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ABSTRACT

The U. S. Envaronmental Protection Agency has decided to
develop a New Source Performance Standard (NSPS) for wood burning
stoves. Duraing the development pro-uss several 1ssues must be
resolved. One of the more cr.tical 1ssues 18 the selection of an
emission sampling methcd and stove operating procedure. This
report addresses the comparison of three candidate sampling
methods: the EPA Modified Method S (MMS), the Oregqon Method 7
(OM7), and the ASTM proposed Method P180. It also addresses the
effect emission format (g/hr, g/kg wood burned, ug/J heat ocutput)
has on the 1intermethod correlations.

Five stovea (i.e., two catalytic, one noncateslytic gener:ic,
one noncatalytic high efficiency, and one catalytic fireplace
insert) were tested. The stoves were nominally operated
according to the State of Oregon’s certification procedure.
Simultaneous tests were conducted using MMS and OM7 i1n the stove
filue and MMS, OM7, and ASTM i1n the (ASTM) dilution tunnel.
Quality assurance tests using duplicate sanmpling trains were
also conducted. Proportional sampling, using SO2 as a tracer
gas, was conducted in the flue, and i1sokinetic sampling was
conducted in the dilution tunnel.

Results eshowed good correlations between the total train
enissions obtained with each method. The strength of the
correlations varied with the emission format: the grams pevr hour
format showed the strongest correlation. POM emissions showed a
general (but weak) correlation with total emissions when the
grams per hour format was used; there were no correlations when
the emissions were expressed in either of the other two formats.
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SECTION 1

INTRODUCTION

The purpose of this test program was to collect emission testing data
for the Environmental Protection Agency (TZPA) to evaluate emission measurement
procedures that have been applied to certification of woodstoves and to de-
velop an acceptable procedure for application to a New Source Performance
Standard (NSPS) for the woodstove source category.

The primary objectives of the project as defined by EPA were:

o To collect emission testing data for evaluating the effectiveness
of the Oregon Department of Environmental Quality (DEQ) emission
sampling method (OM7) 1n distinguishing between low and high emis-
sions of total particulate matter, condensible organic matter, and
polycyclic organic matter POM, using EPA Modified Method 5 (MMS) as
the reference.

0 To collect emission testing data for evaluating the accuracy and pre-
cision of the Oregon DEQ (OM7) sampling method and the applicability
of the dilution tunnel emission sampling approach (as used with the
American Society for Testing Materials (ASTM) home heating appliance
emi1ssion sampling method) to the Oregon DEQ OM7 sampling method.

0 To collect emission testing data for evaluating the representativenass
of the AST™ emission sampling method using MM5 as the reference.

SAMPLING METHODS :

The three sampling methods (MM5, OM7, and AST™) have slightly different
objectives which may account for slight differences in the actual emissions
measured, EPA MM5 was designed to collect isokinetic samples of particulate
and condensible and semi-volatile organic components. The method captures
the semi-volatile organic fraction on a sorbent resain.

The Oregon sampling method was designed for the collection of particles
and condensible organic matte¢r. Isokinetic sampling 1s not required for samp-
ling woodstove emissions, but the method does require proportional sampling.

The AS™ method makes tne assumption that the particles in the diluted
gas stream are small and behave as a gas. The sample rate 1s held constant
(+ 2%) throughout the test and gas measurements are taken at varying time



intervals depending on the burn rate. Since the sample 1s collected at
basically ambient temperature and moisture conditions the rample train fil‘er
1s not heated. The AS™ method specifies that the sample rate be based on
the filter loading and the filter face velocity (2 to 30 ft/min). During
these tests, all sampling trains were operated at fixed points 1in the stack
or dilution tunnel as agppropriate.

DESCRIPTION OF FACILITIES

The five stoves tested included three catalytic stoves (a Tamber-eze
Model 477, a Blaze King Catalyst Stove - King Model KEJ-1101, and a Fisher-
Tech IV fireplace insert), one conventional non-catalytic stove (Lakewood),
and one low emission non-catalytic stove (BOSCA).

PROJECT PARTICIPANTS
Project participants and their goals and responsibilities included:

o EPA AEERL - to evaluate stove emissions and avallable control strat-
egies for the purpose of standards development.

o EPA OAQPS - to evalnatc the procedures used 1n the collection of
existing data and select a representative and reliatle procedure f~r
future testing of woodstove emissions.

o Radian Corporation - to specify woodstove design and operating param-
eters that should be tested in order to provide the necessary infor-
mation for this program and to perform analyses on all samples col-
lected by the MM5, OM7, and ASTM sampling methods.

o Engineering-Science - to develop a detailed stove operation and emis-
sion test and quality assurance approach to fulfill the goals of
AEERL and OAQPS; to cperate the woodstoves and collect emission sam-
ples according to those plans; and, to summarize the conditions,
me thodologies, and results of the test program.

TEST LOCATION
All tests were conducted at the ES test facility 1in Research Triangle

Park, North Carolina. An air conditioned trailcr was used to house the con-
timuous analyzers and data recorders.



SECTION 2

SUMMARY OF RESULTS

Sampling problems and iiconsistencies (discussed 1n Section 5) resulted
1n each data point being calculated using three different approaches.
Briefly, those approaches are as follows:

Tables la, 1b and 1c: The stove heat outputs and stack flows were
calculated using the Oregon woodstove test method of carbon, hydrogen,
oxygen balance (CHO balance}. The dilution tunnel flows and moisture
contents were determined for each of the samples collected at that
location. Possible problems with the CEMS data and definite problems
with the tracer gas method made the CHO balance results suspect. Dirffe-
rences in the methods for measuring dilution tunnel flows and moisture
specified by the different sampling methods introduced minor differences
in calculations of the emission rates measured simultaneously in the
dilution tunnel.

Tables 2a, 2b and 2c: The stove heat outputs and stack flows were
calculated as described for Tables la, 1b and 1c. The dilution tunnel
flows and moisture contents were standardized to those results of the
OM7 train, which uses EPA Reference Method 4 for moisture neasurements.

Tables 3a, 3b and 3c: The stove heat input was determined from the
k1lograms of dry wood burned per hour and the analyzed heat content
of the fuel, The stack flow rate was calculated using Fc, and F factor
for wood (40 CFR 60.45, July 1985). Dilution tunnel flows and morsture
contents were standardized to the OM7 train as in Tables 2a, 2b and 2c.

The results of the 22 test burns are pr2sented in three emission formats:
grams per hour (Tables 1la, 2a and 3a, grams per ki1logram of wood burned (Ta-
bles 1b, 2b and 3b) and micrograms per joule (Tables t¢, 2c and 3c). Dupli-
cate sample results are 1ncluded below the matching sample run.

Some of the data have been qualified in the summary tables. Those data
include the following:

o All sample runs conducted during test burns "Blaze King” 3 and "BOSCA"
-3 (High Efficiency -3). These burns could not be sampled to comple-
tion., This prohibited calculations according to the Oregon woodstove
test procedure and did not provide an emission measurement represen-
tative of a camplete burn. Results were calculated using the F¢
factor and are reported 1n Tables 3a, 3b and 3c.



TABLE 1a. SHUMMARY (F WOOUDSTWWE HISSION TEST RESUTTS US ING OREGON WOOLSTOVE COMIMIS TION 1HOGAAM AND
ACTUAL D11 UIION TUNNLL GAs FLOWS DETERMINED BY LACE SAMPIE TRAIN - GRAMS PRR HOUR

turn barticulate - TLO TTTTihenol VoM T
Stove teat Rato _éTd_aE_limms\unu vilution Tunnel tmisdions —TTttT -
purn output  (dry - i pilu- vilu- hilu-
Numburt (Beu/ W/ cion tion tian
___hr) __hr) MMS KL HMY oM? ASTH stack  Tunnel  Stack Tunnel btack lunnel
Timburece
A 10,772 0.90 9,38 4.4} 11,50 6.17L 4. n 3.39 4.7 0.0%7 UV.0510L 0.0537 V.ouzel
2A 15,0U6  1.22 20.2 10.4 12.8 4.9v 3.13 b, 29 3.36 0.154 0.0288 Us112 [UPRVET:Y-)
2A 15,000 1,22 0.95)
El_a_za King
4 7,220 uv. O 17.4 6.02 10.7 7.9489 4.00 9.55 4.22 1.0762 0.0906 0.0240 V.V47)
4 7,220 V.60 J.uh
1 14,185 1.0 5.75 3. nx 1.0 4.1} 2.54 2.15 3.40 0,0467 0.05)5 0.0 DL
1. 11,165 1 Uy 3.6 2.50
S 22,20 1.64 9.7b 3. 00XQ 13.3 9, MR 4.90 4.17 3.54 0. 145 0.0990 0.0817 0.020
5 22,2 1.03 .49 15.2 2.2 3.6l 0.140 0.1 V.0l98  0.07HS
2 32,170 2.7/ 15.6 H.07 23.7 107 7.98 4.948 6.62 0.1 74 0. 25%5 0.104 RS
2* 32,170 2.77 7.64Q
A
1.akewood
1 9,812 0.89 44.5 23.8Q $%.9 24.30 27.4 15.7 19.4 0.335 0.460 0.1 20 Q. 184
L} 13,277 1.\7 42.9 24.50Q 75.3 27.0 131.0 20.0 29.5 0.338 0.747 0.174 0.539
3 13,277 V.7 26,7 53.5 24.9 V.59 0.505
2 16,587  1.5% 32.9 19.6Q 54.4 24.5 22.4 13.8 23.9 0.56Y9 1.10 0. 245 0.492
4 96,474 7.17 184, $2.0Q 164.0 54.5 99.0 92.5 80.8 7.73 3.u6 16.4 12.6
q* 96,474 7.17 104, Bd. 3 8o.U 5.49 14.4

(cont inued)



TABLF 1a (contimued)

mrn particulata TCO Phenol UM

Stove Heat Rate Stack Emisaions Dilution Tunnel kmissions - o
Barn output (dcy Dilu- Ot lu- Pitu-
Number (Btu/ Rg/ tion tion tion

hr) hr} MMS OM7 MM5 On?7 ASTH Stack Tunnel Stack Tunhcl stack Tunnel
Buaca
2 7.972 0.54 30.5 21.2 18.5 B. 26 12.3 12.1 6. 21 0.194 0.05%7 0.0923 0.0342
2 7,972 0.54 12.8Q
4 13,999 .08 16.0 9.26 28.4 8.66Q 9.93 6.55 7.76 0. 303 U. 249 0.432 U. 384
1 19,511t 1.46 20.6 15.4 33.0 10.7 10.1 9,36 5.94 0,327 0.225 .43l Q.80
1 19,511 1.8 11.6 B.98
5 40,54t 3.0 50.3 25.9 67.1 37.% 20.5 24.2 21.3 2.32 t.48 4.%0 4.48
A
kLYY
Pisher
2 8,752 0.5% 9.94 5.38 22.6L 10.7 4.17 2.97 J.22L 0.0637 0.0371L  0.0202 0.0M5
2¢ 8,722 0.5% 14.9 2.68 0.0220 0.0L41
4 14,273 0.95 17.3 1.8 23.8H 1341 6.12 S.13 3. 991 0.140 0.0246H 0.045% 0.07504
4* 14,273 0.95 27.5 3.0° 0.0012 0.105
3 23,570 1.54 19.6 16.0 47.7 21.4 13.6 5.95) 6.07 0.183 0.123 0.0833 0.2
] 29,223 2.02 40.5 30.4 n.g 37.1 3.2 12.6 13.0 0.432 0.1406 0.155 g.415

« jndicates results of duplicate runs

0 - Data presented but quallty is wcertain due to low filter bo
X - Back filter torn

1. - Sampla rate below 90V isnkinetics

H - Sample rate above
A - Test burn was not consistent wi

1108 isokinetics

X temperaturos

th ejocified stove operating procedures



TAHLE 1b.

SUMMARY OF WOODSTOVE FMISSTON TEST RESULTS USING OF EGON WOUDSTUVE CUMBULTION PROGHAM AND

ACTUAL DILUTION TUNNEI, GAS FL(MS DETERMINED BY FALIL LAMPLE TRAIN - GHAMO/K 1 LOGRAMS

Particulate

Burn TCO phenol POM
Stove hat Rate _stack tmissions Dilution Tunnel Rmissions - T T T —TTtTtTTTT
Burn output (dry - pilu- bilu- Dilu-
Number {Rtu/ kq/ tion Stack tion tion
hr) hr) MMS oM7 MM5 OM? ASTH Stack Tunnel sStack  Tunuel stack Tunnel
Timbereze
1A 10,772 0.90 .4 4.92 12.81. 6.H5L 4.79 3.76 4.64L 0.0620 0.0567L 0.0596 0.09Y13L
2A 15,006 1.22 .6 8.55 10.5 4.02 2.57 5.16 2.75% 0.126 0.02136 0.0927 € 0299
2Ae 15,006 1.22 0.78)
Blaze ximg
4 7,220 0.60 2.0 10.0 17.8 13.3Q 680 15.9 7.0) 0,127 U, 15% 0.0400 0.0 'dy
4* 7,220 0.6V 6.58
) 11,185 1.09 5.28 3.40x% 10.1 3.79 2.3) 1.97 3.2 0.0428 0.0527 0.0263 0.0352
1 11,185 .09 3.8 29
S 22,281 1.64 5.95 1.83XQ 4.1) 5.67Q 2.99 2.5%4 2.6 0.08H7 0.0604 0.0498 V.043)
5 22,2817 V.64 5.8 9.24 1.2 2.29 0.085%2 0.Ub7Y 0. 0447 0.0479
2 32,170 2.77 5.62 2.9 8.56 3.87 2.80 1.80 2.39 0.0644 0.0919 0.0376 0.0625
a* 32,120 2377 2.76Q
k1Y
Lakevood
] 9,812 0.89 50.0 26.7Q 60.6 27.3Q Jo.o 7.6 21.8 0.376 0.517 . 116 0.208
3 13,2727 17 36.7 20.9Q 64.4 231 28.2 o1 25.2 0. 289 0.639 0.149 0.4b0
3e 13,277 .47 22.9 45.7 21.2 0.563 0.432
2 16,587 1.5} 21.8 13.00 36.0 18.9 <8 9.12 15.8 0.377 0.729 0.162 0.326
4 96,474 7.17 25.6 7.26Q 23.5 7.60 .8 12.9 11.3 1.08 0.5138 2.28 1.76
q* 96,474 7.17 25.6 12.34 11.3 0.76% 2.01

{contlnued)



TABLE 1b (continued)

Burn ~_particulate ___ TCO T Tphenol T poM -
Stove Ibat Rate stack Pmissiony Dilution Tunnu! KEnissiona T
Burn output (dry Dilu- Dilu~ Dilu-
Number {8tu/ ky/ tion Stack tion tion
hr) hr) MMS OM? MMS OM7 ASTH stack Tunne l Stack  Tunnel stack Tunnul
Bosca
2 7,972 0.54 56.4 39.3 34.2 15.3 22.8 22.4 1.5 0.359 0.101 0.7 0.0633
2¢ 7,972 0.54 23.70
4 13,999 11.08 4.8 A.58 26. 3 A.020 9.20 6.06 7.18 0.355 g.” N 0.400 0.355
1 19,511 1.46 4.1 117.0 22.6 7.30 6.90 6.41 4.07 0.224 U. 154 0.5M 0.549
1 19,511 1.46 7.98 6.15
S 40,591 3.10 16.2 8.37 21.7 12.0 6.63 7.80 6.86 0.74 0.476 1.45 1.44
A
3*A
Fishor
2 8,752 0.55 18.1 9.79 41.2L 19.5 7.59 5.40 5.86L 0.116 0.0674L 0.0367 0.14uL
2e 8,752 0.55 27.1 4.47 0.04014 0.7
4 14,271 0.95 18,2 12.4 25.1H 13.8 6.45 9.40 4.20n1 0.147 0.025I4 0.0475 0.0789H
4 14,273 0.9Y5 29.0 4.01 0.0328 0. V10
) 23,570 .58 12.4 10.1 30.2 13.5 8.%8 3.50 4,22 0.116 0.0780 0.0527 0.15)
1 29,223 2.02 20.) 15.1 35.6 18.3 15.4 6.22 6.42 0.214 0.0724 0.0767 0.205
¢ Indicates rousults of duplicate runs
Q - Data gresentel but quallty {8 uncertain due to low flliter box temperaturus
X -« Back filter torn
L - Samplo rate halow 20v lwokinatico

» =

« pampla rate abouve 110% {asvkinotics
- Tent burn was not consistent with smcified stove operatingy procedures



TABLE 1C. SUMMARY OF WOODSTOVE IMISSION TES'T RESULTS 115 ING OREGON WOODSTOVE QOMBUSTION IROGRAM AKD
ACTUAL DILUTICON TUNNEL GAS FLOWS DETERMINED BY FACH LAMPLE TRAIN - MICROGRAMS/JOULY

Burn Particulate TCO Phenol POM
Stove Hat  Rate Stack Bmissions _ULilution Tunnel Bunissions -
Burn OQutput (dry pilu-~- Dilu- Dilu-
Number (Btu/ kg / tion Stack tion tion
hr) hr) MMS OoM7 MM5 OoM? ASTH Stack Tunnel Stack Tunnol sStack Tunnol

1A 10,772 0.90 0.826 0.1390 1.0L 0.543L 0.379 0.298 0.367L 0.00499 0.00449L 0.00472 0.00724L
2A 15,006 1.22 1.287 0.659 O.utd 0.310 0.198 0.398 0. 212 0.00973 0.00182 0.00710 0.0U02N
2°A 15,006 1.22 0.0603

Blaze King

4 7,220 0.60 2.29 0.790 1.40 1.05Q 0.536 1.26 0.554 0.0100 0.0119 0.00315 0.00621
q 7,220 0.60 0.518

1 11,185 1.09 0.488 0. 314X 0,915 0,350 0.215 0.182 0.288 0.00396 0.00487 0.00243 0.0032%
1* 11,185 1.09 0.285 0.212

S 22,281 1.64 0.41\5 0.128xQ 0.568 0.1396Q 0.209 0.177 0.151 0.00619 0.00422 0.00348 0.00309
Se 22,201 1.64 0.361 0.645 0.127 C.154 0.0059% 0.00473 0.00340 0.003)~
2 32,170 2.77 0.459 0.238 0.62 0.316 0.235 0.147 0.195 0.00$26 0.00751 0.00307 0.0U510
2* 32,170 2.77 0.225Q

3A

Lakewood

1 9,812 0.89 4. 2.3Q S5.21 2.3%Q 2.65 1.52 1.88 0.0324 0.0444 0.0117  0.0179
3 13,277 .17 3.07 1.7% 5.38 1.93 2.36 1.43 2.1 0.024Y 0.0534 0.0124 0.0385
3. 13,277 .17 1.91 3.82 1.78 0.0471 0.01361
2 16,587 1.51% 1.88 1.12Q 3.1 1.64 1.28 0.787 1.36 0.0325 0.00630 0.0140 0.0281
4 96,474 7.17 1.61 0.5129 1.65 0.536 0.973 0.910 0.794 0.0760 0.0379 0.161 0.124
Q" 96,474 7.37 1.8 0.86UH 0.795 L0519 0. 14Y

{contimued)



TABLE 1c (continued)

Rirn Particulate TCO ¥henol POM

Stove Wat Rite _sStack Balasions _Dilution Tunnel Emissiona -
Burn Ooutput (dry Dilu- Dilu- Dilu-
Number (Btu/ kyy tion Stack tion tion

hr) hr) HMS oM7 MHS UM? ASTM Stdack Tunnel Statk Tunnel stack Tunnel
Bosca
2 7,972 0.54 3.62 2.53 2.20 0.942 1.47 1.44 0.739 0.023Y 0.00663 0.0110 0.00406
2¢ 7,972 0.54 1.520
4 13,999 1.08 1.09 0.628 1.92 0.587Q 0.673 0.444 0.526 0.0260 0.0169 0.0292 0.0260
1 19,51 1.46 1.00 0.749 1.60 0.518 0.490 0.45S 0.249 0.0159 0.0109 0.0405 0.01390
10 19,511 1.46 v.566 0.417
5 40,591 .10 1.18 0.606 1.57 0.868 0.480 0.56S 0.497 0.0541 0.0345 0,105 0.105
3A
3*A
Fisher
2 8,752 0.5% 1.08 0.583 2.45L 1.10 0.452 0.322 0.349L 0.00690 0.00402L 0.00219 0.00883L
2* 8,752 0.55 1.62 0.290 0.00239 0.00695
4 14,273 0.95 1.15 0.783 1.58H 0.868 0.407 0.341 0.265H 0.00928 0.00164H 0.00300 0.0049811
q* 14,273 0.95 1.83 0.253 0.00207 0.00696
3 23,570 1,58 0.789 0.643 1.92 0.860 0.546 0.222 0.268 0.00738 0.00496 0.00135 0.00959
1 29,223 2.02 1.32 0.948 2.34 1.20 1.0t 0.407 0.421 0.0140 0.00474 0.00503 0.0135
¢ Indicates results of duplicate runs
Q - Data resoented Lut quality is uncertain due to low filter box tunparatures
X = Back filtor torn
L - Sample rate below 90% isokinetics
H - Sample rate abovo 110 isokinaticy
A = Tost burn was not consistent with spucified stove oporating procedures
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TABLE 2a. SUMMARY OF WOODSTOVE EMISSION 1EST RESULTS USING OREGON METHOD 7 TO
STANDARDIZE DILUTION TUNH:L FLOW & MOISTURE CONTENT GRAMS PER HOUR
Burn Particulate <0 Phenol POM
Stove lieat Rate Stack Emissions Dilution Tunnel Emiasions
Burn Qutput (dry Dilu~ Dilu- pilu-
Number {Btu/ kg/ tion tion tion
hr) hr) MM5 QM7 MMS OoM? ASTM stack Tunnel Stack Tunnel Stack Tunnel

Timbereze

Y 10,772 0.90 9.38 4.43 11.4L 6.16L 4.26 3.39 4.12 0.0567 0.0507 0.0537 0.08'6
2A 15,006 1.22 20.2 10.4 13.2 4.89 3.37 6.29 3.44 0.154 0.6298 0.112 0.0376
2Ae 15,006 1.22 0.999

Blare King

4 7,220 0.60 17.4 6.02 10.7 7.99Q 4.50 9,55 4.22 0.0762 0.0908 0.0240 0.04/4
4 7,220 0.60 3.96

1 11,185 1.09 5.75 3. /X 10.9 4.15 2.66 2.15 3.39 U.0467 0.0570 0.0286 0.030
1* 11,185 1.09 3.36 2.34

-] 22,281 1.64 9.76 3.00xQ 13.4 9.270 4.97%, 4.17 3.56 0.145 0.0996 0.0817 0.0731
5e 22,281 1.64 8.49 15.3 2.499 3.65 0.140 0.112 0.0798 0.0790
2 32,170 2.77 15.6 4.07 24.1 10.7 8.5% 4.98 6.75 0.178 0.258 0.104 0.176
2* 32,170 2.77 7.640

Lakewood

1 9,812 0.89 44.5 23.80 54.1 24.40 27.2 15.7 19.4 0.335 0.46% 0.1 2% 0.186
3 13,277 117 42.9 24.50 74.8 27.0 33.1 20.0 29.2 0.338 0.741 0.174 0.5341
3e 13,277 1.17 26.7 53.2 24.8 0.655 0.503
2 16,587 1.51 32.9 19.60 54.5 28.5 22.% 13.8 23.9 0.569 1.10 0.245 0.492
4 96,474 7.17 184. 52.0Q 170. 54.6 97.1 92.5 81.8 7.73 3.90 16.4 12.8

q* 96,474 7.17 184. 89.0H 80.8 5.49 14.4

(continued)
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TABLE 2a (continued)

Burn particulate TCO rhenol POM

Stove Heat Rate Stack Emissions pilution Tunnel kmissions
Burn Output (dry Dilu- pilu- Dilu-
tumber (Btu/ kg/ tion tion tion

hr) hr) MMS oM? HMM5 OM7 ASTM Stack Tunnel Stack Tunnel Stack Tunnel
Bosca
2 7,972 0.54 30.5 21.2 18.5 8.27 12.2 12.% 6.21 0.194 0.05%58 0.0923 0.0343
2 7,972 0.54 12.8Q
q 13,999 1.08 16.0 9.26 28.6 8.66Q 9.10 6.55 7.85 0.38) 0. 251 0.432 0.385
1 19,511 1.46 20.6 15.4 32.7 10.7 9.85 9.36 5.90 0.327 0.222 0.833 0.791
1e 19,511 1.46 11.6 8.76
S 40,591 3.10 50.3 25.9 68.3 37.2 20.4 24.2 21.6 2.32 1.50 4.50 4.55
Fisher
2 8,752 0.55 9.94 S.28 22.6L 10.7 4.17 2.97 3.25 0.0637 0.0815 0.0202 0.037N
2* 8,752 0.55 14.9 2.70 0.0641 0.0220
4 14,273 0.95 17.3 11.8 23.9H 13.0 6.23 5.13 4.03 0.140 0.0753 0.0451 0.0247
4* 14,273 0.95 28.3 3.94 0.108 0.0320
3 23,570 1.58 19.6 16.0 48.0 21.3 13.4 5.513 6.73 0.183 0.240 0.0833 0.124
1 29,223 2.02 40.5 30.4 71.6 37. 30.3 12.6 12.9 0.432 0.413 0.15% 0.146
* Indicates results of duplicate runs
Q - Data gresented but quallity is wcertain du: to low filter tox temperatures
X - Back fllter torn
L - Sample rate bclow 90% isokinetica
H - Sample rate above 110% 1sokinetics
A - Test burn was not conslstent with specified stove ~perating procedures
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TABLE 2b.

