to overeslimate ammonia emissions.

The NASA faclor (2 Ibs NH,/10* gailons) was based on studies over three decades old.”
This lactor is suspect due lo the changes in design and performance of automobiles over the past
few decades.

Bolh the NAPAP and EPRI ammonia emission factors lor mobile sources were based on
studies by Henein (1975)*, Gentel (1973)*, Hakins and Nicksic (1967)", and Cadle and Mulawa
(1980)°. These studies measured ammonia emissions from vehicles with and without catalylic
converters, using leaded, unleaded, and diesel luels. NAPAP developed separale factors for leaded,
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unleaded, and diesel tuels by taking averages over these categories. EPRI did the same, but did
not use as many data points as did NAPAP. Therefore, EPRI's factor differed slightly from ihe
NAPAP factor for leaded gasoline.

Since the NAPAP faclors were developed (rom the mast current and lhe largest database,
lhe NAPAP ammonia emission factors for mobile sources are recommended for inclusion in \he
1985 NAPAP Emissions Invenlory. These faclors are 0.42, 0.63, and 0.95 ibs NH,/10° gallons fue!
lor leaded, unleaded, and diesel fuels, respectively.

A composite emission faclor was calculated for gasoline highway vehicles. The composite
emission faclor was calculaled as an average ol the leaded and unleaded gasoline taclors weighted
by the percentage of each fuel type sold nationwide. The Petroleum Supply Annual 1985 indicates
thal 35.5 percent of the gasoline sold in 1985 was leaded and 64.5 percenl was unleaded. The
weighted average emission factor based on this split between leaded and unleaded gasoline is
0.54 1b/10* galion. This emission factor was multiplied by the county level gasoline consumplion

data to eslimate ammonia emissions from highway gasoline vehicles. Oft highrvay gasoline \chicles
were assumed 1o use leadec gasoline.

AMMONIUM NITRATE PRODUCTION

The amnionia emission factors developed by NAPAP, EPS, ard EPRI 1o- ammonium nilrate
production differ significantly and were developed at varying degrees of specificity. NASA did not
present an emission factor for this source category.

EPS developed separale faclors for neutralizers, evaporationy concentration, and prill towers
as 1.0, 1.0, and 0.4 lbs NHylon respectively. These !aclors were developed from questionnaires
senl lo Canadian manufacturing facilities. Their factors do not dillerentiate between high and low
density prill towers. They also did nol include tactors for granulators, prill coolets, prill dryers, and
granulator coolers.

EPRI presented faclors ¢i 3.8 Ibs/ton and 2.0 Ibsfon for processes with granulators and prill
towers, respectively. These faclors were based on factors developed in AP-42 (Supplement 13)
(1982)* which has since been revised.

NAPAP dcveloped lactors ol 18, 17, 57.2, 0.26, 50, 0.04, 0.30, 1.6, and 1 for neutralizers,
evaporation/concentration, high density prill lowers, low density prill lowers, granulalors, high densily
prill coolers, low density prill coolers, low density prill dryers, and granulator coolers, respectively.
These faclors were based on the revised AP-42 (Supplement 15).* Where AP-42 reported a range,
NAPAP used the mid-poini. These faclors were assigned ratings of A in AP-42 except for lhe faclor
for neulralizers which was rated B. This represents a high level ol conltidence in the faclors.

The NAPAP amimonia emission faclors for ammonium nitrate manufacture represent the best

available dala and, therelore, are recommended for inclusion in the 1985 NAPAP Emissions
Inventory.
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AMMONIA SYNTHESIS

Aramonia emission lactors for ammonia synlhesis wera developed by NAPAP, EPS. and
EPRI. For carbon dioxide regeneration, NAPAP and EPS developed identical lactors. NAPAP
developed the only factor for condensate slripping and EPS developed the only factor for loading
and storage. EPRI developed one general factor for ammonia synthesis. NASA did not present
a laclor for this source category.

The EPS lactor lor carbon dioxide regeneration (2.0 Ibs/ton) vias based on AP-42** The
laclor for loading and storage (40 lbs NH/ton) was based on an article which is out of print and
could not be located.” Since, the validiy of lhe lactor for ioading and storage could not be verified,
it is rated E, representing an uncertain leve! of confidence.

