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heat the living area and the kitchen. Becuase they were easily available
and burned extremely well, scrape of CCA-treated (outdoor grade) wood and
plywood had been burned over any other type of wood. {(The wood treating
industry has warned against the use of treated woode as fuel as they are
well aware of the hazards of burning CCA-treated wood.) Drs. Peters,
Croft, Wooleon and Parcey "cannot be certain to what extent sach of the
three eloments wae respongsible for the broad spectrum of signs and symptome
in this family, eince all three elemente are known to be toxic and
synergistic effects are probable."(47)

This incident appears to be an isolated one at this time; however, the
popularity of woodburning is increasing, and this type of problem would not
be unlikely to develop if scrap lumber were burned in homes.

E. MEASURING EMISSIONS: MOMITORING AND TESTING

1. Asbient Air Monitoring of Residential Wood Combustion Emisaions

——— e A e e e

Emieglons from residentlal wood combuetion substantially increases
ambient air pollution under certain conditions. In particular, they
contribute to exlisting levels of carbon monoxide, particulates, and
carcinogenic compounde such as benzo{a)pyrene, causing public health risks
and/or exceeding air quality standards. ¥alntenance of acceptable air
quality may require monitoring of residential wood combustion emissions,
There are two general types of gource apportionment modeling that preovide
the basie for such monitoring currently in use. These are source-—
dispersion modeling and receptor modeling. A brief description of these
two typee {s provided as background for ambient air quality monitoring of
residential wood combustion emissions. Thie might be dune i{f an area
detarmines to modify a State Implementation Plan to include residantial
emissions or {f a local juriadiction wighes to develop a strategy to
determine alternatives for developing reeldential-industrial trade-offs of
specific pollutant loadings, so new development can occur. I{ a problaem
with residential wood combustion emissions must be quantified, ambiant air
emiseions modeling might also be beneficial.(4B)

Source-diapersion modeling involves direct sampling of stack emission
rates or may only involve a telephone survey of woodburaing residencee to
egtimate the amount of residential wood combustion emissions. This
information 1g then used in combination with meteorological ¢ispersion
parameters (wind epeed and direction, mixing height, etc.) to predict the
impact of wood combustion on ambient air quality within that region.
Dispersion modeling is subject to a great deal of approximation though
because of such factors as low etack heights, the impact of low inversion
heights, the great number of variables random in nature which vary with
time and space, and the non-linear manner in which the variablee interact.

In receptor modeling, on the other hand, the characteristics of
regidential wood combustion particulates have been previously determined.
From analysis of amblent air particulate samples that are collected on a
filter, the contribution of residential wood combustion emissions to total
ambient air pollution can then be determined by either microscopic or
chemical methods. The microscopic approach utilizes optical and eslpctron
microscopez to both gualitatively and quantitatively analyze particulatse
emigsions. Densily and number of particulatas may be estimated, while
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examination of morphology, color, and elemental contentas allows for
gspecific particulate identification. An inventory of "microscopic
fingerprints™ based on morphology, color, and elemental content is
currently maintained as a aource for comparison to aide in identi{fication.
The major limitations of the microscopic approach include poor precision,
small size of organic residential wood combustion emiseiona, and high cost
of analyzing a sufficient guantity of particles.

The chemfcal approach to receptor modeling involves the comparison of
ambient chemical patte, -2 with source chemical patterns to pinpoint sources
of aerosole. A least wsquares multiple regression analysis is used to
quantify the source contributions as obtained as a total mass on different
collecting filtera or as a mass of individual chemical apecies on a single
collecting filter. The two categories of chemical analyazia of emissions
include: 1) chemical mass balance methods which "attempt to define the
most probable linear combination of sources to explain chemical patterns on
a single filter™(49) and 2) multivariate methode which "attempt to define
the most probable linear combination of -ources to explain either time or
spatial varigbility in ambient ckhamical patterns.”(50) cChesical mass
balance methods provide a high degree of confidence in impact projections.
Both mass balance and multivariate methoda should be iucluded in data
interpretation.

