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An accurate description of ammonia emissions to the atmosphere of
the South Coast Air Basin is needed to support air quality models for
NH4NO3 formation. Such a study has been completed for the year 1974,
and the principal results are summarized here. A grid system composed
of 5 km x 5 km cells was superimposed on the South Coast Air Basin map
shown in Figure 1. Ammonia emissions were estimated within each grid
cell for the 53 classes of mobile and stationary source types listed in

Table 1.

Source tests show that trace amounts of ammonia are present in
the exhaust of both mobile and statiopary combustion sources (Cédle and
Mulawa, 1980; Gentel et al., 1973; Harkins and Nicksic, 1967; Henein,
1975; Hovey et al., 1966; Hunter, 1971; Muzio and Arand, 1976;.Woh1ers
and Bell, 1956). Emission factors for ammonia release obtained from
these and other references were éﬁmbined'with fuel use data reported by
Cass (1978) to give total NH3 emissions from autos, trucks, railroads,
shipping, plus industrial, residential and commercial fuel use. Within
each fuei use category, the NH3 emissions shown in Table 1 were
distributed spatially in the same manner as NOx emissions. A number of
industrial processes are known to emit ammonia (National Research
Council, 1979; Miner, 1969), including refinery operations, ammonia-
based fertilizer manufacturing, ammonia storage facilities,'
refrigeration plants, chemical plants and steel mill coke ovens.
Estimates of NH3 emissions from industrial facilities were derived from

source test informaton and questionaires sent to individual companies.



Biological decay processes also produce ammonia and the release
rates from a variety of soil surface types are avalable (Porter et al.,
1975; Elliot et al,, 1971; Denmead et al., 1978; Demmead et al., 1976;
Miner, 1976). Using aerial photographs and maps available from the
U.S. Geological Survey (1976) the land use within each grid square was
summarized by type. Emissions from exposed land surfaces were
estimated within each squarevby matching emission rate data to soil

surface types.

Chemical fertilizers used in the air basin include ammonia, urea,
ammonium nitrate and ammonium sulfate. Depending on fertilizer type
and method of application, anywhere from a few percent to several
tenths of the nitrogen content may be lost to the atmosphere as ammonia
(Allison, 1966; Baker et al., 1959; Ernst and Massey, 1960; Gasser,
1964; McDowell and Smith, 1958; Stanley and Smith, 1955; Trickey and
Smith, 1955§ Wahhab et al., 1957; Walkup and Nevins, 1966). The ammonia
loss characteristics of fertilizers were estimated by consultation with
a local agricultural expert (Meyer, 1981). Fertilizer use statistics
were obtained from the California Department of Food and Agriculture
(1974) and from the U.S. Bureau of the Census (1977). Chemical
fertilizer consumption, subdivided into cropland, orchard and non-farm
use, was combined with the ammonia loss data to compute total NH

3
emissions,

Decomposition of livestock wastes is a major source of NH3

emissions. Animal inventories by county were obtained from the U.S.

Bureau of the Census (1977) and from state and county agricultural



agents., Waste production rates, nitrogen content and ammonia
volatilization rates were estimated for each major commercial animal
type from previous studies (Adriano, et al., 1971; Adriano et al.,
1974; Fogg, 1971; Giddens and Rao, 1975; Laver et al., 1976; Luebs et
al., 1973ab; Stewart, 1970; Taiganides and Hazen, 1966; Viets, 1971).
Emissions from range animals were distributed spatially in proportion
to pasture and herbaceous range land areas. U.S. Geoiogical Survey
(1976) maps were used to locate emissions from animals raised in
confinement (e.g. dairy cattle, feedlot cattle). NH3 losses from
domestic animals (cats and‘dogs only) plus human respiration,
perspiration and household cleaning chemicals were distributed in

proportion to residential land use.