SUMMARY OF WOODSTOVE EMISSION TEST RESULTS USING OREGON METHOD 7 TO STANDARD IZE
DILUTION TUNNEL FLOW & MOISTURE CONTENT GRAMS PER KILOGRAM

Burn Particulate TCO Phenol POM
Stove Heat Rate Stack Enissions Dilution Tunnel Enissions
Burn Output (dry) Dilu- bDilu- Dilu~-
Number {Btu/ (kg/ tion tion tion
hr) hr} MMS OM7 MHMS OM?7 ASTH Stack Tunnel Stack  Tunnel Stack Tunnel
Timbereze
“1A 10,772 0.90 10.4 4.92 .6 6.84 4.73 3.76 4.58 0.0630 0.0563 0.0596 0.0905
2A 15,006 1.22 16.6 8.55 .9 4.0 2.76 5.16 2.82 0.126 0.0244 0.0921 0.0308
2A* 15,006 1.22 o.a18
Blaze Xing
4 7,220 0.60 29.0 10.0 17.8 13.3 7.50 15.9 7.04 0.127 0.15: 0.0400 0.0790
4* 7,220 0.60 6.61
1 11,185 1.09 5.28 3.40x 10.0 l.81 2.44 1.97 3. N 0.0428 0.0523 0.0263 0.0350
1e 11,185 1.09 3.08 2.15
S 22,281 1.64 5.95 1.83xQ 4.7 5.66 3.03 2.54 2.17 0.0887 0.0607 0.0498 (.0446
5¢ 22,281 1.64 5.18 9. 1.82 2.22 0.0852 0.0682 0.0487 0.0482
2 32,170 2.77 62 2.9 8.72 .87 3.09 1.80 2.44 0.0644 0.090 0.0376 0.0635
2¢ 32,170 2.77 2.
Lakewood
1 9,812--0.89 50.0 26.70 60.7 27.4 30.6 17.6 21.8 0.376 0.518 0.136 0.207
3 13,2727 1017 36.7 20.90 63.9 23.1 28.3 174 25.0 0.2489 0.633 0.149 0.457
3 13,277 .17 22.9 45.5 21.2 0.56v 0.430
2 16,587 1,51 21.8 13.00 36.1 18.8 14.6 9.12 15.9 0.377 0.730 0.162 0.320
4 96,474 7.17 25.6 7.26Q 23.7 7.61 13.5 12.9 1.4 1.08 0.545 2.28 1.78
4* 96,474 7.17 25.6 12.4 1.3 0.765 2.01

(continued)
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TABLE 2b (continued)

Burn Particulate TCO khenol POM
Stove Heat Rate Stack Emissions Dilutior Tunnel EBmissions
Burn OQutput {(dry) Dilu~ Dilu- Dilu~
Number (Btu/ (kg/ tion tion tion
hr) hr) MM5 OM? MM5 OM7 ASTH Stack Tunnel Stack Tunnel Stack Tunnel
Bosca
2 7.972 0.54 56.4 39.3 34.3 15.3 22.5 22.4 1.5 0.359 0.103 0.171 0.0635
29 7.972 0.54 23.7
4 13,999 1.08 14.8 8.58 26.4 8.02 8.43 6.06 7.27 0.355 0.232 0.400 0.357
1 19,511 1.46 14.1 10.6 22.4 7.30 6.75 6.41 4.04 0.224 0.152 0.57 0.542
1 19,511 1.46 7.98 6.00
40,591 3.10 16.2 8.37 22.0 -12.0 6.59 7.80 6.97 0.747 0.48) 1.45 1.47
Fisher
2 8,752 0.55 18.1 9.79 41.0 19.5 7.58 5.40 5.91 0.116 0.148 0.0367 0.0675
2* 8,752 0.55 27.1 4.N 0.Vv17 0.0400
4 14,273 0.95 18.2 21.4 25.2 13.7 6.57 5.40 4.24 0.147 0.0792 0.0475 0.0200
a* 14,273 0.95 29.8 4.15 0.114 0.0337
3 23,570 1.58 12.4 0.1 30.4 13.5 8.45 3.50 4.26 0.116 0.152 0.0527 0.0783
1 29,223 2.02 20.1 S.1 35.4 18.3 15.0 6.22 6.38 0.214 0.204 0.0767 0.072)
* Indicates results of duplicate runs
Q - Data mresented but quality is uncertain due to low filter box temporatures
X - Back filter torn
L - Sample rate below 90v isokinetics
H - Sazple rate above 1108 isokinetics
A = Tost burn was not consiotont with sgucifiod vtovo operating procedures
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TABLE 2c., SUMMARY OF WOODSTOVE FMISSION TEST RESJLTS USING OREGON METHOD 7 TO STANDARDIZE
DILUTION TUNNEL, FLOW & MOISTURE QONTENT PER MICROGRAMS/JOULE

Burn Particulate TCO Phenol POM
Stove Heat Rate Stack BEmiosions Dilution Tunnel Emigssions
Burn Output ({dry) Dilu- Dilu- Dilu~
Numbert (Brtu/ (kg/ tion tion tion
hr) hr) MM5 OM7 MM5 o7 ASTM Stack Tunnel Stack Tunnel Stack Tunnel
Timbereze
1A 10,772 0.90 0.826 0.390 1.00 0.542 0. 375 0.298 0.363 0.00499 0.00446 0.00472 O0.00M8
2A 15,006 1.22 1.287 0.659 0.837 0.309 0.213 0.398 0.217 0.00973 0.00188 0.00710 0.00237
2A* 15,006 1.22 0.0631
Blaze King
3 7,220 0.60 2.29 0.790 1.41 1.05 0.591 1.26 0.555 0.0100 0.0119 0.00315 0.00623
4 7,220 0.60 0.521
1 11,185 1.09 0.408 0.314X 0.928 0.1352 0.226 0.182 0.287 0.00396 0.00483 0.00243 0.00323
1. 11,185 1.09 0.285 0.199
S 22,281 1.64 0.415 0.128x0 0.57 0.395 0.211 0.177 0.15% 0.00619 0.00424 0.00348 0.00311
Se 22,28 1.64 0.361 0.650 0.127 0.155 0.00595 0.00476 0.00340 0.00336
2 32,170 2.77 0.459 0.238 0.712 0.316 0. 252 0.147 0.199 0.00526 ©0.00761 0.00307 0.00518
2* 312,170 2.77 0.2250
Lakewood
1 9,812 0.89 4.3 2.300 5.23 2.36 2.63 1.52 1.88 0.0324 0.0445 0.0117 0.0180
3 13,2727 Va7 3.07 1.750 5.34 1.93 2.37 1.43 2.09 0.0241 0.0529 0.0124 0.0382
3 13,277 137 1.91 3.80 1.77 0.0468 0.01359
2 16,587 1.51 1.88 1.120 3.12 1.63 1.26 0.787 1.37 0.0325 0.0631 0.0140 0.028)
4 96,474 7.17 1.81 0.512Q 1.67 0.537 0.955 0.910 0.804 0.0760 0.0384 0.161 0.126
4 96,474 7.17 1.8 0.875 0.795 0.0539 0.141

{continued)
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TABLE 2c (continued)

Burn particulate TCO Phenol POM

Stove Heat Rate Stack BEmissions pilution Tunnel Dmissaions
Burn output (dry) oilu- Dilu- oL u-
Number (Btu/ (¥g/ tion tion i .

hr) hr) MM5 OM? MMS oM? ASTM Stack Tunnel Stack Tunnel Stack Twinel
Bosca
2 7.972 0.54 3.62 2.53 2.20 0.983 1.45 1.44 0.739 0.0231 0.00664 0.0110 0.,00408
2¢ 7,972 0.54 1.52
4 13,999 1.08 1.09 0.628 1.94 0.587 0.617 0.444 0.532 0.0260 0.0170 0.0292 0.0261
1 19,511 1.46 1.00 0.749 1.59 0.518 0.479 0.455 0.287 0.0159 0.0108 0.0405 0.0385
1* 19,511 1.46 0.566 0.426
5 40,591 3.10 .18 0.606 1.60 0.870 0.478 0.565 0.505 0.0541 0.0350 0.105 0.106
Fisher
2 8,752 0.55 1.08 0.58) 2.45 1.16 0.452 0.322 0.352 0.00690 0.00883 0.00219 0.00402
2* 8,752 0.55 1.62 0.292 0.00695 0.00238
4 14,273 0.95 1.15 0.783 1.59 0.867 0.415 0.341 0.268 0.00928 0.00500 0.00300 0.00164
4* 14,273 0.95 1.89 0.262 0.00717 0.00231
3 23,570 1.58 0.789 0.643 1.93 0.859 0.537 0.222 0.27% 0.00738 0.00965 0.00335 0.00499
1 29,223 2.02 1.32 0.948 2.32 1.20 0.982 0.407 0.418 0.0140 0.0134 0.00503 0.00472
* Indicates-resultq of duplicate runs
Q - Data precsented but quality is uncertain due to low filter box temperatures
X - Back filter torn
L - Sanplo rate bulow 90v Lisoklnetics
H - Sample rate above 110V isokinetics
A - Test burn was not consistent with specified stove operating procedures
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TABLE 3a.

SUMMARY OF WOODSTOVE EMISSION TEST RESULTS USING ORSAT DATA AND Fe = CRAMS PER HOUR

P Pactor Burn Particulate TCO Phenol POM
H2at Rate Stack Emissions Dilutior Tunnel Emissions
Burn Input (dry Dilu- Dilu- Dilu-
Number (Btu/ kg/ tion tion tion
hr) hr) MM5 oM7 MMS OM7? ASTH Stack Tunnel Stack Tunnel Stack Tunncl
Timbecreze
1A 17,285 0.90 17.0 8.01 11.4L 6.16L 4. 26 6.113 4.1, N.103 0.0507L 0.097v 0.0816L
2A 23,218 1.22 14.6 7.55 13.2 4.89 3.37 4.55 3.44 0.1 0.0298 0.0811 0.0376
2A* 23,218 1.22 0.999
Blaze Xing
4 11,607 0.60 23.1% 7.99 10.7 7.99Q 4.50 12.7 4.22 0.101 0.0908 0.03319 0.0474
q* 11,607 0.60 3J.96
1 20,898 1.09 7.13 4.59x 10.9 4.%5 2.66 2.66 3.19 0.0576 0.0570 0.035% 0.01301
1+ 20,898 1.09 4.16 2.34
SP 31,964 1.64 10.5 3.22x¢ 13.4 9.27Q 4.96 4.47 3.56 0.156 0.0996 0.0877 0.073
SF 31,964 1.64 9.1 15.3 3.2 3.65 0.150 0.112 0.0856 0.0790
2 53,615 2.77 20.8 10.8 24.1 10.7 8.55 6.66 6.75 0.239 0.258 0.139 0.176
2 53,615 2,77 10.3Q
A€ 6,620 0.34 5.45 2.50 15.94 9.43 2.91 2.18 2.991 0.0223 0.04934 0.0376 0.04" d
Lakewood
1 17,148 0.89 54.7 29.20 54.1 24.40 27.2 19.3 19.4 0.411% 0.461 0.148 v.186
3 22,667 1.17 56.4 32.1Q 74.8 27.0 33.1 26.3 29.2 0.444 0.741 0.228 0.534
3 22,667 1.17 35.0 2.2 24.8 0.655 0.503
2 29,004 1.51 45.3 26.9Q 54.5 28.5 22.1 18.9 23.9 0.782 1.10 0.337 0.492
4 139,443 17.17 216. 61.30 179. 54.6 97.1 109. 81.8 9.1 3.90 19.3 12.€
4+ 139,443 17.17 216, 89.0H 95.1 6.46 16.9

(continued)
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TABLE 3a (continued)

P Factoar Burn Particulate TCO Phenol POM
Hzat Rate Stack BEmissions Dilution Tunnel Emissions
Burn Input (dry Dilu- Dilu- Dilu-
Number {Btu/ ky/ tion tion tion
hr) hr) HM5 OoM? MM5 OM7 ASTH Stack Tunnel Stack  Tunnel Stack  Tunncl

Bosca

2 10,466 0.54 27.3 19.0 18.5 8.27 12.2 10.9 6.1 1.74 0.0558 0.0827 0.0343
2* 10,466 0.54 12.8Q

4 21,299 1.08 .7 8.49 28.6 8.660 9.10 6.00 7.85 0.3% 0.251 0.396 0. 1385
1 28,082 1.46 .6 9.39 2.7 10.7 9.85 5.70 5.90 0.199 0.222 0.508 0.7
1" 28,082 1.46 7.10 8.76

S 64,00 3.10 22.3 11.5 68.3 3.2 20.4 10.7 21.6 1.02 1.50 1.98 4.55
IAF 11,447 0.60 17.2 6.97 56.4 20.2H V9.7 7.50 14.0 0.402 0.549 0.476 1.06
LYY 11,447 0.60 16.7Q $9.6Q 7.05Q 20.4Q 0.2520 0.815Q 0.252Q0 1.470
Figsher

2 10,621 0.5S 8.54 4.63 22.6L 10.7 4.17 2.55 2.25L 0.0547 0.0815L 0.0173 0.037iL
2* 10,621 0.%5 14.9 2.70 0.0641 0.022¢
4 18,501 0.95 15.9 10.8 23.9H 13.1 6. 24 4.72 4.03H 0.128 0.0753H 0.0415 0.0247H
4 18,501 0.95 28.3 3.94 0.108 0.0320
3 30,279 1.58 19.7 1641 48.0 21.3 13.4 5.55 6.73 0.184 0. 240 0.0836 0.124
1 38,917 2.02 38.9 29.2 7.6 37.0 30.3 12.0 12.9 0.415 0.413 0.149 0.146
® Indicates results of duplicate runs

Q - Data presented but quality i1s uncertain due to low filter temperatures

X - Secomd filter torn

H - Sample rate in excess of 110 percent isokinetic

L - Sample rate below 90 purcent isokinetic

A - Test burn was not consistant with specified stove operating procedures

F - Pg calculated using CEMS data because of bad orsat
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TABLL b,

SUMMARY 0F WOOUS FOVE EMISSTON TEST RESULTY CAICUHLATED AND P -~ GHAMS PER K11AGHAMS

“Particulate

P Fartor wurn I —— ™O rhenol POM
Wsat Rate _Stack tmisslons _Dilution Tunnel Bmissions -
Burn input  (dry) Di tu- Dilu- Ditu-
Number {otus (ky/ tion tion tion
nr) hy) MMS UM? M OM7 hoTr Stack Tunnel Stack  Tunnel Stack  lunnel

Timbarece

1A 17,205 0.90 a.9 8.90 12.6L 6.841, 4.73 6,481 4.58L 0.114 0.05631 O0.108 0, 0906L
2A 23,218 .22 2.0 6.9 10.9 4.01 2.76 .1 2.82 0.0913 0.0244 0.U0%7 0.0308
2A¢ 23,218 1,22 0.818

Blaze King

4 11,607 0.60 38.5 13.3 17.8 13.30 7.50 21.2 7.04 0.16Y 0.151 0.0332 0,079
4 11,607 0.60 6.61

1 20,098 1.09 6.54 4.21x% 10.0 3.60 2.44 2.44 3.0 0.0530 0.0523 04,0325 0,035
1 20,898 1,09 1.82 2.15

5¢ 31,964 1.64 6.39 1.97Qx a.17 5.660 3.01 2.73 2.17 0.0952 0.0607 0.0534 0.0446
SFe 31,964 1.64 5.595 2.31 1.95 2.22 0.09'4 0.0682 0.0%22 0.0482
2 53,615 2.77 7.%2 3.90 8.72 3.87 3.09 2.41 2.44 0,0861 0.0931) 0.0503 0.0613%
2* 53,615 2.77 3.690

k1LY 6,620 0.34 16.0 7.34 46.61 27.7 8.56 6. 4) 8.791 0.0656 0,145%4 0.0429 0.119H
Lakewood

1 17,148 0.9 61.4 32.80 60.7 21.49Q 3o.6 21.6 21.8 ¢.461 0.518 0.167 0,209
3 22,667 1.1\7 48.2 27.5% 63.9 23.) 28.8 . 213.0 0.379 0.633 0.195 0.457
3e 22,667 1.17 30.0 45.5 21.2 0.560 0.430
2 29,004 1.5 30.0 17.80 36.1 14.8 14.6 12.5 15.9 0.518 0.730 0.223 0. V26
4 139,44y 71.17 30.2 H.5%) 23.7 7.01 3.5 15.2 1.4 V.27 0.549 2.69 V.70
q* 139,443 1.07 .2 V2. 4A 13,8 0.9 PAETS

{(con

tinued)
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TABLE 3b {(continued)

F Factor burn Particulate o _ TCO phenol _ “ThOM
Heat Rate _Stack BEmisuions Dilution ~“unnel tnissions - - -
Burn Input (dry) Dilu- Dilu- Dilu-
Numberc {Btu/ (ky/ tion tion tion
hr) hr) MM5 OM7 MM5 OoM? ASTH Stack Tunnel Stack Tunnel Stack Tunnel

Bosca

2 10,466 0.54 50.5 35.2 34.3 15.3 22.5 20.1 1.5 0.322 0.10) 0.153 0.0635
2* 10,466 0.54 23.7

4 21,299 1.08 13.6 7.86 26.4 8.02¢ 8.43 5.56 7.27 0.32% 0.232 0.366 0.357

] 24,082 1.46 8.61 6.4) 22.4 7.30 6.75 3.9 4.04 0.137 0.152 0.348 U.542
1e 28,082 1.46 4.86 6.00

S v4,001  3.10 7.18 3.70 22,0 12.0 6.59 3.45 6.97 0. 1330 0.483 0.619 1.37
R1Y 11,447 v.60 2B.7 11.6 94.0 33.7u4 32.8 12.5 23.3 0.669 0.915 0.793 1.76
A V1,447 0.60  27.9Q 99,30 11,70 343.0Q 0.420Q 1.3€Q 0.4200 2.450
risher

2 10,621 u.55 15.5 8. 41 41.0L 19.5 7.58 4.64 $.91L 0.0995 D.144L 0.0315 0.u675L
2° 10,621 0.55 27.1 4.9 0.7 0.0300
4 18,501 0.95 16.8 1.4 25.2A 13.7 6.57 4.96 4.244 0.13% 0.07924 0.0437 0.02600
q° 168,501 0.95 29.8 4.15 0.114 0.0337
3 30,279 .58 12.5 10.2 30.4 13.5 8.45 3.51 4.26 0.117 0.152 0.0529 0.0783
1 38,911 2.02 19.2 14.4 35.4 1H.3 15.0 5.96 6.39 0.20% 0.204 0.0736 0.072)
¢ Indicates results of duplicate runs

Q - Date presented but quality is uncertain cdue to low filter temperatures

X - Sacond tilter torn

H - Sample rate in excuas of 110\ isokinetic

L - Sample rate bulow 90v isokinetic

A - Test burn was not consistent with sjucifiol stove operating procedures
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TAHLE 3.

