California in 1986,

~ these cattle were beef or dairy.

5.0 LIVESTOCK WASTE

Thiz emisgion source category characterizes

emissions from the natural decomposition of farm animEl manures.

emissions dre alse evaluated for this category. Th

fugicive hydrocarbon
Ammania

specifiec livesrtock

included in this emission source category are cattle, hdFses. sheep, poulrzry,

and pigs.

5.1 Activity Data for Livestock Wasta

Basic animal populations are zvailable from the¢ California Crop and

Livestack-Reporting Service. Acrivity data for beef and
for the yesr 1986. To further distinguish between daj
certain assumptioﬁs were necessary., The California
Reporting Service estimates there were approximately
They do not provide an indication
However, they do report

cattle and 950,000 beef cattle calved in 1986. The ratic

dairy eattle as well’

. as the number of hogs on farms in California were taken from this data source

ry &nd beef cattle,
Crop and Liveztock
' million cattle in
of whar fracriom of
that 1,030,000 dairy

of these two numbers

was applied to the total number of cattle in California t¢ estimate the number

of beef and dairy cattle.

Poultry populations were taken from the 1982 cegsus of Agriculture's

Poultry Inventory gnd Sales. Horse and sheep population

data were taken from

the 1982 Census of Agriculture's Sheep and Horses Inventjry and Sales., Table

5-1 summarizes the livestock inventory data availsbl
California.

for the satate of

In the caze of livestock wasre, it is ipportant| to further identify

the location and number of Livestock in feedlots. Feedlots represent a

concentrated emisaion gource inm comparison to livestock

rangeland.

kept on pasture or

The Bureau of Agricultural Statistics does not] tract the number of

cattle on feedlots by county, only by agricultural district. According to the

Bureau of Agriculturzl Stacistics,

Revy, 2/1/88 =1
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TABLE 5-1. LIVESTOCK POPULATION ESTIMATES

e e ——
S

Numbelr of Animals

Cartle®

Beaf cattle 2L 400,000

Dairy cattle 2L 600,000

Poultry”

Laying hens 39,456,033

Broiler chickens 231858,777

Turkeys 54187,215

Ducks, geese, and

other poultry : 2,703

Horses®

Horaes ‘ s 129,310 _
c 3

Sheep —_

Sheep and lambs 1,214,585

Pigs™

Hogs om farms 145, 000

L

# 1986 populaticn estimates frow. the California Crop afd Livestock Reporting
Service,

1982 population estimates from the Cansus of Agriculture's Poultry Inventory
and Sales,

€ 1982 populntioﬁ egtimates from the Cansus of Agriculture’s Sheep and Horzes
Inventory and Sales.

5-2
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cattle in the state are kept on feedlots (Akan, 19873,

Imparial Valley

District (comprised entirely of Imperial County) has the largest number of

The Bureau of Agr

cattle on feedlots at 73 percent.

maintains similar county-by-county statistics for the oth
|

iculrural Statistics

¥ livestaock,

Using Dun's Market Identifiers® (a publicly  ayailable cowputerized

database), we identified approximately 46 cattle feedlpts in the State of

California, In additien, there are five and ten fa

sheep/goats, raspectively. A complete listing from ¢

dlots for hogs and

hiz database, or a

gimilay one, could be used in the spatial disaggregation of livestock emis-

giong,

5.2 . Emission Factors for Livestock Wazte

- -

To refine the emigsion factors uged in the Preliminary emisaion

estimates, a lirerature search was conducted at the Univiersiry of California

at Davis Health Sciences Library. We also contacted the

Science Departments cof UC Davis and UC Riverside. From

ataff of the Animal

the various reports,

studies, reviews, amd telephone contracts that were pursuif. wve found that the

following information is generally available for each liv

» Mazg of fecea produced per ﬁnimal:

L] Weter content of feces;

. Total solids content of fecesz;

» Volatile solids content of fecesi

- Nitrogan content of feces; -

. Ammonium (NHA) content of fecmsg; and

. Elemental inorganic cometituents of feces.

Volatile solids is & term used in manure management to
organic content of feces., Mapure is placed in a muffle £y
a specific amount of time to remove all organic matter.

gig is then used to determine the weight of inorganic matd

000221

2rock species:

degeribe the total
rnace and heated for
A gravimetriec analy-

er in the feces.
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We identified no literature cthat describBed organic gas emlsslnng
from livestock excrement. A literature sesrch that |focusad on odors and odor

K used to better characterize livestrock organic gas etissians. In lieu of any
W

preliminary emission estimates. These are the same!| emission factors used by

#_M_i;;ithe South Coast AQMD (Halberg, 1984),

re used to caleculate tha

N
%%i contrel for livestock waste could possibly identify seme data that could be
new dara, we used the same emission factors that

"‘--...____‘_

Sufficient data were jdentified =nd usged | to refine the livestock
ammonia emission factors, A summary iof the ammonia|emission factor develop-
ment is presented in Table 5-2. As can he seen, we Feiied extengively on the

deta presented by Overcash (1983). Other data prifented in the literature ;

indicate similar values to those presented by Overcagh and support the use of

these data. Overcash presents a svmmary of manure ¢haracteristic data for a
wide variety of species from over 400 literature rdferencas, Therefore, we
chose to rely on the Overcesh data bacause sufficient| data were presented from

which to calculate statiztidal confidelce intervals.

