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In some food processing industries, assoclated wasted products may
be usable as boiler fuel. The most notable instance is the use of
bagasse ag fuel in the cane sugar industry. The potential ash and cinder
emissions from bagasse-fired boilers are high enough to require appropriate
dust collection equipment,

Direct firing of process vessels 18 practiced primarily for the
roasting or drying of various commodities. In such cases, the combustion
products comé into direct contact with the materials being processed,
and the effluent gases may ciarry coataminants derived from both the fuel
burned and the process material. Where the material being processed is
intended for human consumption, at least, a "clean" fuel must be used
in direct firing, and the fuel most often used is natural gas. In such
cases, the contaminants in the gas stream are derived almost entirely
from the process material. In any process involving direct firing, the
gaseous and particulate effluents are specific to the process and material
involved.

PROCESS SOURCE OF AIR POLLUTANTS
The "noncombustion' air pollution problems that may arise from

processing in the food industry are associated with the following types
of processes:

Pollution
Process Problem
Mechanical Handling Particulates
{size reduction, Odors from volatiles
conveying)
Thermal Processing Particulates
{roasting, blanching, Odors
concentrating, drying,
frving and other
cocking operations)
Preserving and Flavoring Particulates
(sulfuring, smoking) S0,
Odors

PAH (toxic)

Extracting and Refining Hydrocarbons
Odors
Chlorinated organics
Peeling Chlorinated organics
14




Some major process sources ol particulate emissions in the food
processing industrics are mmmmarizcd o Table 4. Paviiculate cmission
factors for these sources arve presented, where available, in Table 5.
For comparisen, the cmissions from grain milling opevations arc shown
in Table 6 along with the emissions from Portland cement manufacturing
plants and coal-{ired power plants,

E Particulate control problems in the food industry result mainly

ifrau solids handling, solids size reduction, drying, roasting and cooking.
Some of the particulates are dusts, but others (particularly those from
athermal processing operations) are produced by condensation of vapors

|and may be in the low-micrometer or submicrometer particle-size range.
Particulate collection for numerous sources, such as fish meal dric.cz,
deep fat fryigg: smokehouses, and coffec roasters have been discussed

Z=0

by Danielsor. With proper equipment selection and installation, all —
P H H P ¥

the problems can be adequately handled. Problems with particulste con-

e

trol in the grain milling industry, malting and liquor industry, and
the citrus industry are also amenable to solution using currently avail-
able particulate collection devices,

The grain milling industry is one of the largest, if not the largest,
source of actual or potential dust emissions in the food processing
industries. This is particularly true i{ the category is taken to in-
clude the premanufacturing phases of grain handling: grain cleaning
and drying, steorage and hundling at elevarvors, and custom prinding of
feed. These phases are technically net part of the food processing in-
dustry as defined in this report (51C 20, Food and Kindred Products),
but ol inte the sinjor grovps S10 07, Apricultural Scrvices: SIC 42,
Moter Freieht Transportation and Warchousing: and S1C 51, Wholesale

Trade--Londurabhle Goods,

The problens of 50 cwlssions frae the sulfuering of fruit is dis-
e Appendlis S0 U conclasion (o that the seltfurine of frajr
et o sivodc oot s euree ol SOs eppncions, relaiive 1o other voind
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The potential toxic preblems identiTied fall inte four classific:

tiang

(1) Polveveclear aromatic hydrocarbons (PAHY from smokuehousces,

g 1 f (2) Chlorinated erpanics from extraction and pecling operaiions,
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'égABLE 5. PARTICULATE EMISSICON FACTQRS

Tndustry

Emissien factor

Meat processing
{smokehouses)

Vegetable oil processing

(soy beans)

Grain milling
Rice
Wheat flour
Wet corn

Livestock food (meal)
(alfalfa dehydration)

Livestock fishmeal

Malted beverage
(spent grains)

Distilled liquor
(spent grains)

Roasted coffce

Sugar cane

0.3 ib/ton Uncontrolled (D)
0.1 1b/ton Controlled (D)

7 1b/ton (B)

—-——-'_'-—u—d

0.69 ~ 5.7 1b/ton.
3.4 ~ 4.2 1b/ton’
2.2 1b/tont

60 1b/ton Uncontrolled (E)
3 1b/ton Controlled (E)

0.1 1b/ton Driers (C)

8 1b/ton Handling and drying (E)
8 1b/ton Handling and drying (E)
7.6 lb/ton Direct-fired (B)

4.2 lb/ton Indirect-fired (B)

22 1b/uon bagasse fiber (D)

{bagasse)
* : : . ' '

The accuracy of the emission factors is ranked as "A," "B", 'C",
"', oor '"E". "“A" is considered excellent, "B" above average,

"¢ oaverage, "D betow c.verage, and "EY poor.

