AP42 Section 2.6

Reference: 5

Title: Atmospheric Emissions From Open Burning,
R. W. Gerstle and D. A. Kemnitz

Journal of the Air Pollution Control Association,
17:324-327. May 1967.

Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. APA42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



R
-

G WL T

R. W, GERSTLE
ond D, A, KEMNITZ

The Naticnal Center for
Air Pollution Contral,
Cincinnati, Ohio

Atmospheric Emissions From

Open Burning

Emission doto have been derived from the simulated open burning of municipal refuse, londscope refuse, and

" automobile components,

AUTOMOBILE BODY [
INCINERATION
, | AP-42 Section 2.2
-DAV Reference Number
vy
—
=
! ' o
-

The data confirm that disposal of refuse by open, uncontrolled burning invariably

leads to higher emissions thon incineration and creates an unnecessary air pollution problem.

Alt.hough disposal of trash by
open burning is a common practice, very
little .quantitative information on at-
manspheric emissions from this source of
pollution is to be found i the literature.
‘This lack of data is largely & result of the
many difficulties encountered in obtain-
ing representative gas samples and in
measuring the various eombustion pa-
rameters.

In order to provide some substantive
emission data on open burning, the
DPublic Heslth Service, with thé assist~

it

1

ance of the Air Pollution Research
Center of the University of California
at Riverside, conducted a series of testa
on simulated open burning of various

ner.,

Apparatus

To facilitate the collectmn of effluent
gases from the burning material, & large
sheet fnetal, inverted funnel was used.
The tower, as illustrated in Fig. 1, was
designerl to minimize any interference
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BURNING AND
WEIGHING TABLE

Flg. 1. Burning towar. .o r

materials often disposed of in this'man-

< a8 possible.

1

with the actual burning operation and
thus to simulate open burning as closely

approximately 4 ft above a burning
table B t in diametar, positioned on an

" automatic scale, which continuously re-

- corded the weight of material remaining.

Airflow was measured in the exit stack
with a calibrated anemometer and con-
tinuously recorded. Temperatures were
also continuously measured at this point
with a thelmocouple Gas sample lines

This tower was suspended .
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pasred from the exit stack to an adjacent .-

building, where concentrations of COy,
CO, and gaseous hydrocarbons were
continuougly measured,

PR T .
Procedure .

: The test series consisted of five 1-day
tests, Two 'tests were conducted on
municipal refuse; two on landscape

- refuse such as lawn clippings, leaves, and

tree bra.nches, and one on automobile
components such as tires, reat=, and foor
mats,

Samples were taken to determing the

~amounts of particulate, COy, COQ, gase-

ous hydrocarbons, nitrogen oxides, for-
meldehyde, organic acids, and poly-
nuclear’ hydrocarbons present in the
effiuent gag stream, In adilition, total
gas flow, exit stack temperature, and
weight of the materia) being hurned were

- continuously measured.

A combined sample for solid partie

‘ulate and polynuclear hydrocatrbons was

obtalned by use of the samplo train
illustrated in Fig, 2.© To Innm'e enlleos
tion of all polynuclear hydmvm'lmnn, the
g:: F?t‘ream must ba cooled 10 ot lenat

Particulate uamples wore, ta.ken jao=

kinetically at n single pnlnt near the

center of ‘the exit stack, The partie-

ulate found on tho sample teain filters;
that filtered from the bubblet water, and
that ramoved by brushing and washing
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of the train components were combined
for measurement of the total particulate
weight after drying in a desjccator.

To remove all traces of polynuclear
hydrocarbons from the sampling train,
the components were rinsed with re-
distilled benzene after being washed with
water. The filtrate from the buhbler
and wash-water filtration was then
mixed with redistilled benzene in a
separatory funnel to remove the soluble
hydrecarbons. The benzene used to
rinse the train, the benzene-soluble frac-
tion of the water filtrate, and the total
solid particulate were then extracted
with benzene and analyzed for poly-
nuclear hyvdrocarbons by ultraviolet-
visible spectroscopy.?

Carbon monoxide and carbon dioxide
were contimiously measured with in-
frared analyzers. Hydrocarbons, mea-
sured as total carbon, were measured
continuously with a flame ionization
analyzer. Three grab samples of nitro-
gen oxides were taken in 2-liter flasks
during each test 2t various intervals and
analvzed by the phenoldisulfonic acid
method.? Formaldehyde samples were
collected over a 40 min period in water
and analyzed Ly the chromotropic acid
procedure.