SUHMARY OF WOODSTOVE IMISSION TEST RESULTS CALCULATED ORSAT DATA & Fe = HICROURAMS PLR JOULE

P Factor Bura Particulate TCO Phenol PUM
Heat Rate Stack Emissions Dilution Tunnel knissions
Burn Input {dry) Dilu- Dilu-~ Di tu-
Number (Btu/ (kq/ tion tion tion
hr) hr) MMS OM? MMS oM? ASTM Stack Tunnel Stack  Tunnel Stack Tunnel

Timbereze

1A 17,28% 0,90 0.932 0.440 0.624 0,33 0.234 0.336 0.226L ©0.00563 0.CLz7HL 0,005, 0.00444
2A 23,218 1,22 0.597 0.308 0.541 0.200 0,137 0.186 0.141 0.00455 0.00122 0.00332 0.0015)3
2A* 23,718 1.22 0.041

Blaze Kking

4 1,607 0.60 1.8) 0.653 0.874 0.6510 0.168 .04 0.345 0.00828 0.00742 0.00261 0.00337
4 11,007 0.60 0.324

1 20,898 1,09 0.323 0, 208X 0.497 0.188 o2 v.12 0.154 0.00262 V.Cu259 0.00°61 0.001713
1 20,898 1.09 0.1489 0.106

£Y4 31,964 1,64 0.3 0.0956XQ 0.394 0.275Q0 0.147

SF* 31,964 1.64 0.270 0.453 0.0953) 0.108 0.00445 0.00332 0.00254 0.00234
2 53,615 2,77 0.369 01N 0.427 0,140 0.151 O.118 0.119 0.00422 0.00456 0.00246 0.00311
2° 53,615 2.7? 0.181Q

3A 6,620 0.34 0.78) 0.358 2.2 1,35 0.417 0.312 0.4288 0.00319 V.0UTULH 0.00452 0.00574)
Lakewood

1 17,348 0.89 3.02 1.620 2.99 1.35% 1.5 1.07 1.07 0.0227 0.025%5 0.00821 0.0103
) 22,667 1.17 2.0 1.340 3.1) 1.11 1.139 1.10 1.22 0.0186 0,010 0.00Y56 0.0224
3e 22,667 1,17 1.47 2.23 1.04 0 u27a4 0.0210
2 29,004 1,51 1.48 0.8800 V.78 0.9 0,721 0.619 0.718)3 0.C256 0.02¢, 0.0110 0.0161
4 139,443 7.7 1.47 0.4170 1,16 0.3N 0.661 0.741 0.556 0.7619 0.0266 0.1 0.0868
4 139,443 7.3v7 1.47 0.005H 0,647 v.04)9 0115

(continued)
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TABLE 3c (contimed)

F Factor Burn Particulate 70 Fhenol POM

Heat Rate Stack Pmigsions Dilution Tunnel Emissions
surn Input (dry) Dilu- Dilu- Dilu-
Nunbher {(Btu/ (kg/ tion tion tion

hr) hr) HMS OM7 MMS OM? ASTH Stack Tunnel Stack  Tunnel Stack qunnel
Boaca
2 10,466 0.54 2.47 1.72 1.68 0.749 1.10 0.984 0.561 0.0158 0.00506 0.00749 0.00311
20 10,466 0.54 1.16Q
4 21,299 1.08 0.654 0.378 1.27 0.386Q 0.405 0.267 0.350 0.0156 0.0112 0.0176 0.,0172
1 28,082 1.46 0.425 0.317 1.10 0.1360 0.333 0.193 0.199 0.00674 0.00750 0.017Vv  0.J207
1e 28,082 1.46 0.240 0.296
S 64,00V 3.10 0.330 0.170 1.01 0.552 0.303 0.158 0.320 0.0152 0.0222 0.0293) 0.V674
3A 11,447 0.60 1.43 0.578 4.67 1.68H 1.6) 0.622 1.16 0.0133 0.0455 0.0394 0.0u77
3ea 11,447 0.60 1.139Q 4.949 0.584Q 1.69Q  0.0209Q 0.0L75Q 0.0209Q 0.1220
Flaher
2 10,621 0.55 0.762 0.41) 2.02, 0.957 0.372 0.228 0.290L 0.00489 0.00728L 0.00155 0.0UJ3IL
2 10,627 0.5S 1.1} 0.241 Q.00572 0.00190
4 18,501 0.95 0.816 0.5%6 1.234 0.669 0.320 0.242 0.207H 0.00658 0.00386H 0.00213 V.VO1 26N
4°* 18,501 0.95 1.45 0.202 0.00%53 0.00164
3 30,279 .58 0.617 0.501 1.%0 0.669 0.4:8 0.174 0.211 0.00577 0.0075% 0.00262 0.0034d
1 8, M1 2.02 0.947 0.7 1.74 0.902 0.738 0.293 0.314 0.010% 0.0101 0.00362 0.00355
®* Indicates results of duplicate runas
Q - Data presented but quality is uncertain due to low filter temperatures
X - Sacond filter torn
H - Sample rate in excess of 110% isokinatic
L - Sample rate below 90\ isoklnetic
A - Test burn was not comistent with siecified atove operating procedures



o Anisokinetic sampling conducted for M7 and MM5 sample runs 1in the
dilution tunnel were designated with an "H4" when sample rates were
over 110 percent of 1sokinetic and an "L" when sampling rates were
below 90 percent of 1sokinetic.

o Two torn second filters 1n M7 sample tralns (located between the
third and fourth impingers) were 1dentified with an "X".

o Two test burns were not adequately conducted under the Oregon wood-
stove test procedure stove operating guidelines. The doors were
opened during sampling and the coals and woodpieces stirred during
two Timber-eze test burns.

o Several oM7 and MM5 sample runs were conducted with the heated filter
box temperature below the specified lower limit of 223°F. 1In all of
those cases except BD-0M7-5 the average temperatures were be tween 200
and 223°F.

These conditions are discussed i1n greater detail in Section 5.

Total gravimetric emissions for each of the sampling methods are com-
prised of the conbined 1ndividual analyses of the following fractions:

o MM5 - front half MeClj rinse drydown residue

filter catch

XAD extraction

semi-volatile organics (extracted from back-half water) by &€
plus water drydown residue

semi-volatile organics (1n rinse solvent) by GC plus solvent
drydown residue condensate extraction gsemi-volatile organics
by GC plus drydown residue

o OM?7 - front half solvent rinse drydown residue
front filter catch
back half extraction drydown residue
back half water drydown residue
back half rinse drydown residue
back filter catcn

o ASTM - front half and between-filter solvent rinse drydown residue
front filter catch
back filter catch

The summary tables also 1nclude results of organic sampling and analyses
conducted on MM5 samples for total chromatographable organics (7co), phenol
and POM. TCO were determined on the combined back half fractions of the MM5
ganples. PO4 and phenol were analyzed in combined aliquots from all front
and back half fractions of the MM5 samples.

Table 4 presents arithmetic averages on a per stove basis for the
results presented n Tables 3a through 3c. Averages were calculated for all
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TABLE 4. AVERAGF IMISSION RATLS PER STOVE ARITHMETIC AVERAGE
Particulate O Phenol OM
stack Emissions pilution Tunnel Emisajons

Burn D0ilu- Dilu- Dilu-
Num~- tion tion tion

ber sStove HHS OM7? MMS OM? ASTM Stack Tunnel Stack Tunneal Stack Tunne 1l

AVERACE GRAMS PER HOUR GRAMS PFR _HOUR

4 Blaze king 14.1 (5) 7.65(3) 14.9 (5) 6.27()) 4.60(5) 3.54(5) 4,31(5) 0.141(5) 0.123(5) 0.0759(5) 0.0827

4 Lakewood 117, (5) 35.0 (1) #1,3 (S) 36.7 (3) 44.9 (4) 53.7 (5) 135.8 (5) 3.44 (5) 1.37 (3) ?7.38 (5) 2.90 (5}
4 Bosaca 19.2 (4) 11.1 {5) 37.0 (4) 18.7 (3) 2.1 (5) 8.33(4) 10.4 (4) 0.828(4) 0.507(4) 0.742 (4) V.44 (4)
4 Fisher 20.8 (4) 15.2 (4) 40.7 (4) 20.5 (4) 13.5 (Q) 6.2 (4) 6.57(4) 0.195(4) 0.206(4) ©.0729(4) 0.0810(4)

AVERAGE GRAMS PER XILOGRAM OF DRY WOCD BURNFD
4 plaze Xing 12.9 (5) 8.15(3) 10.8 (5) 4.76(3) 31.94(4) 6.15(S) 1,40(5) 0.0989(5) 0.0851(5S) 0,0483(5) 0.0541(5)
4 Lakewcod 40.0 (5) 30.0 {1) 46.0 (5) 16.5 (3) 21.9 (4) 17.0 (S) 19.% (5) 0.706 (5) 0.597 (5) 1.1) (S) 0.640 (5)
4 Bosca 20.0 (5) ¥1.6 (5) 26.5 (4) 14.6 (4) 13.9 (6) 8.26(4) 7.45(4) 0.279 (4) 0.24) (4) 0.377 (4) 0.608 (d)
4 Fishor 16.0 (4) 11.10(4) 30.7 (4) 16.3 14) 9.4 (4) 4.77(4) 4.93(4) 0.139 (4) 0.147 (4) 0.0504(4) 0.0560(4)
AVERAGE MICROGRAMS PER JOULE MICROGRAMS PER JOULE

4 Blaze King 0.633(5) 0,344(3) 0.530(5) 0.234 (3) 0,179(S) 0.344(4) 0.182(4) 0.004F9(4) 0.00447{4) 0.00231(4) 0.00276(4)
4 Lakewood 1.96 (5) 1.47 (1) 2.27 {4) 0.811 {3) 1.07 (4) 0.635(5) 0.934(S) 0.0345 (5) 0.0293 (5) 0.0549 (5) 0.0313 (5)
4 Bosca 0.970(4) 0.565(5) 1.27 (4) 0.554 (3) 0.4B7(S5) 0.401(4) 0.358(4) 0.0133 (4) 0.0115 (4) 0.0179 (4) 0.0286 (4)
4 Fisher 0.786(4) 0.546(4) 1.51 (4) 0.799 (4) 0.462(4) 0.23414) 0.242(4) 0,00684(4) 0.0072 (4) 0.00248(4) 0.0276 (4)



pollutants medsured by each method. None of the data qualified with Q, X, H,
L or A 1n Tables 3a through 3c were used in calculating the arithmetic aver-
age. The mumber of samples used to determine each average 1s in parentheses
1n the table.
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SECTION 3

TEST FACILITY AND STOVE DESCRIPTIONS

The test facility was designed to conform as closely as practicable to
both the Oregon and ASTM facility requirements (Figure 3). The test stove
was mounted on a platform scale. The accuracy of the scale used for most of
these tesis was 0.2 pounds. The 8-i1nch stove pipe was equipped with a water
gseal which isolated the sampling location from the stove and scale. This
mnimized interference with the weight measurements by sampling actavities
in the stack.

The ASTM dilution hood was located above the stove pipe exit, The draft
was measured on several occasions at the top of the stack to insure that less
than 0.005 1nches of water draft was induced on the stack with no fire in the
stove. The dilution tunnel was constructed of F-inch stove pipe. Sampling
was conducted in a downcamer upstream of the blower. The blower was operated
at a constant rate during the test program.

APPLICANCE TESTED AND TEST CONDITIONS

Flve stoves were tested under this test program. The units are identi-
fied below:

Timber-eze Model 477 Catalytic Heater

Blaze King Catalyst Stove - King Model KEJ-1101
Lakewood Cottager {non-catalytic)

Bosca - Model 500 (high efficiency noncatalyst stove)
Fisher Tech IV Fireplace Insert (catalytic)

0O 0 000

Test charges for the Timber-eze were approximately 8.2 kg, Blaze Kang 13.7
kg, Lakewood 7.9 kg, Bosca 4.2 kg, and Fisher 7.6 kqg. Fuel moisture was
checked prior to each test. Air dried Douglas fir having a moisture content
between 19 and 25% on a dry basis was used for all tests,

Stove operation followed the Oregon procedures with a few exceptions.
Those exceptions are presented in Section 5 under "Other Considerations®.

SELECTION OF SAMPLING LOCATION
The test locations were selected according to the (M7 and ASTM criteria.

The stove pipe test location was 8 feet above the scale platform (Figure 3).
The MM5 and the OM7 trains sampling in the stack were located at the same
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DIMENSIONS: m SCALE
SCALE / \
&
0.15 SO,
¥ —d——ANALYZER
STOVE PI"E
1.4 // 0.20 DIA \\‘
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4 so,- 4.
INJECTION
a—-02, CO, COo
0.81 WET/DRY BULB TEMP
OM7——s MMS5
! TR
PITOT —3 ]
WATER SEAL
STATIC 1.60
248 PRESSURE ]
0M7—4J,) B ——mms
A 0.41
STOVE ASTM )
~—FLOW—t>
DILUTION
SCALE FAN

Figure 1. Schematic of stove exhaust and dilution system with sample locations.
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elevation to avoid any possible discrepancies in results because of loss of
particulate on the stack wall or other reasons. No traverse was attemy ced
due to the small duct diameter and multiple sample probes (OM7 and MME) being
located at the same elevation.

The wet bulb ard dry bulb thermometers were located approximately 10
inches downstream of the sampling probes. The continuous analyzer sample
probe was at the same elevation as the thermococuples.

The SO, tracer gas 1njection was 36 1nches downstream of the CM7 and MMS
sampling points as specified in the method. The stack height allowed the S50,
gas sample to be extracted at a point 46 inches downstream of the anjection
point which does not meet the 8 duct diameters criteria of the method.

The test location in the dilution tunnel was selected to meet ASTM cri-
teria except that the sampling trains were 8 duct diameters downstream of
the pitot tube. Three sample probes were at the same elevation (ASTM, OM7,
and MM5) in the tunnel. The AST™M method specifies that the pitot tube be lo-
cated approximately 2 tunnel diameters (16 inches) downstream of the pitot
tube. The variocus draf . EPA procedures (1A, 2C, 5C) which deal with sampling
small ducts dictate 8 duct diameters of undisturbed flow upstream of both the
pitot and probe locations. EPA criteria were followed for selecting the di-
lution tunnel test points. The sample probes were inserted at 90° angles to
each other. Nozzles were inserted 2 inches into the stack. The thermocouple
was inserted 6 inches downstream of the sample probe.
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SECTION 4

SAMPLING PROCEDURES

Due to the nature of the test program and the source category to be
tested, some compromises were required between the specifics of the various
test procedures. The basic procedures followed were:

o Modified Method 5 prepared for EPA, ORD, EPA Project Officer Raymond
Merrill.

o Oregon D partment of Environmental Quality Standard Method for Mea-
suring the Emissions and Efficiencies of Woodstoves, June 8, 1984.

o AS™ Standard Test Method for Heating Performance and Bmissions of
Residential Wood-Fired Closed Combustion Chamber Heating Appliances,
Revised November 1984.

Those methods are referred to in this document as MMS5, OM7, and AST™, re-
spectively, Certain other reference and draft procedures were used 1in con-
junction with those basic methods. The specific ancillary methods used
varied with the test location.

o Stack MM5 - EPA Method 3 -~ molecular weight
EPA Method 4 -~ moisture
EPA Method 5C - particulate matter in small ducts

o Stack OM7 -~ OM4 - moisture
OM5 - particulate matter emissions
OM7 -~ condensible matter emissions
EPA Method 10 - 00, CD,
EPA Method 20 - oxygen
AST™M D3286.77 - higher heating value
or ASTM D2015.77 - higher heating value
OM4 - alternate, wet bulb/dry bulb

o Dilution Tunnel MMb - EPA-2C - velocity in small ducts

EPA-3 - molecular weight
EPA-4 - moisture
EPA-5C - particulate matter in small ducts

o Dilution Tunnel OM7 - OM4 - moisture
oM5 - particulate emissions
OM7 - condensible matter emissions
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o “ilution Tunnel AS™ - as specified in the method

Figures 2, 3, and 4 1llustrate the MMS5, 0M7, and ASTM sample
tralns, respectively.

The emisslons sanpling on the Timber-eze stove began within 5 mnutes
after the stove was loaded with the fuel charge. This was a deviation from
the Oregon procedure and was corrected for all subsequent burns. All other
test burns were conducted with the emissions sampling starting one mnute
or less before the stove test charge was placed in the farebox.

SAMPLE RECOVERY

The solvents specified for M7 sample recovery are acetone (front half)
and acetone and water (back half). For the AST¥ method acetone and methanol
are specified. Those recoveries were made according to the procedures. In
addition, a methylene chloride rinse of the OM7 front and back halves was
made and recovered separately.

The MM5 train was recovered using methylene chloride. Methanol was used
on runs H-2, H-3, H-4, and H-5 after the MeCl, riase because the MeClp did not
seem to clean the trains satiusfactorily. Those fractions were recovered sepa-
rately.

Following sample recovery, all samples were sealed and safely stored
until transported to the laboratory for analysis. Samples were delivered to
the lab within 1 week of their collection.

Sample containers were borosilicate glass bottles with Teflon® lined
caps. Prior to the test program all sarple containers and sample train glass-
ware were washed with soap and water rinced with distiiled water and a final
rinse with methylene chloride.

»ilters for the test program were tare weighed by ES. Tare welghts were
given to Radian for determination of final welights.

EPA-MM5

Two front half fractions and four back half fractions were collected
for the MM5 sample trains. The fractions were:

o F*ront half
- methylene chloride probe and front half
rinse
- filter
o Back half
- condensate, including rinse of all glassware between the filter
and the XAD-2 rodule and the MeCly rinse of the condensate impinger
bottle
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Figure 2. Schematic of Modifled Method 5 Sample Train
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- XAD-2 nodule
- back half water from the second and third impingers including

a rinse
- sllica gel
OM7
The OM7 sample recevery resulted in the followang fractions (OM7, 8.0):
o Front half
- acetone rinse of probe and front half
- filter
- MeCl) rinse of probe and front half (in addition to (M7 procedure)
O Back half
- water catch and impinger water wash
- acetone rinse of back half
- MeCly rinse of back haisf (in additicn to oM7 procedure)
- filter
- s8ilica gel
ASTM

Sample fractions from each AS™ train included (AST™, 10.11, 11.12):

o Front half:
- acetone/methanol rinse of probe and front half
- first filiter
- second filter
- MeCl, rinse of front half (in addition to ASTM procedure)

o Back half
- none

Although the AS™ method does not specify, the glass surfaces exposed to the
sample between the two filters were rinsed with acetone then methanol and
both rinses added to the front half acetone/methanol rinse bottle.

SAMPLE IDENTIFICATION AND LOG

Each sample fraction was given an identifying code number which desiy-
nated the sawple location, stove number, method type, sample fraction and run
number. Application of the code simplified tracking samples throughout the

collection, handling, analysis and reporting processes.

The sample numbering systea had 5 components shich were applied in the
following order:

© Stove ID - Sample Location - Method - Praction - Run Number
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The specific codes are lListed below:
o Stove ID: - Blaze King

- Timber-eze

Generic (Lakewood)

- High Efficiency {(Bosca)
- Fisher

mMIT O3
]

/2]
]

Stack
D - Dilution Tunnel

o Sample locations:

o Method: MMS - Modified Method S
OM7 - Oregon Method 7
AST - ASTH
o PFraction: PR ~ Probe and Front Half Rinse

F - Filter

F2 - Second Filter (ASTM and OM7)

C - Condensate and Glassware Rinse

BH - Back Half Water Rinse (with MeCl, impinger
rinse for MM5S)

BR - Back Half Acetone Rinse (OM7 only)

X1 - XAD Module

PM - Probe and Front Half MeCls Rinse (OM7 only)

BM - Back Half MeCl, Rinse (OM7 only)

- First Burn Rate
- Second Burn Rate
- Third Burn Rate
Fourth Burn Rate
- Fifth Burn Rate
- Blank

o Run Numbers:

U b wWN -
'

SAMPLE ANALYSES

All sample analyses were conducted by the Radian Corporation under a
separate contract. A copy of the laboratory report 1s provided i1n Appendix
D. Analytical Methods are described there.

CO/C0O,, OXYGEN ANALYZERS

Carbon monoxade (CO) and carbon dioxade (CO,) were monitored using an
Anarad Model AR-412 infrared analyzer. The analyzer has a O to 5 percent CO
range and a 0 to 20 percent CO, range. The O, analyzer wags an MSA stack gas
analyzer which uses a fuel cell detector. That ingtrument has a range of 0 to
20.9 percent. The gas sample was extracted using a stainless steel probe
bent into the gas flow. A glass fiber filter was used to remove particulate
material. A gas sample conditioner including two impingers with water in an
1ce bath, was upstream of the filter.

The instriments were calibrated with gases certified to be within + 2
percent of the specified cylinder value. The gases were in concentrations to
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generate analyzer responses of approximately 20-30%, 45-55% and 70-80% of
full scale. Daily pre- and post-test calibrations vere conducted by direct
1ntroduction of the zero and span gases to the analyzers. The analyzer
operation was acceptable :f the analyzer response was * 2% of the cylinder
value. After the pretest multipoint calibration, a single span gas was
introduced 2t the sample probe according to EPA Method 20, Figure 20-1. This
latter calibration check demonstrated performance of the system. 1If any
calibration checks did not comply with the + 2 percent criteria, corrections
to the system were made and the calibrations repeated. Span checks were made
using a single gas every 2 to 3 hours during each test and after eacn test.

An evaluation of the CEMS, 3, 0y, and CO data 13 presented in Section 5.
Drrft problems did occur during most test burns. Corrections were made for
each span or zero drift but the accuracy of the CEMS data remains suspect
based upon a fuel factor test as described i1n EPA xeference Method 3, 40 CFR
60 Appendix A, July 1985. This 1s discussed further in Section 5.

SOy TRACER GAS

SO, was 1mected into the stack 32 inches (4 duct diameters) downstream
of the (M7 sample point. The SO, was lmjected at a rate that resulted in a
downstream concentration of less than 5000 ppm (OM7 6.3). A critical orifice
was used to control the injection rate. The orifice was calibrated using bub-
ble meters prior to the test prcgram.

The procedure followed for the tracer gas analyzer calibration was sim-
ilar to that followed for CO, CJ5 and 0. Span gases were on hand to cal-
ibrate the instrument to 1000 ppm. Calibration gases were certified by the
manufacturer to be + 2 percent of the cylinder value.

Problems with the tracer gas system were identified after the first test
but it was not until an audit was conducted that the problem was determined
to be apparent reactions of the SO, 1n the system. The S0, was used as a guide
for proportional sampling but the accuracy of the actual values collected are
suspect.

TEMPERATURES

Type K themocouples were used to monitor flue gas temperatures in both
the stack and the dilution tunnel. The ASTM procedure specifies measuring
the stack gas temperature B feet above the top of the scale using an array of
5 thermocouples (ASTM 6.12). That array would interfere with the OM7 and MMS
sample systems and was not used for this test program.

Flue gas temperatures were measured at the center of the stack approx-
imately 1 duct drameter downstream of the sampling location. The dilution
tunnel temperature was measured at a similar point in that duct.