Each apecific analytical method has its advantages and disadvantages.
The cost effectiveness and appropriateness of the analytical tools depend
on airehed characteristics, potential sources, relative contributionof
residential wood combustion sources, the desire to characterize most of the
masg, the need to measzure key indicating featuree, and compatibility with
the sampling substrate. Information obtained from a singie analytical
approach many not be sufficient to quantitatively relate emissions ¥ource
te ambient air impact, therefore, it may be valuable to utilize a
combination of methodologies to compare and evaluate estimates. Table 4.10
on the following pages summarizea the advantages and disadvantages of the
analytical methods described above.
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TABLE 4. !0.
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ANALYTICAL METHCDS FOR EVALUATING THE AMBIENT AIR QUALITY

IMPACTS OF RESIDENTIAL WOOD BURNING.

X-RAY FLOUPE“VENCE

FOVANTALLY
t  low rost -

+  precise and accurate
LE appropraaletly
Vol nibad

+ capable of measuring post -
abundant inporganric species
an! common key ird.cating
elementcs

¥ 0o AL elements usually
analyzed

HEWI PN ACTIVATION ANALYSIS

ADVF NTAGRS

t 40 to S0 elements can be -
analyzed

t may be essential in some
ai1rsheds to measure key
trelicating eclements

+ independent of fileer
absorption effects

ION CHROMATOGRADAY

ADVANTAGES

+ when used with X-ray -
fluurescence uniquely
1lentifies:

$032, NO3, NHE, and

Hat.

DISADVANTAGES

porsible destructian of '
more volatile compounds
previlent i1 residential
woeod combuist ton {RWC) .
camposnd s

rrvides less commetitive
arpsi1tivities for higher
acomic numbers than rono-

c¢hromatic photon excita~
tion

DISADVANTAGES
high cost .

DISADVANTAGES
NH; accurately quantified

once 1n solution but dif-~
ficult o interpret in
terms of ambient concen-
tration due to artifacts
and potential losges

cetion analys:s for only Na*
is not costchfective
¥0o3 and S04° difficult to

intaerprat when samples col-
lected on glass fiber [ilter
because of chemical arti-
facts

5033 analysis of limited
value in RYC studies

GLMPRAL INFOFMATICON

maximum ipformation obtained
when pepbranc-~type filters
usexl

anart 7 frber ha-vol frlieres
used for quantitative deter-
mination of elerents above
atoric number 20

GENERAL INFORMATION

can be applied to high purity
quartz fiber filters

GENERAL INFOPMATION

LR L]

ATOMIC ARSORPTION SPECTROPHOTOMETRY AND INDUCTIVFLY COUPLED ARGON PLASMA

ADVANTAGES

+ exceilent technique fo- -
analysis of solutions

+ valid results for Vv, Mn, -
and Pb with pprmal glass
fiber hi-vol filters

DISADVANTAGES

limitations when applied
to aerosol samples

inadequate detection
linits for some key ele-
ments

difficulties in solubizing
the sample

hi¢h costs relative to
X-ray flourescepce

destructive nature

GENERAL THFORMATION
rha

ORCANIC, ELFMENTAL, AND CARBOHMATE CARBON AXALYSIS BY COMBUSTION METHODS WITH PYROLYSIS

CORRECTION
ADVANTAGES

+ .accurate separation of -
these three majnr carbon
components

+ useful in apportioning
contr:butions of RWC
and resolving this source
of carbonaceocus material
from ochars guch as
dirse] exhaust

DISADVANTAGES
1:mited applicability to

amorphtus carbonaceous
mater:al such aa ln RWC
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(Table 4.10 continued.)

OI"PECAL HCROSTORY

ADVANTAGES
dirutingu shes bhetween -
nrgami parcicles such as
conl, a1l scot, star~h, -

tir¢ [ragmente, pellens,
spores, paper fikerc, etc.
when greater than 2 um

SCANMING ELECTRON MICRDSCOPY

ADVANTACKS

+ provides morphelogical and =
elemental information about
individual particles -

+ range of a few hundreths of
a micron thus applicable to
fine RUC emissions

L1OUTID CHROMATOGRAPHY

ADVANTAGFS
+  less expensave

+ applicable to nigher
m¢lecular weight compounds
Iikely to be more stakle in
transport from gource to
reactor