For determinstion of organic acids,
gas samples were collected for about 40
min in 500-cc impingers, containing 100
cc of a 5% sodium hydroxide solution.
The collected samples were acidified and
the freed organie acids extracted with
ether in a liquid-liquid extractor.® The
organic acids in the ether were then
titrated with a standard base.

In all tests the initial weight of mate-
rial placed on the burning table ranged
from 100 t0 1251b. The active burning
period lasted 60-90 min and was fol-
lowed by & slow smouldering period,

which lasted from 11/; to about 12 hr,
. Total emissions of carbon dioxide,
. carhon monoxide, and gaseous hydro-
" carbons were determined by taking

average valiues of the gas concentratinn
over a short time increment, and multi-
plying this value by the corresponding
-air flow in standard cubic feet* for that
same time increment. Time increments
ranged from 20 sec to 1 min depending
on the rate of change of concentration.
Emissions of formaldehyde, organice
acids, and particulate were determined
by multiplying the total airflow cor-
rected to standard conditions during the
first hour of burning by the average pol-
lutant concentration.

To convert these concentrations:to

emisgion rates on a per unit of initial
fuel weight basis, the pounds of pol-
lutant emitted during the first hour were
multiplied by the total weight loss
divided by the weight lost during the
first hour, and this figure then divided hy

. * Btandard conditions are 70°F and 21.0
m: Hg.
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Fig. 2. Sampling train for particulate and polynuclear hydrocarbon,

the initial weight present, that is;

pounds pollutant emitted
tong of material initially present

e
= Pix i,
where
P, = pounds of pollutant emitted
during first hour
Wr = total pounds of material
burned
W: = pounds of material burned
during first hour
Wy = tons of material initially pres-

ent

This calculation assumes that the emis-
sions per pound of material burned dur-
ing the first hour remained constant for
the balance of the slow burning period
in which no samples were taken. In

aimost all cases the ratio of total pounds
of material burned to the pounds of
material burned during the first hour
was about 1.1

Resulis

CO,, CO, and Gaseous Hydrocarbons_

Figures 3-5 show the wvariation of
CQy, CO, gaseous hydrocarhons, and
temperature with time. All of the tests
were characterized by an initial rapid
rise in temperature and carbon dioxide.

For the tests on municipal refuse, a
relatively small carbon monoxide peak of
0.059, occurred 5 min after ignition,
followed by a gradual rise in hydro-
carbon concentrations. Carbon dioxide
concentrations reached 1.69% after about
2 min. The tests on the landscape
refuse were characterized by a high
hydrocarbon and carbon monoxide peak
occurring approximately 8 min -after
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Fig. 3. Varlations in €Oy, CO, hydrocarbons, and temperature with ime

during burning of municipal refuse.
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Fig. 4. VYariations in CO;, CO, hydrocarbons, and temperature with lime

during buming of landscape refuse,

ignition, After the initial rapid burning
perind, the concentrations of these gases
were similar to those found in burning
municipal refuse. The single test on
auto components showed a rapid initial
burning period characterized by high
temperatures and high emission rates for
carbon dioxide and carbon monoxide.
Mass emission rates for carbon di-
oxide, carbon monoxide, gaseons hydro-
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Fig. 5. Variations in CO;, CO, hydrocarbons, and temperature with time

during buring of avto components,

carbons, formaldehyde, and organic
acids are presented in Table 1. Emis-
stons from various types of incinerators
have heen found to vary from 1 to 25
Ih/ton of refuse for carbon monoxide and
from less than 1 to approximately 4 1b of
hydrocarbons expressed as methane/ton
of refuse.®

Baged on very limited analysis of the

, gageous hydroearbons on a gas chroma-

Table I—Gaseous Emissions from Open Burning

Caseons Emissions—Pounds per
Ton of Naterial Initially Present

Test, Material Organie
No. Burned CO, CcO HCe Formaldehyde Acidst
L Municipal 1250 90 30 0.095 14
refuse
2 1210 K0 - 30 0,084 16
Avg. 1230 85 30 0. 045 15
3 Landscape 860 80 35 0.005 18
refuse
4 A50 50 25 0. 006 8
Avg. 700 H 30 0.006 13
H Automohile 1500 125 30 0.030 16
components .
* Gaseons-hydrocarbons expressed as methane,
b Organic acids expressed as acetic aeid,
Table ll—Nitrogen Oxide Emissions
Time
Pounds per  Ylapsed
™ Tonof After Fire
Material Test NO. Emissions, Material  Started,
Burned No. ppm - Burned® min
Municipal refuse 1 ] 8 33
7 6 Hd
] it 7
2 127 27 3
11 9 43
2 4 83
Landscape refuse 3 20 4 3
2 1 27
1 1 48
4 16 4 2
<0. <0.5 40
Automobile components 5 84 17 0
5 5 24
1 2 52

s Caleulated on the basis that all of the nitrogen oxides are nitrogen dioxide.

tograph in which only low-carbon,
straight-chain compounds were ana-
lyzed, unsaturated compounds ac-
counted for 30409, of the compounds
found.

