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Emission dota have been derived from the slmuloted open burning of municipal refuse, londscape refuse, and 

$ outomobile components. The da ta  conflrm that disposal of refuse by open, uncontrolled burning invariobly 
leods to higher emissions thon incineration and creates an unnecessary air pollution problem. ' - 
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. A lthough dispusal uf trash by 
open burning is a common practice, very 
lit,tle quantitative information on a t  
mospheric emissions from t.his R I I I I ~ C C  of 
1mllution is to be found in the literature. 
This lack of data is largely i result of the 
many difficultiea encountered in obtain- 
ing representative gas samples and in 
measuring the various combustion pa- 
raItletel-3. 

In order to provide some substantive 
emission data on open burning, the 
I'ahlic Health Service, with the assist 

,. ., 
ance of the Air Pollution Research 
Center of the Univereity of California 
at Riverside, conducted a series of testa 
on simulated open burning of various 
materials often disposed of in this'man- 
ner. , ,  ... . ., 

Apparatus  . .  
To facilitate th0,collection of effluent 

gaws from the burning material, e. large 
sheet-metal, inverted funnel was used. 
The tower, as illustrated in Fig. 1, was 
designer1 to minimize any interferenre 

, .  

.. . 

with the avtual burning operntinn and 
thus to sirnillate open burning as cliisely 
as possible. This tower was suslanded. 
approsimately 4 f t  above n burning 
table 8 ft in diameter, poait,ioned on an !k 
autoniatio scale, which continuously re- 
corded the weight of material remaining. 

Airflow was measured in the esit steak 
with a calibrated anemomekr and con- 
tinuously recorded. Temperntures were 
also continuously measured s t  this point 
with a thermocouple. Gas samplr. lines 

9 passed from the exit stack to an adjacent . ' 
building, where conrentrations nf Cot, 
CO, and gaseoue hydmcarl~ona were 
continuoiidy measured. 
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1 ,' 
,Procedure , ,, , 

: The test reriea conslated of five I-day 
teste. Two 'teste were rnnducted on 
inihici(1a1 refune; two on landseapa 

' refuse such as lawn clippings, leaves, and 
tke'brapches; . and one on ailtoninbile 
conipnnenti auoh as tires, rents, and flnnr 
mats. 

Saniplea were taken to dctprminu the 
..amounts of particulate, Cog, CO, ynae- 
ous hydiocarbons, nitrogen usides, for- 
maldehyde, orwnic acids, nnd ~idy. 
nuclear' hydroearbonn pitrent in the 
effluent gaa,stwm. In  ulilitinn, tab1 
gas flow, exit stack temlwrntuio, and 
weight of the materiel being burned were 
continuously measured. 

A combined Bample for adid partie 
:ulnte and polynuclear hydiu~cnrhans wan 
obtained by UBB of the aarnplo train 
illustrated In Fig. 2. ' To I!\riuo c~iilelr 
t'inn nf all polynuclear h y d m y l m n ,  the 
gaa attain must he oooleil,ita nt ieaat 

I .  B6'F.' 
Partleulate nampleo welo,, taken ISC- 

kinetically et e single point nmr the 
center of ' the  exlt stack. The partlb 
uMa found on the sample trein filtera; 
that filtered from the bubbler water, and 

PIP. 1. hrnlng towh . .. . *  that removed by bruchlng and wanhlng 
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of the train components were combined 
for measurement of the total particulate 
weight after drying in a desiccator. 

To rcmiire all traces of polynuclear 
hydrocarbons from the eampling train, 
the components were rinsed with re- 
distilled henzene after being washed xith 
water. The filtrate from the biihblcr 
and wash-wnter filtration vas then 
mixed irith redistilled benzene in a 
separatory funnel to remove the soluble 
hydmcarbons. The benzene used tn 
rinse the train, the benzene-soluble frao 
tion of the water filtrate, and the total 
solid part,iculate were then estracted 
with benzene and analyzed for pdy- 
nuclear hydrocarbons by ultraviolet 
visible ~pectroscopy.~ 

Carhun monoxide and carbon dioxide 
were continunusly measured with in- 
frared analyzers. Hydrorarbons, mea- 
sured as total carbon, we!- meaaurerl 
continnunsly Jvith a &me ionizatiou 
analyzer. Three grab samples of nitrw 
gen oside.? were taken in 2-liter flasks 
during each test et various interrnls and 
analyzed hy the phenoldisulfonic acid 
method.> Formaldehyde samples were 
collected over a 40 min period in water 
and analyred by the ehromotropic acid 
procedure.' 

For determination of organic acids, 
gas samples were collected for about 40 
min in 5MJ-cc impingers, containing 1N 
cc of a 5% sodium hydroxide solution. 
The collected samples were acidified anit 
the freed organic acids extracted with 
ether in a liquid-liquid extractor.& The 
orgmic acids in the ether were thcn 
titrated Kith a standard base. 

