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Emission data have been derived from the simulated open burning of municipal refuse, landscape refuse, and

automobile components.

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

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

Although disposal of trash by
open burning is a common bractice, very
little quantitative information on af-
mospheric emissions from this source of
pollution is to be found in the literature.
This lack of data is largely a result of the ner.
many difficulties cncountered in obtain-
ing representative gas samples and in
measuring the various combustion pa-
rameters.

In order to provide some substantive
emission data on open burning, the
Public Health Service, with the assist-
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Fig. 1. Burning tower.
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ance of the Air Pollution Research
Center of the University of California
at Riverside, conducted g series of tests
on simulated open burning of various
materials often disposed of in this man-

Apparalus

To facilitate the collection of effluent
gases from the burning material, a large
sheet metal, inveried funnel was used, also continuously measured at this point
The tower,
designed to minimize any interference

1/4 in. STAINLESS
STEEL TUBE TO GAS

e illustrated in Fig. 2,

7

with the actual burning operation and
thus to simulate open burning as closely
as possible. This tower was suspended
approximately 4 ft, above a burning
table 8 ft in diameter, positioned on an
automatic scale, which contintously re-
corded the weight of materia} remaining.

Airflow was measured in the exit stack
with a calibrated anemometer and con-
tinuously recorded. T emperatures were

as illustrated in Fig. 1, was with a thermocouple. Gas sample lines
passed from the exit stack to anadjacent
building, where coneentrations of CQ,,
CO, and gaseous hydrocarbons were
continuously measured.

Precedyre

The test series consisted of five 1-day
tests. Two tests were conducted on
municipal refuse; two on landscape
a# refuse such as lawn clippings, leaves, and
tree branches; and one on autcmobile
tomponents such as tires, seats, and floor
mats.

Samples were taken to determine the
amounts of particulate, CO,, CO, gase-
ous hvdrocarbons, nitrogen oxides, for-
maldehyde, organic acids, and poly-
huclear hydrocarbons present i the
20 11 cffluent gas stream. In addition, total

gas flow, oxit stack temperature, and
weight of the materiall weing burned were
continuously measured. ‘

A combined sample for solid partie-
ulate and polynuclear hydrocarbons was
obtained by use of the sauple train

To insure collee-
tion of all polvnuclear hydrocarbons, the
283 stream mast be cooled 1o at leasg

“BO°F ! ‘

Particulate samples were taken iso-
Kinetically at g single point near the
ceater of the exit stack., The partie-

ulate found on the sample train filters; §

that filtered from the bubbler water, and

that remaovid by brushing and washing:
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romponents were combined
, »ment of the total particulate
. vr drying in a desiccator.
ave all traces of polynuclear
~owons from the sampling train,
ponents were rinsed with re-
“benzene a:ter being washed with
The 15 ate 1roin the bubbler
agdsh-wai ‘ution was then
oy with -titk«{ benzene in a
sratory fiee - <o remove the sojuble
hydrocarbon+ he benzene used to
rinse the 1o henzene-soluble frac-
tion of 11, filtrate, and the total

a5 »

solid s were then extracted
with b wid analvzed for poly-
Dt b wowcarbons by ultraviolet-
viside | ectroscopy.?

«‘arh-+ monoxide and carbon dioxide
sowtinuously measured with in-
“ured svalyzers. Hydroearbons, mea-
<wed ar total earbon, were measured
continacely with s flame ionization
atrlve- Three grab samples of nitro-

e

gen v - s were taken in 2-liter flasks
during ' test 2t various intervals and
analy: v the phenoldisulfonie acid
methe Formaldehyde samples were
collecs:-- wver a 40 min period in water

and ax. ced by the chromotropic acid
TERR |

‘ermination of organic acids,
_ < were collected for about 40
min i skice impingers, containing 100
ve of 2 ¥ sodium hydroxide solution.

‘it - ed samples were acidified and
the fi=- ' wrganie acids extracted with
cther - fiquid-liquid extractors The
orgar;  <-ids in the ether were then

titrats+: « rth a standard base.

I 3 o<te the initial weight of mate-
risl 1241 on the burning table ranged
from w125 b, The active burning
peric xsted 60-80 min and was {ol
lowe: a slow smouldering period,
whiet seted from 131/; to about 12 hr.
emissions of carbon dioxide,
~a¢fasi: nonoxide, and gaseous hydro-
“arbinss were  determined by taking
average values of the gas concentration
over u short time inerement and multi-
plving this value by the corresponding
air fbov in standard cubic feet* for that
sawe same increment.  Time increments
ranged from 20 sec to 1| min depending
on the rate of change of concentration.
Emissions  of formaldehyde, organic
acids, and particulate were determined
by multiplying the totsl airflow cor-
rected to standard conditions during the
first hour of burning by the average pol-
lutant concentration.