SRI-estimated values.

Sources: EPA Compillation of Emission Factors, Second Edition,
AP-42; SRI International.

Neote: To convert pounds to kilograms, divide by 2.2,

17




TABLE 6. C®{PARISON OF PARTICULATE EMISSIONS FROM SRAIN MILLING
AND OTHER LARGE INDUSTRIAL SOURCES OF PARTICULATES

Particulate
emission rate
Type of plant Emission factor Typical plent size (1b/hr)
*
Rice milling . 0.69 ~ 5.7 lb/ton 600 cwt/hr 21 ~ 171
*
Wheat flcur milling 3.4 ~ 4,2 lb/ton 200 cwt/hr 34 ~ 42
: *
Wet corn milling 2.2 1b/ton 1400 cwt/hr 154
£ 1
Power plant 0.1 1b/10% Beu 500 MW - 315
(coal-fired) _ '
Porctland cement 0.3 1b/ton of feed 70 tons of feed/hr 21

*
SRI-estimated values.

Federal New Sources Performance Standarxds.
Assume power plant capacity factor of 0.7.

Source: EPA; SRI International,

(3) Pesticides and other possible toxic compounds emitted from
roasting or drying operations.

{4 Allergenic materials in grain dust,

Problems 1, 2, and 3 above ave discussed in Appendices B, C, and D,
respectively.,

Estimates of the maximum potential emission of PAU from smokehouses,
presented in Appendix B, show thot the gross emissious from these in-
dustrial sources arc extremcly small relative to other point sources,
Although smokehouses could be the source of airborne particulates and
sludges contaminated with PAH, [t would be difficult to quantify the
actual fmpact of such discharges. Localized effects from such discharges
could be more important,




In Appendix C, all major known and proposed uses for chlorinated
solvents in the food industry have been identified. Less than 3% of the ;
total industrial consumption in 1974 of trichloroethylene (TCE) was for
food processing and this percentage likely has dropped as methylene
chloride has been introduced as a substitute, The food industry is a
very minor source of the other previously mentioned toxic pollutants,
but their localized effects might be important. Such compounds may be

{ releaged from plants in both the gas phase and the liquid phase. Alr
stripping in blological treatment systems Is likely to remove the com-
pounds from water rapidly.2-7"

Estimating the quantities of pesticides emitted from food processing
| operations requires determining which pesticides are actually used and
Ein what quantity they are present on the commodity as it reaches the
t processing plant. Little detailed information on either subject appears

to be available. Some rough .stimates of possible pesticides emissions
gfoq*gsgggg_gggﬁzigg (Appendix D) were made in an effort to assess
whether such emissions might actually be significant, The indicated
pesticide concentrations in the roaster waste gas exceed slightly or
moderately the allowable occupational standards for worker exposure, but
the resulting concentrations in ambient air after diépersion and dilution
of the stack gas would be much lower. It is questionable whether the
indicated emissions would be significant even if they proved to be real.

Dusts from grain handling and milling are generally in the nulsance
category, but they are also known to produce allerglc reactions In sen-
sitive individuals. Emissions of such dusts to the atmosphere may affect
sensitive individuals in the general population as well as workers in the
grain mills. In a study at the University of Mimnnesota, Cowan et al?”
concluded that there was a possible association between air pollutants
from the grain industry nearby and the incidence of acute allergenic
asthma among university students. Welll et a12-10 demonstrated arn asso-
ciation between local episedic asthma in New Orleans and allergenic alr
pollutants emitted from grain elevators in the area, :