Thermocouples were calibrated as per EPA Method 2,
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MO ISTURE MEASUREMENTS

The Oregon test Method specifies use of an alternate moisture determining
technigue, which 1s based on wet bulb/dry bulb temperatures. Wet bulb and dry
bulb temperatures were monltored and recorded every 5 minutes at a location 1
A=t diameter downstream of the stack sample collection point (OM 3.3, 3.8).

Molsture catch 1n the OM7 and MM5 sample trains were also used to deter-
mi1ne stack gas molisture according to EPA Method 4 and Oregon Method 4. A
comparison of stack gas moisture measurements resulting from the three methods
1s presented 1n Section 5.

The dilution tunnel moisture content was measured using the M7 and MM5
samples,

FUEL HEAT CONTENT AND DENSITY

The heat content of the fuel was determined for each piece of wood burned
during the test program. Sawdust was collected when the wood was cut to build
fuel cribs. The shavings were placed in plastic bags and labeled to identify
the specific cribs constructed from that particular board. Blocks of wood
were also collected at the same time and sealed 1n plastic bags.

The dust and wood blocks were submitted te a subcontract laboratory for
heat content and density analysis respectively. The heat contents for each
crib were used in the Fc calculaticns discussed 1n Section 2. The laboratory
report 1s provided 1in Appendix D.
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SECTION S

QUALITY A3SURANCE/QUALITY CONTROL

QAPP VALIDATION CRITERIA

This test program requlred an AEERL Level 1 Quality Assurance Program
Plan (QAPP), which was prepared by Engineering-Science and approved by EPA.
The Radian Corporation prepared a separate plan for the laboratory analysis
portion of the program. In addition to adhering as closely as possible to
the test procedure described 1in Section 4, validation criteria were identified
for the sampling program. Validation criteria for sampling train and wood-
stove operation are presented in Tables 5 and 6 respectively.

A systems audit was conducted by Research Triangle Instatute (RTI) at the
woodstove test facility duraing the sampling program. Following submittal of
the first draft report RTI conducted a data quality audit. The draft audit
report gave this sampling program and the resulting data an acceptable rating
with qualifications.

The qualification was lifted from the audit rating after ES responded to
the draft audit report indicating that the validation criteria specified 1n
the QAPP would be compared to the actual sampling and stove operating condi-~
tions. The comparison must be made with an understanding of the relative
importance of the criteria in order to make valid qualifications of the data.
A brief discussion of the criteria is included at the end of Appendix E 1in
response to comments made in the auditors report.

Tables 7a through 7e present a summary of sampling conditions for each
of the samples collected. The parameters considered most critical were
included in the table and used to characterize the data from each sample run.
Nonisokinetic sampling was considered to make the results of the corresponding
sample unacceptable (u). Average filter box temperatures outside the 248°F
plus or minus 25°F were considered sufficient deviation from the M7 and MM5
procedures to require qualification of those data. A total mass catch of
less than 30 milligrams was considered significant cnough to reguire qualifying
the data if the sample volume was below the criteria volume. If either the
mass catch was in excess of 30 milligrams or the sample volume was larger
than the criteria volume then the results were considered acceptable.

Several of the sample train validation criteria were satisfactory for
all samples collected. These included post test leak rate, condenser outlet
temperature, and orsat leak rate.



TABLE 5.

VALIDATION CRITERIA - SAMPLING TRAINS

MM5 Stack -

OM7 Stack -

MMS
Dilution
Tunnel -

oM7
Dilution
Tunnel -

AST™
Dilution
Tunnel -

Continuocus
Analyzers -

Leak Rate

Filter Temperature
Condenser Outlet Temperature
Sample Volume

Sample Rate

Orsat Leak Rate

Leak Rate

Filter Temperature
sample Volume
Sample Rate

Leak Rate

Filter Temperature
Condenser Outlet Temperature
Sample Volume

orsat Leak Rate

Leak Rate
Filter Temperature
Sample Volume

Leak Rate
Filter Temperature
Sample Rate

Zero Drift
Span Draft

£ 0.001 cfr

248°F + 25°F

<70°F

>30 ¢f (meter cond.)

= approximately 1-3 liters/minute
=0

£ 0.005 cfm

250°F + 25°F

>30 cr (meter cond.)

= approximately 0.1 cfm

i 0.02 cfm
248°F st 25°F
<70°F

>120 cf

=0

<€ 0.02 cfm
2"50°F + 25°F
>120 cf

< 0.02 cfm
70-90°F
0.1 - 1.5 cfm

5% of scale
2% of scale
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TABLE 6. VALIDATION CRITERIA

= WOODSTOVE OPERATION

Fuel Moisture
Fuel Craib Photo

Fuel Load - Blaze King
- Timbereze

Fuel Density

Ambient Temperature 1n Room
Surface Temperature

Low Burn

Low Mid Burn

High Mid Burn

High Burn

Dilution Tunnel Temperature

Dilution Tunnel Flow

16-20% (19-25% dry)

27-33 pounds
17-20.8 pounds

28.7-37/4 pounds/cubic foot

<10,000 Btu/hr
10,000-15,000 Btu/hr
15,000-25,000 Btu/hr
Maximum heat output
<125°F

100-400 pounds/pound wood
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TABLE 7a. A SUMMARY OF TIMBER-EZE SAMPLING CONDITIONS

Sample Sample Filter Box Total Mass

Sample Duration Volume Temperature Percent Collected Evaluation{a)
Number (Minutes) (ACF) (°F) Isokinetics (mg) Rating
TS-MM5-1 297.5 14.039 250 213 A
TS-MM5-2 307.5 24.722 248 179 A
TD-MM<-1 400 321.642 230 19 135 u
TD-MM5-2 320 160.96 249 104 70 A
TS-OM7-1 297.0 13.189 257 170 A
TS~-0M7-2  207.5 46.086 256 92 A
TD-OM7-1 3717 370.893 245 83 70 i}
TD-OM?-2 320 155.562 249 100 26 A
TD-AST~1 366 244,725 85 32 A
TD-AST-2 320 195.828 8c 22 A
TD-AST-2 317 194.230 34 2 A

(a) A - Acceptable
0 - Qualified
U - Unacceptable
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TABLE 7b. SUMMARY OF BLAZE KING SAMPLING CONDITIONS

Sample Sample Filter Box Total Mass
Sample Duration Volume Temperature Percent Collected Evaluationfa)
Number (Minutes) (ACF) (°F) Isokinetics (mg) Rating
BS=-MM5-1 640 60.998 249 448 A
BS-MM5-2 238 17.529 251 197 A
BS-MM5-3 221 16,052 257 130 A
BS-MM5-4 1,185 103.320 263 2,263 A
BS-MK5-5 415 24.481 245 210 A
BS-MM5-50 415 18.524 256 159 A
BD-MM5-1 640 306.077 248 105 120 A
BD-MM5-2 238 119.033 233 103 94 A
BD-MM5-3 222 112,356 248 1 57 u
BD-MM5-4 1,185 523.820 244 97 185 a
BD-MM5-5 350 160.874 249 105 74 A
BD-MM5-Q 350 154.754 235 102 81 A
BS-0M7-1 640 44.226 263 232 A
BS-OM7-1Q 640 84.428 242 363 A
BS-OM7-2 238 22.734 249 133 A
BS-0M7-2Q 238 14.430 250 87 A
BS-0M7-3 221 15.740 262 57 a
BS-0M7-4 1,185 103.150 254 779 A
BS-0OM7-5 415 24.528 220 68 Q
BD-0M7-1 640 277.088 248 96 41 A
BD-OM7-2 232 193.758 247 100 41 A
BD-OM7-3 222 117.213 245 102 35 A
BD-0M7-4 1,185 594.102 203 109 156 Q
BD-0OM7-4Q 1,185 543.834 248 108 76 A
BD~-OM7-5 345 171.306 1718 105 54 o)
BD-AST-1 639 397.303 39 A
BD-AST-1Q 639 389.082 33 A
BD-AST-2 236 144.810 42 A
BD-AST-3 230 134.056 13 A
BD-AST-4 1,185 562.049 84 A
BD-AST-5 4N 174.566 30

(a) A - Acceptable
Q - Qualified
U - Unacceptable
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TABLE 7c. SUMMARY OF LAKEWOOD SAMPLING CONDITIONS

Sample Sample Filter Box Total Mass

Sample Duration Volume Temperature Percent Collected Evaluation{a)
Number (Minutes) (ACF) (°F) Isokinetics  (mg) Rating
BS~MM5-1 640 60.998 249 448 A
GS-MM5-1 410 22.269 245 2,478 A
GS-MM5-2 260 15.852 250 868 A
GS-MM5--3 340 18.379 245 1,455 A
GS~-MM5-4 60 3.099 253 262 A
GS-MM5-40 60 2.452 244 227 A
GD-MM5-1 410 188.778 249 98 325 A
GD~MM5=-2 260 123.279 252 98 223 A
GD-MM5-3 340 161.956 249 96 401 A
GD-MM5-3Q 340 169.199 247 102 297 A
GD~-MM5-4 58 27.258 250 109 159 A
GS-OM7-1 415 22.933 222 1,351 0
G3-0M7-2 260 15.884 221 526 Q
G5-0M7-3 340 18,007 223 809 Q
GS-0M7-0Q3 340 13.322 252 726 A
GS-OM7-4 60 2.989 223 7 Q
GD-OM7-1 405 212.500 211 108 171 Q
GD-OM7-2 260 118.459 256 102 113 A
GD-OM7-3 340 155,727 233 102 140 A
GD-0OM7~-4 57 25.696 250 99 49 A
GD-OM7-Q4 57 29.034 251 19 90 u
GD~AST-1 408 204.141 70 186 A
GD-AST-2 251 132.681 68 100 A
GD-AST-3 235 172.604 70 193 A
GD-AST-4 53 17.531 72 60 A

(a} A - Acceptable
Q0 - Qualafied
U - Unacceptable
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TABLE 7d. SUMMARY C® BOSCA SAMPLING CONDITIONS

Sample Sample Filter Box Total Mass

Sample Duration Volume Temperature Percent Collected Evaluationfa)
Number (Minutes) (ACF) (°F) Isokinetics (mg) Rating
HS=MMS5-1 145 6.499 247 109 A
HS-MM5-2 360 20.83 246 1,061 A
HS-MM5-3 90 7.72 253 419 A
HS-MM5-30 90 1.92 m mm Q
HS-MM5-4 200 15.345 249 395 A
HS-MM5-5 65 5.853 251 243 A
HD-MM5-1 150 67.77 242 100 74 A
HD-MM5-2 360 162.70 243 94 101 A
HD~-MM5-3 90 39.934 244 91 75 A
HD-MM5-3Q 80 364345 246 101 73 A
HD-MM5-4 200 86.952 240 100 85 A
HD-MM5-5 65 28.861 245 98 64 A
HS-0M7-1 145 3.298 246 45 A
HS-OM7-1Q 145 13.30 254 126 A
HS-0M7-2 360 21.57 250 765 A
HS-0M7-3 920 8.207 259 179 A
HS-OM7-4 200 15.889 239 234 A
HS~-0M7-5 65 6.065 246 128 A
HD-OM7 -1 150 69.299 257 104 25 A
HD-OM7-2 360 187.88 250 109 52 A
1ID-CM7-2Q 360 166,12 217 95 n Q
HD-OM7-3 91 47.05 244 RRE] 32 u
HD-OM7-4 200 89.765 202 96 27 0
HD-OM7-5 65 30.193 242 102 3?7 A
HD-AS™-1 149 74.673 70 25 A
HD-ASTM-1Q 150 78.224 75 24 A
HD-AS™-2 359 182.49 70 75 A
HD-AST™M-3 89 45.895 76 31 A
HRD-AST™M-4 200 100.067 " 32 A
HD-ASTH-~ 66 33.010 72 23 A

{a) A - Acceptable
Q - Qualified
U - Unacceptable
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TABLE 7e. SUMMARY OF FISHER SAMPLING CONDITTONS

Sample Sample Filter Box Total Mass
Sample puration Volume Temperature Percent Collected Evaluatlon(a)
Number (Minutes) (ACF) (°F) sokinetics  (mg) Rating _
FS-MM5-1 190 14.013 250 429 A
FS-MM5-2 620 26.035 251 483 A
FS-MM5-3 220 17.076 252 334 A
FS-MM5-4 375 14.954 251 310 A
FD-MM5-1 190 86.131 249 100 205 A
FD-MM5-2 610 256.632 237 56 190 U
FD-MM5-2Q 620 289.182 236 19 142 A
FD-MM5-3 220 100.739 248 105 159 A
FD-MM5-4 375 190.196 246 a7 154 U
FD-MM5-4Q 375 165.545 250 2 159 A
FS-OM7-1 190 14.530 246 333 A
FS-OM7-2 620 31.293 243 313 A
FS-OM7-3 220 17.573 248 277 A
FS-OM7-4 375 15.814 249 223 A
FD-OM7-1 190 87.884 255 97 109 A
FD-OM7-2 610 283.173 249 106 100 A
FD-OM7-3 220 103.014 250 103 73 A
FD-OM7-4 375 168.749 246 101 74 A
FD-AS™M-1 190 99.940 - 103 A
FD-ASTM-2 609 322.743 - 44 A
FD-AS™M=-3 220 118.053 - 52 a
FD-ASTM-4 305 190.709 - 40 A

(a) A - Acceptable
Q - Qualified
U - Unacceptable
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Continuous emission monitor zero and spar checks were done at approxi-
mately 2 to 3 hour intervals during each test burn., At least one of the
analyzers monitoring 02, 00y or €O had one or more periods of instrument
drift 1n excess of 2 percent during all test burns except High Efficiency
(BOSCA) -4 and Fisher -3, Zero and span drift corrections were made assuming
a gradual linear drift between the two span checks showing the drift. These
data were entered into the woodstove program {Aappendix C),

Several test burns that do not reliably reflect actual emissions accorde-
1ng to Oregon stove operating procedures must be qualified. Those are listed
below with an explanation for the reason for their qualification:

© Timber-eze -1 Stove doors were opened during the test burn.
0 Timber-eze -2 Stove doors were opened during the test burn.

o Blaze King -3 Fire died after less than 3 pounds of wood were
burned. Sampling stopped after 220 mnutes,

o High Efficiency (BOSCA) -3 Regional power failure ended sampling
after 70 manutes.

These data were not entirely deleted from the results because they can be con-
si1dered useful for test method evaluation,

The dilution tunnel flow criteria were neglected during this test program.
Most flows were greatly 1n excess of the 100:1 to 400:1 range of air to wood

ratios specified in the AgmM procedure. This criteria wasg not used to qualify
or invalidate any samples.

BLANKS

Two types of blanks were collected in the field and submitted to the
laboratory for analysis. Solvent blanks were collected for each solvent and
sample media (filters, XAD-2 moduleg) used for sample collection and recovery.
Those blanks were for use by the lab in making blank corrections.

Those blanks were obtained by charging a sample train as if 1t were an actual
sample. The sample train was then leak checked, sealed, allowed to si1t over-
night and leak checked again. The train blank was then recovered following
sample recovery procedures for the appropriate train types (MMS, OM7 or ASTM).
Tables 8 and 9 present the results of analyses of train blanks, Many of the
train blank results are higher than nermal acceptable levels, The MMS5 water
fraction was consistently high, Since the water used for charging the MM5
trains was from the same container as the water used to charge the OM7 trains
that source of contamination can be eliminated as »~ possibility. As mentioned
in Section 4, the methylane chloride did not appear to be a satisfactory sol-
vent for the materiai collected during sampling., Ineffect)ve sample recovery
using MeCl, may have left residue 1n the sample trains which would then
result in high train blanks.
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TABLE 6. RESULTS OF TRAIN BLANX SAMPLE ANALYSES
GRAVIMETRIC RESIDUE, MILLIGRAMS

Front Back Back Back

Rinse Filter Rinse Water Fllter
TS-0OM7 1.0 0.9 0.1 4.3 0.3
TD-~-OM7 0.7 0.5 1.1 1.7 2,2
BS-0OM7 1.9 0.7 2.5 17.2 0.9
BD-CM 7 2.6 1.3 2.4 9.8 0.3
GS=-0M7 .4 1.3 0.2 .3 0.2
GD-0M7 1.1 0.0 0.9 1.5 1.
HS~-0OM? 1.1 0.9 0.1 4.3 0.3
HD-CM7 2.3 0.0 0.7 0.4 0.3

Front Extract Condensate, Rinse

Rinse Filter XAD, TCO Back Water
TS-MMS 1,2 14.2 0.0 27
TD-MMS 0.5 0.3 0.0 16
BS-MM5 NA NA NA NA
BD-MM5 NA NA NA NA
GS-MM5 1,2 2.2 0.0 31
GD-MM5 0.3 0.0 0.0 23
HS~-MM5 1.3 0.8 0.0 140
HD-MM5 0.9 0.0 6.0 16
FS-B NA NA NA NA
F<-B NA NA 0.3 119

Front Filter Filter
Rinse # 1 & 2

TD-AST™ NA NA NA
BD-AS™™ NA NA NA
GD—AS'IH 103 001 002
HD-AST™ 1.3 0.6 0.4

NA = no analysis or no sample collected
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TABLE 9. RESULTS OF TRAIN BLANK ANALYSES FOR ORGANICS
AND MODIFIED METHOD 5 SAMPLES

TCO Phenol POM

(mg) {micrograms) {micrograms)
TS-BM7 0.0 9.4 0.0
T0~-B 0.0 0.0 0.0
BS-B NA NA NA
BD-B NA NA NA
GS~-B 0.0 26,2 0.0
GD-B 0.0 7.2 0.0
HS-B 0.0 0.0
HD-B 0.0 13.1 0.0
FS-B 0'3 0.0 1809.5
FS-B NA NA HA

NA = no analysis or no sample collected
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DUPLICATE SAMPLES

Duplicate samples were collected to demonstrate the precision of the
sampling methods at each location. Table 10 presents the results of the
duplicate samples 1n units of grams per hour except for the samples collected
in the stack during test bucn H-3, That burn was not completed and no stack
flow rate could be calculated using the Oregon woodstove program. Those
results were calculated using the F. calculations.

DATA PROCESSING QC/QA

One hundred eighteen 1individual sample runs were conducted during this
program. The large amount of resulting data underwent multiple checks to
minimize the number of errors. All data reduction was done twice by two
different data handlers. The two sets of data were then compared. Any Ln~
consistencies resulted 1n a third check of that particular portion of the
data to resulve the discrepency.

The example calculations were prepared by the field team leader and given
to the data processor for input to the computer. Calculations were then done
using a calculator by an engineer not familiar with the project, and the re-
sults compared to the computer output.

EVALUATION OF CEMS DATA - O,, CO5, AND CO

During the sampling program, the CEMS data were reduced as five mimute
averages. As an added QA check, the fuel factor (F,) was calculated accord-
ing to EPA Reference Method 3 (40 CFR 60, Appendix A, July 1985). Reference
Method 3 specifies a range for Fo, of 1.700 to 1,120 for wood. Table 11
presents the average CFMS (0, O;, and 00 values for each test burn and the
corresponding orsat analyses. F, was caiculated for both CEM and Orsat data
for each burn. The Py for mst of the CEMS data were outside the acceptable
range specified 1n the Reference Method. Some of the project participants
are concerned with the accuracy of these data since they are the basis for
calculating stack gas flow rates and heat outputs which are used to calculate
emission rates,

This F, measure had not been identified as one of the validation criteria
in the QAPP. The CEMS criteria were a 5 percent zero drift and a 2 percent
span drift. The effect of these drift allowances on the F, can be signifi-
cant. For example for the test burn for B-4 the CO, was 5.5 percent and the
O, was 14.6 percent. The worst case span drift situations allowable under the
validation criteria would be for a negative 1.9 percent 0, span drift and a
negative 1.9 percent CO5 span drift. 1In this case the average 0 and CO3
values would have been 14.2 percent and 5.1 percent respectively, resulting
in an P, of 1,298 rather than the calculated 1.079. Thus, it appears that
the F, calculation 1s highly sensitive to instrument drift.

The F, is an oxygen balance evaluation. The 1nstrument used for this

test program uses a zirconium oxide detector which operates at a temperature
of 760° C. Oxygen 13 consumed by combustibles in the sample gas at that
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TABLE 10. SJUMMARY OF DUPLICATE SAMPLES (GRAMS/HOUR)(a)

Stack Ditution Tunnel <0 Phenol (X 103) POM_(X_103)
particulate Emissions Participate imissions Dilution Dirlution bilution
MHS OM7 MMS OM? ALTH Stack Tunnel stack Tunnel Stack Tunnel
T-2 3.37
(0.999)
B8-4 7.990
(3.96)
B~1 4.59 2.66
(4.16) (2.34)
B~-5 10.5 13.4 4.47 3.56 0.156 0,0996 0.0877 0.073
(9.1%) (15.3) (3.21) {3.65) (0.150) (0.112) (0.0856) {0.079)
B-2 10.8
1 {10.3)
G-3 32.% 74.8 29.2 G.74% 0.534
(35.0) (53.2) (24.8) (0.655) (0.503)
G-4 ¢ 54.6 109 9.11 19.3
(216) (89.0)H (95.1) (6.46) (16.9)
H-2 8.27
(12.8)
H=-1 9.39 9.85
(2.10) (8.76)
H-3 17.2 56.4 7.50 14.0 0.402 0.549 0.476 1.06
(16.7) {59.6)0 (7.05)Q (20.4)Q (0.252)Q (0.815) (0.252)0 (1.47)Q
-2 22.6L 3.28 0.0815L 0.0371L
(14.9) (2.70} (0.0641) (0.0220)
P-4 23.94 4.034 0.07534 0.0247H
(28.3) (3.94) (0.108) (0.0320)
(a) All data from Table Ja, Section 2.
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TABLE V1. COHMPARISON OF AVERAGE CIMS C0,, O,, AND CO WITH CONCURRENT ORSAT RESULTS (b

Heat Woodstove CHO
Stack Output % Combustion CEM (n) ceM fa Orgsat (%) orsat (a
{Btu/Hour) Efficiency CO,» 04 co Fo CO, O> co Fo_
T=1 10,772 81.9 4.5 6.7 0. 0.942 3.0 17.9 0.0 1.000
T-2 15.006 130.2 2.3 18.0 0.1 1.126 2.3 18.6 0.0 1.000
B-1 11.185 74.5 4.1 16.9 0.1 0.836 4.4 16.4 0.0 1.023
B~2 32.170 79.9 6,3 15.3 0.2 0.912 5.8 14.8 0.0 1.052
B-3 NA NA NA NA NA NA 1.0 19.6 0.0 1.300
B-4 7.220 103.4 3.2 17.3 0.3 1.177 2.0 18.6 0.0 1.150
B-S 22.281 96.1 5.5 14.6 0.1 1,079 1.0 19.6 0.0 1.300
G-1 9.812 71.6 5.6 14.5 1.8 0.980 5.4 13.9 1.6 1.114
G-2 16.587 74.3 6.7 14.1 1.4 0.941 6.0 14.0 0.9 1.065
G-3 13.277 75.7 5.9 14.4 1.5 0.980 S.1 14.3 1.4 1.123
G-4 96.474 23.8 11.0 7.3 1.8 t.141 8.9 1.2 0.0 1.090
H-1 19.511 106.7 4.7 14.5 0.8 1.232 6.8 12.8 0.7 1.127
H-2 7.972 115.9 3.8 15.2 1.0 1.310 3.0 15.3 1.0 1.525
H-3 NA NA NA NA NA NA 6.4 1247 1.0 1.176
H~4 13.999 87.3 5.5 14.3 1.1 1.091 6.7 13.6 0.9 1.020
H-5 40.59 87.7 7.7 11.8 1.0 1.047 10.1 8,2 1.7 1.148
F=-1 29.22) 100.3 5.9 14.1 0.3 1.128 7.0 13.6 0.1 1.043
F-2 8.752 110.9 4.5 15.4 0.2 1.201 S.4 14.6 0.1 1.155
F-3 23,570 96.5 5.9 14.4 0.2 1.082 6.1 13.4 0.1 1.218
F-4 14.273 105.9 4.7 15.2 0.3 1.176 4.1 14.2 0.4 1.533

(a  calculated according to 40 CFR 60, Appendix A, Reference Method

= 20.9 =(\ O5 = D.5% CO)
(\a)2+\CO

Fo

(b CEMS data were corrected for zero and span drifts.