EPRI presented one general faclor for ammonia synlhesis (3.2 Ibs NHlon} which was
based on a version of AP-42 which has since been revised.”

The NAPAP emission factors for ammonia synthesis are 2.0 and 2.2 lbs NHton for carbon
dioxide regeneration and condensate stripping, respectively. These faclors were based on AP-42°
which rated the factors developed at A, representing a high level of confidence in the data.

The tfactors for ammonia synthesis presented by EPS and NAPAP are recommended lor
inclusion in the 1985 NAPAP Emissicns Inventory, since they represent the best available data.

UREA MANUFACTURE

NAPAP and EPRI developed ammonia emission faclors for urea manufaclure. EPRI
presented one general lactor, while NAPAP developed separate factors for several processes in
urea manulacture.

EPRI reporied a faclor of 4.35 Ibs NHy/ton which was obtained from AP-42 (Suppiement
13)*" which has since been revised.

NAPAP developed factors of 18.24, 0.87, 2.91, 4.14, 2.15, and 0.0051 Ibs NH/lon for
solution formation/concentration, nonlluidized bed prilling (agricultural grade), tluidized bed prilling
(agricullural grade), feed grade, drum granulauon, and rolary drum cooler, respectively. These
tactors were derived from AP-42 (1984)*" and were given the highest confidence rating of A, excepl
for the laclor for rotary drum coolers which was given a rating of C.

The NAPAP ammonia emission factors for urea manulaciure represent the most up-lo-
date and accurate data available and are recoramended for inclusion in the 1985 NAPAP Emissions
Inventory.

23



AMMONIUM PHOSPHATE MANUFACTURE

NAPAP and EPS developed similar ammonia emission faclors for ammonium phosphate
manufacture. EPR! and NASA did not present factors for this category.

EPS reporled a factor of 0.08 lbs NH/ton P,O,. This factor was based on questionnaires
sent o Canadian manufacturing facilities.

NAPAP reporied a factor of 0.14 Ibs NH,/lon P,O, which was based on factors reporied in
AP-42* The facior was based on lesl data from controlled phosphale lerilizer planls in Florida
and was raled A in AP-42,

Since the NAPAP data was based on a reliable database and malched closely wilh dala
oblained in Canrada, lhe NAPAP ammonia emission faclor lor ammonium phosphate manufacture
is recommended for the 1985 NAPAP Emissions Invenlory.

ANHYDROUS AMMONIA FERTILIZER APPLICATION

NAPAP, EPS, and NASA developed ammonia emission faclors for anhydrous ammonia
fertilizer applicatior. The NAPAP and NASA faclors agree favorably ai 19 and 20 Ibs NH,/ton,
respectively. The EPS faclor is much higher (60 Ibs NH,/lon).

The EPS lactor was based on a 3 percent loss of applied ammoria. The reference for this
rate could not be located.

The NAPAP faclor was based on a study by Denmead et al.(1977)* in which anhydrous
ammonia wus injected at a rate of 583 Ibs nitrogen per acre at an average depth of 4.9 inches.
NAPAP rated this factor at C since it represented accurate, current test methods bul a small
database.

The NAPAP factor, which agrees well with the NASA faclor, is recommended for lhe 1985
NAPAP Emissions inventory. The EPS factor could not be verilied and was rejected because il was
much greater than the NAPAP and NASA factors.

PETROLEUM REFINERIES

NAPAP and EPS developed identical ammonia emission factors for Fluid Catalytic Cracking
(FCC) units and Thermal Catalytic Cracking (TCC) units ol pelroleum refineries. The factors were
54 Ibs NH,/10* barrels for FCC units and 6 Ibs NH/10° barrels for TCC unils. NASA and EPRI did
not present ammonia emission factors lor petroleum refineries.

The EPS factors were based on information published by U.S. EPA (1977).% The NAPAP
factors were taken from AP-42 ** where they were assigned a high confidence rating of B. NAPAP
also used an AP-42 factor for reciprocating engine compressors (0.2 Ibs NH/10” f(* gas).
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The identical tactors developed by EPS and NAPAP for FCC and TCC units and ithe NAPAP

lactor for reciprocating engine compressors are recommended lor inclusion In tha 1985 NAPAP
Emissions inventory.