The overall spatial distribution of NH3 emissions in the South
Coast Air Basin is shown in Figure 2. The largest spike in the NH3
diagram is centered over the town of Chino on the prevailing upwind
side of the city of Riverside, and results from the intensity of

livestock operations in that area. Details of the ammonia emission

inventory calculations are presented in the Appendix to this report.
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FIGURE 2

’

The Spatial Distribution of Ammonia Emissions

in the South Coast Air Basin - 1974




TABLE 1

Summary of Ammonis Imissions By Source Category
in the South Coast Air Rasin

974
SOURCE CATEGORY TOTAL EMISSIONS
(kg/day)
-
Stationary Fuel Combustion
Rlectric Utilicy
Natural Gas 590.0
Residual 0il 2000.0
Digester Gss 0.5
Refinery Fuel Burning
Ratural Gas 160.0
Residual 0il 99.0
Refinery GCas 420.0
Industrial Fuel Boruming
Ratural Gas 610.0
Liquified Petroleum Gas (1LPG) 4.0
Residual 0il 150.0
Distillate 0il 140.0
Digester Gas 9.0
Coke Oven Gas 15.0
Residential/Commercial Fuel Burming
Natural Gas 270.0
Liquid Propsne Gas (1¥G) 4.0
Rasidual 0il 62.0
Distillate 0il 73.0
Coal 20.0
o%¢ gud totals wew 4626.5 (3.092)
Mobile Source Fuel Combustion
Automotive
KNon-catalyst Autos snd Light Trucks 3309.0
Medium and Eeavy Duty Trucks 449.9
Diesel Vehicles 370.0
LPG for Carburetion’ 10.0
Civilisn Aircraft
Jet 150.0
Piston 2.9
$hipping .
.Residusl 0il Boilers . 70.0
Diesel Ships 50.0
Railroad-Diesel 0il 90.0
Military
Gasoline. 10.0
Diesel ) 60.0
Jet Fuel . 50.0
Residual 0il 0.8
Off Nighway Vehicles 120.0
&% Jgb totals s 4742.6 (3.172)
Industrial Point Sources 2070.0 (1.382)
S0il Surface 23790.0 - (15.97)
FPertilizer
Tarm Crop 2870.0
Orchards 2390.0
Randling 380.0
Won-farm 7420.0
%% gub totals wee 13060.0 (8.72%)
Livestock
Cattle
Dairy 24390.0
Feedlot 6880.0
Range 12160.0
Borses 16220.0
Sheep 990.0
Hogs 250.0
Chickens 18200.0
Turkeys 1120.0
**% Sud totals tew 80210.0 (S3.61) -
Domestic
Dogs 10350.0
Cats 3230.0
Human Respiration 46.0
Buman Perspiration 7000.0
Eousehold Ammonia Use 600.0
*** Bub totals *ew 21226.0 (14.2%)

et Total hbied

149725.1 (100.02)
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TABLE A.5

Emissions from Industrial Process Sources

NH3 EMISSIONS

(metric tons/day)

Ammonia Storage 0.06
Refinery FCC Units 0.67
Refinery Waste Water Treatment 0.35
Steel Industry 0.23 -

Chemical Plants 0.76
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TABLE A.8

Dry and Liquid Fertilizers for Farm Plus Non-Farm Use
(California Department of Agriculture, 1974)

FERTILIZER PARTITION
COUNTY TOTAL NITROGEN

(metric toms/yr) DRY'® rL1qUID(®

Los Angeles 7124 0.781 0.219
Orange 4619 0.751 0.249
Riverside 17614 0.445 0.555
San Bernardino 1984 0.919  0.081
Santa Barbara 7495 0.56 0.44

Ventura 7885 0.629 0.371

(a) Fraction of total N applied in liquid and dry form estimated
by summing N content of those liquid and dry fertilizers for
which nitrogen content data were given. ‘



TABLE A.9

Percentage of N Applied, Apportioned Between Farm and Non-Farm Use
(California Department of Agriculture, 1974)

FARM NON-FARM
COUNTY DRY(a) LIQUID DRY LIQUID
Los Angeles 36 10 42 12
Orange : 48 16 27 9
Riverside 42 52 3 3
San Bernmardino 69 6 23 2
Santa Barbara 52 40 4 4
Ventura 60 36 3 | 1