Formaldehyde and Qrganic Acids

Formaldehyde and organic acids are
formed by the incomplete combustion of
the burning material. Neither of these
pollutants were produced in cxeessively
large quantities, although emissions were
greater than those found in more efficient
combustion devices.

Incinerator cffluents of formallehyde
have been found te lie in the range of
0.0014 to 0.016 on a pound/ton basis.®

Nitrogen QOxides

In open burning, temperatures are
fairly low and the high-intensity burning
necessary for the oxidation of atmos-
pheric nitrogen exists only during the
short initial burning period.

Nitrogen oxides concentrations are
shown in Table 1I as parts per million
and also as pounds/ton of material
burned while the sample was taken.
The accuracy of the latter figure is some-
what limited since sampling extended

over only 8 5-min period. \

Particulate

As evidenced by the smoke plume,
particulate emissions were fairly heavy
during the initial burning period and
then slowly decreased during the burn.

The particulate matter cmitted from
the burning of municipal refuse and also
that from lawn and tree trimmings was
light gray and contained approximately
(5% by weight of benzene-soluble mate-
rial. Particulate emissions from the
burning of auto components were very
black and'sooty; they contained 9% by
weight of benzene-soluble material.

Average particulate emissions ex-
pressed in various ways are shown in
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Table lll—Particulate Emissions from Open BWQ: ‘

Average Emissions —  Pounds per 1000

i Ciraing per sci» - _p()und per ton of—-~ b Flue Gas
Test Material At Stack Corrected to 50%, Original . Corrected to
No. Burned Conditions Excess Air Material Weight Loss 507, Excess Air
1 Munieipal refuse 0.4 1.3 14 22 2.4
2 .05 1.8 18 26 3.4 *
Ave. (}, 045 1.55 16 24 2.4
3 Landseape refuse 0.07 2.8 23 28 5.3
4 {05 2.5 12 : 19 4.8 "
Avg. 0.06 2.65 17 24 5.0 v
) Auto components 0.23 7.7 100 150 14.7
= Standard conditions are 70°F and 20.9 in, Hg. b
) g
Table 1II. These values are all high burning are characterized by high emis- landscape refuse was burned. Emisstong
when compared to emissions from small sion of products of incomplete combus- jumped to 100 Ib/ton when auto com- \
incinerators, which ranged from 4 to 8 tion. Carbon monoxide was given off ponents were burned. b
Ih/ton.®* When compared to the emis- in appreciable quantities, namely; 85 Emissions of polynueclear hydrocar-
- sions from an incinerator specifically 1b/ton of material burned when munici- bons were also quite high, but for
" designed for the burning of tree trim- pal refuse was burned, 65 !b/ton when municipal or landscape refuse they were
mings, leaves, cte., these particulate landscape refuse was burned, and 125 comparable to emissions from small
emissions from open burning were 23 Ib/ton when auto components were commercial incinerators.  For auto com-
times as high.’?®  When automobile burned. These values are all very high ponents, the eoncentrations were very
bodies were burned in an enclosed in- when compared to emissions from mu- high, comparable to those found in
cinerator designed for this purpose, nicipal incinerators or other combustion emissions from small coal-burning fur-
emissions were 0.5 1b/1000 1b of flue gas processes. naces.
) at 509, excess air, or only 3.4% of the Gaseous hydrocarbon emissions paral- Ack lod 1
ﬂfp‘ value found in open burning.® leled the carbon monoxide concentrations cknowledgmenis
i Polynuclear Hyd b and averaged 30 lb/ton of material The authors are indebted to the
olynuciear Hydrocarbons burned for all tests. The organic acid assistance and cooperation provided by
Another result of poor combustion is concentrations were also fairly high, Dr. E. F. Darley, and Messrs. E. H.
the formation of polynuclear hyvdrocar- averaging about 15 lb/ton of material Mateer and F. R. Burelson of the Uni-
bons. These heavy hydrocarbons have originally present in all tests. TFormal- versity of California. Without their
received increased attention over the dehyde concentrations varied from 0.095 help, much wvaluable data would not
past few years because of their carcino- lb/ton for municipal refuse to as low as have been obtained.
genic properties. 0.006 1b/ton for the landscape refuse. REFERENCES
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» Indicates that the compound was not, detected.
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