BEST COPY AVAILABLE

DISADVANTRGES GEHERAL INFORMATION
difl ~uly to gquartafy tEnw

most RS particles are less

than 2 um
DISADVANTMGES GEPLRAL INFORMATION
expensive

1inited applicability to
FWC studies because emissions
highly carbonacecus

DISADVANTAGES GENERAL INFORMATICON

wha * has not been used extensively
for RFC studies

GAS CHIROMATOGRAPHY -MASS SPECTROMETRY

ADVRAUTAGER
+ capable of characterizing =

large pumber of the more
volatile compounds -

X=RAY DIFFRACTION

ADVANTAGES

+ applicable to a variety of
relatively stable compounds

+ selectivity and sensitivicy
for dutermination of geo-
logical or cruatal compounds

NISMVANTIGES GENERAL INFOPMATION

costly LA

interpretation of rasults
difficult due to likelihood
of deviations from conserv-
ation of mass as a resuls of
compound reactivity and
portioning between gaseous
and particulate phases

usually addresses only amall
portion of total organic
aerosol

many of compounds produced

1n combustion of other organic
material; dependa strongly on
temperature of combustion and
availakle oxygen

DISADVANTMGES GENERAL INFORMATION

whER * guantitative analysis requires
sumpation of maxs for apecific
particle classaes and this
depends on an cstimata of
particle volume and denaity
for between 1,000 to 10,000
particles

* applicable to hi=vol filters

but particles must be removed'
by wvacuum or ultrasonic mothods
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(Table 4.10 continued.)

BADTGUARPON ANALYSES

ADVANTAGES DISADVANTAGES GENERAL TNFORMATION

toexcetlent for dastinguish~ -~ large samples reguired to *  “madern® carbon SOuUrces arc
ihg between fozsil carbon be o precise indicator of younger than C-14 hatf jife
sources such as dwesel and modern carbon {although {5730 years} and "fossil®

distitlate o1l emissions Currie, et al, have obtained carhon sourcer are older than
and modern carbon sources

accurate results with as €-14 nalf lif:
such as RWC emisssions lictle as 5 mg of carbon)
* fraction of moa=rn carbon =
4+ Copvoentration ot =14 1n
atmosphere 1s approx:imately observed aerosol radiocarbon
constant with time

activiey
. jASL T L0 4
aceivity in pare source of
modern ¢arbon

t ar tte of the large number

© potential modern carbon

Sfuurces, they can be separated

from P¥C aerosols by:

size--cnllect only fine
particulates

time--collect during winter when
natural carbon sources are
minimal or when other com-
bustion events are not
permictted

samples must be collected with
4 sizc selective hi-vol sampler
to climinate large particie
carban (pollen, spores, waood
fibers, etc.) although normal
hi-vol samplers are adeguate

if microscopic analyses con-
firm minimal large mize modern
carbon impact

method expensive when applicd
te small carbon samples with
24~hour hi-vol samplers but
¢ost minimized by compositing
filters for a seascnal average

(Data obtained from: John A. Cooper, "Chemical and Physical Methods of
Apportioning the Contributions of Emissions from Residential Solid Fuels to
Reductions in Alr Quality,” and Frederick W. Lipfert, "An Assgerement
HMethodology for the Air Quality Impact of Residential Wood Burning.® Both
articles found in: Proceedinge of the 1981 Internstional Conforence on
Residential Soljid Fuelg: Environmental Impacts and Solutiong (Beavarton,
Oregon: Oregon Graduate Center, 1981).

2. Heasuring Emissions

a. Hoodstove Testing Protocol for Messuring Ewissions
There are two malor components of testing protocol that must be

considered when developing a wood stove certification or emissions labeling
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program. One component involves the technique by which emissions are
gampled, measured and evaluated. The other is the burn operating
procedures that will be used during emissions sampling. In practice, any
operating procedure can be used with a given sampling technique and vice
versa. The possible variations are numerous, each variation potentially
yielding different results for a given stove. The fact that thare are
innumerable variations on the theme, which may yield different results,
underscores the need for standardization of both emissions sampling
techniques and burn operating procedures. By way of example (this ig an
actual gituation), State A will in all probability adopt a standard
emigsions sampling technique that has already been accepted by State 8.
However State A is thinking about changing the burn operating procedures
used by Sctate B, If that happens, stove manufacturers who have baen
certified in State B could be required to retest in State A - a
prohibitively costly requirement for many manufacturers. Thig sfituation
poses a gerious obstacle to maximizing the availablility of clean burning
stoves that homeowners can buy. If an overall testing protocol is not
standardized ameong states, an emissions cleanup program ig unlikely to
reach the high level of success that is pogsible.