To convert these concentrations to
emission rates on a per unit of initial
fuel weight basis, the pounds of pol-
lutant emivied during the first hour were
multipied by the total weight loss
divided by thetweight lost during the
s first hour, and this figure then divided by

T

. * Btandard conditions are 70°F and 29.9
in, g,
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Fig. 2. Sampling train for porticulate and polynuclear hydrocarbons.

the initial weight present, that is;

pounds pollutant emit ted

tons of material initially present

Wy
= Py T
ST
where
Py = pounds of pollutant emitted
during first hour
Wr = total pounds of material
burned
W1 = pounds of material burned

during first hour
tons of material initially pres-
ent

W

This caleulation 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

18

~almost all cases the ratio of total pounds

of material burned to the pounds of
material burned during the first hour
was about 1.1,

Results

CO.,, CO, and Gaseous Hydrocarbons

Figures 3-5 show the variation of
COs, €O, gascous hydrocarbons, 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
0.05% occurred 5 min after ignition,
followed by a gradual rise in hydro-
carbon concentrations.  Carbon dioxide
concentrations reached 1.6%, after about
2 min. The tests on the landscape
refuse were characterized by a high
hydrocarbon and carbon monoxide peak
oceurring approximately 8 min after
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Fig. 3. Variations in CO., CO, hydrocarbons, and temparature with fime

during burning of municipal refuse.
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Fig. 4. Varistiom in COy, CO, hydrocarbons, and temperature with time

during burning of landscape refuse.

ignition.  After the initial rapid burning
period, the concentrations of these gases
were similar to those found in burning
municipal refuse. The single test on
aute components showed a rapid initial
burning period characterized by high
femperatures and high emission rates for
carbon dioxide and carbon monoxide.
Mass emission rates for carbon di-
oxide, earbon monoxide, gaseous hydro-

Table I—Gaseous Emiss

TIME | minutes

Fig. 5. Variations in CO., CO, hydrocarbons. and mumpersne s with ime

during burning of avto components.

carbons, formaldehyde, and organic
acids are presented in Table I. FEmis-
sions from various types of incinerators
have been found to vary from 1 to 25

Ib/ton of refuse for carbon monoxide and
from less than 1 to approximately 4 Ib of
hydrocarbons e\pre»ed as methane/ ton
of refuse.® - T T T

Based on very linited amly sis of the
gaseous hydrocarbons on a gas chroma-

iong from Cpen Burning

Gaseous Emissions—Pounds per
Ton of \Iatexml lnmaH} Present

Test Mazterial Organic
No. Burned CO. CO HCs Formaldehyde Acids®
1 Municipal 1250 90 30 0.095 14
refuse :
4 : 1210 80 30 0.0u4 16
JAvg. 1230 83 30 0. 085 15
3 Landscape 260 50 K3) 0,005 15
refuse
4 350 a0 25 0.006 8
Avg. 700 65 30 0. 006 13
5 Automobile 1500 125 By 0.030 16
compoenents :
* Gaseous-hydrocarbons expressed as methane.
¥ Organic acids expressed as acelic acid.
Table li—Nitregen Oxide Emissions
Time
Pounds per  Llapsed
Ton of  After Fire
Material ’lc\t NO, Emissions, Material  Rtarted,
Burned No. ppm Burued» min
\Im'ul;ml refuse 1 9 8 33
7 6 54
8 G 75
2 127 27 3
11 9 43
2 4 K3
bondseape refuse 3 20 4 3
: 2 1 27
1 1 48
4 16 4 2
<0.5 <0.5 40
Artiomobile components 5 &4 17 0
3 i) 2.4
1 2 B

* Caleulated on the basis that all of the nitrogen oxides are nitrogen diexide.
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.,(féunted for 30 40%;
fuund

tograph in which only jow-carbon,
straight-chain ~ompounds were ana-

lyzed, unsaturated compounds se-

Formoldehyde ond Orgamc Aclds

Formaldehyde and organic acids are
formed by the inconwlete combustion of
the burning material.  Neither of these
pollutants were produced in excessively
large quantities, although emissions were
greater than theee found in more efficient
combustion devies.

Incinerator efHucut- «f formaldehy e
have been found :o & 10 the range of
0.0014 to 0.016 or: & ;= .ind, ton basiz$

Nitrogen Oxidss

In open burning. - :uperatures are
fairly low and the hizf-uitensity burning
ary for the osilation of atmos-
pherie nitroper exists only during the
short initial buruing period.

Nitrogen oxudes eoneentrations are
shown in Tabh 1] &s pares per million
and also as .ausis ton of naterial

burned whiie  he ~ample wae taken.
The accvise of the fatter fignre is sorae-
what linoted since sampling extended
over only a 5-min periud.

Porticulate

As evidenced by the ~twoke plume,
particulate eniissions were irly, he
during the initial boimine period sn
then slowly decreaseo during the hurn.