COKE MANUFACTURE

NAPAP and EPS developed icientical ammcnia emission factors for coke manufacture. EPRI
and NASA did not include factors for Lhis category in their inventories.

Both NAPAP and EPS derived their faclors from AP-42* Amnonia emission laclors for
oven charging, door leaks, and coke pushing are 0.02, 0.06, and 0.1 Ibs NH,/lon, respeclively. The
dala for these faclors were provided by a Polish report to the United Naliciis on air pollulion from
coke plants.® NAPAP presented a factor for quenching as well (0.28 1bs NH,/lon). This faclor
originated from tests conducted at a Polish coke plant and a U.S. Steel pla‘it.**®

Though the lactors developed by NAPAP and EPS waie basaed on a limited database, they

represent the best factors availablz and are recommended for iriclusion in the 1985 NAPAP
Emissions invenlory.

WILDLIFE EXCREMENT

EPRI and NASA did not develop ammonia emission factors specifically for wildiife
excrement. EPS used two faclors to characlerize all animal waste emissions; 0.41 Ibs NH./kg
animal-year for carnivores and 0.036 Ibs NH/kg animal-year fer “erbivores. As discussed earlier
in this seclion while comparing factors ltor livestock wastes, the EPS faclor assumes that all
emissions are derived from urine alone. This assumption ignores a jood deal ¢f available nitrogen
in the feces that is emitled from the fecas/urine mixture. Aiso. the 10 parcent volatilization rale
used by EPS appears low, due 1o the several sludies that reported an average of BO percent
volatilization rale from demestic animal manure siurry (a rixture of feces and urine ; based on NH,-
N applied.®

Although NAPAP cerived ammonia ~mission faclors ior carnivores, herbivores, and birds
(see Seclion 2), these factors were based on assumptions that are not applicable to the wilderness
selting. The factor for carnivores (1.6 Ibs NH/kg animal-year) was based on feces and urine
production by bobcats measured by Golley et al.(1965)"? and typical nitrogen and ammonia contents
for livestock wastes®® The factor for herbivore wasles (0.14 Ibs NH kg animal-year) was based
on data for livestock excrement.” The emission faclor for birds (1.3 Ibs NHykg bird-year) was
derived irom data on production and nilrogen content ol poultry manure."” Section 2 of this repoit
describes NAPAP's development of ihese faciors and the reasons for nol using these tactors in the
1985 NAPAP Emissions Inventory. The wildife caiegories are included in the summary tables in
this report with emission factors equal lo zeto and a footnote to reinforce 1he position that these
calegories represent polenlial sources 2l ammonia.
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It appears that the assumplions made by EPS led to an underestimation of ammcnia from
livestock wasles for camivores and herbivores. NAPAP's laclors were also based on many
assumplions. NAPAP considered emissions from the nitrogen in leces as well as that in urine,
while EPS did not. In addition, NAPAP developed a separale factor for bird manure. Reliable data
or the population of wildlife were not available and the development of emissions factors relied on
ihe applicaton of data collected in settings other than the natural ecosystem. Additional NAPAP
research suggests that any ammoina emissions resulling from wildlife axcrement in the natusal
setting are reabsorbed by the biomass, theretore, resulting in a net release of ammonia from wildlife
of zero.* For these reasons th. ammonia emission faclors for wildlite presented in this repont are
zero and ammonia emissions for wildlile weie not included in the inventory.

FOREST FIRES

Cue 10 a lack of verifiable dala, an emission faclor for ammonia from forest fires is not
recommended for inclusion in the 1985 NAPAP Inventory. The faclor presented by EPS was based
on an unverifiable source.™

CIGf RETTE SMOKING

EPS and NAPAP developed identical ammonia emission tactors ior cigarelte smoking (see
Section 2). NASA and EPRI did not present factors lor this source caiegory.

EPS and NAPAP utilized dala tfrom the same two studies to develop their faclors. Sloan
and Morie (1974)" measured ammonia from cigarette smoke with an ammonia eleclrode. They
conducted seven analyses on each of several types of cigarelles. Newsome et al. {(1982)"
measured ammonia using Nessler's procedure from cigaretles with no filter, acetate filters and
acelate adsorbent liters. The average over lhese studies resulled in a factor of 100 ug/cigarette
presented by E!'5 27d NAPAP. Since the emissions of NH, lor this category based on 1980

populalion dala are significant, this category was not included in the 1985 NAPAP Fmissions
invenory.