Vhat kinds of issues do states face in developing a stove testing
protocol? There has been some heated controversy over what an appropriate
testing protocol should involve. Many of the emissions gampling techniques
and burn operating procedures that are being proposed or challenged by
var ious proponents are presented and discussed in the following sections.

b. Objectives for Woodstove Emissions Saapling Technigues

There are a number of primary objectives that must be met before a
woodstove emissions sampling techrique can be successfully implemented on a
widespread basis. These are:

{}). Research Techniquaes
Adequate woodetove emissions evaluation research techniques must be

established to evaluate all pertinent aspects, e.8. priority pollutants,
of woodstove emiasions.

{2). Laboratory Certification

Routine laboratory certification procedure or procedures must be
#stablished to evaluate and certify appliances. A successful certification
technique must:

* Be adequately precise (produce repeatable and accurate
results) so that stoves can be separated into pass-fail
categories on a scientifically equitable basis,

Be of simple construction, composed entirely of rugged,
standardized components which do not require frequent,
difficult calibrations.

Be user friendly, having well documented, clearly written
Ingtructions se¢ that any competent technician can
produce consistent and valid results.
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* Be able to be uged by manufacturers as well asg test
laboratoriez. MNext to adequate precision and accuracy this is
the most significont eriterion. This requires low procureaent
costg, high reliability and extreme userfriendliness. These
attributes will encourage rapid development of clean stoves
because:

- The manufacturer will have an affective, quick feedback
evaluation tool available to him during stove development.

-~ The manufacturer can have confidence that results he
obtaing in his lab will also be produced in the
certification test 1lab. He nezeds a reliable tool to
avaluate his progress in stove development soc he can avoid
costly retesting. Otherwise he will be unlikely to pursue
or be guccessful at clean stove design,

* Entail reasonable {low) costs to certify a stove. This
ig particularly sensitive in the stove industry becausemany
stove models will have to be tested and the industry is not
cash rich. (The industry is in a shake-out period since total
annual national stove sales are decreasing).

* Be a technique that hag a high likelihood of being either a
nationally used technique or an acceptable alternative
(officially called an ™equivalent procedure™). Thig does not
necessitate that an officlal "national EPA standard” be
established, but only that a technique be adopted that enjoys
widespread use among states. Consistency is important to
gtove manufacturers, They will not be able to endure nultiple
tegting if different states have different standards - either
a difference in testing technique or test operating
procedures.

The current situation relative to the above objectives will be
agsessed by first describing the historical development of testing
procedures and then discussing how well the objectives have been met. Then
recommendatione for further work will be made,

c. History of Certification Testing of Woodstove Emissions

Woodstove emissiong (especially particulates) have been actively
investigated for only about % years. The locations where research has
taken place, which has led to standardized techniques, are: Battelle (on
EPA contract) and later TVA, Oregon’s DEQ, and €ondar Company. Several
other methods have been investigated but there ia insufficlient data to
verify their accuracy, relisblility or economic feasibility at this time,

(1). Faderal Government .

EPA-Battelle Protocoi. About five years ago Battelle, under EPA
rontract, modified EPA‘s standard source evaluation technique for measuring
particulates(EPA Method 5) egpecially for woodstove testing, Basically, a
Method 5 pasges flue gaseg through s fiberglase filter and then driss the
rla@aned flue gases in chilled glass impingers before passing them through a
gampling flow meter and sampling pump. Particulates are measured as the
amount collected on the filter. When sampling woodstove smoke, the
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overwhelming presence of liquid droplet hydrocarbons in the smoke causes
the glass impinger part of the collection train to condense hydrocarbons in
addition to the water of combustion which normally was trapped there. It
wag discovered that the condensable hydrocarbons were so abundant that
additional means beyond the impingers had to be added to the system to trap
hydrocarbons effectively. An X-ad resin trap was added just in front of
the impingers, and a backup fiberglass filter was added al the bhack of the
gampling train. The condensable hydrocarbons are the sum of what is
collected on the front filter, X—-aa resin trap, impingers, and backup
filter.