Although rice hulls contain a significant amount of silica and the
soil picked up with the grain during harvesting may contain some free
silica, the chance that dust from these sources might present a silica
inhalation hazard is so remote as to be negligible. To be dangerous,
the material must be crystalline-free silica (not silicates or other such
compounds) and must be In the respirable particie-size range (i.e.,
< about 2 pm). The actual quantities of material of this description are
likely to be very small. The free silica in rice hulls is amorphous
(noncrystalline), and hence not dangerous,

14
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In cotton growing the plants arc commonly sprayed with a defoliant ' f?
before harvesting. Defoliatfon of the cotton plants makes machine picking o
of the cotton casier. The defeliants used have generally been organic o

argsenic compounds. Consequently, the trash (e.g., leaves, stems) collected
along with the seed cotton 1s contaminated with arsenic residues. The

outer tips of the cotton fibers will also carry gsame residual arsenic, ]
but the seceds should be generally well protected from contact with the -
defollant., At the cotton gin, the trash 1s separated frcn the cotton j
and is normally burned. During combustion of the trash, at least part }
of the arsenic enters the offgases and is emitted to the atmosphere.2-11 i3

If the arsenic-bearing material did reach the cotton seed, it would
present primarily a potential hazard in a food product, Apparently, 3
the existence of any actual hazard has not been reported., The emissions
from trash burning are not within the category of food processing indus- ¢
tries. Cotton ginning (SIC 0724) falls under Agricultural Services. _ T

i b
""‘ b e

QDOR EMISSION AND CONTROL fix
;5
‘ Odor emlsslons may occur at almost any stage of food processing, but .
the most serious nnes usually are associated with the thermal processing ié'
steps such as cooking, ioasting, drying, and evaporative concentration. ;ﬁ
The waste gases from these operations will usually contain particulate ‘?
matter and perhaps condensable vapors as well as the malodorous substances, ?Q
Such particulates and condensable materials complicate the problem of i
collecting or cestroviaug the malodors. The condensable materials them- 'i
selves may be malodorous to some degree. f;
For some particularly malodorous operations (e.g., slaughtering, ren- g
dering), the exhaust air from building ventilation may be so contaminated f
as to be a major source of odor. 2-6 Wastewater treatment ponds are another %
frequent source of odors, even from processing of materials that are not 1$
otherwise particularly objectionable.z‘lzy'13 Anaeroble digestion of %}
| wastes is a frequent source of hydrogen sulfide emissions,z'“*v'15 although . 1%§
such problems can frequently be alleviated or climinated by proper design .$'
of thq)crgntment system, Acrobic treatment of wastewater may also produce }E
odors.” 12710 game hydrogen sulfide can be formed and emitced, particu- i

larly under conditions of system overload.2=17  1n addition, various or- ;
ganic compounds {some of them malodorous) can be stripped out of solution
by the air stream used in aeration.2”7,"8,-17 :

—_—

Table 7 1lists food industries and processes that are major sources 3
of nuisance odors, These 2re sources that arve well known or cited with N
some frequency in the literature. The list is not exhaustive; as noted
previously, most of the food industries can be sources of odors under 3

20




REFERENCES

2-1

2-5

2-7

2-8

o

-12

Tndusitry, "

Rafson, . J., "0dor Emission Control for the Flaver and Perfume
" presented to Flavor Chemists Society, March 3, 1977,

Rafson, H, J., "Odor Emission Control for the Food Industry,”
Food Technol. 31 (6): 32-35 (June 1977),

Anon., '"Roast Udors Trapped at GF/Montreal," Food Eng. 45 (10):
123-124 (October 1973).

Reding, J. T., and B. P. Shepherd, "Encrgy Consumption--Fuel
Utilization and Conservation in Industry,'' EPA-650/2-75-032d,
Pnvironmental Protection Agency, Washington, D.C., August 1975.

Development Planning and Research Assoclates, Inc., "Industrial
Lnergy Study of Selected Food Industries,' Federal Energy Ad-
ministration, Contract No. 14-01-0901-1652. Washington, D.C.
July 1974, NTIS: PB-237-316.

Danielson, J. A., Alr Pollution Engineering Manual, 2nd Ed.,
Luvironmental Protectien Agency Publication AP-40, Research
Triangle Park, N.C. (May 1973).