(2) Example: Fraction (farm N/total N) x fraction dry from Table A.8



TABLE A.10

Fertilizer Nitrogen Applied
(Tons N/Yr)

DRY LIQUID
COUNTY FARM NON-FARM FARM NON~FARM
Los Angeles 2565 2992 712 855
Orange 2217 1247 739 416
Riverside 7398 528 9159 528
San Bermardino 1369 456 119 40
Santa Barbara 3897 300 2998 300
Ventura 4731 237 2839 79

Estimated by combining data of Tables A.8 and A.9



TABLE A.1l1

Partition of Farm Fertilizer Use Between Crops and Orchards(a)

(From U.S. Department of Commerce, 1977)

LIQUID

% OF FARM FERTILIZER

(METR?%YTONS/YR) (METRIC ToNs/yr)  APFLIED ON CROPS

COUNTY CROP ORCHARD CROP ORCHARD 7% DRY Z LIQUID
Los Angeles 3503 2039 1353 357 63 80
Orange 3603 2672 1067 2032 57 34
Riverside 17041 9842 13210 2428 63 84
San Bernmardino 1545 3473 156 218 31 42
Santa Barbara 12099 3214 6927 400 79 95
Ventura 13521 8870 2405 3815 60 39

(a) The Census of Agriculture (U.S. Department of Commerce, 1977) shows
lower total fertilizer applied than does the California Department

of Food and Agriculture (1974).



TABLE A.12

Nitrogen Applied on Crops, Orchards, and Non-Farm Areas
(County Totals in Metric Tons/Year)

DRY LIQUID
COUNTY .CROP(2) ORCHARDS AND NON-FARM CROP(ZDRCHARDS AND NON-FARM
 ORNAMENTALS ORNAMENTALS
Los Angeles 1616 949 2992 570 142 855
Orange 1264 953 1247 251 488 416
Riverside 4661 2737 528 7694 1465 528
San Bernardino 424 945 456 50 69 40
éanta Barbara 3079 818 300 2848 150 300
Ventura 2839 1892 237 1107 1732 79

(a) Farm use split between crops vs. orchards and ornamentals using
crop percentages of Table A.11 applied to total farm use given in
Table A.10.



TABLE A.13

Percentage of Land Use in Each County Located Within the Gridded
Inventory Map Area and Within the South Coast Air Basin

NON-FARM

COUNTY CROPLAND ORCHARDS FERTILIZED LAND'®)
‘Los Angeles 34 84 99
Orange 100 100 100
Riverside 53 43 74
San Bernardino 69 100 85
Santa Barbafa 7 100 78
Ventura 95 100 ' 100

(a) Estimated from percentage of county population living within the
air basin in 1975.



TABLE A.l4

Fertilizer Nitrogen Applied Inside the South Coast Air Basin
(Metric Tons/Year) (2)

DRY _ LIQUID
_ ORCHARDS AND NON FARM ORCHARDS AND NON FARM

COUNTY CROP ORNAMENTALS CROP ORNAMENTALS

Los Angeles 549 797 2962 194 120 846
Orange 1264 953 1247 251 488 416
Riverside 2470 1177 391 4078 630 391
San Bernardino 293 945 388 35 69 34
Santa Barbara Zi6 818 234 199 150 234
Ventura 2697 1892 237 1052 1732 79
TOTAL . 7489 6582 5459 5809 3189 2000

(a) Data of Tables A.12 and A.13 combined



(1861 ‘a04aR) n=z se aisydsomye 031 3801 8T payrdde N jo ¥z Burumssy (9)
(1861 *124°R) mmz se aiaydsomae o3 380y sy payrdde N jo ¥p¢ Surunssy (q)
(1861 *394aR) n=z se aasydsom3e o3 3sof s} paridde N jo %o1 Bujunssy (e)