HUMAN BREATH

Ammonia emission factors for human breath were developed by EPRI, EPS, and NAPAP.
The EPRI factor (3.5 Ibs NH,/1000 person-year) was based on a value reported by Kuppart et al.
(1976). This factor did nol dislinguish between smokers and nion-smokers.

NAPAP and EPS both used data from a Russian sludy in which ammonia was monitored
from tha breath of 10 smokers and 11 non-smokers.” The average ammonia content was 0.56 and
0.76 mg/m’ expired air for smckers and non-smokers, respeclively. For non-smokers, the EPS
sli;dy used an average ammonia content of 0.839 mg NH,/m" expired air. Apparenlly, lhey divided
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the total ammonia from 11 non-smokers by 10 rather than 11 to obtain an average. Based on an
averags 20 m'day air expited per person', NAPAP developed factors of 9.1 and 12.0 Ibs NH,/1000
person-year for smokers and non-smokers, respectively {(see Section 2). These lactors represent
the best available data; however, since the faclors are unceriain and the emissions based on 1980
population data are insignificant this category was not included in the 1985 NAPAP Invenlory.

HUMAN PERSPIRATION

Identical ammonia emission factors {0.55 Ibs NH,/person-year) were developed by EPRI and
NAPAP for human sweat (sce Section 2). This faclor was based on a typical urea produclion
presented by Altman and Dittmer (1968)" and a 10 percent loss ol lhis urea as ammomnia.”

This factor was highly unceriain and is not recommended for inclusion in the 1985 NAPAP
Emissions Inventory. A larger and more current database st d be generated for this source
category since human perspiration apparent!y accounts for a good deal of almospheric ammonia.

WASTEWATER TREATMENT

NAPAP was the only inventory 10 develop a factor lor wastewaler Ireatment. The NAFAP
taclor was based on the 984 Needs Survey, which includes intluenl and ellluenl ammenia
concentrations for over 850 wastewater treatment facilities nationwide® and on research on ammonia
stripping from treatment planis (see section 2). The NAPAP factor (19 Ibs NH,/10° gallons of
waslewater treated) was rated E due to the many assumptions needed lo derive the factor.
However, since this faclor was based on lhe besl data available and resulled in an emissions

estimate of 77,762 tons for 1984 (see szclion 2), it is recommended for inclusion in the 1985
NAPAP Emissions Inventory.
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SECTION 4
CONCLUSIONS AND RECOMMENDATIONS

Tre development and evaluation ol ammonia emission faclors published in several
invantories has resulted in the recommendalicn of a set of factors lor inclusion in the 1985 NAPAP
Invenlory. The faclors selected were deemed the most appropriale available based on the validily
of the tes! melhods used, lthe age ol the dala, and the representativeness and size of the database
from which the tactors were derived (see Appendix A).

Ammoenia emission 1actors were developed for several new NAPAP sources including range
anirnal wasles, cigaretle smok‘ng, human brealh, humar perspiration, and wastewaler treaiment as
described in Seclions 2 and 3. Emission factors for range animal excrement and waslewater
treatment were recommended for inc!sion in the 1985 NAPAP Emissions Inventory. Of lhe new
lactors developed, all were given a low conlidence raling of E except for human breath and
cigaretle smoking which were given ratings of D and C, respeclively. Appendix A explains the basis
lor the assignment of emission faclor ratings

A valid emission factor for lorest fires could not be developed due to a lack of reievant data.
However, ammonia is rarely ideriutied as an emission pollulant in forest lire emissions invenltories
Althouyh the emissions faclor would likely be low, 1otal ammonia emissions Irom fores! fires could
still be significant because o! the vast amount oi forest land burned each year. Deriving an
accurate factor for foresl tires cculd therelore be importanl in developing a complele ammonia
emissions invenlory.