Thibodeaux, L. J., "A Test Method for Component Stripping of
Waste Water,' EPA-660/2-74-044, U.S. Environmental Protection
Agency, Washingten, D.C., May 1974,

Thibodeaux, L, J., and D. G. Parker, "Desorption Limits of Sclected
Industrial Gases and Liquids from Acrated Basins,' paper presented
at the National AIChE mecting in Tulsa, Oklahoma (March 1974),

Cownn, D, W,, ¢t al., "Bronchial Asthma Associated with Aflr Pol-
lutants from the Grain Industry,' J. Alr Poll. Control Assoc. 13
(11); 546-552 (November 1963),

Weill, H,, ct al., "Allergenle Air Pollutants in New Ovleons, "
J. o Aiv Poll, Contrel Assec., 15 (10X 4067-471 (Octoboer 19635).

Public Health Service, Contrel and Dispesal of Cotton-Ginning
Wastes, Publiclealth Service Publlcation 999-AV31, Cinclanati,
Oltio, 1967.

Herrv, E., aud R, L. Poltorak, "Program Geal--No Plant Odors,"

Water and Sewape Works 121 (10): 56-58 (October 1Y74).

32




»
e

2-13

2-14

2-15

2-17

2-18

2-20

2-22

2-323

2-24

Stone, H, W,, and J. V., Ziemba, "Libby, McNelll Solves an Odor
Problem,”" Food Eng. 45 (12): 99-100 (December 1973).

Chittenden, J. A., L. E. Orsi, J, L. Witherow, and W. J. Wells, Jr.,

“"Control of Odors from an Anaerobic Lagoon Treatinp Meat Packing

Wastes.' In: Proceedings 8th Natlonal Symposium on Food Processing

Wastes, EPA-600/2-77-184, CEnvironmental Protection Agency, Cin-
clanati, Ohieo, August 1977, pp. 138-61,

Willoughby, E., and J. Curnick, "Controls Odors at Low Cost,"
Food Eng. 44 (10): 107-108 (October 17572).

Boscak, V., N. Ostojic, and D. Gruenwald, "Odor Problems? Don't
Just Hold Your Nose,” Water & Wastes Eng. 12 (5): 62-63, 67, 82
(May 1975).

Engelbiecht, R, S., A. F., Gaudy, Jr., and J. M. Cederstrand,
"Di ffused Air Stripping of Volatile Waste Components of Petro-
chemical Wastes,'" JWPCF 33 (2): 127-135 (February 1961),

Turk, A., “"Industrial Odor Control and Its Problems," Chem. Eng.
76 (24) ; 70-78 (November 3, 1969).

Byrd, J. F., and A, H. Phelps, Jr., "Odor and Its Measurement,"
in Aiv Pollution, Vol. TI, A, C, Stern, ed., 2nd Ed. (Academic
Press, New York, 1968).

Turk, A., "Industrial Odor Control," Chem. Eng. 77 (9): 199-206
(April 27, 1970). '

Benforade, D. M,, W. J. Rotella, and D, L. Horton, 'Development
of an Odor Panel for Evaluation of Odor Control Equipment,"
J. Air Poll. Control Assoc. 19 (2): 101-105 (February 1969).

Yocom, J. E., and R, A. Duffee, "Controlling Industrial Odors,"
Chem. Eng. 77 (13): 160-168 (June 15, 1970).

Americnn Soc. for Testing and Materials, "ASTM Standard Method for

Measuremenl of Odor in Atmospherves,' D1391-57, 1916 Race Street,

Ihiladelphia, Penn,

Dravanicks, A., "™easuring Industrial Odors,'" Chem, Eng. 81 (22):
91-95 (October 21, 1974),

33




4 v ey — - =

2-25

2-26

2-27

2-28

2-29

2-30

2-31

2-32

2-33

2-34

2-35

2-36

2-37

Fox, E, A,, and V. E. Gex, '"Procedure for Measufing Odor Con-
centration in Air and Gases," J. Adr Poll. Control Assoc. 7 (1):
60-61 (May 1957).

Milis, J. L., R. T. Walsh, K. D, Luedtke, and L. K, Smith,
"Quantitative Odor Measurement,'" J, Alr Poll. Control Assoc.
13 (10): 467-475 (October 1963).