NA Insufficient data were collected to complete these calculations.



temperature which results 1in low oxygen readings. Preliminary testing done
showed C, through C, hydrocarbons on catalyst and non-catalyst equipped
woodstoves averaging 1.0 milligram per liter of flue gas. This could result

in a 1:1 decrease 1n detect:d O, for each carbon combusted in the detector
furnace. Errors in tne CCM:i measurements would result in errors in the stack
gas flows calculated using the CHO balance which would result in a proportional
and direct error in the calculated MM5 and O47 stack emission rates. Since the
dilution tunnel flows were measured using a standard pitot tube, errors in

the CEMS would not cause an error in those emission rates, It can be assumed
that combustible levels in emissions from non-catalyst stoves would be signifi-
cantly higher than those from catalyst-equipped stoves.

EVALUATION OF SO, TRACER GAS MEASUREMENTS

The Oregon DEQ Standard Method for Measuring the Emissions and Efficierncies
of Woodstoves (June 8, 1984) recommends the use of sulfur dioxide as a tracer
gas for detemmining the stack gas flow rate and for maintaining proportional
sampling in the stack. Many problems were experienced with span checks of the
tracer gag analyzer. It was finally determined that the 50, was apparently
reacting with other components of the flue gas including material condensed in
the SO, sample line or material collected on the filter. Span checks were
erratic. 7The SO, concentrations have an effect on the output of the Oregon CHO
balance calculation. Increasing the SC, concentration entered into the calcula-
tion increases the stove heat output, the percent oxygen and overall combustion
efficiency while decreasing the wood cambustion efficiency, stack gas flow rate,
and percent CO,. Inaccurate SO; measurements precluded reliable proportional-
sampling 1n the stacke.

RESULTS CALCULATED USING ORSAT DATA AND F FACTOR

Table 12 compares the stack flow and heat output data used for calculating
results presented in Szction 2 tables 1a, 1b and 1c with the stack flow and
heat input values calculated using Fo factor calculations as presented 1in 40
CFR 60.45. The dry fuel conposition was assumed to be 51 percent carbon, 7.3
percent hydrogen, and 41 percent oxygen as described in the Oregon procedure.
Fc was calculated using the heat content determined for each crib used during
the test program (Apperdix D). The resulting heat input and stack flows were
used to calculate the results summarized in tables 3a, 3b and 3c of Section 2.

MOISTURE DETERMINATIONS IN THE STACK

Moigsture deteminations were made in conjunction with MM5 and (M7 using
procedures following EPA Reference Method 4 (40 CFR 60, Appendix A). In ad-
dition, wet bulb/dry bulb measurements were made as required by the Oregon

procedure. Table 13 summarizes the moistures for each run.

OTHER CONSIDERATIONS

Pollosing 13 a list of events which occurred during the sampling program
and which should be considered when evaluating the results.
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TABLE 12. HEAT INPUT AND GAS FLOWS CALCULATED USING F¢ FACTORS AND
WOOD HLAT CONTENT CCMPARED TO HEAT OUTEUT AND GAS FLCWS
CALCULATED EY OREGON STOVE COMBUSTION PROGRAM

Oregon Program F. Factor
Run Heat Output Stack Flow lleat Input Stack Flow
Stove Number {Btu/hr) (sM3/hr) (Btu/nr) {sM3/hr)
Timbereze 1 10,772 16.4 17,285 29.7
2 15,006 7.8 23,218 52.0
Blaze King 1 11,185 19.8 20,898 24.5
2 32,170 35.3 53,615 47.2
3 a a 6,620 17.4
4 7,220 20.1 11,607 26.7
5 22,281 27.9 31,964 29,90
Lakewocd 1 9,812 10.3 17,148 12.6
2 16,587 15.2 29,004 20.9
3 13,277 13.8 22,667 18.1
4 96,474 58.2 139,443 68.5
Bosca 1 19,511 32.2 28,082 19.6
2 7,972 15.4 10,466 13.8
3 a a 11,447 8.3
4 13,999 16.3 21,299 14.2
5 40,5M 32.0 64,001 28.5
Tsher 1 29,223 34.7 38,911 33.3
2 8,752 13.9 10,621 12.0
3 23,570 26.4 30,279 26.5
4 14,273 21.6 18,500 19.8

a Tegt burn was not complete. No Oregon Program rune

b calculated using average CO, and CO from CEMS because Orsat had apparently
jeaked during the test.

¢ r om? CO, . 20.0 (% C in wood)
J [e&h 4

where: GCV = higher heating value of wood

Fc stack flow = Fg X J X 100%
hour % C0; + 8
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ABLE 13.

COMPARISON OF MOISTURE DETERMINATIONS IN TdE STACK GAS AS

MEASURED BY MM5, WET BULB/DRY BULB, AND (M7

Burn Heat Output Burn Rate Stack Morgture (%)
Number Stove (Btu/hour) (dry) (kg/hr) MMS5 WB/DB oM7
1 Timber-eze 10,772 0.9 6.6 5.0 7.1
2 Timber-eze 15,006 122 3.8 4.0 8.9
4 Blaze King 7,220 0.60 6.8 2.0 8.1
1 Blaze King 11,185 1,06 8.1 7.1 7.2
(7.1)
5 Blaze King 22,281 1.64 6.2 7.0 9.5
(7.9)
2 Blaze King 32,170 2.77 6.8 4.0 10.8
(9.3}
3 Blaze King NC NC 3.9 NC 5.5
1 Lakewood 9,812 .89 6.8 5.0 8.6
3 Lakewood 13,277 1.17 8.7 7.0 9.9
(11.8)
2 Lakewond 16,587 1. 9.4 5.0 11.0
4 Lakewood 96,474 7. 18.5 12.0 19.5
(14.0)
2 Bosca 7,972 0.54 6.5 5.0 9.1
4 Bosca 13,999 1.08 10.2 3.0 9.3
1 Bosca 19,511 1.51 9.6 6.0 18.6
(8.7)
S Bosca 40,59 3.10 13.1 3.0 14.5
3 Bosca NC NC 13.5 NC 9.6
(27.6)
2 Fisher 8,752 0.55 5.7 9.6 6.8
4 Fisher 14,273 0.95 4.5 6.8 7.9
3 Fisher 23,570 1.58 5.5 7.9 7.9
1 Fisher 29,223 2.02 5.5 7.9 9.6

8 Numbers in parenthegses indicate results of duplicate runs.

NC - Not calculated because of insufficient data from partial test burn,
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2.

3.

8.

9'

10.

1.

12.

13.

14.

15.

TS-MM5-1:

TD-MM5-1:
TD-0M7-1:

TD-AST-1:

TD-AST-2:

BS-0M7-1:

BS-0M7-2Q:

“U-0M7-2:

BD-MM5-5
BD~OM7-5
BD-AST-5
BD-MM5-5Q:

BD-MM5-5Q:

BD-OM7-5:

GD-0OM7-1:

HS=MMS=-1:

H-3:

T=-1:

Tube came loose from meter box coarse adjust valve. Sam-
pling ended i1mmediately. Tube repaired and train leak
checked.

Silica gel spent.

Lost power 3 times for a total of 16 minutes. Test ~ut
short due to a fourth power loss.

Data recorded at 5 minute intervals rather than on a
percent of fuel burned basis.

Data recorded at 5 minute intervals rather than on a
percent of fuel burned basis.

Second filter tore during run, probably during pretest
leak check.

Second filter installed backwards in sample train.

pump failed after 134 minutes. A second meter box was
used for the duration of the test. Six minutes of sample
time were lost. Meter gamma was corrected by proportion-
ing the two calibrations based on percent of the respec-
tive gas volumes.

M7 filter heater failed. All dilution tunnel samplers
shutdown for 70 minutes while repairs were made. Sam-
pling restarted simultaneously. Stack samplers continued
operat:ng during the shutdown.

Operator failed to record meter temperature. Meter tem-
perature estimated to be 95° for the test.

Operator failed to record meter temperature for first 13
readings of 35 reading test. Average recorded readings
used for calculations.

Lost power after 5 minutes of sampling. Power restored
and testing resumed after 5 minutes downtime.

After testing was completed the elbow between the con-
denser and XAD module was broken as the operator was
removing the sample train from the stack. No post-test
leak check was conducted.

Lost power to samplers and stove scale. Test ended after
70 mimates of burn.

Stove charged, doors were closed then testing started.
Sixty minutes into the test, power was lost to the scale
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16.

17.

T-2:

B-3:

and the scale automatically rezeroed itself. Readings
continued adding the final weight, prior to the power
lecss, to the scale reading. Stove doors were opened for
S minutes after 65 minutes of burn. Stove doors were
opened rfor 6 mirutes after 30 minutes of burn. Stove
doors were opened for 1 minute after 400 minutes of burn.

Stove doors open for first 10 minutes of test. Stove
doors opened for 5 minutes after 65 minutes of burn.
Stove doors opened for 5 minutes after 125 minutes of
burn. Stove doors opened for 3 minutes after 161 min-
utes of burn. Stove doors opened for 1 minute after
305 minutes of burn.

Fire died after 220 minutes. Less than 3 pounds of wood
burned.
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1.0 INTRODUCTION

In an effort to provids heating at a cost lower than the combustion
of fossil fuels, woodstoves are becaming increasingly popular. However,
when woodstoves are used, products of both compiete and incomplete
combustion of wood are emitted. Three sampling methods are currently
being used to collect samples to characterize woodstove emissions:
1) the EPA Modified Method S5 (MM5) sempling train; 2) the Oregon
Method 7 (OM7) for sampling condensible emissions from stationary
sources apparatus; and 3) the draft ASTM dilution tunnel method. The
first two methods both collect a sample directly from the stack, while
the third method requires dilution of the entire stack flow first, with
subsequent collection of a sample from these diluted gases. For the
Moditied Method 5 sampling train, the following components are analyzed:
probe wash, filiters, XAD-2 resin, XAD-2 cartridge rinse, condensate,
condensate impinger rinse, {impinger water, and impinger rinse. For
Oregon Method 7, the following comnonents are analyzed: probe wash,
filters, impinger water, and impinger rinse. For the ASTM dilutfon
tunnel, filters and probe wash are analyzed. The analytical
determinations will be GRAV (gravimetric analysis), TCO (determination
of total chromatographable organic content), and
qualitative/quantitative determination of polynuclear organic materials
(POMs) using capiliary GC/MS techniques.

A-5



2.0 PROJECT ORGANIZATION

The organization of the personnel involved 1in the woodstoves
project is depicted in Figure 2-1. The Radfan Pragram Manager was Susan
Fernandes, and the Project Director was Edward Messer. The Project
Director was responsible for coordinating all analytical tasks through
the direct involvement of task leaders. The task leaders served
complementary roles in areas of project coordination, overseeing sample
preparatfon, gas chromatography (TCO) and gravimetric (GRAY) analysis,
GC/MS, quality control, and data analysis and valfidation. The three
task leaders were Joann Rice (GC/TCO), Ed Messer (GRAV/Sample Prep), and
Joan Bursey (GC/MS). The task leaders also enacted quality assurance
procedures described {n the Quality Assurance Project Plan with
supervisfon by and coordination with both the Project Director and
Quality Assurance (QA) officer. The Quality Assurance Staff consisted
of Donna Holder (QA Officer) with assistance from Deborah Berson (QA
Assistant). The overall laboratory project was reviewed periodically by
Jim McGaughey and Denny Wagoner, who served as Senior Technical Advisors
for this project.



Robert C. McCrillis

U.S. EPA
Project Officer

Stan Dzierlenga

Division Manager

James Kamas
Susan Fernandes

Program Managers

Edvard Messer

Project Director

Donna Holder

QA Officer

Deborah Benson

QA Assistant

Senior

Denny Wagoner
Jim McGaughey

Technical Advisors

|

Edward Messer, Task Leader

Sample Preparation

Joann Rice, Task Leader

Joan Bursey, Task Leader

TCO/GRAV GC/MS
t
+ Zobel . Porch
. Diida . Cole
J. Cassidy T. Moody
Figure 2-1. Radian project organization.
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3.0 TECHNICAL APPROACH

3.1 SAMPLE PREPARATION

The sample preparation was performed as shown in Table 3-1. The

samples weroe provided by Engineering Science and consisted of the
following:

Modified Method 5 - MeCl, and MaOH probe washes, filter(s), XAD-2

resin, MeCl, rinse of XAG-Z cartridge, condensate, MeCl, rinse of
condensate Zlmpinger. impinger water, and MeCl2 rinse “of the
impingers.

Qregon Method 7 - Probe wash (acetone), front filter(s), impinger
vater, impinger rinse (acetone), and back filter(s).

ASTM - Filters and probe rinses.

The field sampling program consisted of four burns from each of
five stoves for a total of twenty burns; additional duplicate burns
increased the total to a maximum of twenty-four. Each burn produced 6ne
MM6 and OM7 taken in the stack, and one MM5, OM7, and ASTM taken in the
dilution tunnel for a total of five sample sets. For QA purposes
selected burns employed dual MM6s in the stack which resulted in as many
as seven sample sets for analysis. The sample collection period was
during the months of September, Octobers and November. Engineering
Science recovered the sampies at the test facility and delfivered them,
with the proper documentation, to Radian's RTP laboratory.

The analysis of OM7 samples followed procecures published by the
state of Oregon as shown 1in Figure 3-1. Analysis of ASTM samples
folloved the procedures defined in the draft standard method and as
depicted in Figure 3-2. Aralysis of the MM5 samples followed published
AEERL Level 1 procedures with the following exceptions:



Table 3-1. SAMPLE FREPARATION
TRAIN
COMPONENT OREGON METHOD 7 EPA MODIFIED METHOD 5 ASTM
PROBE DESICCATE AND DESICCATE, WEIGH
WASHES WEIGH EXTRACT WITH FILTER DESICCATE AND WEIGH

DESICCATE, WEIGH
FRONT DESICCATE AND EXTRACT WITH PROBE
FILTER WEIGH RESIDUE DESTCCATE AND WEIGH
SOXHLET EXTRACTION BY

XAD-2 NA LEVEL 1 PROCEDURE NA
CONDENSATE LIQUID PARTITION
incl, rinse NA EXTRACTION BY LEVEL 1 NA
IMPINGERS EXTRACT BY EXTRACT ®ITH
fncl, rinse OREGON PROCEDURE CONDENSATE NA
BACK DESICCATE AND
FILTER HEIGH NA NA

Analysis Matrix for Stack Samples

Level 1 Level 1 Oregon
Sampl ing Soxhlet Partition Partition
Method Weighing Extraction Extraction Extraction TCO GRAV ~ POM
MM 25 50 25 -- 25 25 25
oM? 50 - -~ 25 -- 25 -
Analysis Matrix for Dilutfon Tunnel Samples

MM 25 50 25 - 25 25 25
oM7? 25 - -- 25 -~ 25 --
ASTM ~715 - -- - - - --
Total ~200 100 50 50 50 100 50
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PM Oregon Method 7 (OM=7)
Front Half Probe Rinss/250° Filter Back Half Impinger Solution/Back Filter
F1 BM I-'2
Probe Acetone Rinse Filter Impingor Water w/MC Rinse Filter
Extract Water with
Dry; Weigh Dry; Weigh Chicroform/Ether Dry; Weigh
Mass Mass Dry; VWeigh Mass
Mass
OM7_Method
PR - Probe Rinse Acetone Back Half Impinger
PM - Prabe Rinse MeCl, Acetone Rinse

F1 - Front Filter
F, - Back Filter
Bﬁ - Back-half Impinger Water

BM - Back~hal f MeCl,, Impingar Rinse
BR - Back~half AcetBne Impinger Rinse Dry; weigh

Mass

Figure 3-1. Oregon Mathcd 7 sample fraction- and analytical matrix,
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ASTM Mathod

Front Half Probe Rinse/Filters

“N T N
ND N,
PM Probe Acetone/Methanol Rinse Filter #1 Filter #2
Dry; Ory; Weigh Dry; Weligh Dry; Wetgh
Weigh
ret——
Mass Mass ' Mass l Mass

ASTM METHOD
PR - Acetone/Me0H probe rinse
PM - MaCl, probe rinse
F1 - Firs% Filter
Fz - Second Filter

Figure 3-2. ASTM sample fractions and analytical matrix.




l.  Probe washes were dssiccated at room temperature and weighed.
2. The filters were desiccated at room temperature and weighed.

3. The dried probe residues and filters were combined and Soxhlet
extracted with methylene chloride.

4. The XAD-2 resin and XAD-2 cartridge rinse were placed in a
Soxhlet and extracted according to Level 1 procedures.

5. The condensate, condensate impinger rinse, impinger water, and
impinger rinse were combined and extracted by the Level 1
partition procedure,

6. The extracts from steps 4 and 5 were combined and then
analyzed for TCO, GRAV organics, and selected polynuclear
organics as shown in Figure 3-3,

3.2 ANALYSIS

The Total Chromatographable Organics (TCO) method was used to
provide semi-quantitative data on the sample extracts for organic
compounds with boiling points between 100°C and 300°C. This method is
based on separating the components of a mixture in a GC column and
measuring tho separated components with a Flame Ionization Dectector
(FID). Quantitative calibration of the TCO procedure for the purpose of
mass determination was accomplished by the use of mixtures of known
concentration of the normal hydrocarbons decane, dodecane, and
tetradecane. The peak area due o the FID response of the sample
extract was summed over a TCO retentfon time window (C7 to C17) and a
corresponding TCO value (mg/m.) was determined from the caltbration
curve.

The gravimetric (GRAV) method was used for the quantitation of
organic compounds with boiling points of 300°C and greater. This method
is applicable to organic Viquids, solid sample extracts, aqueous
extracts, and extracts from the Modified Method 5 sampling train sorbent
module. The analysfs was performed after the sample materifal was
concentrated in order to have sufficient GRAV material to weigh 1n an
accurate manner,

Qualitative and quantitative analysis was performed by high
resolution capfllary gas chromatography/mass spectrometry for the target
compound: 1isted 1in Table 3-2, Quantitation standards were
dlo-phenanthrene and dlz-chrysene; these compounds were added to the
samples immediately prior to analysis,
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e ® @\ b e
l MeCi; /MoCIz RINSE MeCiy
PROBE AINSE CONDENSATE RINSE
WASH FILTER IMPINGER IMPINGER DRY
MoCly WEIGH
XAD 2 CONDENSATE | | | IMPINGER H20
(comsme ) MASS
DESSICATE DESSICATE
ROOM TEMP ROOM TEMAP
WEIGH TO WEIGH TO
NEAREST NEAREST
01mg 0 1mg
COMBINE ((comsing) COMBINE )
SOXMLET SOXHLET SEPARATORY FUNNEL
MaCly MaCly pH 2+ 12
ADJUST VOI COMBINE AND ADJUST
T010m! VOLTO 10 m!
L ]
PRELIMINARY PRELIMINARY
COMBINE 7C00 1 mg/m! GRAV MIN 1 0mg
£QUAL VOLUMES I’
T ADJUST VOL ADJUST VOL
{F NECESSARY, IF NECESSARY,
REPEAT TCO REFPEAT GRAV
ADJUST CONC
IF NECESSARY MM6 FRACTIONS
PR - MeClz PROBE RINSE
T F - FILTER
SURROGATES COLUMN X - XAD 2 RESIN AND MeClz RINSE
CHROMATOGRAPHY C - CONDENSATE AND MeCi2 RINSE
[ IF NECESSARY BH - BACK-MALF IMPINGER M3 AND
#eCl2 RINSE
GC/ME FOR PM - MoOM PROBE RINSE--ONLY FEW
POMs SAMPLES COLLECTED

Figure 3-3 EPA MM5 sample frgctions and analytical matrix.




Table 3-2. TARGET COMPOUNDS FOR QUANTITATIVE ANALYSIS BY GC/MS

acenaphthene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b) fluoranthene
benzo(g,h,1)perylens
berzo(k) fluoranthene
chrysene
dibenzo(a,h)anthracene
fluoranthene

fluorene
indeno(1,2,3-cd)pyrense
naphthalene
phenanthrene

phenol

pyrens

1-nitronaphthalene
9-methylcholanthrere
cartazole

acridine
9-phenanthrol
pyrenequinone
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Samples were analyzed by a Finnigan 4500 GC/MS data system with a
DB-5 fused silica capillary column (30 ms 0.32mm ID, 1 u film
thickness)., Chromatograpnic condi{ions were selected to optimize both
peak resolution and analysis time. The mass spectromster was tuned to
meet criteria for dacafluorotriphenylphosphine (DFTPP), No samples were
analyzed until tune criteria were met. Target compounds were 1dentified
using characteristic {ons and retention ti.es established by the
analysis of standards. The analysis was performed in the full scan
mode. Analytfcal conditions are shown in Table 3-3,

The GC/MS was calibrated by analyzing a solution containing
quantitation standards and target compounds. The target compounds were
put into the calfibration solution at five concentration levels and each
solution was analyzed to establish a response factor database.
Quantitation of compounds was performed by the method of relative
response factors. An estimated quantiffable 1imit for the compounds of
interest 1s shown {n Table 3-4. This is a quantifiable 1imit for the
GC/MS 1{nstrumentation only, not for the method. The numbers in the
table were obtained by looking at the system response for the
lowest-level calibration sample and determining the number of area units
obtafned per nanogram of compound (assuming 1inearity of system response
from 5 to 1 ng). The number of area units per nanogram was then
multiplied by an appropriate factor (i.e., number of nanograms) to
obtain a value in the range of 1000-1500 area units, which {s usually
readily reproducible upon repeated injection by the analytical system.
Note that the number 1s representative of the Quantifiable Limit, not
the Limit of Detection. A determination of the quantifiable 1imfit for
the overall method would require a determfnation of compound recoveries
over the range of interest and incorporation of this recovery factor
into the determination. Dafly analysis inciuded a demonstration of
DFTPP tune, daily calibration check, a quality control sample, and
analytical samples,

In addition to the qualitative/quantitative analyses performed for
the 1ist of target compounds, two of the sample extracts were
characterized in order to obtain an indicatfon of the types of compounds
present in the samples. The qualitative analysis was performed by a
semi-automated method. The sample peaks were selected by a computer
program developed by Lynn Wright (EPA, RTP). The peaks selected by
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Table 3-3.

