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EPA REVIEW NOTICE 

RESEARCH REPORTING SERIES 

Research reports of the Off ice of Research and Development, U.S. Environmental 
Protection Agency, have been grouped into nine series. These nine broad cat* 
gories were established to facilitate further development and application of en- 
vironmental technology. Elimination of traditional grouping was consciously 
planned to foster technology transfer and a maximum interface in related fields. 
The nine series are: 

1. Environmental Health Effects Research 

2. Environmental Protection Technology 

3. Ecological Research 

4. Environmental Monitoring 

5. Socioeconomic Environmental Studies 

6. Scientific and Technical Assessment Reports (STAR) 

7. Interagency Energy-Environment Research and Development 

8. "Special" Reports 

9. Miscellaneous Reports 

This report has been assigned to the ENVIRONMENTAL PROTECTION TECH- 
NOLOGY series. This series describes research performed to develop and dem- 
onstrate instrumentation, equipment, and methodology to repair or prevent en- 
vironmental degradation from point and non-point sources of pollution. This work 
provides the new or improved technology required for the control and treatment. 
of pollution sources to meet environmental quality standards. 

This report has been reviewed by the US. Environmental Protection Agency, and 
approved for publication. Approval does not signify that the contents necessarily 
mflect the views and policy of the Agency, nor does mention of trade names or 
commercial products constitute endorsement or .recommendation for use. 

This document is available to the public through the National Technical lnforma- 
tion Service, Springfield, Virginia 22161 1 



EMISSION TESTS OF KEY AREA SOURCES 

INTRODUCTION 

As part of AEERL's overall research program in area sources of VOC 
emissions related to the ozone non-attainment problem, emission tests were 
performed on two key area sources. The two sources chosen for the test were 
gasol i ne 1 awnmowers and charcoal gri 1 1  s. These two sources were chosen 
because limited data currently exist and emissions from these sources are 
expected to show some correlation with population. 
tends to occur in populated areas, it was desirable to learn more about the 
quantities and types of emissions resulting from their use. 

Since ozone non-attainment 

This report describes the test facilities, tests, and results. It 
should be emphasized that the data presented was obtained (for experimental 
purposes only) without benefit of quality assurance and has not been 
duplicated. Therefore, all data should be viewed as' strictly preliminary. 

TEST FACILITIES AND ANALYSES 

The tests were conducted in a small outbuilding (3.0 x 3.0 x 2.7 m, 
10 x 10 x 9 ft). 
was confiyred to permit the introduction of approximately 35.5 m3/min 
(1,253 ft/min) of air (1.4 air exchanges/min) to the chamber. 
were positioned so that incoming air did not blow directly onto the emission 
source. 
sources in a controlled environment, this air delivery system maintained 
ambient temperatures and ensured that chamber oxygen concentration always 
exceeded 20% by volume. 

The temperature-controlled combustion air delivery system 

Deflectors 

Since the experiment was designed to simulate outdoor use of the two 

Continuous gas-phase samples were extracted from the combustion chamber 
through a heated 15.2 m (50 ft) long, 9.5 mm (3/8 in.) outside diameter Teflon 
sample line equipped with a particle filtration system. 
was further conditioned for the removal of moisture and analyzed by the 
individual continuous emission monitors (CEMs) (CO, CO,, 02). A portion of 
the heated gas sample was collected and analyzed for SOp and total 
hydrocarbons (THC). No other sampling and analysis was performed due to 
limitation o f  funds. 

Part of this sample 

EQUIPMENT AND TEST PROCEDURE 

Lawnmower 

The gasoline-powered lawnmower used for the emissions test was a Briggs 
and Stratton 3.5 horsepower, push model with 22 inch blades. 
manufactured by Murrey Ohio Manufacturing Company and the model number is 
7-2226x91. 

It is 

The following steps were used for the test: 

1. . Start mower 
2. Maintain low idle 
3. 

- 4. Shut off mower + 

5. Remove mower from hut 

Increase idle to 3/4 load 
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Charcoal Gri 1 1  

The charcoal grill used for the test was the Little Weber grill. 
However, the lid which comes with the grill was not used during any part of 
the test. Approximately 900 g (2 lbs) o f  charcoal were used with 
approximately 100 ml of lighter fluid. 
test. 