Schuetzle, D., T. J. Prater, and S. R. Ruddell, "Sampling and
Analysis of Emission from Stationary Sources. I. Odor and Total
Hydrocarbons, J. Alr Poll. Control Assoc. 25 (9): 925-932
{September 1975).

Byrd, J. F,, H, A, Mills, C. H, Schellhase, and H. E. Stokes,
"Solving a Major Odor Problem in a Chemical Process," J, Air
Poll. Control Assoc, 14 (12): 509-516 (December 1964).

Turk, A., "Odor Source Inventories,' Pollut. Eng. &4 (8): 22-24
(August 1972},

Walther, J. E., and H. R, Amberg, "Odor Control in the Kraft
Pulp Industry,' Chem. Eng. I'rogr. 66 (3): 73-80 (March 1970).

Turk, A., R. C. Haring, and R. W, OKey, "Odor Control Technology,"
Environ., Sci, Technol. & (7): 602-607 (July 1972},

Beltran, M,, "Engineering/Economic Aspects of Odor Control,"
Chem, Eng. Progr. 70 (5): 57-64 (May 1974).

Grandjacques, B., '"Carbon Adsorption Can Provide Air Pollution
Control with Savings," Pollut, Eng. 9 (8): 28-21 (August 1977).

Herr, G. A., "Odor Destruction: A Case History,'" Chem, Eng,.,
Progr. 70 (5): 65-69 (May 1974).

Anderson, C. E., '"Chemical Control of Odors," Pollut, Eng. & (b):
20-21 (August 1972).

Miller, T. L., 'Controlling Rendering Plant Odors," Proc. APCA
Specialty Conference on Control Technology for Agricultural Air
Pollutants, March 18-19, 1974, pp. B1-103.

Posselt, H. S., and A, H. Reidies, '"Odor Abatement with Potassium

Permanganate Solutions," I & EC Prod. Res. Develop. 4 (1):
48-50 (March 1965).

34




2-38

2-39
2-40

2-41

2-42

2-43

2-44

2-45

2-46

2-47

Y49

2-50

First, M. W,, "Control of Odors and Aerosols from Spent Grain
Dryers," Proc. APCA Speclalty Confercence on Control Technology
for Agricultural Air Pollutants, March 18-19, 1974, pp. 133-146,

Quane, D, E, "Reducing Alr Pollution at Pharmaccutical Plants,"
Chem, Eng. Progr. 70 (5): 51-56 (May 1974).

Riggin, C. W., Jr., "Eliminates Fermentation Odor," TFood Eng. 44
(9): 145 (September 1972).

Bethea, R. M,, B. N. Murthy, and D. F. Cary, "Odor Controls for
Rendering Plants," Euviron. Sci. Technol. 7 (6): 504-510
(June 1973).

Doty, D. M., R. H. Snow, and H. G. Reilich, "Investigation of
Odor Control in the Rendering Industry,' EPA-R2-72-088, Environ-
z~ntal Protection Agency, Washington, D.C,, October 1972, 152 pp.

Osag, . R., and G. B, Crane, '"Control of Odors from Inedibles-
Rendering Plants," EPA-450/1-74~006, Envirommental Protection
Agency, Research Triangle Park, N.C., July 1974,

Snow, R, H.,, J. E. Huff, and W. Boehme, 'Odor Control by Scrubbing
in the Rendering Industry," EPA-600/2-76-009, Environmental
Protection Agency, Research Triangle Park, N.C, January 1976,

Stfauss, W., "The Development of a Condenser for Odor Control
from Dry Rendering Plants,' J. Air Poll. Control Assoc. 14 (10):
424-426 (October 1964).

Teller, A. J., "Odor Abatement in the Rendering and Allied In-
dustries," J. Air Poll. Control Assoc. L3 (4): 148-149,
166 (April 1963).

Weber, R. L., and W, S. Siinson, "Recently Developed Odor Control
System Eliminates 99% of Odors, Saves $300,000 in Equipment Cost,"
Food Processing 38 (10) : 40-41 (Septewber 1977),

Partee, F., Air Pollution in the Coffee Roasting Industry
(Publle Health Servive Publication 999-AP-9, Cinclonnci, Ohlo,
Rey, 1960).,

Luh, B. S., and J. G. Woodroof, Commerical Vepetable Processing
(Avi Publishing Co., Westnort, Conn., 1975).