In all tests the initial weight of matc- 
rial placed on the burning table-ranged 
from 100 to 125 Ib. The active 6urning 
period ,lasted 6040 min and was ful- 
lowed by a slow smouldering period, 
which lasted from l'/s to about 12 hr. 

t i  . Total emissions of carbon dioxide, 
, &hon monoxide, and gaseous hydro- 

carbons nere determined by taking 
average ~alr ies  of the gas coneentratinn 
over n shnrt time increment and mnlti- 
plying this value by the corresponiling 
air flow in standard cubic feet' for that 
8ame time increment. Time increments 
ranged from 20 see to 1 min depending 
on the rate of change of concentration. 
Emissions of formaldehyde, organic 
acids, and particulate were determined 
by multiplying the total airflow cor- 
rected to standard oonditions during the 
first hour of burning by the average pol- 
lutant oonrentration. 

To convert these conwntrations..to 
emiwion rates on a per unit of initial 
fuel weight basis, the pounds of pol- 
lutant emitted during the firat hour were 
multiplied by the total weight loss 
divided by the weight lost during the 
first hour, and thin figure then divided hy 
- ' St,andard oonditionn am 7OOF nnd 211.9 
in; HP. 
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the initial weight present, that is; almost all eases the ratio uf total pound8 
1 -  uf material burned to the pounds of 

material burned during the first hour 
was ahout 1.1. 

, ' 
pounds pollutant emitted 

tons of material initially present 

where 

P, = pounds of pollutant, emitted 

WYr = total pounds of material 

W ,  = pounds of material burned 

W,  = tons of material initially pres- 

during first hour 

burned 

during first hour 

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  

Rsrults 

COS CO, and Gareo.u~ hydrocorbonr 
Figures 3-5 show the variation of 

Cot, CO, gaseous 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, 
fnllowed by a gradual rise in hydro- 
carbon concentrations. Carbon dioxide 
concent,ratiuns reached 1.6% after about 
2 min. The tests on the landscape 
refuse were characterized by a high, 
hydrocarbon and carbon monoxide peak 
occiirring approximately 8 min :after 
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ignition. After the initial rapid burning carbons, formaldehyde, and organic 
iieriod, the concentrations of these gases acids are presented in Table I. Ernis- 
were similar to those found in burning sions from varions types of incinerators 
inrinicil~al refuse. The single test on have hcen found to vary from 1 to 25 
auto components showed a rapid initial Ihjton 111 refnse for carbon'monoxiile and 
burning period characterized by high frnm Icss than 1 to a$proximatelg 4 Ih 01 
tcmlreratures and high emission rates for  hyrlrncarl)ons expressed as mcthane/ton 
a r h n  dioxide and carbon monoxide. of ref~ ise .~  

Mass emission rates for carbon di- Haecd nn very limited analysis of the 
oxide, carbon monoside, gaseo~is hydro- , gaee~us hydfpcarl~ons on a gas chroma- 

Table I -Gaseour Emissions from Open Burning 

(:aseow I~mi r s iu~a -P~~unds  per 
Ton of Alnlerinl lnilinllv Present - 

Test MiLterid Orpeuic 
Nc,. nllrned CO? CO IIC' Forrnnldehydo Acidsb 

I Municipal 12,511 !IO 30 0 . m  14 

2 12111 XI) ' 3 0 .  0.094 16 

.i Lmdscnpe SO0 8lJ 35 ll.llo.5 18 

4 :,:,I1 :ill 25 n.iioffi x 
A"& i l l0 F5 :tn ii . no6 1 :i 

5 Ail tomolde I5llll 125 30 n . osn 10 

refuse 

AYK. 12:111 85 30 iI.o(K 16 

- _  refuse 

enmnonen1.s 

* C:a?;eoe~hy~ll.ocnrbolls expressed AS methane. 
~ O P & P I  acids expressed us ncetie wid. 

Table Il-Nitrogen Oxide Emissions 

-"....I_ '. Ton 
Material Tert NO, Emissions, Mate 
Burned No. ppm Burned* min ' 

hlnuicipnl refuse 1 !I 8 :3:i 
7 fi  54 ., . 
k !I 7.5 

2 '127 27 :i 
11 $1 4:1 
2 4 83 

Lxndsanpe refnsc :3 21) 4 3 
2 1 27 
I 1 48 

4 I f i  4 3 
4 . 5  a 5  4i1 

I1 
24 

1 a 62 

Ai!iorn<hilc components 5 x4 17 
6 

* Calculated on the basis that all of the nitrngen oxides nre nitrogen dioxide. 

tograph in which only Iow-(:arlion, 
straighbchain compounds were ana- 
lyzed, unsaturated compounds ac- 
counted for 30-40'% of the comiiounds 
found. 

Formoldehyde and Organic Acids 

Formaldchyie and organic acids are 
formed hy the incomplcte combiist,irm nf 
the burning material. Neither of these 
pollutants wcre prorliiced in csccssivcly 
large quantities, although einiseions were 
greater than those fonnd in inore efficient 
comhust,ion devices. 

Incinerator effluents of forinalilchyde 
hare been found to lie i n  thc rnnge of 
0.0014 to 0.016 on a pnund/ton basis.' 

