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EPA Objective and Motivation

Environmental Protection
Agency

The objective of this work was to sample and compare emissions
from prescribed and laboratory forest burns using both aerial- and

ground-based sampling. _ _
/ Aerial sampling
OBTF sampling

Ground sampling Open Burn \

Test Facility
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Presentation Notes
This study aimed to obtain emission factors from prescribed forest burns and compare these to emissions from small-scale laboratory burns using the same biomass source. 
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United States
Environmental Protection

Instrument Platform

Enviror The “Flyer”

PM, ¢ Impactor pump BCinlet

l % CO, inlet

SvVOC
filter

Computer

Continuousreal-
time PM sampler

» Total weight ~ 21 kg (46 Ib)

* Flighttime 4 h

* SVOC sampling time 60 min

* Onboard computer with control software

» Transmission of data from Flyer to the ground
» Every millisecond data logging

» User-set CO, triggering of samplers

« GPS

PM, ¢ Impactor

\Blower

CO,

CO

Semi-Volatile Organic Compounds (SVOCs)
Volatile Organic Compounds (VOCs)

Black carbon (BC)

PM by filter (PM, s, PM,)

Continuous PM, 5, PM,,
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The Flyer consists of multiple sampling instruments which can be added or removed to match the source pollutants or measurements of interest. The Flyer is comprised of interchangeable instruments including total PM, PM10, PM2.5, CO, CO2, semi-volatile organic compounds (SVOCs), such as PAHs and polychlorinated dibenzodioxins and dibenzofurans (PCDDs/ PCDFs), black carbon, volatile organic compounds (VOCs), and HCl. In addition, filter analysis can be done for PM-borne metals. 

The Flyer included an on-board computer running a data acquisition (DAQ) program, and a wireless transmitter allowing the sampling to be controlled from the ground. The DAQ program includes “triggers” which enable emission samplers to be turned on and off at different carbon dioxide (CO2) levels, to avoid dilution of the samples.
The Flyer on the aerostat was run on a 48 Volt 10 Amp-h Li-ion rechargeable battery which has a battery capacity for approximately one hour of PCDD/PCDF sampling.
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Sampling Analytes and Instrumentation

Environmental Protection

Agency

Analytes Instrument Mode Sampling period/rate  Analyses

Black carbon AE51 Continuous  every second IR 880 nm

Black carbon AE52 Continuous  every 10 second IR 880 nm

Brown carbon AE52 Continuous  every 10second UV 370 nm

PM,, PM, ., PM,,  Aerocet 531 Continuous  every 2 min Light-scattering laser

PM,, and TSP photometer

PM, - DustTrak 8520 Continuous  every second Light-scattering laser
photometer

PM, . SKC impactor, teflon  Batch 10 L/min Gravimetric

filter

PCDD/PCDF Quiartz filter/PUF Batch 850 L/min HRGC/HRMS

VOC Summa Canister Batch ~2 min GC/LRMS

CO, CO2 Summa Canister Batch ~2min GC

CO, LICOR-820 Continuous  every second non-dispersive infrared (NDIR)

Ambient pressure, MTI-G continuous  every second Global position system, attitude

Elevation, and
Location

and heading referNCe system
(AHRS), static pressure sensor
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For these sampling efforts the Flyer was equipped for continuous measurement of CO2, BC, continuous PM2.5, and batch sampling of PM2.5, VOC, and PCDD/PCDF. (Aerocet was used in the Camp Lejeune (NC) and Eglin (FL) studies and DustTrak 8520 was used in the Fort Jackson study (SC). Brown carbon in the Fort Jackson study only)
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EPA Aerostat and the Flyer

United States

Environmental Protection
Agency

A

Aerostat Payload Spectra lines
e 49%x4.0m (16 x13 e 21 kg (46 Ib) at an » 300-600 m (1,000-
foot) in diameter elevation of 1500 m 2,000 feet) long
» Two layer o ~30 kg (70 Ib) at e 2.5 mm in diameter
« Polyurethane inner sea level
layer
* Rip-stop nylon as
outer layer

e Helium filled
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A 4.3 m diameter tethered helium filled aerostat was used as a aerial sampling platform. The aerostat lofts the sampling platform into plumes and is maneuvered by a tether with a remote-controlled winch attached to an ATV.
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Prescribed
Environmental Protection

Agency

Three different locations
» Camp Lejeune — North Carolina

» Two prescribed burns
» Aerostat based sampling

» Eqglin Air Force Base — Florida

» Three prescribed burns
» Aerostat based sampling

» Fort Jackson — South Carolina

» Three prescribed burns
* Ground based sampling

Emission factors used to supplement ambient
monitoring, and to calculate total emission
inventories.