The smmonis emigaion factorz prasented in Teble 3-3 characterize the
emissions thar result from the natural decomposition |of animal excrement. As
a result of thir decomposition, it was necessary to |make certain agsumptions
tegarding the percentage of total nmitrogen that ia ¢oaverted and emitted sasg

ammonia,

tural component of the

Apmonia iz emitted to the atmosphere ag a
nitrogen cycle. Complex organic nitrogenecus compoupds area decomposed to a
number of simpler compounds such. as amino acids. Sdil bacteria snd certain
fungi then converr amino nitrogen to ammonis in a process known as ammonifica—
tion. Thisz ammonis can then react with carbem diozille and water present in
the goil to form ammonium galtz such ss ammonium carbonate, Finally, nirri-
fication takes place where certain goil bactaria oxidize the ammonia of the
ammeonivm salts to pitriea (NOZ_J or nitrate (NDB_). This is the form in which

inorganic nitregen iz srilized by higher plants,

Rev. 2/1/88 5=4
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TARLE 5-2.

SUMMARY OF LIVESTOCK AMMONIA EMISSION FACT

OR DEVELOPMENT

Animal Type

Nitrogen Data Source(s)

Daterm
Emfi

ination af NH
szion Factor

Dairy and Beef
Cattle

Chickens

Turkay and other
Poultry

Overcash,

Cvercash,

Overcash,

1983

1983

1983

Data present
Adriano et
er al,., (19
approximate
excreted fr
in the urin
reported to
ed to WNH, w
time, Tﬁer
that 50% of
ted volaril

Most of the
makhure iz i
acid, a sim
thar iz rap
ammonia (Me
(1983) pres
that 9.2% o
ig excreted
Thereforsa,

90% the tot
volatilizes

Total nitro
ag percent
Therefore,
vale wers
of nitrogen

ganeration ﬁe

dance intery
yield total
per animal &
Baged om chi
assumed that
nitrogen exd

as NH_.
& Nq

ed by Gasser (1980)
1. (1974) and Luebs
3) indicates. that

y 50% of nitrogen
cattle is present
. This nitrogen isg
ba "easgily” convert-
thin a short period
fore, it was assumed
the nitrogen excre-—
Zes as NHS' ‘

nitrogen in poultry
the form of urie

la organie compound

dly converted to

k, 1975). Gvercash

nrs dara showing

total nitragen

ag ammoniuvm {NH, ).

t was acsumed thac
1 nitrogen excreted
as NH3.
en dats presented

f waste gemerarion.
8% confidence inter-
lculated for perceat
in waste and waste
r animal. Copfi-
dlyg were combined to
nitrogen excrated
t 96% confidence.
cken data, we
90Z of total
reted volatilizes

5-5
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TABLE 5-2.

' Animal Type

Nitrogen Data Source(s)

(Continued)

Determination of NH
Emizsion Factoar

ﬂm ! :
'

—

Pigs

Horaes

Sheep

Meek,
Ovarcash,
Cazs =t al.,

1975
1983: and
1982

Cvercagh, 1983

Overcash, 1983

5-4
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Overicash (1983) preszents data

thart

nitrpgen velatilizes as NH_ .
Thergfore, the NH
factipr assumes thar 50%7 of the

indicates 50% of che toral
1
emigasion

nitrogen excreted vola-

eg as NH,.
3

percent of nitrogen
ted from horzes is in

(Overcash, 1983). Basged
ttle data, nitrogen con-
d in the uripe is easily
rted to NH,, Therefora,

iggion fa%tor for horees
es thar 40T of total nitrte-
zereted volatilizaes as NHT

sumed that 50% of the
gen excreted volatilizes
3 baged on cattle, hotse,
ig data.
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-

Ammonia accumulation in the soil depends|on rate of generation a
los= of ammonia to the atmosphete. The rarte of apmonia release is fgTeateg:

when the manure-soil mixture is first moistened (Meek, 1975). A number of

researchers have reported that ammonis emisszions tepd to inerezse during the
drying of moist manure (data summarized by Luebs er al,, 1573), Thig
gsuggests, therefore, that ammonia emissione will be a4t a peak during spring

and early summer as moistened manure dry out.

With the exception of livestock sheep, fufficient information wag
identified in the literature to estimate the percentgage of total nitrogen that
can be convertad to ammonia. Typieally, this is jthe nitrogen contained ip
urine. We then asaummed that this ammonia is emitted to the atmosphere. Table
5-2 summarizes the development of the livestock emission factors; the actual
fsctors are presented in Table 5-3. Appendix |4 predents the detailed

caleunlations.