Nitrogen Oxides 

In open burning, teiii~icratrires are 
fairly low and the high-inteneit,y burning 
necessary for the oxidation of atmos- 
pheric nitrogen exists only during the 
short initial burning period. 

Xitrngen nsides concentrations are 
shown in Table 11 as parts per million 
and also as pounds/ton of material 
l?irned while the sample was taken. 
The accuracy of the latter fignre is some- 
what limited since sampling extcniled 
over only a 5-min period. 

Porticulate 

As evidenced by  the snuike plnine, 
Iiarticulate emissions were fairly heavy 
during the initial burning period and 
then slowly decreased during t,he h r n .  

The part,iculate matter cinitted from 
the burning of municipal refuse and also 
that from lawn and tree trimmings \vas 
light gray and contained approximately 
65% by weight of benzene-soliil,le mate- 
rial. Particulate emissions from the 
burning of auto components were very 
black and'sooty; they contained 9% by 
weight of benzene-solriblc material. 

Average particulate emissions ex- 
pressed in various ways arc shown in 
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Toble Ill-Particulate Emissions from Open 

Test 
N". 

1 .\lunicionl refuse ( I .  (14 1 . :< 14 2 . 4  

e .  li.5 
i . 7  

l i  
101) 

Table 111. These values are all high 
when comparcrl to emissions from small 
incinerators, which rangcd from 4 to 8 
Ihjton! When compared to the ciiiis- 
sions from an incincrntor specifically 
designed for thc burning of tree t,rim- 
mings, leavcs, ctr., these part,iciilat,c 
emissions from open hnrning mere 25 
times as high. 7.8 When autmnohilc 
bodies were burned in an enclosed in- 
cinerator designcd for this Iiiirpnse, 
emissions were 0.5 lb/1000 lb of flue gns 
at "% excess air. or onlv 3.4% of the 

." 

burning are characterized by high emis- 
sion of products nf incomplete combus- 
tion. Carbon monoxide was given off 
in aplreciable quantities, namely; 8.5 
Ihjton of material burned when munici- 
pal refuse was burned, 65 Ihjton when 
landsmpe 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 combustiun 
processes. 

Gaseous hvdrocarhon emissions naral- .I ._ 
:&' vahie found in open burning.0 leled the carbon monoxide concentrations 
;VI ,&. and averaged 30 Ibjton of material 

hmned for all tests. The organic acid 
Another result of noor comhustioi~ is concentrations were also fairlv hich. 

Polynvcleor Hydrocarbons 

the formation of poiynudenr hydrocnr- averaging about 15 Ihjton of materiai 
bons. These heavy hydrocarbons have originally present in all tests. Formal- 
received increased attention over t,hc dehyde concentrations varied from 0.095 
vast few wars because of their carciiio- lb/ton for munieitial refuse to as low as 
genic 

Emissions of polynuclear hydr<,rar- 
bons are given in Tnhle 1V. Open hum- 
ing nf municilial refuse and landxqle 
refuse prodwed 11.3 g/ton of matcrinl 
burned, comlinrahle to einirfiions from 
small commeri:inI incinerators! . For 
biirning auto components, the henzo- 
(a)liyrcne I:iiiii:i:ntrat,ions rose I,II t@ 
g/l.on, which csrocils thc high emissions 
of 12 g/ton found for a coal-hurning 
hand-fired furnace.6 

Summary 
At,mosphcrir: emissions from qicn 

0.606 Ihjtnn for 'the landscape refuse. 
These Imnaldehyde concentrations also 
exceed those normally found in incin- 
erators. 

Emissions of nitrogen oxides varied 
widely and depended on the intensity of 
burning. Highest valiics occurred dur- 
ing t,he initial hiirning period whco 
temperatures were high. After the ini- 
tial inlcnse hurning period of about I0 
min, thc nitrogen oside concentrations 
droppcil off rapidly. 

I'nrtimlate emissions averaged 16 Ib/ 
ton of material burned when municipal 
refuse was burned and 17 Ih/trm when 

Toble IV-Polynuclear Hydrocorbon Emissions from Open 
Burning, Grams per Ton of Material Initially Present 

Auto- 
mnhile 

11. l i  
I). I!) 
I). I 3  

- 
1. I!) 
1.2s 

0 .2 I  
0 .22  
0. I O  

n . :i4 

- 
0 . i 7  
1.31 
1 .01 
0.26 
n.31 
I). 12 
l l . l l . 5  
0 . 2 1  
0 .  03 

- 
0.64 
0.u7 
0.42 

1 x 2  
:I:$. 4 
40.0 
14.5 
l!L4 
1 i . S  

1.4  

24 
1.51) 

5 . n  
1 4 . i  

3 
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landscape refuse was hwned. Emissions 
jumped to 100 l h j t m  when mt,o com- 

Emissinns of plynuclear hydrocar- 
bons were alw quite high, hut for 

ponents wcrc burned. I!, 

municipal or lanilernlie refuse t,liey were 
comparable to emissions froin small ~ 

1 

commercial incincrntors. For autri com- 
ponents, thc concentrations were very 
high, ~:omliarahlc tci those fmind in 
emissions from small coal-hurning fur- 
naces. 
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