The selection of the besl available set of ammonia emission factors for inclusion in the 1985
NAPAP Emissions Inventory was based on a comparison ol ammonia emission factors developed
for inventories sponsored by NAPAP, EPS, EPRI, and NASA. This comparison was based on lhe
same basic criteria used 10 rate the NAPAP faciors (see Appendix A). Aller thorough evalualion,
the NAPAP factors were detarmined tr.e most accurate for ali source calegories. In many instances,
the faclors develnped in the other invenlories were close 1¢ or ident'cal to the NAPAP factors. In
olher cases, when lhe factors developed were widely divergent, lhe data tor the NAPAP laclors
were found 1o be the most accurale, current, and representative data available. Table 4-1
summarizes the emission lactors chosen, their ratings, and the resuling 1985 emissions estimates.
Emission factors are presented for ihe categories; cigarelte smoking, human brealh and human
perspiration. Ernission faclors of zero are ecomimended lor wildlite calegones. Emissions for these
calegories were nol ncluded in the 1885 NAPAP Emissions invenlory however, due o the lack of
aclivily dala, high uncertainty in the emissons factors, or because the emissions based on 1980
activity data were insignificant. Information derived from animal studies in confined sellings and
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TABLE 4-1. SUMMARY OF AMMONIA EMISSION FACTORS CHOSEN FOR THE 1985 NAPAP EMISSIONS INVENTORY

Emisslon
factor 1985 Point Area Emission
(b emitted/ Actlvity Emisslons source source factor
Source unit)" rate” Units (ionsfyr)° scc’ scc! rating®
Livestock Wastes
Beef Cattle Feedlots 13 2.3x107 animals 151,549  3-02-020-02 77 E
Cropland Spreading
beef cattle 1.7 6.5x10° animals 5,541 f 71 E
dairy cows 27 45x10° animals 60,736 f 72 E
swine 4.3 4.9x1 0: animals 105,457 f 73 E
shee 1.9 1.9x10 animals 1,809 i 70 E
aningi;J hens 0.34 2.9x10° animals 49,839 f 75 E
broilers 0.043 5.0x10° animals 10,781 f 74 E
turkeys 0.25 3.9x10 animals 5,579 f 69 E
Combustion Sources
Coal 0.00056 8.4x10° tons coal 235 g q E
Fuel Oil 08 3.4x10° 10° gallons fuel 13,563 h h E
Natural Gas
utility boilers 3.2 3.5x10° 10° 1’ gas 5,703 1-01-006-xx NA C
industnial boilers 3.2 1.1x10 10° tt’ gas 17,788 1-02-006-xx 18,98 C
commercial boilers 0.49 7.2x10° 10° #’ gas 1,800  1-03-006-xx 511 C
Mobile Sources
Gasoline f 27-39
leaded gasoline 0.42 5.3x107 10° gallons fuel 11,168 f f D
unleaded gasoline 0.63 5.9x10 10° galions tuel 18,646 f f D
Diese! 0.95 2.8x10° 10° galions fuel 13,206 f 40-44 E
Ammonium Nitrate Manufacture
Neautralizer
granulator 18 1.9x10° tons produced 17,818 3 01-027-04 f D!
high densty prilling 18' 2.4x10° tons produced 21,820  3-01-027-11 f D'

{continued;
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TABLE 4-1. (continued)

Emisslon
tactor 1985 Polnt Area Emisslon
{lb emitted/ Actlvity Emissions source source factor
Source unit)® rate” Units (tons/yr)° scct scc’ rating®
iow densi'y prilling 18 9.0x10° tons produced 8,080  3-01-027-21 f D'
Soiids formation
evapo -ation/concentration
high density 17 5.8x10° tons produced 4905  3-01-027-77 t D!
low density 17 3.2x10° tons produced 2,726  3-01-027-27 { D'
high density prill
towers 57.2 2.4x10° tons produced 68,244  3-01-027-12 A
low densty prill
towers 0.26 6.4x10° lons produced 83  3-01-027-22 1 A
rotary drum
granulaters 59.4 1.4x10° tons produced 4,011 3-01-027-07 t D'
high density prill
coolers 0.04 7.2x10° tons produced 16 3-01-027-14 t A
low densily prill
coolers 0.30 0 tons produced 0 3-02-027-23 f A
low density pnll
dryers 16 1.5x10° tons produced 116  3-01-027-25 1 D!
granuiator coolers 1 0 tons produced 0 3-10-027-06 f D'
Anhydrous Ammonia Fertllizer
Application 18 5.4x10° 1ons fertilizer 50,988 f 76 c
Petrocleum Refineries
FCC units 54 1.6x10° 10° parrels 42793  3-06-002-01 1 B
TCC unils 6 1 7x10° 10° barrels 52  3-06-003-01 1 B
Reciprocating engine
COMPressors n.2 10° 1’ gas bumed t { f B