GC/MS ANALYTICAL CONDITIONS

Instrument:

Column;

GC Program:

Emission Current:

Electron Energy:

Separator Oven Temperature:
Transfer Line Temperature:
Injector Temperature:
Manifold Temperature:
Injection Mode:

Scan Cycle:

Column Head Pressure:

Finnigan MAT 5100

3Cm DB-5 wide bore (0.3Zmm), thick
film (1 u) fused silfca capillary

45° (4 m1n), 290°C at 10%min, hold
at 290°C

0.3 mA

70 eV

290%

290°

290°C

105°%

Splitless 0.6 min, then 10:1 split
0.95 s scan, 0.05 hold

& psi
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Table 3-4.

ESTIMATED QUANTIFIABLE LIMIT

Lompaund

phenol

naphthalene
acenaphthylene
acenaphthene
fluorene
nitronaphthalene
phenanthrene
anthracene

acridine

carbazole
fluoranthene
phenanthrol

pyrene
benzo(a)anthracene
chrysene

benzo(b) fluoranthene
benzo(k) fluoranthene
benzo(a)pyrene
methylcholanthrene
benzo{(gshs 1) perylene
dibenzo(a,h)anthracene
indeno(1,2,3=cd) pyrene
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Dr. Wright's program were ploited in an automated mode and a 1ibrary

" search against the 40,000 compound NBS reference 1ibrary was obtained,
The spectra and results of the library search were inspected and manual
interpretation was superirposed upon the automated computerized
interpretatfon. The data are reported as scan number, compound(s)
fdentified at that elution time, and three parameters reported from the
NBS 1ibrary search algorithm which afd in estimating the quality of the
fdentification. However, 17 a compound was not fdentified in the
1ibrary search, the results are reported as (manval). It 1s also
important to keep in mind that the Purfity and Rfit criteria are
determined by the spectral integrity. That is, {f components coelute,
these parameters can be quite low because the spectrum does not
represent a pure component. However, the fdentification can still be
entirely valid., Results of the qualitative analysis are reported in
Tables 3-5 and 3-6.

3.3 SAMPLE PREPARATION PROTOCOL

Each of the three sampling methods (OM7, ASTM, and MMG) have
specific analytical schemes which are outlined as flow diagrams in
Figures 3-1 through 3-3.

Flow diagram (Figure 3-1) shows the analytical matrix of the Oregon
Method 7 (OM7). As {llustrated this method matrix {s comprised of five
major components: 1) front-half probe rinses (PR and PM); 2) front
filter (Fl): 3) back=half {mpinger water/MeC12 rinses (BH and BM);

4) back-half impinger acetone rinse (BR); and 5) back filter (Fz). The
front-half probe rinses (PR and PM) were combined and evaporated to
dryness 1n a tared beaker, then put {n the desfccator for 24 howrs. The
samples were weighed and checked every 2 hours until constant weight was
established.

The back-half impinger rinse (BR) was treated in the same manner as
the PR and PM rinses - desficcated, dried, and weighed until constant.
The back=-half impinger solutions (BH and BM) were combined and put into
separatory funnels (the bottles rinsed with distilled HZO and this
added) and vigorously shaken with 25 mL of chloroform (CHCI3) for one
minute. Fractfons were allowed to separate, and thc lower chloroform
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Table 3-5, SAMPLE 8S-2

acan  Compgund Purity  E{t Rfiz
186 cyclohexene 854 987 863
199 trichloroethylena 954 S90 960
232 3-penten=2-one 965 991 965
240 CQH20 734 876 762
242 2-methylfuran 785 930 809
253 2,3-butanedfone 709 951 739
258 unknown
270 methyl butenoate 262 879 286
275 methyl 2-oxopropanoate 939 972 046
2e8 toluene 952 993 952
297 cyclopentanone 865 977 879
330 furfural 729 856 832
359 C5H602 (manual)
363 tetrachloroethylene 845 874 866
367 C5H402 867 894 964
374 CGHIOO {manual)
381 C6H1202 621 845 654
409 C7H160 (manual)
430 cyclohexencne 710 874 756
435 methyl 2-oxobutanoate 203 931 203
441 ethylbenzene 789 990 789
455 xylene 280 910 302

phenylacetylens (manual)
472 methylcyclohexenone 406 878 439
480 styrene €94 934 699
488 1-{2-furanyl)ethanone 782 286 79C

xylene (manual)
494 2,5-hexanedfone 903 932 950
499 2,3-dihydro=2,5-d{methy1furan 777 883 804
511 pyranone 326 950 373

continued
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Table 3-5. continued

Scan Compound Burity it Rfit
520 5,5-dimthey1-2(5H) furanone 737 830 871
535 tetramethylcyclohexadiene 762 974 762
551 1-(acetyloxy)=-2-butanone 769 808 816
555 C6H1003 906 978 919
560 methylfurancarboxaldehyde 590 922 624
benzaldehyde (manual)
582 clOH16 528 934 545
benzonitrile (manual)
587 C3-a1ky1benzene (manual)
CBHIZO (manual)
595 phenol 909 088 919
616 CmH16 709 994 709
622 benzofuran 893 948 840
627 C10H16 798 993 798
635 unknown
642 C6H802 862 998 862
655 cyclohexenylethanone 604 815 674
658 CaH14 716 901 716
662 C3-a1ky1benzene (manual)
fndane (manual)
666 C4-a1ky1benzene 613 82 613
hydroxybenzaldehyde 411 969 422
678 CwH16 841 971 841
684 cresol 578 976 587
indene (manual)
693 acatophenone 637 041 658
C8H120 (inanual)
698 methylbenzaldehyde 856 993 861
708 cresol 897 987 897
713 methylbenzaldehyda (manual)

continued
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Table 3

<5, continued

Scan Compaund

723
738

745
751
756
769
776

783
789
798
804

809

814

819
826
836
839
845

854
869
879
895

trimethylcyclopentenons

dimethylstyrene

hydroxymethylpyranone

dimethylphenol
methylbenzofuran
phenylpropenal
Ca“12° (manual)
ethylphenol

C4-a1ky1benzene

methylhydroxybenzaldehyde (manual)

C1oMe
dimethylphenol
propylphenol
benzoic acid

methylindan (manu

al)

dimethylphenol (manual)

methylindan (manu
pentanoic acid (?
Cd-a1ky1benzene {
dimethylphenol
methylacetophenon
ethylbenzenediol
naphthalene

C1oMi6

C1oM160
phenylpropenal
dimethylbenzofura
C3-a1ky1phenol
ethylbenzoic acid

al)
)

manual)

e

n

784
432
419
461
695
547

416
413

797
886
500
412

287

367
756
781
880
403
531
752
616
670
747

942
930
920
957
961
959

909
959

978
995
944

937

905

938
935
927
974
912
942
973
951
985
843

792
454
438
472
718
567

433
420

807
886
511
432

299

387
806
781
895
430
561
752
633
670
770

\

ccntinued
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Table 3-5. continued

acan  Compauod

907

915
921
930
948
963
972
990
995

1002
1013
1019
1029

1036

1042
1050

1060

1063
1077

1084

1089
1093

methylbenzenedfcarboxaldehyde
hexanoic acid (?)

{ndanone
dihydroxyacetophenone
hydroxybenzaldehyde
methylnaphthalene
methylnaphthalene
dimethoxyphenol
methoxypropenyliphenol
C6-a1ky1benzene (manual)
decanoic acid

Cl3H10 (manual)
hydroxymethoxybenzaldehyde
biphenyl

CQHBO (manual)
C7-a1ky1benzene (manual)
dimethylbenzofuranone
dimethylnaphthalene (manual)
carboxylic acid (manual)
acenaphthene

benzopyranone
dimethyltetralin

013H10 {manual)
dimtheylnaphthalene
ethylitetralin
dimethylnaphthalene
acenaphthylene

CIOHIICOZH {manual)
hydroxymethoxyacetophenone
C6-a1kylbenzene

561
229
734
671
782
7317
791
348
744

488

885
e1l

410

367
378
332

459
302
305
595

804
615

£

937
894
980
994
925
959
981
868
997

976

993
995

951

882
932
953

885
744
736
945

980
974

Rtit

596
236
746
671
844
765
794
401
744

491

888
811

420

400
404
339

513
381
386
618

817
620

continued
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Table 3-5., continued

1108
1115
1123
1139
1159
1167
1172
1180
1192
1203
1216
1221
1232
1300
1303
1335
1338
1345
1350
1389
1430
1437
1440
1485
1504
1516
1524
1538

Compaund

naphthofuran
naphthalenecartovaldehyde
hydroxymethoxyphenylpropanons
dibenzofuran

dodecanofc acid

CnH1602 {manual)

phthalate est2r (manual)
naphthofuran

fluorene
C3-a1ky1naphtha1ene (manual)
hydroxymethoxybenzeneacetic ~cid
methyldibenzofuran
biphenylcarboxaldehyia
fluorenone

tetradecanoic acid
dlo-phenanthrene (manual)
phenanthrene

anthracene (manual)
dimethylacetophenone
heptadecanol

phthalate ester
hexadecanofc acid (manual)
014H27CH0 {manual)

unknown

C16H290H0 (manual)
hexadecanol

pyrzne (manual)

CI7H3ICH0 (manual)
fluoranthene (manual)

128
483
740
9.5

788

392
629

724
696
8ng

824

749

863

378

824
904

803

ATA
9°3
968
912
a7v
998

957
946

947
964
93¢
953
989

987

948

978
991

991

134
483
801
917
"u8

392
652

724
719
£/9
862
750

870

288

826
905

805

continuad
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Table 3-5. concluded

1546
1562
1590
1606
1615
1619
1632
1645
1698
1751
1768
1855

Compgund

018H330H (manaul)
dodecanediol
hydrocarbon
N-phenylnaphthylamine
C4-a1ky1phenanthrene
C18H33CH0 {manual)
oxygenated compound
oxygenated compound
docosane
dlz-chrysene (manual)
diisococtyl phthalate

naphthalenylbenzothiophene

791

830
618

808

9i8
308

986

971
877

960

977
670

797

830
684

8317

937
425
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Table 3-5, SAMPLE GS-2

190
210
223
34
242
256
261
278
291
302
333
361
367
377
383
391
404
411
424
433
437
442
456

464
474
481

489

Compound

C6M10

2,5=>1{meth:1furan

methyl butancate
3-penten-2~one

C9"20

2,3-butanedione
2,2-dimethylpropanoic acid
methyl 2-oxoprcpanoate[C4H603]
toluene
2-methyltetrahydrofuran=-2-ol
furfural

methv1furan

Ccky0, [2H-pyran=2-one])
unknown
l=(1-methylethoxy)=2-propanone
cresol (7 #'utfon too soonl)
2=-cyclohexen-s=-one
1,2-ethanedicl diacetate
2,4~hexadienal
cyclohexenone

06H12° {manual)

ethylbenzene

xylene

phenylacetylene (manual)
pentenoic acid (manual
CeM14

styrene

C6H8 (manual)

xylene (manual)
1,(2=-furanyl)ethanone

Purity

902
831
816
968
737
721
674
891
955
718
715
431
818

541
406
470
848
718
123

820
501

663
685

663

990
902
898
992
889
947
843
916
994
821
864
947
880

791
864
843
956
862
903

992
978

740
984

964

902
912
894
968
765
759
123
900
955
860
807
431
818

632
431
492
866
769
747

820
509

734
690

705

continued
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Table 3-6. continued

496
501
522
533
551
555
560

588

596
608

616
623
629

636
642

649

655

659

663

667

678

685

Gampound

2,5-hexanedione
cyclohexanone
5,5-dimethyl-2(5H)=furanone
C7H100. C7H120 {manual)
CBHIBO (manual)
l-acetyloxy-2=-butanone
Semethyl-2-furancarboxaldehyde
benzaldehyde
Cs-alkylbenzene

C8H12° (manual)

phenol

methylstyrene
C3-a1kylbenzene

C7H110H0 (manual)
benzofuran

methylstyrene
Ca-alkylbenzene (manual)
09H140 {(manual)

06H802

(Z-hydroxy-3-methy1-2-cyc1openten-l

methylanfsole
1-(1-cyclcohexen=-1-y1) ethanone
C7H100 {manual)
benzeneacetaldehye
methylstyrene (manual)
hydroxybenzaldehyde
C4-alky1benzene

C10t16

CBHIZO (manual)

cresol

tndene (manual)

899
849
790

932
583
291
542

939
602
470

767
775

875

-one)

825
686

393

616

404

474

746

AL

930
884
852

978
921
850
976

999
942
889

936

995

997

991
851

843
994
937

970

996

Rfit

950
896
902

944
620
319
551

939
633

474

g16

775

8715

825
761

464
616
410

474

746
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Table 3-6, continued

Scan  Compound Pucity
693 acetophenonse 716
unsaturated C4-a1ky1benzene (manual)
698 methylbenzaldehyde 795
708 cresol 914
713 methylbenzaldehyde 552
723 trimethylcyclopentenone 786
729 CIOHIZ 408
732 methyl benzoate 485
unsaturated C4-a1ky1benzene (manual)
139 hydroxymethylpyranone 859
unsaturated C4-a1ky1benzene 811
745 dimethylphenol 623
propynyloxybenzene 452
751 3-phenyl-2-propenal 772
156 methylibenzofuran 838
761 C10H10 330
Cngoo (manuatl)
769 C9H180 584
776 ethylphenol 563
C4-a1kybenzene (manual)
methoxybenzaldehyde (manual)
/83 C3-a1kylpheno1 435
C4-a1ky1benzene (manual)
09H16 (manual)
789 dimethyiphenol 902
798 propylphenol 562
802 trimethylphenol 125
806 ethylphenol 315
809 dimethylphenol 712
CwHlo (manual)

Eit
943

991
988
935
938
840
935

986
975
990
983
991
968
835

926
971

909

992
955
757
926
983

Rfiz
741

799
914
5e9
795
470
511

859
826
623
452
712
862
381

584
570

458

902
569
929
880
112

continued
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Table 3-6. continued

Scan Compaund Burity - B4  Rfit
813 010H16° (manual)

methylacetophenone 562 865 617
820 dimethylphenol 437 942 460
826 methylacetophenone 791 933 841
836 demethoxybenzene 681 959 691
839 naphthalene 946 980 963
843 S=(hydroxymethy1) furancarboxaldehyde 844 976 B854
849 trimethylphenol 756 955 787
854 chao 432 966 432
861 dimethylbenzofuran 572 888 592
£69 dimethylbenzofuran 655 970 663
879 ethylmethylphenol 81l 997 811
883 bifuran 531 969 537
891 dihydrobenzopyranol 434 845 471
897 3-methyl~1,2=-benzenediol 716 947 716

03-alky1phenol (ranual)
907 2-methyl-1,4-benzenedicarboxaldehyde 773 942 784
915 indanone 838 979 851
921 dihydroxyacetophenone 697 985 702
924 methylbenzenediol 783 974 794
929 hydroxybenzaldehyde 693 969 712
935 C4-a1ky1phenol (manual)
948 2-methylinaphthalene 757 958 786
950 hydroxymethylacetophenone 601 887 882
959 unsaturated Cs-alkylbenzene 316 961 327
963 1~methylnaphthalene 781 972 793
990 methoxypropenylphenol 670 995 67C
996 C6-a1ky1benzene (manual)

°10"14°2 {manual)
1002 methoxypropylphenol 788 923 819

certinued
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Table 3-6., continued

agan - Lompauad Burity £ R{L
1007 hydroxybenzoic acid 359 921 369
1014 hydroxymethoxybenzaldehyde 869 994 869
1019 biphenyl 708 975 719
1029 trimethylbenzaldehyde 426 955 426
1039 CBHISCOZH (manual)

1050 CIZHIO 378 880 408
1060 dimethylnaphthalene 464 908 487

dimethyldecalin (manual)
unsaturated Cs-alky1benzene (manual)

1063 dimethylnaphthalene (manual)

Cs-alkylbenzene (manual)
1065 ethenylnaphthalene 876 924 932
1069 methoxypropenylghenol 798 986 798
1075 09H19C02H (manual)
1084 biphenylene 735 977 740
1089 hydroxymethoxyacetophenone 789 993 793
1093 C6-a1ky1benzene 584 949 600
1108 diphenyimethane 391 873 433
1118 naphthalenecarboxaldehyde 515 978 520
1124 chHZOO (manual)
1139 dibenzofuran 818 979 892
1156 dimethylbenzenebutanoic acid 72 968 721
1161 methyl ketone (manual)
1167 08H7-benzene (manual)
1189 C7-a1ky1benzene (manual)
1192 fluorene 767 958 7€3
1208 methylifluorene 361 824 373
1216 hydroxymethoxyphenylacetic acid 695 939 703
1221 methyldibenzofuran 672 959 694
1232 9H-xanthene 720 929 750

centinued
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Table 3-6, concluded

acan  Lompound Burify  Eit Rt
1238 naphthofuran 445 991 445
1261 biphenylol 745 859 857
1275 anthracene (manual)

1301 fluorenone 578 965 591
1309 methoxyfluorens 378 7166 434
1317 dfbenzodioxin 729 956 756
1324 oxygenated compound

1335 dlOphenanthrens

1345 phenanthrens 756 970 773
1376 nonanediol 594 983 594
1389 pentadecanol 749 969 765
1404 Cngzo 462 872 505
1408 benzocinnoline 834 953 867
1416 methylanthracene 647 498 710
1430 phthalate ester (manual)

1437 methylanthracene (manual)

1440 ClZHZSCHO (manual)

1453 phenanthrenedions 575 871 645
1459 phenylnaphthalens 450 860 515
1497 etheuyloxyoctadecane 389 835 453
1502 016H290H0 (manual)

1516 alkene or aicohol

1524 fluoranthene 781 964 802
1538 pyrene 918 958 953
1613 tetramethylphenanthrene 750 823 874
1619 aldehyde

1644 benzo(c) fluorene 242 749 257
1695 °1o“1z°2 418 894 457
1751 dlz-chrysene

1768 phthalate ester

1985 benzo(a)pyrene 454 565 795
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layer was transferred into a tared beaker. The chloroform extraction
was repeated twice more with addition of the bottom CHC13 layers to the
tared beaker. Extraction was repeated three times on the BH and BM
fractions using diethyl other in place of chloroform. The ether layers
were transferred to the same beaker used for chloroform. The combfned
solvent extract was evaporated to dryness and desiccated 24 hours.
Samples were weighed until constant (<0.5 mg change for two weighings).
The extracted water layers were transferred to separate tared beakers
and evaporated at 105°C to dryness, Samples were next desiccated for
24 hours and weighed until constant. Solvent blanks were determined by
evaporating 75 mL of both chloraform and diethyl ether to a dry constant
veight (<0.5 mg change). The two filters (F1 and Fz) were also
desiccated at room temperature for 24 hours and weighed to constant
value (<0.5 mg change). A1l data were recorded in the sample log
notebook and entered into the Sample and Analysis Management (SAM)
computer program.

Flow diagram (Figure 3-2) shows the analytical matrix of the ASTM
method. As fllustrated this method matrix consists of three major
fractions: 1) the probe rinses (PR); 2) the first fiiter (Fl); and
3) the second filter (F2). In this scheme ar additional probe rinse of
MeC12 (PM) was included, and these were ana’yzed separately in the same
manner as the original probe rinse (PR). The probe rinses were put into
tared beakers and desfccated at room temperature, After reaching
complete dryness the samples wore desiccated for 8 hours. After
obtaining the initfal weight, the samples were wefghed every 2 hours or
until constant (<0.5 mg change). The filters were left at room
temperature for 24 hours and weighed. Then the filters were desiccated
16 hours, weighed, desiccated 2 hours and reweighed. All data were
entered into sample 1og notebook and the SAM computer program,

The final flow diagram (Figure 3-3) shows the analytical matrix for
the Modificd Method S (MMG) procedure. As shown this method matrix
fncludes five major sample components: 1) probe rinse MeC12 (PR);

2) filter (F); 3) XAD-2 resin (X); 4) condensate solutions (C); and §)
impinger solutions (BH). The condensate (C) and impinger rinses (BH)
were combined and 1 Hethod 3530 A/BN extraction performed.
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The XAD-2 resin (X) and MeClz rinses were Soxhlet extracted for 16
hours using MeC12 as the solvent. The XAD extracts wsre added to the
organic fraction from the Method 3530 Extraction (BH and C), and tho
final volume adjusted to 10 mL. Preliminary Gravimetric Analysis (GRAV)
was done on the combined extracts (X, C, and BH) to detemine {f the
GRAV value was less than 30 mg/mL. If necessary, the volume was
adjusted with MeClz until the GRAV value was between 0.1 and 30 mg/mi,
After reaching an acceptable GRAV value, GC/TCO analysis was done,
Again, the volume of the extract was adjusted to maximize the GC/TCO
results. The values fror the GC/TCO analyses were used to determine
correct diiution volumes for the GC/MS samples. This GC/TCO screen also
indicated that a column chromatography step was not warranted. The
probe rinse (PR) in MeC'I2 was evaporated at room temperature in a tared
beaker, desiccated, and weighed to the nearest 0.5 mg, The weighing was
repeated every 2 hours until a constant (<0.5 mg change) value was
reached, The filter was desiccated for 24 hours and weighed. Wefghing
was repeated every 2 hours until constant (within 0.5 mg) weight was
reached. The probe rinse (PR} and filter (F) were combined in a Soxhlet
apparatus and extracted with MeCl2 for 16 hours. The final volume was
adjusted to 10 mL and this fraction was combined in equal parts with the
organic fractions of the XAD-condensate~impinger (X, C, and BH)
extractions,

The final step involves adding quantitation standards before the
sample was submi..3?d for GC/MS analysis, Since column chromatography
was not performed, no surrogate compounds were added,
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4.0 ANALYTICAL RESULTS

The relfability and acceptability of envirommental analytical
fnformation depends upon the rigorous completion: of all requirements
outlined 1n the QA/QC protocol.