Thie sampling syslem iz expensive to operate and has only been used in
recent years by the TVA in its extepsive woodstove research program. It is
however, a system that can cunsistently measure essentially all
hydrocarbons (TVA Phase Il Project resuits indicate an average of 97%
recovery). It is unguestionably the best measure of total hydrocarbon
emissions available. It also is probably the best emissions measuring
technique with which to collect and study mpecific hydrocarbon species
(POMs etc.).

In gpite of the extengsive development and research data obtalned from
this technique, the EPA has yet to designate it as an EPA reference
gtandard. There is no EPA standard at this time.

(2). Oregon DEQ

# tout four yearg ago QOregon’s DEQ, Iin response to serious woodsmoke
prob.ems in certain Oregon valleys, began a woodstove source testing
program which eventually led to establishing a state-approved testing
method as well as emissions standards for new woodstove appliances.

For itg technique, Oregon chose a modification of EPA’'s original
Method 5 which is called Oregon Method 7. Method 7 has been used in Oregon
for measuring industrial stack emissions (often timber industry emissions)
for a number of years. This system ip basically identical to the EPA-
Battelle Protocol except Method 7 lacks the X-ad trap between the front
filter and impingers. As such, it is less expensive to operate Method 7
but, some (as yet undetermined amount of) hydrocarbrn= probably escapes the
sampling system. Method 7 might be the better methoed for measuring
condensable particulates and EPA-Battelle the better measure of total
hydrocarbons.

The precision of MNethod 7 has been determined by Oregon’s DEQ using
dual simultaneous sampling trains to be definitely adequaste. The standard
deviation is approximately plus or minus 8% and I8 mvre precise than EPA
Method 5.

In spite of its well established validity asz a research tool, Method 7
does not lend itself as well ag one would like to widespread routine lab
certification of woodstoves. Method 7 utilizes a complicated glassware
collection impinger system with many hose connectiong that must ba tightly
gealed. Even under the best of lab conditions, connectiens come loose and
unnoticed holes develop in hoses. Retrieval of the hydrocarbons {involves
cleaning a multitede of items from the sampling train, carefully weighing
and reweighing many heakers and properly removing hydrocarbons from the
collected impinger water. All these procedures must be done with extreme
care. For example, with clean stoves only 50 -~ 300 mg. of hydrocarbons
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must be accurately determined using this complicated technique. In short,
Method 7 is a highly complicated procedure; a lab situation that allows for
introduction of error, even with experienced technicians. Observation of
the technigue in action indicates that only technicians with extensive
experience with Method 7 can operate it reliably. Method 7 has been used
guccessfully for gtove certification at one experienced lab, but it is very
impractical for ucge by manufacturers in stove development and interlab
consistency ig likely to suffer.

(a). QOregcn Emissions Test Operating Procedures

Historically emissions ‘est operating procedures have been ag varied
as emisszions mampling techniquen. Witk the advent of the Oregon Woodstove
Regulations, a strong novewment towaras standardization of procedures has
developed. These procsdaires reflsct homeowner woodburning patterns more
tlosely than earlier procudures. In capsule form, Oregon’s stove test
gtarts when the stove ig stabilized at the temperature at which the test
will be conducted. Then precisely one complete charge of wood is burned.
The fuel is dimensional lumber Douglas fir with all pieces nailed together
into a epecified geometric pattern. Wood moisture content is restricted to
16 to 20 parcent (wet basis). Four stove tests are conducted at varying
heat outputs,. They are designed to span the range of heat cutputs
encountered in homes. The final average emissions calculation (in grams
per hour of particulates) is actually a weighted value, obtained by
weighing the individual test results according to the percentage of time a
home owner burns at that particular heat output in Oregon’s ciimate (4000
degree daycs). Heat outputs of about 13,000 Btu/hour net are weighted the
most, with declining weights on either gide., High burn rates {(less than
20,000 Btu/hour) are given the least weight.

(3). Condar Company

At Condar Co. work by S. G. Barnett on woodstove emissions, has been
underway gince 1979, The primary early objective was to develop an easy to
use, rugged, reliable and precise emissions measuring technique which
provides quick feedback evaluation information for developing cleaner
burning stoves. The system, now called the Condar Emissions Sampling
System, uses the air dilution tunnel principle which condenses hydrocarbons
into particulates in a manner almost {dentical to the auteo exhaust dilution
tunnels the EPA mobile source branch uses. However, the Condar Systen
adapted the dilution tunnel concept to woodstove sampling rather than
gimply using the more costly and cumbersome dilution tunnel itself.