The following steps were used for the 

1. Spray on lighter fluid 
2. Light fire 
3. Remove grill 'from hut 

RESULTS AND DISCUSSION 

The CEM data for the lawnmower and charcoal grill test are presented in 
Tables 1 and 2, respectively, 
measurement, indicating that ambient conditions were simulated as designed. 
Likewise, no changes were noted for CO, to SO, during the tests. CO and THC 
concentrations were found to vary during the tests with changes in conditions. 

No significant change was seen in the 0, 

Figures 1 and 2 present the CO and THC concentrations graphically with 
test conditions indicated for the lawnmower and charcoal grill, respectively. 
Figure 1 shows that the CO level for the lawnmower increased smoothly after 
the mower was started, with a rapid increase following the increase in idle to 
3/4 load. After this rapid increase, a plateau was reached at about 220 ppm 
before the mower was shut off. After the mower was shut off, the CO level 
rapidly fell to background levels. A maximum of 11 ppm THC was reached at 
35 minutes, at approximately the same time the CO level reached its plateau. 

Figure 2 shows an increase in THC to about 6 ppm, after the lighter 
fluid was sprayed on the charcoal. Both TMC and CO peaked about 15 minutes 
after the fire was lit at maximums of 34 and 148 ppm, respectively. THC 
showed a fairly rapid decrease after the maximum followed by a slow decline 
until the grill was removed from the test facility. 
the maximum was reached and slowly rose to a second peak shortly before the 
grill was removed. The THC and CO peaks at 15 minutes can possibly be 
attributed to the combustion of the charcoal lighter fluid remaining after 
volatilization with the second CO peak due to the smoldering of the charcoal. 

CONCLUSIONS 

CO declined rapidly after 

Again, the data presented should be considered as preliminary. The 
tests were not repeated and no quality assurance was applied. However, they 
may be used for order o f  magnitude estimates for each source. Additional data 
are needed on the use of each o f  these sources to project emission estimates. 
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TABU 1 

LAWNMOWER mSSIONS TEST 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45  
50 
55  
60 
65 
70 
75 
80 

21.1 
21 .o 
21 .o 
21.0 
21.0 
21.0 
21 .o 
21.0 
21.0 
21 :o 
21 .o 
21.0 
2i.i 
21 .o 
21.1 
21.1 
21 .o 

0 
0 
0 

I O  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
45 
67 
79 
85 
149 
218 
216 
221 
85 
2 
2 
2 
2 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
3 
7 
5 
6 
6 
10 
11 
10 
10 

5 
4 
4 
3 
3 
3 
3 

Start mower 

Increase idle 

Shut off mower 

Remove mower 

TABLE 2 

cBBR#IBL GRILL EMISSIONS TEST 

TIME 02 002 CQ so2 THC 2EMAxs 
(Minutes 1 ( X I  ( X I  (ppm) (XI  (Ppm) 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 

21.1 
21.1 
21.1 
21.0 
21.1 
21.0 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
21.0 
21 .o 
21 .o 

'0 
0 
0 
0 
0 

0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0 

2 
1 
1 
1 
1 
2 
5 
41 
148 
93 
88 
92 
102 
11-4 
112 
45 
2 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 
4 
27 
34 
11 

6 
4 
3 
3 
2 
2 
2 
2 

Added lighter f luid 

Lit fire 

Removed grill 
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Figure 2. AEERL Charcoal Grill Emissions 



APPENDIX C 

CONVERSION OF CO,, CO, AND THC TO EMISSION RATES 
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CONVERSION DESCRIPTION 

The following discussion presents the method for converting the measured 
concentrations and air flows to emission rates of 1 ighter fluid from 
barbecues. Results from the April 20, 1989 test report were used to predict 
emission rates. The concentrations reported for total hydrocarbons (THC) are 
reported as parts per million (ppm) of propane, or moles of propane per 
million moles air. 
background concentration. , The following example calculation demonstrates the 
conversion from THC concentration reported to THC emissions (as propane - 

The baseline concentration of 2 ppm was assumed to be a 

CJ,) 

ExamDl e Cal cul at i on 

Time = 5 minutes 
THC Concentration - 6 x 
THC Concentration (less background concentration) = 4 x 
propane/mol e ai r . 
Air Flow Rate = 1253 ft3 air/min 
Temperature = 77'F - 537'R 
Gas Constant = 0.7302 ft3 air ATM/lb-mol air 'R 

(moles propane/mole air) = 6 ppm 
moles 

Pressure = 1 ATM. 