The data were carefully logged into sample notebooks on a daily
basis by the analysts to minimize the collectfon of invalid data. Daitly
control checks consisted of examination of reproducitility of duplicate
injoctions, sample blanks, and quality control samples that were
analyzed during the dafly analysis cycle. The analysts recorded any
unusual fnstances in the daily cycles (such as power loss or
fluctuations, temporary leaks or adjustments, or operator error),
Problems were documented as detected and appropriate corrective action
taken to maximize the validity of the database.

The analysts on each task double checked all data entries to ensure
accurate transcriptions and calculations. The data were then reviewed
by each respective Task Leader and corrections made if necessary.
Finally, all data were reviewed and calculations spot-checked by QA
Officer to verify the integrity of the data. After validation of the
database, data tables were prepared and are shown in Summary Tables 4-1,
4-2, and 4-3.
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Table 4-1, Woodstove Gravimetric Results

MODIFIED METHOD 5

XAD, C, & BH

SAMPLE IO PMeOH PR FILTER TCO GRAYV
(mg) (mg) (mg) (mg) {mg)
B8D=-1 NA 1.0 6.3 37.4 76
80-QC1 NA NA NA NA NA
8D-2 NA 0.5 7.8 26.5 60
B8D-3 NA 1.0 9.9 10.7 35
B8D=-4 NA 1.2 8.5 73.1 102
BD-0C4 NA NA NA NA NA
B8D~-QCS NA 1.0 7.2 19.4 54
8D-B NA NA NA NA NA
BS~-1 NA 32,0 52.6 168.0 195
B8S~-QC1 NA NA NA NA NA
BS=-2 NA 5.8 28.9 62.9 99
8S-QC2 NA NA NA NA NA
BS-3 NA 1.4 14.3 51.5 62
BS~4 NA 51.1 249.4 1240.0 723
BS-5 NA 11.8 32,0 89.6 76
BS=-QCS NA 15.9 12.1 56.0 75
BS-B NA NA NA NA NA
GD-1 NA 1.9 134.0 117.0 712
GD-2 NA 1.6 53.8 97.7 70
GD-3 NA 1.5 128.6 157.,0 114
GD-QC3 NA 0.9 31.5 138.0 127
GD-4 NA 0.7 30.6 76.5 52
GD-QC4 NA NA NA NA NA
GD-8 NA 0.3 0.0 0.0 23
GS-1 NA 48,7 699.0 872.0 858
GS=2 NA 39.5 215.6 371.0 262
GS=-3 NA 23.9 260.6 680.0 490
GS~QC3 NA NA NA NA NA
GS=-4 NA 8.4 37.6 132.0 84
GS-QC4 NA 9.8 38.2 99,6 79
GS-B NA 1.2 2,2 0.0 31
G-LOADING BLANK NA NA NA NA NA

continued
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Table 4-1. Hoodstove Gravimetric Results continued

MODIFIED METHOD 5

XAD, C, & BH

SAMPLE ID PMeOH PR FILTER TCO GRAY
(mg) (mg) (mg) (mg) (mg)

HD-1 NA 0.7 5.0 13.4 (11
HD=-QC1 NA NA NA NA NA
HD~-2 1.1 0.2 7.4 33.7 59
HD~QC2 NA NA NA NA NA
HD=-3 1.7 0.2 11.3 18.6 44
HD-QC3 1.2 0.3 9.4 25.0 38
HD=4 1.6 0.2 17.6 23.3 24
HD=-5 1.6 0.9 9.5 20.4 32
HD=-B 0.4 0.9 0.0 0.0 16
HS~-1 NA 3.7 14,1 49,2 42
HS-QCl NA NA NA NA NA
HS~2 11.6 13.6 147.1 422.0 478
HS=-3 17.7 8.0 91.1 183.0 137
HS-QC3 8.5 9.2 17.0 46.7 38
HS=-4 15.2 10.0 100.7 161.0 123
HS=5 10.0 10.4 45.8 117.0 70
HS-B 1.1 1.3 0.8 0.0 140
TD-1 NA 1.7 12.8 49,2 72
TD-2 NA 1.8 6.4 18.3 44
TD=-QC2 NA NA NA NA NA
TD-B NA 0.5 0.3 0.0 16
T7S-1 NA 12.5 35.1 76.7 88
TS-2 NA 15.0 21.9 §6.2 86
TS=3 NA 8.3 130.5 186.0 176
TS~-0QC3 NA NA NA NA NA
TS-B NA 1.2 14.2 0.0 27
BLANK XAD MODULE NA NA NA 0.0 11

contfnued
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Table 4-1.

Woodstove Gravimetric Results continued

MODIFIED METHOD 5

XAD, C, & BH

SAMPLE 1D PMeOH PR FILTER TCO GRAY
(mg) (mg) {mg) {mg) {mg)

FD=-1 1.0 3.6 26.5 36.9 138
FD-QC2 2.7 0.3 5.2 25.5 110
FD-3 0.0 1.3 10.6 22.3 125
FD-4 1.2 1.0 4.4 26.0 123
FO0-QC4 2.7 3.6 21.3 22.1 112
FS-1 32.1 14.0 81.7 133,.0 200
FS=2 17.2 28.3 98.3 144.0 212
FS-3 13.4 12,0 30.4 94,3 198
FS=4 13.8 7.9 32.6 92.3 178
FS-B NA NA NA 0.3 119

continued
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Table 4-1, Woodstove Gravimetric Results contfnued

OREGON METHOD 7

BH & BM
CHC13/ETHER EXTRACTION
FRONT WATER CHC13/ETHER BACK
SAMPLE 1D PR & PM FILTER FRACTION FRACTION BR FILTER
(mg) {mg) (mg) (mg) (mg) {mg)
8D-1 1.3 7.3 16.2 14.9 1.0 0.7
BD-QC1 NA NA NA NA NA NA
B8D~2 0.8 5.8 21.1 7.9 2.1 2.8
BD-3 0.5 4.8 20.8 504 100 2.4
BD-4 61.2 11.7 35.2 41.2 2.4 3.8
BD=-QC4 1,5 13.7 45 .4 13.2 2,2 0.0
8D~5 4.8 18,0 18.4 8.8 0.8 2.9
8D~QCS NA NA NA NA NA NA
BD-B 2.6 1.3 908 1.8 006 0.3
BS~-1 31.1 34.7 64.2 35.2 43,0 24,0
BS-QCl 46.9 59.4 122.7 61.2 54.8 17.9
BS~2 29.0 19,2 34,9 11,2 19.4 19.3
BS-QC2 23.0 15.7 26.2 12.6 4,6 5.3
B8S-3 9.5 7.5 10.9 2.0 11.3 16,2
BS-4 49.4 78.2 184.0 117, 144.8 205.2
BS=5 24 .4 10.1 13.5 5.3 11.4 2.9
35~-0QC5 NA NA NA NA NA NA
8S-B 1.9 0.7 17.2 1.1 1.4 0.9
GD-1 5.6 101.7 46,2 13.6 3.2 0.6
GD=2 2.4 24,7 37.8 38.9 5.6 3.8
GD-3 8.2 103.1 19-5 703 203 000
GD~-QC3 NA NA NA NA NA NA
GD-4 1.0 27 .6 10.6 4.7 4,7 0.5
GD~-QC4 0.7 50.5 20,1 9.8 8.2 0.7
GD~-8B 1.1 0.0 1.5 0.0 0.9 0.1
GS-1 160.1 731.4 161.3 98.6 125.7 73.9
GS=-2 132.8 289.,3 28,0 59.4 11,5 4.7
GS-3 164.8 381.6 45.1 36.1 144.3 37.3
GS-QC3 174.0 424,1 35.2 45.5 19.0 29,1
GS-4 23.2 34,8 5.0 3.1 4,6 0.6
GS-0C4 NA NA NA NA NA NA
GS-B 1.4 1.3 0.3 0.0 0.2 0.2
G-LOADING BLANK NA 0.0 NA NA NA NA
continued
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Table 4-1, Woodstove Gravimetric Results continued

OREGON METHOD 7

BH & BM
CHC13/ETHER EXTRACTION
FRONT WATER CHC13/ETHER BACK
SAMPLE ID PR & PM FILTER FRACTION FRACTION BR FILTER
(mg) {mg) (mg) {mg) (mg) (mg)
HD=1 1.8 3.9 14.8 2.8 1.6 0.0
HD-QC! NA NA NA NA NA NA
HD-Z 2.6 16.3 2505 4-3 202 100
HO-QC2 1.8 34.9 14,2 19.4 0.5 0.3
HD=-3 1,5 5.5 16.5 3.0 1.7 3.8
HD-QC3 NA NA NA NA NA NA
HD-4 1.2 12.8 8.8 0.6 2.2 1.1
HD=5 2.6 7.2 16.6 7.9 1.4 l.4
HD=-B 2.3 0.0 0.6 0.4 0.1 0.3
HS=-1 18,6 12,7 3.7 1.4 5.7 3.2
HS=QC1 42.4 20.5 9.3 4.6 19.4 29.7
HS-2 70.4 334.6 60.4 189.2 29.3 81.0
HS-3 44,0 77.6 11.9 34.8 8.3 2.8
HS-QC3 NA NA NA NA NA NA
HS-4 76,0 74.1 19.6 6.5 29.6 26.2
HS-5 27.3 67.4 7.8 18.0 4,3 3.2
HS-B 1.1 0.5 0.4 3.8 0.0 0.7
T0-1 3.6 10.0 24.4 25.9 2.1 4.2
TD"’Z 207 602 010 1305 2.5 006
TD-QC2 NA NA NA NA NA NA
TD-B 0.7 0.5 1.7 0.9 0.2 2.2
TS=-1 12.4 12.5 7.5 21.1 17.0 21.5
T5-2 19.4 33.0 38.3 20.2 32.8 26.6
TS=-3 23.9 170.6 45 .4 30,0 78.6 47.0
TS-0C3 11.4 90.6 54.4 120.4 30.0 103.6
TS-B l.0 0.9 4.3 0.0 0.1 0.3
FD-1 2.0 37.1 28.4 21.6 18.9 1.4
FD=-2 4.3 9.7 55.5 14,9 12.1 3.0
F0=-3 2.2 5.0 18.5 14.4 21.7 10.9
FD=-4 2.2 10.0 39.4 9.3 11.7 1.8
FS=1 69.6 66.9 41.3 39.2 58.0 57.7
FS=-2 33.6 37.3 57.0 39.1 92.0 53.8
FS=-3 61.8 39.7 45.9 39.6 58.1 32.3
FS~4 36.6 27.2 28.7 26.7 50.3 53.5
continued
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Table 4-1, Woodstove Gravimetric Results continued

ASTM

FILTER FILTER
SAMPLE 1D PR PM ONE TWO
{mg) {mg) {mg) (mg)

BD=-1 3.2 1.9 32.7 1.1
80=-QC1 0.7 0.4 30.4 1.6
BD-2 1.4 1.6 38.0 0.8
80~3 0.0 2.2 9.9 0.5
B8D-4 3.3 1.6 717.6 1.4
B8D-QC4 NA NA NA NA
BD=-5 4.8 1.9 22.5 0.4
BD=-QCS NA NA NA NA
B8D-B NA NA NA NA
BS-1 NA NA NA NA
85-QC1 NA NA NA NA
BS=-2 NA NA NA NA
BS-QC2 NA NA NA NA
BS-3 NA NA NA NA
BS-4 NA VA NA NA
BS-5 NA NA NA NA
BS~-QC5 NA NA NA NA
8S-B NA NA NA NA
GD=-1 2.7 1.4 180.3 1.2
GD-2 0.2 0.7 98.3 0.7
GD-3 2.2 1.7 187. 1.3
G0-QC3 NA NA NA NA
CID-4 2.8 101 5508 °t6
G0-QC4 NA NA NA NA
GD-B 0.0 1.3 0.1 0.2
GS~-1 " NA NA NA NA
GS-2 NA NA NA NA
GS-3 NA NA NA NA
GS-QC3 NA NA NA NA
GS-4 NA NA NA NA
GS~-QC4 NA NA NA NA
GS-B NA NA NA NA
G-LOADING BLANK NA NA NA NA
continued
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Table 4-1. Woodstove Gravimetric Results concluded

ASTM

FILTER FILTER
SAMPLE ID PR PM ONE TWO
{mg) img) (mg) (mg)

HD-QC1 0.0 0.6 21,8 1.1
HD=2 1.8 0.1 73.0 0.0
HD=QC2 NA NA NA NA
HD-3 0.6 0.1 30.1 0.0
HD=-QC3 NA NA NA NA
HD-4 0.6 0.1 31.3 0.0
HD=5 0.8 0.9 20,8 0.0
HD-B 0.0 1.3 0.6 0.4
HS=-1 NA NA NA NA
HS=-QCl NA NA NA NA
HS=-2 NA NA NA NA
HS-3 NA NA NA NA
HS=-QC3 NA NA NA NA
HS-4 NA NA NA NA
HS=5 NA NA NA NA
HS-B NA NA NA NA
T0~-1 0.7 0.4 29,2 1.6
T0=-2 3.0 0.0 17.6 1.7
TD=-QC2 2.9 0.3 1.3 2.0
TD-B NA NA NA NA
TS-1 NA NA NA NA
T§=2 NA NA NA NA
T5-3 NA NA NA NA
T§-QC3 NA NA NA NA
T5-B NA NA NA NA
FD-I 2.3 201 97.8 0.4
FD-Z 4.2 102 37-8 0.6
FD=-3 5.7 0.8 45,0 0.8
FD-4 2.9 * 37.2 0.0

# sample was contaminated
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Tadble 4-2, TOTAL CHROMATOGRAPHABLE ORGANICS (TCO)

SAMPLE AREA AREA PERCENT MEAN TCO TCOo DILUTION TOTAL KG

1.0. ¢ COUNTS COUNTS DIFF, AREA CTS, HG/ML @ MG/ 10ML FACTOR (HINUS BLANK)
80-1-9472 806693 753929 6.76192 730311.00 3.74 1z.0 2.50 7.4
8p-2-9621 655360 650203 0.790004 6527081.50 3.10 12.4 2.14 26.5
BD-3-9653 320854 316162 1.47312 318508.00 1.42 $.67 1.88 10.7
BD-4-9657 523689 518962 0.906727 521325.50 2.44 9.75 7.50 73.1
B8D-5-9869 502908 476307 5.43253 4689606.00 2.26 .11 2.14 19.5
80-QCS-9868 583475 580577 0.497916 582026.00 2.74 11.0 1.76 19.4
HD=-B-10343 38510 34106 12.130 36308.09 -0.00205 -0.00820 1.67 0.00
HD-1-10095 482961 478901 0.844196 400931.00 2.23 8.93 1.50 13.4
HD-2-9982 1041390 1040210 0.1)33743 1040800.00 5.05 20.2 1.67 33
HD-3-10249 658221 648705 1.45624 653463.00 3.10 12.4 1.50 1.6
HD-QC3-10247 070733 862725 0.923934 866729.00 4.17 16.7 1.50 25.0
HD=4-1.3458 744691 713644 4.25787 729167.50 3.48 13.9 1.67 23.3
HD=5-10347 787064 776312 1.37548 781668.00 3.75 15.0 1.36 20.4
CS-0-10091 35549 5195 G.77157 45374.50 G.0435 G.174 2.id 0.00
GD~1-987% 822436 810342 1.48140 816389.00 3.92 15.7 1.50 117.0
GD-2-9979 625690 618503 1.15529 62209€.50 2,94 11.8 8.33 97.7
GD~3-10097 880337 658789 2.4780 869563.00 4.19 16.8 9.40 157.0
GD~-QC3~-10098 8760639 845955 3.56534 861397.00 4.15 16.6 8.33 138.0
GD~-4-10094 394087 392965 0.285118 393526.00 1.79 7.18 10.7 16.5
T0-8-9622 106738 103581 3.0021) 105159.50 0.344 1.38 1.50 0.00
T0-1-9380 1239730 1215790 1.949692 1227760.00 $.99 24.0 2.14 49.2
T0-2-9897 712728 712513 0.0297494 712619.00 3.40 13.6 1.50 18.3
10251-8 27637 26923 2.6173 27280.00 -0.0474 ~0.190 1.50 0.00

ontinue

[ ]
® TCO mg/m) VYALUES ARE MULTIPLIED BY 4.0 IN ORDER TO OETERMINE THE TOTAL ng IN THE ORIGINAL 10 ®1 SAMPLE YOLUME,
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Table 4-2,

TOTAL CHROMATOGRAPHABLE ORGANICS (TCO)

SAMPLE AREA AREA PERCENT MEAN TCO TCO ILUTION TOTAL MG

1.0. ¢ COUNTS COUNTS OIFF. AREA CTS, RG/ML MG/ 10ML FACTOR (MINUS BLANK)
BS-1-9473 1159930 1146520 1.162826 1153225.00 $.61 $6.1 3.o00 168.0
85-2-9619 1288290 1285310 0.2315822 1286600.00 6.29 62.9 1.00 62.9
B5-3-9654 1066210 1056260 0.9375869 1061235.00 5.15 51.5 1.00 $1.5
BS-4-9658 2278920 2274590 0.1901830 2276755.00 11.26 113.0 11.0 1240.0
85-5-9980 1824090 1812090 0.6600333 1818090.00 8.96 89.6 1.00 89.6
85-ac5-9870 1208010 1091780 10.10788 1149895.00 5.60 56.0 1.00 $6.0
GS-B-10092 54836 51986 5.3360 $3411.00 0.0839 0.839 1.00 0.00
Gs-1-9871 1619120 1611780 0.4543626 1615450.00 7.94 79.4 11.0 872.0
G5-2-9978 1096410 1090610 0.5304021 1093510.00 5.31 53.1 7.00 371.0
G5-3-10090 1269700 1264480 0.4119676 1267090.00 6.19 61.9 11.0 680.0
GS-4-10099 700054 cy1817 1.18359 695935 .50 3.31 3.1 4.00 132.0
GS-0C4-10096 610215 605054 0.849359 607634.50 2.87 20.7 3.50 99.6
H$-B-10344 35982 33563 6.9566 34772.50 =0,00977 «0.098 2.50 0.c0
HS5=-1-10093 1017840 1012350 0.5408361 10150$5.00 4.92 49.2 1.00 49.2
H5-2-9981 1459520 1409550 3.48335) 1434535.00 7.03 70.3 6.00 422.0
H$+3-10250 966215 923908 4.68331) 946061.50 4.57 45.7 4.00 183.0
HS$-QC3-10248 965806 964448 0.140707 965127.00 4.67 46.7 1.00 46.7
HS-4-10346 837083 835220 0.222807 836151.50 4.02 40.2 4.00 161.0
H5-5-10348 617263 616697 0.0593116 617080.00 2.92 29.2 4.00 117.0
T5-8-9620 50905 49948 1.8978 50426.50 0.0689 0.689 1.00 0.00
Ts$-1-9378 - 1653150 1499350 9.757335 1576250.00 7.74 77.4 1.00 76.7
T5-2-9898 1180350 1155300 2.145013 1167825.00 5.69 56.9 .00 56.2
1$-3-9901 901629 944681 3.83614 963155.00 4.66 46.6 4.00 186.0

continued
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Table 4-2,

TOTAL CHROMATOGRAPHABLE ORGANICS (TCO)

SAMPLE AREA AREA PERCENT MEAN TCO TCO0 DILUTION TOTAL MG

1.0. # COUNTS COUNTS DIFF. AREA CTS. MG/ ML MG/ 10ML FACTOR (MINUS BLANK)
FS-1-11003 1029080 1026140 0.28610 1027610 5$.32 133.0 ¢ 1,00 133.0
F$-2~-10997 1107000 1117390 0.93419 1112195 5.78 144.0 # 1.00 144.0
F5-3-10999 738797 740158 0.18405 739478 3.n 94.3 ¢4 1.00 94.3
FS-4-10995 725372 723700 0.23077 724536 3.69 92.3 /4 1.00 92.3
F$S-X-8-11002 41768 44274 $.82506 43021 0.03 0.3 1.00 0.3
fD-1-11001 713080 735121 3.04391 724101 3.69 36.9 1.00 36.9
fFD-2-1100% 526761 $60554 6.21586 543658 2.72 27.2 1.00 27.2
FO-0C2-11000 513078 $11878 0.23416 512478 2.55 25.S 1.00 25.5
FD=-3-11004 452527 454417 0.41678 453472 2.23 22.3 1.00 22.3
FD-4-10998 521125 520283 0.16170 520704 2.60 26.0 1.00 26.0
FD-QC4-10996 454640 444136 2.33740 449388 2,21 22.1 1.00 22.1

# indicates ng/25 m»)

concluded
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Table 4-3. AMOUNT OF TARGEY COMPOUNDS IN SAMPLE, MICROGRAMS
SAMPLE

ION COMPOUND BD-1 8D-2 8D0-3 B80-4 8D-S aoQac-5S
94 phenol 629.8 1018.0 176.3 1567 .5 547.8 596.5
128 naphthalene 290.4 470.3 93.8 490.0 235.6 238.7
152 acenaphthylene 55.0 16.2 24.9 100.7 53.3 57.6
154 acenaphthene 6.0 5.7 Trace Trace 4.5 4.5
166 fluorene 17.2 19.7 5.4 37.6 15.6 16.9
173 nitronaphthalene
178 phenanthrene 52.0 82.7 16.4 105.0 58.6 63.7
178 anthracene 6.7 Trace 17.4 7.1 8.3
174 acridine
167 carbazole
202 fluoranthene 17.3 3.5 35.2 14.4 15.7
104 phenanthral
202 pyrene 13.1 Trace 31.9 8.5 13.8
228 benzo(a)anthracene
228 chrysene 4.0
252 benzci(b)fluoranthenes
252 benzo(k)fluoranthene
252 benzo(a)pyrene
263 3-methylcholanthrene
276 benzo(gshs i) perylens
278 dibenzo(a,h)anthraceno
276 indenol(l,2,3cd)pyrene

continved



St-v

Tablo 4-3. AMOUNT OF TARGET COMPOUNDS IN SAMPLE, MICROGRAMS

SAMPLE
10N COMPOUND Bs-1 8s-2 8s-3 BS~4 BS=-5 0sSQC-5
94 phonol 3656.6 2248.86 526.9 9934.2 3131.7 261°.9
128 naphthalens 1359.2 671.6 172.,0 2084.3 1051.1 947.0
152 aconaphthylono 281.3 131.7 5.9 466.2 210.6 170.2
154 aconaphtheno 7.6 19.1 17.1
166 fluorene 104,2 56.4 23,2 189.4 61.7 54,1
173 nitronaphtholono
178 phonanthrene 277.0 165.1 0.6 363.6 212,17 174.1
178 anthracone 44.7 15.1 20.7 Trace 31.0 25.4
174 acridine
167 carbazolo
202 Tivoranthono 90,3 7.1 24,9 Trace 64.6 51.3
194 phonanthrol
202 pyreno 80.9 41.0 23.7 Traco $2.9 45.9
228 bonzota)anthracene 34.9
228 chrysone 35.2 18,7 15.5
252 bonzo(b)fluoranthano 41.5
252 boenzolk)fluoranthenes 43.9
252 benzo(al)pyrcno 50.9
263 3-methylcholanthrono
216 benzolgsh,t)porylene $2.5
218 dibenzo(a,h)anthracono $3.7
276 {ndono(l,2,3cdlpyrone $5.9

continuod
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Teblo 4~3, AMOUNT OF TARGEYT COMPOUNDS IN SAMPLE, MICROGRAMS
SAHPLE