The Condar System was used over a 1Z-month period to develop Condar’s
clean burning stove technology. This technology is congidered by Oregon’s
DEQ to be the Best Available Technology. Oregon get its emission standards
baged on the Condar stove design’s performance{Hangsen, DEQ maeno to EQC June
8, 1984). More recently using over 100 developmental emissione tests, one
of the stove manufacturers in Condar's stove technology program was able to
produce a production stove that far exceesded Oregon’s strictest standard in
gtandardized certification testing.

Following a stringent evaluation, the Oregon Department of
Environmental Quality has accepted the Condar Emiesions Sampling System as
an equivalent of thelr Method 7, meaning that it can be uged for stove
certification in lieu of Method 7. Thie is the only system to date which
has this standing. Use of the Condar Sampler in testing lahs should
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decrease testing costs and increase testing volume. Since many
manufacturers already use the system, the development rate of clean burning
stoves should eharply increase. The WHA is proposing that a second
dilution tunnel type test method ba considered by the American Society for
Testing and Materials.

(4). Issues to Consider in Adopting Emissions Test Operating
Procedurss

Emiesicns test operating procedures can be designed to be
scientifically complex in order to obtain detailed data under laboratory
conditions. Procedures must be repeatable and results, under controlled
burning conditions, consistent. Some of the criticiems of the Oregon
method are listed below. These concerns ghould be addressed In evaluation
of any similar testing system.

(a). ¥oed Spacies

"The test wood speciee is not representative of wood burned in most of
the country.” This issue is not resolved yet. Research is needed to study
a8 wide range of stoves -~ for instance, Oregon’s study stoves — varying only
wood type Iin the test. The preliminary work that has been done using
hardwood suggeets that the same ranking and even very similar emigsions
numbers are produced.

(b). Type of Wood

"The use of dimensional lumber instead of cordwood distorts the
results.” This needs to be angwered in the same manner ag section (a)
above.

(c). Vood Spacing

The use of 1-1/2" gpacing between wood pisces distorts results.” The
situation ig the same here as with (a} and (b), except that wood spacing
must be varied in tests. No results are yet available.

(d). Wood Sizs

"The size of the wood charge is too small to simulate real world
conditions.”™ All available data on actual homeowner wood loading patterns
indicates Oregon’s value (7 pounds per cubic foot of firebox) is correct.
Also if larger wood loads are uged in lab testing, the tests would bs
longer and cost more. Cenflicting data ig based on laboratory tests.

{(e). Draft Level

"The draft level uged to test 1 the 1ab is too low.” This is true.
Draft levels zre generally .02 to .04 inches of water and homo levels start
at .04 inches and go up from there .no overlap). The excessively low dratt
lavels do markedly distort stove performance i{n some lab tests.

(f). Weighting Emiscions Values

"The scheme of weighting emissions wvalues amphasizes low burn rates
too much.” To the contrary, data obtained by Oregon’s Department of
Energy, the DOE‘s annual energy survey and direct measurement of home
energy use by S. Barnett, 3ll indicate that about 9,000--10,008 Btu/hour,
not 13,000 Btu/hour, is the average heat demand for Oregon. The Oregon
weighting scheme is actually the most appropriate one to use for climates
up to about 6,000 degree days.
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(g). Efficlency Neagsuring Technique

"The woodstove efficiency measuring technique usmed fn conjunction with
emigsions measurments is neither a recognized technique nor has it been
verified by independent svidence. Additionally, it adds unnecessary
expenee.” These objections are valid and other more appropriate methods
are available, some, like the Condar System, are far less exXpensive,.
Fortunately, since variations in efficiency measurements have only a minor
effect on the final emissions value for a test series, changes can be made
through time, and emissions data obtained now will not be outdated and
retesting will not be necessary.

(h). Cost

"0regon testing methods involve some overcomplicated and costly
agpects.” This may well be true for the efficiency testing procedures
including the regquirement that bomb calorimeter tests be made on sawdust
from cutting the test wood. Regearch is needed to verify that 1} such a
procedure iz wvalid. ({Less than 1% of the wood 1s sampled. Bomb
calorimetry of wood is sensitive since the boiling points both of water and
some of the wood's volatiles are very close. 2) It has not been
determined by homogenizing cuttings from entire wood loads that a
gignificant variation In heat content/pound actually exists from load to
load. The cost of the required stove tasts per stove is about $6800.