Forest Burns
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Field measurements were conducted both via aerial- and/or ground-based measurements at three different locations in the southeastern part of U.S.A.  Aerostat sampling was conducted downwind of the prescribed burn area on the borderline of the burn area along an open field or a road. The average aerostat sampling altitude was higher for the FL burns 115 m (maximum 327 m) than for the NC burns 13 m (maximum 46 m), the ground based sampling equipment was 2 m above ground level at all times. Ground based sampling at SC was performed downwind of the burn area on firebreak roads.



wEPA Burn Hut Sampling

U ited States
Environmen tal Protection
Agency

Parallel field and laboratory
testing (of gathered biomass) to
compare emission factors.
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Biomass was collected from a 9.1×9.1 m2 area at all three locations and transported to the OBTF at U.S. EPA, RTP NC. A 70 m3 enclosed OBTF was used for simulating prescribed forest burns. The OBTF was equipped with a high-volume blower that pulls in ambient air to the OBTF.  This blower and small fans located inside the facility ensured complete mixing and oxygen concentrations close to ambient.  Burn tests were performed 6-7 days after biomass collection. 

Each biomass charge was 1.4-1.5 kg and burned in the same area density as in the field. The small burn charges were used to keep the temperature inside the facility below 50 °C around the sampling equipment in order to avoid overheating Flyer electronics and the sampling media. Because the small charge sizes used in the OBTF do not necessarily provide sufficient PCDD/PCDF mass to avoid non detectable congeners, emissions from multiple charge burns were composited to obtain a single measurement. 

The burns were performed on an aluminum-foil-covered steel plate and the aluminum foil was replaced before each burn test. The same sampling instrumentation was used in the OBTF as in the field. The Flyer was placed inside the facility near the air exit duct. 
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United States
Environmental Protection
Agency

Biomass

Biomass source

Florida North Carolina  South Carolina
Loss on drying (%) 14 22 19
Carbon, F, (%) 52 55 51
Chlorine (ppm) 645 194 111
Oxygen (%) 36 36 40
Hydrogen (%) 5.8 5.9 5.8
Nitrogen (%) <0.5 <0.5 0.65
Sulfur (%) 0.06 <0.5 0.056

» A higher chlorine content in the Florida biomass compared
to NC and SC biomass
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The major species in FL and SC  was Long-leaf pine (Pinus palustris), Turkey Oak (Quercus laevis), and Sand Live Oak (Quercus geminata), while the NC biomass consisted of Loblolly Pine seedlings (Pinus taeda), Redbay (Persea borbonia), Inkberry (Ilex glabra), and Red Maple (Acer rubrum). The SC burn sites had not been burnt in the last 50 years, i.e. unmanaged stands. No large difference between the ultimate analyses of the biomass, only chlorine was higher in Florida than North Carolina and South Carolina.
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United States
Environmental Protection
Agency

Emission factor is a measure of the average amount of a pollutant to the atmosphere from a
specific source, expressed as e.g. gram pollutant per kg biomass burned.

The carbon mass balance method was used to calculate emission factors.

Assumes:

 that all of the carbon from the material burned is emitted to the atmosphere as CO,, CO,
CH4, THC and Patrticulate Matter-bound carbon.

« complete mixing of the plume, i.e. the pollutants and the carbon emitted are assumed to
be proportionally distributed throughout the plume.

The black carbon data were corrected for particle loading on the filters using Kirchstetter and
Novakov's formulal.

1. Kirchstetter, T. W.; Novakov, T. Controlled generation of black carbon particles from a diffusion flame and
applications in evaluating black carbon measurement methods. Atmospheric Environment. 2007, 41 (9),
1874-1888.
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This slide is optional; could go into backup slides.
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United States

Environmental Protection . .
Agency - traces and emission factors
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Differences between field and OBTF traces.  The field data show rapid fluctuations; the OBTF response is more like that of a well-stirred reactor, muting the fluctuations. 
Careful – note different colors for BC in top (black) and bottom  (blue).
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5.0
4.5
4.0
3.5
3.0

PCDD/PCDF T mField, ND=0
EOBTF, ND =0

m Raw hiomass, ND =0

2.0 -
1.5 -
1.0 -
0.5 -
0.0 -

Emission Factor
ng WHO-TEQ/kg biomass ,neq

FL NC SC
Biomass Source

» Raw biomass contains minor amounts of PCDD/PCDF.