£ep/suol O1133W g9 7T =

£ep/3 189z1 = 8807 HN Tel0L
18921 0661 0002 e 68TE <8¢ 6085 0€Ys 65YS 1812 2859 €847 68YL 101
1202 6L 6L ST1 ZELT oL zs01 9€z L€2 (29 z681 v68 1692 vangusp
z€8 €€z vz . ol 0sT €1 66T €€z vez 1z 8T8 2 9Tz  ®eqaeg ejusg
Les ve ve s 69 z <€ 98¢ 88e €1€ 546 L6 €67 ourpiEulag ueEs
6622 68¢ 16€ 29 0£9 0Lz 8L0Y 68€ 16¢ 06€ Lt 618 oLyz aprsIaATY
8EYz iy 9Ty z€ 88Y Lt 152 vzt vzt 9T€ €56 6TY v9z1 a8ur1p
vszy e 948 8 ozt €t w61 9462 2962 492 L6L z81 695 satesuy so1
waon heot tan curnaay Cloor by aeaeavCheot o aivmary Ysor by aavaav Cloortn aaenv lsor U aartaay
T zunahwamuh munuhwauuh muuuhwamuh munuhwamum . — -
TvioL WV -NON STVINZHVIIO aNV1d0D . HAVa-NON STVINIRVIIO QNV1a04D
NV SQUVHONO NV SQUVHONO
aIndI1 . x¥Q

(£193eaedas uaaf3 ssol Surypuey)
/6T - £3uno) £q uorieorrddy 19zITT3liag 03 ang SSOT BTUOUMIY

STV dIdVL



(996T) SutAsN pue dmjtep (9)

[urseq uy pusy pieyoao ¥ x spieydlio 03 pertdde 1szy{r3asy pInbyy jo %
+ (ET°Y 21qe1) uyseq uy puepdord % x (TT°V °1qel) sdoid o3 payydde 19zIT13a93 prnbry jo %] £q parrdyifnu Tezos KIuno) (q)

(%L6T) 21n3ITNOTa8y jyo Juamiaedsq BYUIOITTE) oYl Aq QQ-00-78 SB PISSEID SaTes 19ZFTTII19] PInbIT woag (®)
hmv\mzz SU03 OFIIW GE°Q =
1£/N sU03 9T = S807T TEBIOL

L8 62 G687 9066 V101

9 z vot 001 S6 6t 80¢ BAINJUIA

4 90 19 00T L S6 hZs elBqlEg ®BIUES

€ 6°0 68 001 69 144 ’ 701 oufpirulag ueg

%9 12 yElz £y £s 8 15Ty apIsIaATY

80°0 €0°0 €12 001 001 vE €L°T asueag

(4! k4 y0Y v8 (19 08 816 sayaduy soq

(2£/N suwol) (14/N suoy) (2£4/N suoy oyajaw)  NISVE NI  NISvd NI $d0¥D NO (e) (18201 £3uno)) ALNNOD

(2)TT414 NO NOIIVOI'IddY (o) INITANVH reszﬁ NI SQUVHOMO0  QNV'1dOY¥D  QAITddvV ¥d4ZI'111¥3d N.;.\z 5u03 JTajou)
ONT¥NA SSOT %€ 0l 4na SSOT T  VINOWWY SNOYAAHNY 40 % L (4 aIndI1 40 % VINOIWY SNOYAAHNV

uor3eoy1ddy pratg pue Bupypuey 03 ong ejucwumy snoipAyuy jo sso]
91V a4Vl



L20°0 S1E"0 ZhL°o %96°0 BInquUap
600°0 99%°0 . 182°0 $80°0 vieqieqg ejues
€10°0 8%'0 81€'0 6600  ourpieulag ues
82°0 8LL°O ZEY°0 60°T OPTSIDATY
¢-OTXY €91 8%€°0 9€%°0 93ue1g
S0°0 6L°€ zLeo S6T°0 sara8uy 507
(Aep/suo3 ofajsw)  (Lep/suol OFajom) S@IVHOUO Sdo¥d AINNOD

ONI'TANVH NOILVOI'TddV WIVA-NON (£ep/suoy orajow)