(continued)



1¢

TABLE 4-1. (continued)

Emission
facior 1985 Point Area Emission
(Ib emitied/ Activity Emisslons source source factor
Source unh)® rate” Unlts {(tons/yr)" scc’ scc’ rating®
Ammonia Synthesis
Carbon diox.de
regeneration 2.0 4,9x10° tons produced 4896  3-01-003-08 f A
Condensate stripping 22 3.1x10° tons produced 3,484  3-01-003-09 { A
Loading and storage 40 0 tons produced 0 3-01-001-99 f E
Urea Manufacture
Solution formation/
concentration 18.2 4.8x10° tons produced 44 122 3-01-n40-02 f A
Solids formation
nonfluidized bed
prilling
agricuiturai grade 0.87 0 lons produced 0 3-01-040-03 t A
fluidized bed prilling
agricuitural grade 2.9 5.2x10° tons produced 749  3-01-040-10 t A
feed grade 4.1 1.0x10" tons produced 21 3-01-040-11 { A
drum granulation 2.2 2.6x10° tons produced 2,897  3-01-040-04 ! A
colary drum cooler 0.0051 4.1x10° tons produced 6.1 3-01-040-12 { A
Coke Manufacture .
QOven charging 0.02 3.6x10 lons coal charged 358 3-03-003-02 1 D
Door ieaks 0.06 2.1x107 tons coal charged 645  3-03-003-08 { D
Coke pushing 0.1 2.7x10° ions coal charged 1,364  3-03-003-03 { D
Quenching (contaminated
water) 0.28 2.5x10 tons coal charged 3,525  3-03-003-04 { D
Ammonium Phosphate
Manufacture 3.14 8.2x10° tons P,O, produced 571 3-01-030-02 1 A

{continued)
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TABLE 4-1. (continued)

Emisslon
factor 1285 Polnt Area Emission
(Ib emitted; Actlvity Emisslons source source factor
Source unit)* rate’ Unlts (tons/yr)* scc’ scc’ rating®

Range Animal Excrement

Beet Cattle 44.4 2.6x177 unconfined pop 578 890 ! 71 E

Dairy Cattle 45.0 49x10° unconfined pop 109,725 1 72 E

Swine 39.0 4.8x10° unconfined Hop 94,593 t 73 E

Sheep 45 1.0x10" unconfined pop 22,606 { 70 E
Wastewater Treatment 19 8.2x10° 10° gallons 77.762  5-01-007-01 100 E
willdlite Excrement”

Big Game

carnivores 0.0 { kg animal 1 t f E
herbiveres 0.0 f kg animal { 1 f E

Birds 0.0 f kg animal f f 1 E
Clgarette Smoking' 1.8 7.5x10° 1G° smokers 68 f : C
Human Breath'

Smokers 9.1 7.5x10° 10°® smokers 340 f { o

Non-smokers 12.0 1.5x10* 10° non-smokers 911 f 1 D
Human Persplration 0.55 2.3x10° person 60,000 i t E

*Ali factors chosen were developed by NAPAP uniess otherwise indicated.

sActivity rates are from the 1985 NAPAP Emission inventory.

{continued)
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TABLE 4-1. (contlnued)

‘Emissions totals do not include 44,218 tons irom minor point source process emissions; area source category 99.
‘Refers to SCCs that were in the 1985 NAPAP Emission Inventory.
*See Appendix A and this report for ratings.

' Not available.

“Includes SCCs 1-01-001-xx through 1-01-003-xx, 1-02-001-xx through 1-02-003-xx, 1-03-001-xx through 1-03-003-xx, 1-05-001-02, and
1-05-002-02; and area source categones 14 and 96.