% Main source is reactive formation during combustion.

s Given the trace nature of PCDD/PCDF, reasonable agreement
between field and lab testing.

EF for raw biomass in
ng WHO-TEQ/kg raw
biomass.
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The average PCDD/PCDF emission factors from the three different biomass sources and both field (N = 5) and OBTF (N = 7) testing ranged from 0.060 to 4.6 ng TEQ/kg biomassburned 

The PCDD/PCDF emission factors showed similar levels between aerial measurements in the field and OBTF samples for each of the biomass sources (FL and NC), except for the SC ground based field and OBTF measurements. The emission factors from the three SC ground field samples showed an emission factor increase of up to 7 times from the first to last sample (0.68, 2.2, and 4.6 ng TEQ/kg biomassburned). The PCDD to PCDF ratios suggest that the higher emission factor derived from the SC field study may be due to biased sampling of the smoldering phase versus the flaming phase (larger part of the smoldering was sampled). 
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e Consistency between sites, and lab vs. field.

« Higher emissions when MCE is low.
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Eight field samples and six OBTF summa canister samples were taken for VOC determination for the NC and SC campaigns.  Acrolein, propene, vinyl acetate, and benzene had the highest emission factors (425-380 ug/g biomassburned)  of all VOCs analyzed. No apparent difference between field and OBTF, or in-between fields and OBTFs  derived emission factors were found for the different MCE categories; more replicates would be needed for an adequate statistical analysis. 

A trend in decreased emission factor levels with increased modified combustion efficiency (MCE) was found when all of the collected samples were correlated. 
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* Results show similarity between field and lab (OBTF)

testing, differences between sites.
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The average PM2.5 emission factors derived from the three different field burn locations and the OBTF ranged from 14 to 47 g/kg biomassburned ANOVA analyses were performed on twenty-one OBTF and fifteen field PM2.5 samples, and between each of the three field burn locations . The ANOVA analysis did not find any statistical differences between PM2.5 emission factors derived in the field and the OBTF suggesting the adequacy of the laboratory simulation.  

ANOVA analysis showed no differences in BC and BrC emission factors between OBTF and field. 

The BC to PM2.5 mass percentages for the field and OBTF, respectively, were 16 ± 3.1% and 19±6.6% (FL), 18 ± 9.9% and 14 ± 5.3% (NC), and 6.3 ± 2.3% and 5.6±2.4 % (SC).  The BrC/PM2.5 mass fractions at SC for the field and OBT were 7.2±2.6% and 7.8±2.5%, respectively . These BC/PM2.5 mass percentages are higher than the EC/PM2.5 mass percentages found in the US EPA SPECIATE (version 4.3) database (source category = forest fires) of 1.2-4.5% (ID 4463-44683) which were derived from laboratory (OBTF) tests.
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1) Andreae, M. O. and Merlet, P. Global Biogeochemical Cycles. 2001, 15 (4), 955-966.2) Hays, M. D. et al. EST 2002, 36 (11), 2281-2295. 3)
McMeeking, G. R. et al. Journal of Geophysical Research-Atmospheres. 2009, 114. 4) Lee, S. etal. EST. 2005, 39 (23), 9049-9056 5) Ban-
- Weiss, G. A. et al. Atmospheric Environment. 2008, 42 (2), 220-232. 6) Wang et al. Atmospheric Environment 45, 503-513, 2011
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The BC emission factors from this study are higher than previously reported EC and estimated BC emission factors from different forest 0.035-1.3 g/kg biomassburned  and 0.37-0.66 g/kg biomassburned, respectively. The BC emission factors within here are in the same range as medium-and high-duty diesel trucks 0.92-2.3 g/kg fuelburned. 

These higher BC levels may depend  on the different sampling methods, light-scattering (BC) in this study versus thermal/optical transmission (EC). (Amara: I found the BC emission factor being the same when the ATN was higher than 70 than under 70.)


<EPA Conclusion

Environmental Protection
Agency

Methodology
An aerial sampling method and apparatus was developed

R/

s The method is flexible and sampling instruments can be
added or removed to match the source pollutants or
measurements of interest

Science
¢ Forest burns: Laboratory OBTF ~ Field

% VOCs concentrations a function of modified combustion
efficiency

*» Black Carbon emission factors higher than known
Elemental Carbon values
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