0L 40d SSO1 HO¥d SSOT YAZI'TIL¥Ed 30 NOILVDI1ddV WiVd KO¥d SSOT

SuyTpuey pue uorjedyiddy 19zF[Ti19j WOXJ SUOFSSTUWY mmz Jo Axeuung
LT°V H19VL



TABLE A.18
Summary of Animal Waste Data

ANTMAL MANURE TOTAL NITROGEN
ANIMAL SOURCE WEIGHT (TOTAL WASTE) EXCRETED
(kg) kg/head-day kg/head-day
Dairy Cattle Dale (1971) ’ : 680 49
. Fogg (1971) 600 45 0.17
Luebs et al. (1973b) 0.18
Adriano et al. (1974) 0.19
Value Used : 640 47 0.18
Beef Cattle Fogg (1971) 400 34 0.24
Peters & Blackwood (1977) 500 27
Taiganides & Hazen (1966) 450 29 0.17
Scholz (1971) 500 45
Value Used 450 32 0.21
Horses Fogg (1971) 450 25 0.22
Hogs Fogg (1971) 70 3.9 0.03
Muehling (1971) 70 5.5 0.038
Scholz (1971) 70 3.6
Taiganides & Hazen (1966) 45 3.2 0.023
Value Used 70 3.9 0.03
Sheep Fogg (1971) 45 1.8 0.018
Chickens Fogg (1971) 2 0.11 0.0014
Scholz (1971) 0.185
Taiganides & Hazen (1966) 2 0.11 0.0019
Value Used 2 0.14 0.0016
ki taken in proportion to
Turkey ghickens on body weight 5.5 0.39 0.0044
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TAﬁLE A.25

Summary of Ammonis Imisesions By Source Category
in the South Coast Air Basin
1974

SOURCE CATEGORY TOTAL ENISSIONS
(kg/day)

-

Stationary Fuel Combustion
Blectric Utilicy

Natural Gas 590.0
Residusl 0il 2000.0
Digester Gas 0.5
Refinery Fuel Burning
Natural Gas 160.0
Residual 0il 99.0
Refinery Gas 420.0
Industrial Fuel Burmisg
Ratural Gas 610.0
Liquified Petroleum Gas (1LPG) 4.0
Residual 0il ' 150.0
Distillate 0il 140.0
Digester Gas 9.0
Coke Oven Gas 15.0
Residential/Commercisl Fuel Burming
Natural Gas 270.0
.~ Liquid Propane Gas (DG) 4.0
Residual 0il 62.0
Distillate 0il 73.0
Coal 20.0
wew Eub totals wew 4626.5 (3.092)

Mobile Source Fuel Combustion

Automotive
Non-catalyst Autos and Light Trucks 3309.0
¥edium and Heavy Duty Trucks 449.9
Diesel Vehicles 370.0
LPG for Carburetion 10.0
Civilisn Aircraft
Jet i 150.0
Piston 2.9
Shipping
Residual 0il Boilers * 70.0
Diesel Ships 50.0
Railrosd-Diesel 0il 90.0
Militsry
Gasoline 10.0
Diesel . 60.0
Jet Fuel . 50.0
Residual 0il 0.8
Off Righway Vehicles ' 120.0
% gub totals wwe 4742.6 (3.172)
Industrial Point Sources 2070.0 (1.382)
Soil Surface 23790.0 (15.92)
Fertilizer
7ara Crop 2870.0
Orchards 2390.0
Handling 380.0
Ron~fasrm 7420.0
*e Sub totals wew 13060.0 (8.722)
Livestock
Cattle
Dairy 26390.0
Peedlot 6880.0
Range 12160.0
Horses 16220.0
Sheep 990.0
Hogs 250.0
Chickens 18200.0
Turkeys 1120.0
ot gub totals wwe 80210.0 (53.6%)
Domestic
Dogs 10350.0
Cats 3230.0
Tman Respiration 4 .0
Numar Perspiration 7000.0
Rousehold Asmonis Use 600.0
e Sub totals www 21226.0 (14.21)

**s  Total hainkd 149725.1 (100.02)