Includes SCLs 1-01-004-xx through 1-01-005xxx, 1-02-004xx through 1-02-005-xx, 1-03-004-xx through 1-03-005xx, 1-05-001-05, and
1-05-002-05: and area source categories 3, 4, 9, 10, 16, 17 and 97.

‘Emission factor is from mid-point of range reported in AP-42.
'Rating is iower than that reported in AP-42 because of the listing of a single factor rather than a range (as in AP-42).

*Emission factors as high as 1.6 Ib/kg animal for carrivores, 0.14 lb/kg animai for herbivores and 1.3 Ib/kg for birds were
developed. These emission factors were based on research results that were not representative of the wilderness environment.
Other NAPAP research results based on direct ammonia measurements in the wilderness environment support the zero emission

tactor assumptions presented in Table 1.
'Emission factors are presented but emissions were riot included in the 1985 NAPAP Emissions Inventory.



from studies of domeslic animal production, which could be used to represent emission faclurs for
wildlife categories, is discussed in this reporl. Emission faclors based on ihese sludies are nal
represenlalive of condilions in the wilderness environment, and are, lherslore, unreliable for
application to wildlife calegories. In lhe case of ammonia emissions from wildlife sources, additional
NAPAP research, that is in preparation for publication, suggesls that ammonia emissions {rom
wildlife sources are reabsorbed inlo {he biomass in the natural selling. These resulls suggest that
regardless of the emisslon factors or emission rales the nel release ol ammor..a 1o the almosphere
is zero. Ciearly, futher research is needed to resolve the issues relaled to lhe potential
contribulions ol wildlife sources 1o the emissions of ammonia.

Total ammonia emissions for 1985, calculated using lhe emission factors ciosen ler lhe
1985 NAPAP Inventory, ar¢ rankzd below by source calegory.

1985 Emisslons Percent of Total
Source Category (tons) Calculated Emissions
Range Animal Excrement 805,816 47.8
Livestock Waste Mngmi. 391,293 23.2
Aammonium Nilrate Man. 127,826 7.6
Wastewater Trealment 77,762 46
Anhydrous Ammonia Appl. 50,988 3.0
Urea Manulacture 47,790 2.8
Mobile Sources 43,020 2.6
Petroleum Retining 42,845 2.6
Combustion 39,090 2.3
Ammonia Synthesis 8,360 0.5
Coke Manulaclurs 5,894 0.3
Ammonium Phosphale Man. 571 negligible
Minor Poinl Sources 44 218 26
Total 1,685,473 100

Forty ~ight percenl cf the ammonia emissions calculaled fcr 1980 were due to range animal
wasles. The nexi larges! source categories were livestock vaste managemenl, ammonium nilrate
manufaciure, and waslewater treatmenl. These top four sources conlributed 83 percent of the
amissions calculated for 1985,

it must be stressed that these ammonia emissions tolals and rankings are estimales based
largely on unverified lest resulls. Emissions from the largest sources were based on taclors wilh
low conlidence ratings, and emissions lolals for a potentially large source, wildlile excrement, were
assurned to be zero. The assumplion of zero emissions from wildlife excremenl is consistent with
ather NAPAP research resulls. The polential ammonia emissions from wildlife excrement in other
studies are based on research resulls which conflict with NAPAP research results. Any estimates

of ammonia emissions {rom wildhfe sources are base'! on unreliable emission factors and aclivily
dala.
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The low conlidence ralings associated with factors for many ol the largest ammonia
emissions sources illustrale the lack of accurate ammonia emissions data Inr many signilicant source
categories. For many sources, lhe estiration of ammonia is complicated by 1he inleraclion of
saeveral variables alfecting emissions. For example, ammonia emissions from livestock waste varies
signilicantly with manure type, management practice, and atmospheric conditions and are, therelore,
diflicult to quantiy.

The developmenl ! a complete and accurale ammonia emissions inventory will require the
development of a reliable and more comprehensive set of emission faclors and activily rate data
for the following source calegories:

. livestock waste managemenl

. range animal excrement

. wastewater trealment

. forest fires

. wildlife excrement

. human perspiralion and breath
. mobile sources

. coal and fuel oil combuslion

. coke manulacture
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APPENDIX A
CRITERIA FOR ASSESSING EMISSION FACTORS

This appendix describes lhe criteria lhat were used 1o assess the quality of the ammonia
emission lactors prasented in Section 3. The purpose ol the ratings is to provide a qualilative

ingication of the reliability of the emission tactors. CGrileria used to assess the emission factors are
listed below.