5.3 Emission Estimates For Livestock Waste

5

Using the activity data and emission fagtors described above, we

caleulated livestock emissions on a statewide basis| (see Table 5-4). Without

any specific data indicating otherwiee, the TOG issions are expected to
ogcur eveniy throughout the year with lirtle temporal wvariation. Remesrch
data have shown that emmonis emissions incrsase affler manure has been wetted
and allowed to dry. This suggests that livestfck ammonis emissions in
California will be gzreatast in tha.ﬂpring and early summer 28 moist manures
dry out from the winter rains (see Sectionm 5.2). A discussgion of the relative

accuracy of emigsion estimaces iz presgented below,

o ——

i
Very little information iz available reg&:lzding the accuracy of the

\_liventack inventories. For this document, we have| agsmmed these population

estimates are accurate to within + 25 percent {(with 95 percent confidencel.
With respect to applicability, activity dsta have ngr been approximated by &m
indirect mpessurement technique. That is, apecifiic informatjem regarding
livestock populations is dirasctly available. Therefpra, thess population data

are 100 percent applicable to the source category.

000226 ’
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There is insufficient information available to caleculate rigoroyg

statisrical confidence intervals for the TOG emission factors. The confidence
intarvals presented in Table 5-4 assume that the emission factors have gaj

accuracy of * 50 percent (with 35X confidence).

For the ammonia emission factors, confidemee intervals were calay-

iatad for the total nitrogen data presented in the literature. These confi-

dence intervals were then usad in the emission calcylationa. The confidence

intervals do not account for the assumptions regardin

the percentage of total

nitrogen that is converted and emitted zs ammonia.

As with the activity data, the emisgion factors were deveiaped for

individual species with no dats transfer. Tharsfofe, the emission factors

were considered 100 percent applicable.

5.4 TCG Speciation Data for Livestock Pmissions

i

[

-

Much of the dats presentad in the litepfture for animal wastes:

focuges on the mass of solida producsd, ammonia content, and percent wvolatile
golida. As such, there is 1limited information pvailable regarding the
gpeciation of TOG emissions from livestock wasta,| Table 5-5 presents a

gummery of volatile compounds that have been identified in decomposing anmimal

wvagtes.

The EPA'S Volarile Organic Compound Species Data Manual (EPA, 1980)
providea a prafilu'knr‘ﬁnhumﬁnuing animgl waste (gee Table 5—6)}. We were also
able to identify data tﬁlt_ illustrate the concentrpticna of some volatile
compounds in liguid chicken manure. These data are |presented in Table 5-7.
Thess same dsta reportedly resemble the TOG species|emitted from pig manure

(Gasgey, 1980).

Rey, 2/1/88 5-10
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TABLE $-5. VOLATILE COMPOUNDS IDENTIEIED IN DECOMPOSING ANIMAL WA_STES

a

Type of Animal Wasrte

Class

Common Name Formula

Poultry, swine, cattle

Poul £ry

fattle

Foultry, swina, cattle
Poultry, swine
Poultry, swine, cattle
Cattle

Poultry, swine

Foultry

Poultry, swine

Poultry, swine, cattle

Poultry

Sulfides

Sul fides
Mercaptans

Thicether=s

Inorganic

Aliphatiec

Amines

Heterocyclic amines

Alcohols

Aldehyden

Organic acids

hydzragen sulfide

methyl sulfide
methyll mercaptan
ethyl| mercaptan
n—-propyl mercaptan

methyl amine
ethyl| amine

hyl amine

b)-pyroels (indole)
yl-indole (skatole)

2-methyl propiomnic acid

5-11
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TABLE 5-5. (Continued}

e

Type of Animal Wagze Class lommon Name Formula
: e
Poultry., swine. cattle ntbutynic aeid
ntvaleric acid
igo=valierie acid
Poultry ido-butynic acid
Cattle ; Acetates . propylacetate
n~butylacetate
—

? Table is adopted from Ifeadi, 1972.

5-12
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TARLE 5-6. TOQG SPECIES PROFILE FOR ANIMAL WASTE DECOMPOSITION
Substance W{E Weight Percent

Acetone :ﬁ 2.0
Ethyl acohol VS 2.0
Isopropyl alechel LA 2.0 .
Propyl acetata 2.0 .
Ethyl amine AL 1.0 . L
Trimethyl amine N <& 1.0 L
Mathane I aTal=y . 70 R
Ethane c O7H |20 |

Source:

U.S5. EPA, 1980. Data Confidence Level III - Basd
reagonable and should be more or less repregentay
population. .

o -

M€ Scel

%ML""’\L\;«*\ @r‘c‘)Ol\L AN %\'Culc-‘&_d. o'
. .
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