Anon., '"Controlling Processing Odors In Ketchup Operation,"
Food Production/Management, April 1974,

35




D

A Q\&N\(\ N b

PAH are formed under high-temperature pyrolysis of organic matter,
The amount of benzo(a)pyrene (BaP) formed, for example, depends on how
reducing the combustion atmosphere is, With increasing air-to-fuel
ratios, Bal' decreases 1n concentration. PAH formation also seems to be
assoclated with higher plauts that contaln more complex phenolic com-
pounds (e.g., lignin), but other types of ovganics can also produce PAH.
Pyrolysis of lignins and terpines during forest fires has been identified
as a likely source of PAH in rélatively high yields.

B-6

Listed below are typical values for concentration of PAH on parti-
culate matter from open burning that could be comparable to values for a
smokehouse.

Mg/kg of particulate matter

PAH _ Municipal Commercial  Open
Benz({a)anthracene 0.09-0.26 5-210 25-560
Benzo(a)pyrene 0.02-3.3 58~180 11-1100

PROBABLE SOURCES OF PAH IN THE FQOD INDUSTRIES

Of the more than 1300 meat processors {n the United States, the vast
majority use smoking for flavorin . Im 1970, 3 million tons of meat pro-
ducts and approximately 17,000 t- .s of fish were swoked.

Within the past few years, technology has made possible the manu-
sacture of an artificial liquid swoke flaveoring product containing
chemical components simulating the color, aroma, and flavor character-
istics of smoke. When used in meat or poultry products, thelr names are
modified with the term "Artificial Smoke Flavor Added."

In addition to the¢ synthesized liquid, a natural liquid smoke pro-
duct is also produced. 1t is prepared by burning wood and trapping and
condensing the smoke into a liquid. The liquid is chen filtered to re-
move many of the undesirabl~ components, such as tars and selid particles.
Meat and poultry products containing such a substance are required to be
labeled with the terms "Smoke Flavored'" or "Smoke Flavoring Added."

According to Mr. L. G. Broidy of the Western Regional Office MID, per-

haps as much as-507% of the smoke processed meat is prepared with natural
1iquid smoke, and this proportion is increasing rapidly.B'2
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The application of liquid smoke has at least two advantages: (1)
sanltation of the smoking facilities, due to the absence of muny tars
from the liquid smoke; (2) envivonmental considerations, since there is
less evacuation of pollutants into the atmosphere from liquid smoke than
with the natural wood burning process. This latter advantage has gained
particular attention in municipalities having strict ordinances on air
pollution.B-3

Although PAH have not been identified as emissions from smokehouses,
literature mentions the relatively high PAH content of smoked fish and
meats.B-4  The source of these PAH in the meat is probably the smoke,
because the temperature of the meat itself would not be high enough to
form these compounds.

The smoking of meat gives the finished product a characteristic and
desirable flavor, some prntection against oxidation, and an inhibiting
effect on bacterial growth. Smoke is most commonly generated from hard-
wood sawdust or small-size wood chips outside the oven and is carried to
the oven and intrceduced through duct work, A small stream of water is
used to quench the burned hardwood sawdust before dumping the sawdust to
waste. The most common operation is to overflow the water from this
quenching section and to waste the vater into the sewer, One plant
slurried the char from the smoke generator, piped it to a static screen
for separation of the char from the water, and then wasted the water,

In total quantity, the waste load and wastewater generated in this
cleanup is not particularly significant. Herever, there is a noticeable

coloration of rhe wastewater during cleanup and, depending on the extent
of the use of caustic, an increase in the pH of the wastewater.