DISCUSSION OF CRITERIA

Test methods used: Moct emission factors are delermined from either source lests, industry
surveys, mass balances, or engineering estimales. The accuracy of lhese melhods depends on
several different parameters which change {rom one emission source to another.

« Source Tesls: In source testing, samples are taken directly from the source emitting the
pollutant. Arcurale approved lesl methods should have been used whenever possible. If an
unapproved method or an outldated meilhed was used, the quality of the emission factor should
be guestioned.

« Industry Survey: In a survey. EPA submits a series of queslions to a plant or site lhal is
emitling the pollutant in question. The plant cr site personnel voluntarily hil out and return the
questionnaire to \he surveyor. To obtain accurate information, the queslions musl be worded
carefully so that the correct and desired inlormation will be given. | consisient resulls arz
reported by the participants, the informalion may be considered accurale. 7o effeciively assess
the quality o an emission faclor, the survey methodology should be known.

- Englneering Eslimaie: An engineering eslimate is based on process inlormalion available o
the engineer. The engineer makes several assumplions Lased on his experierice and knowledge
of the process. Using these assumptions and other available informalion, he eslimates an
emission facior. This melhod ol determining an emission lactor is generally 1he mosi inaccurate.
However, with adequate background informalion, an accurate eslimate can frequently be made.

Size of Database: The emission factor becomes increasingly accurate as the database from which
ihe faclor was deterrnined expands. Emission faclors constructed on information from one source
have less credibility \han those frorn several sources.

Database Represenis a Good Cross Sectlon of Indusiry: An average emission lactor should
be determine. from a cruss section of the induslry. A good cross section is related to the size ol
the database. However, a large dalabase does not ensure a gond c¢ross section, and an excellent
cross seclion is possible from a smali database.

Age of Data: Some emission lactors quickly lose credibility for the following reasons.

¢ The sampling and testing methods may have been proven invalid, and as better methods are
developed, inherent {laws in previously used methods are discovered.



Technological innovalions occur in most industries on a regular basis. Consequently, the
process paramelers used when the emission tests were performed may ditfer significantly
trom those currently used in the Industry. Conlrcl systems may be more efficient, fuel ieed
and produclion rates may dilfer, the composition of pollutants may be signilicantly different,
elc. As a result, the old emission faclor may no longer apply.

New laws and regulations may be passed which would significanlly alfect the emissions from
a source.

RATING SYSTEM

factor.

A raling system, analogous 1o the AP-42 system, was developed to grade each emission
Due to the variability in the type of inlormation in the reference 'sed 1o assign emission

factors, a good deal ol subjective engineering judgment was used in giving each lactor a grade.

Emission factors for each process were given a raling ¢l A through E, with the A raling

repracenting the more reliable emission tactor and the E rating a less reliable rating.

A qualitative description of each rating is listed below:

A Hatlng

Large database froin surveys or source lesls on several dilferent studies was used.

Database covers a cross section of the industry.
Emissions wese measured using currenlly valid test methods.

Emission faclors wers determined by mass balance based on sound measurement.

B Rating

Database is tairly large; however, it is not clear that it represenls a good cross section of the
industry.

Emission factor was rnieasured using valid test methods at lhe lime the test was performed.
However, lesls have since been revised.

Engineering eslimale based on sound, accurate information.

C Rating

Database consists of a few good sources.
Data may or may nol be representative of the industry.

Engineering esimates based on accurale information. However, information is not exlensive
or complete.

D Ratirg

.

Database is small. It one sample, it was a representalive site.

Database may not be representative of industry.



* Unapproved test methods may have been used.

« Engineering estimates are based on iniormation where accuracy is queslionable.

E Rating
- Database is small. Results conflict with each other.
«  Any sources lested are not representative of the industry.

* Engineering estimales are based on very litlle reliable information.

The above ratings are referred to throughout section 3 in the discussion of specific emission
factors.

A-3