The particulate neter emitted from
the burning of municipal iofuse and » «
that from lawn and rree trimrsiings - as
light gray and contamed approsing e
65%; by weight of ben ,.Lm,-w]x"-'_ Bt

rial. Pardeulaie emissinns toan
hmmn(r ol AWo combunents we
black and sooty; thex ',‘()’.‘:[.'l‘.lﬂ‘-i f
werght of Benzene-solablo mur o0

Average  particulite ennecoons
pressed in varions ways< an

[}
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» Table lil—Particulate Emissions from Open Burning
Average Emissions Pounds per 1000
e —-Grains per seft———— ———pound per ton of—- Ib Flue Gas
Material At Stack Corrected to 307 Original Corrected to
Burned Conditions [ixcess Air Material Weight Loss  507¢ Exeess Air
Municipal refuse 0.04 1.3 14 22 2.4
0.05 1.8 18 26 3.4
0.045 1.55 16 24 2.9
Landscape refuse 0.07 2.8 23 28 5.3
0.05 2.5 12 19 4.8
0.06 2.65 17 . 24 5.0
Auto components 0.23 7.7 100 ) 150 4.7

. standard conditions are 7(

)°F and 20.9 in

Codde 11 These values are all high

nen compared to
cinerators, which 1
When vompare
wwons from an ineinerator
Jesigned for the bu
mings, leaves, ete,
emissions from opel
tmes as high. 7

bodies were bhurne
cnerator  designed
emissions were 0.9 i
w1 S excess air,

Hotont

cinissions from small
anged from 4 to 8
d to the emis-

specifically

rning of tree trim-

these particulate
1 burning were 25
When automobile
| in an enclosed in-
for this purpose,
b, 1000 Ib of fue gas
or only 3.4%, of the

value found in open burning.®

Polynuclear Hydrocarbons

Another result of poor combustion is

the format
tons.  These heavy hy

recetvesd

ion of polynuclear hydrocar-
drocarbons have

increased attention over the
rmast fiw years because of their careino-

e ;-A'U;N‘rlies.m :

§ smiseivns of polynuelear hydrocar-
e are given in Table IV,
e of municipal refuse and landscape
refnse produced 0.3 g/ton of material
Voprnend, comparable to emissions from

sentl eomme

foormng

1ovrer

Open burn-

reial ineinerators.® For

gote components, the benzo-

et

evdveentrations

rose to 26

« whivh exveceds the high emissions
s found for a coal-burning
foari-bred furiaced

o

Summa

ry

Mrwsphene  emissions

Table IV—Polynuclear Hydro
Burning, Grams per Ton o

from open

. Hg.

burning are characterized by high emis-
sion of products of incomplete combus-
tion. Carbon monoxide was given off
in appreciable quantities, namely; 85
Ib/ton of material burned when munici-
pal refuse was burned, 65 lb/ton when
landscape refuse was burned, and 125
Ib/ton when auto components were
burned. These values are all very high.
when compared to emissions from mu-
nicipal incinerators or other combustion
processes.

Gaseous hvdrocarbon emissions paral-
leled the carbon monoxide concentrations
and averaged 30 lb/ton of material
burned for all tests. The organic acid
concentrations were also fairly high,
averaging about 15 1b/ton of material
originally presént in all tests. Formal-
dehyde concentrations varied from 0.095
h/ton for municipal refuse to as low as
0.006 1b/ton for the landscape refuse.
These formaldehyde concentrations also
exceed those normally found in incin-
erators.

Emissions of nitrogen oxides varied
widely and depended on the intensity of
burning. Highest values occurred dur-
ing the initial burning period when
temperatures were high. After the ini-
tial intense burning period of about 10
min, the nitrogen oxide concentrations
dropped off rapidly.

Particulate emissions averaged 16 b/
“ton of material burned when municipal
refusc was burned and 17 Ib/ton when

carbon Emissions from Open
§ Material Initially Present

Auto-
mobile
Com-
Munieipal Refuse Landscape Refuse  ponents
2 3 4 5
—e — —_ — 1.9
-— — —_ C— 13.2
0.78 1.19 0.77 0.64 33.4
0.89 1.23 1.31 0.87 46.9
0.25 0.34 1.01 (.42 14.5
B 0.17 0.21 0.26 -— 10.4
" 0.19 0.22 0.31 0.13 i7.8
0.13 0.16 .12 0.08 9.0
— —_— .03 —_ 1.6
Tl — 0.19 0.21 — 12.2
— — 0.03 — 1.4
— — — - 1.5
20 E2 iy /

“tie eompound was vot detected.

T e |7‘ Mo, 5

landscape refuse was burned. Emissions
jumped to 100 Ib/ton when auto com-
ponents were burned.

Emissions of polynuclear hydrocar-
bons were also quite high, but for
municipal or landscape refuse they were
comparable to emissions from small
commercial incinerators.  For auto eom-
ponents, the concentrations were very
high, comparable to those found in
emissions from small coal-burning fur-
naces.
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