QUANTIFICATION OF THE PAH PROBLEM IN THE FOOD INDUSTRIES

Smokehouse Exhaust Products

Suvkehouse exhaust products include organic gases, liquids, and
solids, all of which must be considered air contaminants, iHanv of the
gascous componnds ave drricating to the cyes and reasounably odovous. A
lurge portion ol the particulates Ls in the subwicrometer size rang.

where light scattering is maximum. These air contaminants are attribu-
tatle to smoke, that is, co smoke generated from hardwood, rather than
from the cooked product 1tse1f.B'5
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Exhaust gases {rom both atmospheric and recirculating smokehouses
can be periodieally expected to exceed 40% opacity, the maximum allowable
under many local air pollution control regulations. With the possible
exception of public nuisance, smokchouse exhausc gases are not likely to
exceed cther local air qualicty standards.B—

T2 -
S s Ly

Hooding and Ventilation Regquircments

Atmospheric smokehouses are designed with exhaust volumes of about
2,74 cubic meters per square meter of floor area. Somewhat higher volumes
: are used with atmospheric houses of two or more stories.”

i Recirculation smokehouses have a considerably wider range of exhaust
rates. During smo. = g and cocking cycles, volumes of 0.914 to 3.66 cublc
: meter ner square meer of flcor area are exhausted. B

exhaust are about 0.535 grams per normal cubic meter, with the emission
facctors varyving from 0.136 to 0.068 kgfgon of meat for the uncontrolled
: and controlled cases, rGSpcctively.B_ ’

{
i The highest reported values for particulate matter in smokehouse

If one assumes a PAH concentration c¢f 1000 ppm on the particulate
mattey and 3 x 106 tons of meatr smoked per year (assuming no controls),
then rhe maximum PAH release to the atmosphere would be as follows:

1.0« 106 LOnS Mmedt 0.136 kg parciculace} 455 kg PAH -
VI ton 455 x 10- kg particulate

B TN RV R

stely 4,09 kiloprims of wood is burned per teon of meat

By oasswemicg o char production of 0,22/ kp/kp wood and a

, ceesien cDoPAad of LOA0 ppw on the char, cthe possible quantity of
i winhed our of the amorehouses can be estimated:
3.0 x 10°% tons meat 9.09 ke wood 0,227 kg char 455 kg PAM -
vr ton meat kg wood J\455 x 10° kg char

13,600 kg PAl
yr

Bl adinrt 2 ot ST P AP
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As shown In Table B-1, the total estlmated amount of PAH erbssions
(listed as P for polycyclic organic matter) is 4.8 million tons. The
estimated releases from smokehouses are insignificant comparcd to other

sources,

TABLE B-1. HAZARDOUS POLLUTANT SOURCES

gl ey e A S0

l
i
i e
| Amount of PQM
|
i Source Tons/year %
i
; Iron and steel 43,380 0.90
‘. Metallurgical coke
Asphalt industry
i Paving material preparation 2,800 0.06
: Roofing matevial preparacion 23,230 0.48
Perroleun refining 2,170 0.05
Incineration
Industrial . 2,228 0.03
. Domestic 7130 0.02
o Auto body 14,602 0.30
i Conical burner 212,211 4.4z
o : mcpen burning 526,843 10.98
v, Xagriculrtural burning K2,161,142 745.05
G Natural fires, forest 1,433,712 29.89
b Ratura! firesz, urban 6,060 0.13
' Munjcipal 642 0.vl
Couzl refuse . 193,500 4,03
4 fover olaar boilers
K Pulvecized coal g,980 0.19
Stoker voil 1,032 0.02
P Crolone vaunl 310 0.01
Al oot 7,079 0.16
i Al gas &, 151 0.13
£
- :
i 1,596 0,04
P SoRer el G, uld> [
Py Cvolome ol S N0
Al eildl 10,001 vl
ATl gas I, VIR
Residential/conmercial
Coal bh 786 1.39
0il 33,105 0.69
Gas 10,065 0.21
Total 4,797,104 100,00

Pl iy pelsoselic ovganic matter,

Retor o B-7, o

B




REFERENCES

B-1

B-2

B-3

B4

Y

B-5

H-6

Radding, S. B., et al., The Environmental Fate of Selected Poly-
nuclear Aromatic Hydrocarbons, EPA 560/2-75-009, February 1976.

Personal communication, Mr. L. G. Broidy of the Western Regionzl
Office M.D, USDA (Septeaber 1976).

Federal Register, 41, 85 (April 30, 1976).

Development Document for Proposed Effluent Limitations Guidelines
and New Source Performance Standards for the Processor Segment of

(1 the Meat Products Point Source Category, EPA 440/1-74/031 August
1974,

Alr Pollution Epgineering Manual, John A. Danielson, ed,, U.5.
Dept. of Health, Education and Welfare 1967.