Emissions ( l b  THC (as propane) - 
j1253 ft' air/min) x t 4 x lb moles D roDane/l b mol e air) 

(0.7302 ft3 air ATM/lb-mol air 'R) x (537'R/1 ATM) 

x (44 1 b mole propane/l b propane) - 5.62 x 10" 1 b THC (as propane)/min 

Assuming that evaporative emissions occurred during the time that the 15 
minute, 20 minute, and 25 minute readings were collected, the emissions from 
evaporation over this 15 minute period were 0.0633 lb THC (as propane). This 
represents 6% o f  the total quantity of lighter fluid applied. The following 
example calculation demonstrates the method used to develop these estimates. 
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Exam1 e Cal cu l  a t  i on 

(5.62 x lo" lb/min) x 5 min t (7.03 x 10'' lb/min) x 5 min t 
(7.03 x lo-' lb/min) x 5 min = 0.0098 l b  THC (as propane) 

= 6.00% emitted from evaporation 
0.0098 l b  THC/0.1631 l b  l i g h t e r  f l u i d  

Emissions from combustion and evaporation were ca lcu lated i n  a s i m i l a r  
Emissions up through the f i r s t  CO peak ( a t  40 min) and prior t o  the manner. 

second CO peak ( a t  50 min) were ca lcu lated i n  the same manner t o  be 0.0513 l b  
and 0.0605 lb ,  respect ive ly .  
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APPENDIX 0 .  COWVERSIOW OF COZ, CO, AN0 THC TO EIIISSIOW RATES 

w 
w 

' Air f low rate 1253 c&. f t / r in  
lcrpcraturc = 77 deg F 

* Totals 

C02 emissions COZ airrim 
1 as COZ as c 
I (Ib/nin) (Ib/rin) 
~ 8 l i l t 8 l l x = r l l 8 l 8 8 l l t l l l l 8 t l  

I 0 0 
0 0 

I 0 0 
I 0 0 

0 0 
I 0 0 

0 0 
0.141 0.0383 
0.141 0.0383 
0.141 0.0383 
0.141 0.0383 
0.141 0.0383 
0.141 0.0383 
0.141 0.0383 
0.141 0 .OM3 
0.141 0.0383 
0.141 0.0383 

0 0 

CO emirsionr CO emissions THC emissions THC emissions 
1 aB as C I as C3H8 as c 

(Ib/qin) (lb/rin) I (lb/nin) (lb/min) 
~ l l l l l l t t l 8 l l x 8 t t 1 5 0 t t = = I 0  - - -Ot t== I l tX=t~== IDt i= r=0====  I--- 
1. o.Oo0 o.oo00 I 0 0 

0 0 1  0 0 
0 0 1  0 0 

0 0 I 5.62E-04 4.6OE-04 
0 0 I 7.03E-04 5.7%-04 

O.oo0 O.oo00 I 7.03E-W 5.T5E-04 
O.Oo0 0.0002 I 2.61E-04 2.3OE-04 
0.001 0.00[5 I 3.52E-03 2.m-03 
0.013 0.0056 I 4.SOE-03 3.68E-03 
0.008 0.0035 I 1.27E-03 1.04E-03 
0 . m  0.0033 I 5.62E-04 4.6OE-04 
0.008 0.0035 I 2.61E-04 2.3M-04 
0.009 0.0039 I 1.41E-04 1.15E-04 
0.010 0.0043 I 1.41E-04 1.1%-04 
0.010 0.0043 I 0 0 
0.004 0.0017 I 0 0 
o.oO0 o.oO0o I 0 0 

0 0 1  0 0 

7.03 1.92 0.373 0.160 0.0633 0.0518 

Evaporation 0.0098 

Pr ior  t o  2nd 0.0605 

Prior to 1st  0.0513 
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