(5). Discugsion
(a). Assessment of Status Quo

The gituation today can best be asgessed by evaluating how well the
earlierr statad testing procedure sbjectives have veen met.

- Adequate research techniques have been developed. The EPA
Battelle protocol can Investigate total hydrocarbong and
chemical species effectively. Oregon‘s Masthod 7 and the
Condar System can investigate particulates. The EPA-Battelle
protocol probably has adequate credentials to qualify It as a
national reference gtandard because it hag the broadeat based
capabilities and it measures total hydrocarbon emissions and
individual chemlical specles.

~ The EPA-Battelle Protocol is not appropriate for routine
laboratory certification due to its complexity, requirement of
highly trained technicians and high operating cost.
Therefore equivalent technigques are needed for routine field
certiflcation.

Oregon Method 7 has been used effectively as a regsearch and
certif{ration technique. It appears to possess adequate credentlals to
become 2 national particulate standard. However, Lthe digadvantages
discussed Iin the previous section have become apparent - complexity lsads
to potential reliability problems and highly trained technicians are
required.

The operating cost of Mathod 7 is lower than EPA-Battelle Protocol,
but apparently too high for the stove industry to bear in the long term.
Importantly, stove manufacturers cannot afford to buy or operate this
gystem for stove development, or pre-teskting.
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{(b). MNeed for Standardized Emisslons Test

Ag of today, no decision has been matde on a national certification
technique. Historically, it has taken many years far EPA to adoot
gtandards and no reason exists to expect this situation *o be Jdifferent
now. In the meantime a defacto standard {or equivalant standarda) should
emarge if broad ugage of any system emerges. The groundwork that Oregon
haa laid 1e adequate to make this happen. The Method 7-Condar equivalent
standards satisfy all criteria necessary to encourage clean stove
development and certification.

Oregon’e regulations have prodused a stondardized set of emiegsions
testing procedures that are in our opinion, generally acceptable.
Modifications will probably take place but generally research is needed to
justify such modifica“ions. It is both Iin the Iinterest of the stove
manufacturers and the public that standardization of procedures (especially
to the degree that the integrity of today’s test results be malntained) be
a high priority. Requirements to force manufacturers to retest due to
procedural changes will ghort~circuit development and sale of clean burning
stoves.

F. HOW CAN THE EFFECTS OF N0OD COMBUSTION EMISSIOKS BE EVALUATED?

Enough nmonitoring and research hae been done, to date, to indicate the
nature of emissiong from residential woodburning activities and the
conditions under which these emissions 2re a problem. Sampling of
emissions has been done in at least twelve major studies.(52) With the
exception of one study done in 1948 by Clayton, all have been initiated
gince 1975 during the period of time that residential wood heating
activities have increased. Some studies have measured ambient air in
regions of high woodburning activity. Most have bmen source analysis
studies of stack gaces. Most of the sarly studies (sse footnote 1) that
are often quoted were condurted at burn rates and/for using fuel
unrepregentative of home burnins conditions. Studiee conducted by
DeAngeles et al.,{53) most of th> Gattelle studies,(54) early Tennessee
Valley Authority (53) studies and some others were conducted at too high
burn rateg 80 emisgion factors are too low. Barnett and Shea documented in
1981 actual home burning rates end demonstrated the sensitivity of results
to deviations under actual home burning conditions,(56é More recent work
by the State ol O;egon’s Department of Fnvironmental Quality and others has
focused on burn r.les approrriate te actual in-home stove use, including
attention to fuel trpe and moisgtu-2 content.(57)

Information does exist to assist in the evaluation of the importance
of residential wood combustion emissions contributions in an area and to
provide information about rpotential health or human welfare impacts. The
paragraphs below provide a brief summary of these considerations.

To date no quantitative assessment of health effects directly
attributable to residential woodburning has been completed. However, it
has been determined that residential wood combustion may result in
emigsions containing substantial quantities of afir pcllutants of known
concern due to their impacts on public health. Thege include:
particulates, carbon monoxide, hydrocarbone and polycyclic organic matter.

The US EPA Emission Source Assessaent Program established a series of
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