Bornefl, J., F. Solonka, H. Kunte, and A. Haximos, Experimental
Studies on the Formation of Polycyclic Aromatic Hydrocarbons in

Plants, Envirormental Research 2: 22-29 (1968).

B-7 Coldberg, A. J., A, Survey of Emisslons and Controls for Hazardous

and Other Pollutants, EPA, PB223568, February 1973.

95




CHLORINATED HYLROCARBONS

BACKGROUND

Chlorinated hydrocarbons have been used for hops extraction, extrac-
tion of caffeine from coffee, extraction of cocoa butter, extraction of
soya beans, and 1In the peeling of some fruits and vegetables. No data
are available on the actual past usage of trichlorcethylene (TCE), but
ic has Seen estimated that about 10% of the 1974 production of 157 million
kilograms went to miscellaneous or nommetal cleaning uses, The majority
(two-thirds) of this miscellaneous use was probably in the production of
polyvini chloride where TCE is used as a chaln terminateor., Other non-
food industry uses are as a solvent for textile cleaning and dyeing and
as a raw material for fungicide 1;ur:oduc.,tion.(-“-1 Avallable data show that
the probable consumption of TCE by the food industries was well below
4.55 million kilograms in 1974, Coffee processing probably represented
the largest siagle use, i

COFFEE PROCESSING

Because of the "memorandum of alert' Lssued by the National Cancer
Institute in April 1975 concerning potential carcinogenic hazards of TCE,
all ccffee extraction in the United States is now carried cut with
methylene chloride and this solvent will probably be substituted for
almost all other chlorinated hydrocarbon uses in the food processing
industries,

The estimated volume of discharge in 1975 of TCE from extraction of
ceffee from one plant was estimated at an average concentration of less
than 150 mg/liter in an average raw wastewater flow of 100,000 gal/day
(378.5 mS/day), or about 55 kg/day.

A representative of Hills Bros, Coffeec"3 reported that producers of
decaffeinated coffee are now considering an aqueous extraction process.
The reason is that many people consider the current substitute for TCE,
methylene chloride, also to be highly suspect as a chemical carciiogen.
In the new process, ''saturated water'' is prerared by extrenting the green
coffee beans. This saturated solution can be recycled and will remove

i
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esgentially only caffeine. The process is used in Germany and may be
adopted here.

General Foods and Nescle are currently the two largeat decaffeinated
coffee producers, Most small coffee companies usually ~ontract out the
decaffeination production because of the high investmeut cost for the
production unics.

HOPS EXTRACTION

From contacts with representatives of Dow Chemicalc-a and the Joseph
Schlitz Brewing Co.,C'5 it wag learned that Pabst and Schlitz have defi-
nZtely discontinued the use of hop extracts. It is also believed that
all other brewers have discontinued this pra(:t:i(:e.c"5 The impetus for
this move was an FDA ruling requiring that labels give information that
the beer contains hop extracts (and any other material used for the
extraction that may remain}.

OIL SEED EXTRACTION

Dow Chemical Company Ls now worl.ng on a process to use methylene
chloride for oil seed processing. At present, the industry (without
exception, according to Dow) uses hexane. The estimated loss of hexane
is approximately 1 gallon per ton of seed processes, and there is
apparently no real incentive to change the process solvent. Dow does
not anticipate any rapid changes in the future by this industry in use
of chlorinated solvents,

FRUITS AND VEGETABLES PEELING

Although a great deal of research and development work has been
done on using chlorinated solvents for peeling, no processes have
reached the commercial stages. The main problem with the process for
commadirincrs such as tomatoes has been migration of the solvent into the
interior through the stem. According to representatives of the Natlional
Canrners Association Laboratory in Berkeley, no plants are currently

using chlerinated solvents for peeling, nor do they intend tu do so.c'ﬁ

MISCELLANECUS USES

Trichloroethvlene was used as & solvent for extraction of annattp
food coloring from botanical material. This food coloring is widely used
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1n the dairy industry. It is not «nown if methylene chloride is now
ugsed for this extractien,.

Methylene chloride is a component of inks used for marsxing fruits
and vegetables,

Neither of these uses should represent a significant source of
chlorinated solvents relative to other industrial sources,
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