10N COMPOUND GD-1 GD-2 G0-3 Gbac-3 30-4 Go-8
94 phenol 2768.2 4512.5 3978 3659 3653 1.2
128 naphthalane 752,06 1359.9 1796 1794 7026
152 acenaphthylone 139.8 235.0 360.5 346.9 1638
154 acenaphtheno Trace 21.1 30.5 29.2 72.9
166 fluorone 48,9 73.0 123 .4 107 .4 379.3
173 nitronaphthalane
178 phonanthrene 107.1 199.4 305.5 280.3 1299
178~ anthracene 16.5 28.8 43.)3 45.3 189.2
174 acridine
167 carbazole
202 flucranthsne 29.C 53.0 $2.7 i00.5 650
194 phonanthrol
202 pyrone 22.3 41,5 65.9 77.5 Trace
228 benzola)anthrecene 22.2 151.8
228 chrysene 27.6 26,0 146.6
252 boenzo(b)fluorantheno 239.0
252 bonzo(k)fluoranthone
252 basnzolalpyrono 177.0
263 3-aethylcholanthrene
276 benzo(gsh,t)porylone
278 dibenzo(a,h)anthracane
276 fndono(l,2,3cd)pyrene

continued
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Table 4-3, AMOUNT OF TARGET COMPOUNDS IN SAMPLE, MICROGRAMS

ION

94
128
152
154
166
173
178
178
174
167
202
194
202
228
228
252
252
252
263
276
278
276

SAMPLE

COMPOUND GS-1 6S=~2 GS-3 GS-4 GsSQC-4 Gs-B
phenol 16618.2 15328.6 11466.6 11041.6 6765.0 26,2
naphthalone 4168,2 4391.0 4364.9 11016.9 9165.9
aconaphthylone 862.9 713 .4 905.5 3e91.0 2910.8
acenaphtheone Traco 208.9 152.9
fluorene 291.6 244.5 289,2 931.0 679.4
nitronaphthalene
phonanthrone 626.6 669.3 2073.3 1760.1
anthracene Trace 101.8 496.3 328.9
scridina
carbazolo
fluoranthena 228.6 218,92 122,90 1254.8 83%.5
phenanthrol
pyrene 224.5 174,86 157.9 1136.9 763.3
bonzo(ad)anthracens 264.,3
chrysone 309.0 92.3 273.,3 196.7
benzo(d) fluoranthene 5$00.5 314.0
benzo(k) fluoranthene
benzola)pyrene 271.1
3-methylcholanthrene
bonzol(g,h,t)porylone 213.0 145,9
dibanzo(e,h)anthrecene
indono(l,2,3cd)pyrone 251.7 171.3

continued
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Table 4-3. AMOUNT OF TARGLY COMPOUNDS IN SAMPLE, MICROGRAMS

SAMPLE
10N COMPOUND HD-1 HD-2 HD-3 HDQC-3 HD~-4 HD=§ HO-B T0-1 10-2 T0-0
94 phonol 505.5 302.4 131.7 994,.4 747.8 1415.6 13.) 604.3 158.2
128 nephthaleno 872.0 103.3 824.9 1008.7 676.1 2383.1 627.0 117.4
152 aconaphthylene 292.5 28.3 204.9 306.3 170.6 649,1 92.8 23.5
154 scenaphthone 10.2 9.3 13,6 Trace 22.0 22,4 6.0
166 fluorone 77.6 Trace 47,0 72.8 44.3 145.7 36.9 8.5
173 nitronaphthalene
178 phenanthrene 256.1 41,1 135.8 194,0 128.5 494 .4 117,2 29.4
178 anthracone 37.7 Trace 24,2 30.1 17.8 5.7 Trace
174 acridine
167 carbazole
202 fluoranthone 103.6 12.8 67.4 75.9 36.1 175.5% 34,2 7.7
194 phenanthrol
202 pyrone 83.9 Trace 52,2 59.0 29.6 132.1 29.3 6.9
228 benzola)anthracene 17.4 13.6 17.4 Trace 47.7 6.2
228 chryseno 16.2 12,3 19.0 Traco 42,0 7.8
252 benzo(b) fluoranthens 20.0 17.4 Traco 79.7
252 bonzo(k) fluoranthone
252 benzo(a)pyrene 11.5 Trace 46.5
263 3-mathylcholanthrene
276 benzo(g.h. f)porylene
278 dibenzota,h)anthracone
276 {ndeno(l,2,3cd)pyrone

continvod
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Table 4-3. AMOUNT OF TARGET COMPOUNDS IN SAMPLE, MICROGRAMS
SAMPLE

10N COMPOUND HS-1 HS=-2 H§=-3 HSQC-3 HS=4 HS~5 HS-8
94 phenol 1726,0 6763.5 9759,7 1674,1 9446.4 11194.2 26,4
128 naphthalene 2273.6 1659.0 6910.4 1638.6 6133,.7 11378.1
152 acenaphthylene 608.3 494.7 17717.2 457.6 1588.6 3457.3
154 acenhaphthene 31.1 101,2 25.3 89.1 150.9
166 fluorere 191.6 169.2 464,0 110.1 365.4 815.5
173 nitronaphthalene
178 phenanthrene 05,3 462.6 1086.2 232.9 982.6 2414.1
178 anthraceno 96.6 91.7 208.9 45.3 176.0 446,1
174 acridino
167 carbazole
202 fluoranthene i83.8 179.4 3170.9 20.4 342.1 1018.8
194 phenanthrol
202 pyrene 153.6 181.5 275.9 66.8 265.1 862.5
228 benzo(a)anthracene 87.8 19.9 110,2
228 chrysone &4.2 96.5 21.3 116.5 219.5
252 benzo(b) fluoranthene 64.8 137.3 33.0 244.3 378.3
252 benzo(k)fluoranthene
252 bonzo(ad)pyrene 40.4 8l1.6 135.8 244.8
263 3-aethylicholanthrene
276 bdbenzolg,h,1d)perytone 8l1.0 128.8
278 dibonzol{a,h)anthracane
276 {ndeno(l,2,3cd)pyrene 136.9

continuod
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Table 4-3. AMNOUNT OF TARGET COMPOUNDS IN SAMPLE, MICROGRAMS
SAMPLE
10N COMPOUND T5-1 T5=-2 78-3 BLANK
94 phenol 1283.5 1368.1 1946,7 9.4
128 naphthalene 737.9 572.4 402,9
152 acenaphthylene 164.6 112,7 84.5
154 acenaphthene 38.7 37.6 Trace
166 fluorene $6.4 45.0 Trace
173 nitronaphthalene
176 phenanthreno 117.8 106.4
178 anthracene 14.7 17.6 77.2
174 acridine
167 carbazole 3.1
202 fluoranthene 40.9 33.7 Trace
194 phenanthrol
202 pyrene a7.3 32.9
228 benzo(a)anthracene
228 chrysene 9.2 15.6
252 benzo(b)fluoranthene 22.8
252 benzo(k)fluoranthene .
252 bonzo{alpyrene
263 3-methylcholanthrene
276 benzo{g,h,1)perylenc
278 dibenzo(s,h)anthracene
276 fndeno(l,2,3cd)pyrene

continued
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Table 4-3. AMOUNT OF TARGET COMPOUNDS IN SAMPLE, MICROGRAMS
SAMPLE Duplicate SOLVENT
10N COMPOUND FO-1 FDQC-2 FD~2 FD=3 FD-3 FD-4 FDQC-4 BLANK ¢+
94 phenol 1181.6 608.4 683.9 794.5 788.2 486.% 604.4 NO
TARGETS
128 naphthalene 258.6 158,1 133.0 274.9 252,1 114 .4 135.6 DETECTED
152 acenaphthylene 40.7 24,8 27 .4 50.0 46.2 19,2 21.8
154 acenaphthene Trace Trace
166 fluorene 15.6 Trace 15.1 17.4 16.6 Trace Trace
173 nitronaphthalene
179 phenanthrene 52.0 26.5 61,7 40,5 39.6 26.1 21,4
178 anthraceno Trace Trace 11.2 Trace Traca Trace Trace
174 acridine 1£.8
167 carbazole
202 fluoranthene 17.9 Trace 33.4 14.0 13.8 Trace Trace
194 phenanthrpl
202 pyrene 15.8 Trace 29.1 13.9 13,0 Trace “race
228 benzo(alanthracene Trace Trace Trace Trace
228 chrysene Trace Trace Trace Trace Trace Trace Trace
852 benzo(b) fluoranthene
252 benzo(k) fluoranthene
252 benzo(a)pyrene
263 3-methylcholanthreno
276 benzolg,h.t)perylene
279 dibenzo(a.h)anthracene
276 1na-no(l.2.3cd)pyreno

contfnued
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Table 4-3,

AMOUNT OF TARGET COMPOUNDS IN

SAKPLE, MICROGRAMS

SAMPLE Duplicate ANALYT, BL ANK
ION COMPOUND FS~-1 FS-2 FS-3 FS-4 FS=4 BLANK + XAD®
94 phenol 4572.6 3087.4 3125.7 2500.4 2357.2 NO
TARGETS
128 naphthalene 995,.2 607,4 978.8 554.8 524.0 DETECTED 614.3
152 acenaphthylene 166.0 94.0 126.1 70.3 73.2
154 acenaphthone 15.9 11.2 14.2 321.2
166 fluorene 72.3 51.6 58.3 38.9 36.4
173 nitronaphthatene
170 phonanthrene 215.6 108.1 127.5 75.0 76.4 402.8
178 anthracene 42,4 l18.8 2.4 17.0 18.2
174 acridine
167 carbazole
202 fluoranthene 71.8 35.9 3se.1 27.1 27.9
194 phenanthrol
202 pyrene 24,2 32.8 33.4 26,0 23.5
228 benzo(a)anthracene 18.7 10.8 10.1 Trace Trace
228 chrysene 16.2 9.9 9.4 Trace Trace 406.1
252 benzo(b) fluoranthene
252 benzo(k) fluoranthene
252 benzo(a)pyrene 65.1
263 3-methylcholanthrene
276 bonzol(g,h,1)perylene
278 dibenzo(a,h)anthracene
276 indeno(l,2,3cd)pyrone
concluded

® Stgnificant quantities of targets cetected {n Blank 11002
+ Solvent and Analytica) Blenks are Solvont Lot FAN319



5.0 QUALITY ASSURANCE AND QUALITY CONTROL

Supporting quality control and quality assurance data for the
analycical determinations are reported in this section.

5.1 GRAVIMETRIC ANALYSIS

As requested in the QA/QC protocol the accuracy of the gravimetric
(GRAY) analysis must be + 20% of the actual value. Proficiency tests
were administered to the analyst using prepared standards containing
knoyn amounts of stearic acid, eicosane, and triphenylmethane in a total
volune of 100 mL of methyliene chloride. The results for the GRAY tests

are as follows:

Actual Experimental Accuracy ICy

GRAV Test 1 1.2]1 mg/mL  1.20 mg/mL -0.8% 2.4%
GRAY Test 2 1.21 mg/mt  1.16 mg/mL -4.1%
GRAY Test 3 1.04 mg/mL  1.05 mg/mb 1.0%
GRAY Test 3 1.04 mg/mL  1.10 mg/mL 5.8%

The results of the GRAV Audit were within the precision and accuracy

specification outlined in the SOP.

analyst performed all GRAV analyses.

It should be noted that the same

A GRAY value for duplicate method blanks was determined for each

new lot of solvent and/or set of samples.

Also, a reagent blank was
analyzed for GRAY every ten samples (listed in Table 4-1).

These

reagant (solvent) blanks consisted of the same volume of solvent used in
analyzing the samples. Any unusually high reagent blanks were noted and
The reported GRAY values were detemmtned by
subtracting the values of the solvent blanks from the samples, including
the method blanks.

the blanks reanalyzed.
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5.2 TOTAL CHROMATOGRAPHASLE ORGANICS (TCO)

The gas chromatograph (GC) was calibrated using solutions prepared
by diluting a stock solution of C7 to C17 hydrocarbons. The stock
solution contained approximately 37 mg (C., to Cl7)/mL. Linear
regression analysis of the calibration curve resulted in a correlation
coefficient of 0.9999, C7 and 019 peaks were not included in the
regression analysis, One calibration standard in the middie of the
1inear working range was used as the daily QC standard.

Duplicate injections of the QC standard were performed datly prior
to sample analysis. If the QC standard duplicates differed by more than
15% the injections were repeated. If the mean QC standard response
differed by more than 15% from the original value cbtained, a new
standard was prepared and then analyzed. If the new standard failed to
meet the criteria, the instrument was recalibrated. A plot of the QC
standard results is shown in Figure 5-1.

The GC injector septum was changad daily, along with a column
bake-out at 300°C for twenty minutes, If the detector response was not
stable after column bake-out, this procedure was repeated until
stabil ity was obtained,

Duplicate injections were performed For all samples analyzed. The
TCO results from both injections could not differ by more than 15%, The
TCO values were calculated by subtracting the appropriate field blanks
from the total values.

5.3 GC/MS CALIBRATION AND TUNING DATA

The gas chromatograph/mass spectrometer system was tuned to meet
OFTPP criterfa every day prior to analysis. Dafly analysis was
initiated by a check of DFTPP to verify that the instrumental tune was
acceptable prior to the analysis of samples. Tuning data are included
as Appendix J.

The instrument was calibrated by analysis of five calibration
samples at a concentration of 5, 10, 50, 100, and 200 ng/uL. These
points were {incorporated {nto a database and the mean, standard
deviation, and per cent coefficient of variation calculated. The
database is shown in Table 5-1. A 11inear regression was performed for
each of the fons for each campound in the calibration standard, with the
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0 256020.5 ————————
1 251064.5 1.954702
3 261676.0 2.184871
3 264540.5 3.273392
5 290394.5 12.58164
5 280126.0 8.992132

Figure 5-1,

TCO QC standard analysis.
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Table 5-1 WOQODSTOVES RESPONSE FACTOR DATABASE

Compound lon Mean o ECY +25D =250
d}lg-phenanthrene 188 1.000 0 0 ——— -
phenol 94 1.203 0.081 6.7 1.041 1.365
naphthal ene 128 1.786 0.238 13.3  1.310 2.262
acenaphthylene 152 1.548 0.198 12.8 1.152 1.944
acenaphthens 154 0.940 0.116 12.3 0.708 1.172
fluorense 166 1.010 0.122 12.1 0.766 1.254-
nitronaphthalene 177 0.311 0.025 8.0 0.261 0.361
173 0.210 0.022 10.4 0.166 0.254
phenanthrene 178 1.273 0.160 12.6 0.953 1.598
anthracene 178 1.537 0.182 11.8 1.173 1.901
acridine 179 1.227 0.075 6.1 1.077 1.377
carbazole 167 1.260 0.080 6.3 1.100 1.420
DFTPP 127 0.080 0.004 5.0 0.072 0.088
198 0.161 0.009 5.4 0.143 0.179
fluoranthene 202 1.134 0.147 13.0 0.084 1.428
phenanthrol 194 0.177 0.033 18.4 0.111 0.243
pyrene 202 1.167 0.163 14.0 0.841 1.493
g%%-chr sene 240 1.000 0 0 - em-
zo(a)anthracene 228 2.054 0.213 10.4 1.628 2.480
chrysene 228 1.816 0.192 10.6 1.432 2.200
benzo(b) fluoranthene 252 1.687 0.185 11.0 1.317 2.057
benzo(k)fluoranthene 252 1.591 0.185 11.6 1.221 1.961
benzo(a)pyrene 252 1.394 0.148 10.6 1.098 1.690
3-methylcholanthrene 268 0.694 0.092 13.3 0.51 0.878
benzo(g,h, 1)perylene 216 1.502 0.167 11.1 1.168 1.86
dibenzo(a,h)anthracene 278 1.192 C.129 10.8 0.934 1.450
indeno(1,2,3,c,d)pyrene 276 1.209 0.151 12.5 0.907 1.511

A-56



exception of pyrenequinone, which could not be chromatographed under the
analytical conditions used. Correlation coefficients are shown in
Table 5-2, The linear plots are included as Appendix K. Calibration
checks were performed daily prior to sample analysis, Values for the
response factors obtained in the daily caiibration checks are shown in
Table 5-3, and compared to the Catabase values. The precision of the
analysis is illustrated by the eight daily analyses of the same standard
(100 mg/uL), with only phenol exhibiting  CV above 2C and all of the
rest of trne compounds showing £ CV less than 15 (Table 5-3).

A check sample containing naphthalene, phenanthrene, fluoranthene,
pyrene, and chrysene was analyzed daily. The results of the first two
analyses, with relative percent difference, are shown in Table 5-4.
Results for the subsequent days are shown in Table 5-5. Duplicate
analyses were performed for four samples. These samples were injection
duplicates, not process duplicates, since an entire sample (3.g., the
entire XAD-2 module) was extracted to prepare the sample. Results are
shown in Table S-6. The GC/MS values for all Blank Runs (field and
solvent) were reported separately. All reported GC/MS sample values
were roported independently of the blank values,

A peak 1is observed at approximately 1500 scans in the sample
chromatograms. The mass spectrum, shown i{n Figure 5-2, f{s
characteristic of an unsaturated aldehyds. This compound {s not
observed in the solvent blanks (Appendix I, Figures Il and I2) but
appears to be an artifact associated with the extraction of XAD-2.
Field exposure of the XAD-2 1s not essential, since the compound appears
also in the chromatograms of the internal audit samples consisting of
spiked XAD-2 which was not sent to the field,

5.4 SYSTEMS AND PERFORMANCE AUDIT

A systems and performance audit of the Woodstove Project was
performed by Donna Holder as part of the internal Ridian quality
assurance program, Joann Rice, Nancy Cole and Melinda Dilda provided
input for the systems audit. Denny Wagoner, Joan Bursey, Ed Messer and
Joann Rice were responsible for coordinating the performance audit
analysis,
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Table 5-2.

LINEAR REGRESSION, WOODSTOYE DATABASE

Compound

pheno]a
naphtha'lenea
acenaphthylene®
acenaphthene
f]uorenea
nitronaphthatene®
phenanthrene®
anthracene
acridine?
carbazole?
fluoranthene
phenanthro1d
pyrene?
benzo(a)gnthracene
chrysene

benzo(b) fltuoranthena
benzo(k) fluoranthens
benzo(a)pyrene b
3-methy1cho]anthreneb
benzo(g,h, {)perylene
b1benzo(a.h)anthraceneb
indeno(1.,2,3-c.d)pyrene

b
b

94
128
152
154
166
z7
173
178
178
179
167
202
194
20
228
228
252
252
252
268
276
278
276

Correlation Coefficient

0.964
0.936
0.930
0.922
0.923
0.928
0.928
0.911
0.903
0.886
0.907
0.891
0.924
0.884
0.883
0.875
0.847
0.901
0.886
0.874
0.856
0.862
0.853

%Relative to d; -phenanthrene.

brelative to dl?-chrysene.

A-58



65V

Table 5-3. DAILY CALIBRATION CHECKS

Compound Ion Database 11712 11413 11/14 1145 148 11/19 11/20 11/20 Mean S0 XCY
phenol 94 1.203 1.092 1.258 1.247 1!.214 1.139 1.000 0.673 0.607 1.029 0.255 24.8
naphthalens 128 1.786 1.529 1,677 1.657 i.663 1.681 1.544 1.142 1.118 1.501 0.237 15.8

acenaphthylene 152 1.548 1.395 1.422 1.445 1.41% 1.445 1,335 1.158 1.041 1.332 0.151 11.3
acenaphtheno 154 0.940 0.849 0.872 0.880 0.881 0.884 0.844 0.747 0.667 0.828 0.079
fluorene 166 1.010 0.927 0.911 0.943 0.932 0.907 0.889 0.823 0.772 0.888 0.060
nitronaphthalene 173 0.210 0.227 0.231 0.226 0.230 0.223 0.216 0.198 0.180 0.216 0.018
phenanthrene 178 1.273 1.178 1.196 1.208 1.221 1,207 1.207 1.189 1.166 1.197 0.018

OO~ ODOY
e e e a e e s e e
NOOOANUNANY

anthracene 178 1.537 1.453 1.498 1.478 1.504 1.521 1.529 1.507 1.518 1.501 0.025
acridine 179 1.227 1.258 1.331 1.302 1.32% 1.315 1.346 1.337 1.315 1.320 0.019
carbazole 167 1.260 1.306 1.374 1.289 1.304 1.346 1.277 1.181 1.171 1.281 0.071
fluoranthene 202 1.134 1.116 1.150 1.071 1.098 1.174 1.154 1.260 1.261 1.161 0.070
phenanthrol 194 0.177 0.216 0.262 0.215 0.211 0.205 0.194 0.201 0.210 0.214 0.021
pyrene 202 1.167 1.118 1.165 1.104 1.128 1.213 1.223 1.341 1.368 1.211 0.099
bonzc{alanthra-

cene 228 2.054 1.888 1.917 1.883 1.862 1.947 1.844 1.744 1.722 1.851 0.079 4.3
chrysense 228 1.816 1.684 1.683 1.659 1.723 1.670 1.631 1.630 1.639 1.670 0.034 2.0
benzo(b) fluor-

anthene 252 1.687 1.576 1.557 1.659 1.741 1.645 1.386 1.635 1.830 1.628 0.132 8.1
tonzo(k) fluor-

anthene 252 1.581 1.527 1.411 1.453 1.538 1.355 1.358 1.444 1.703 1.474 0.115 7.8

benzo(a)pyrene 252 1.394 1,581 1.271 1.357 1.411 1.252 1,160 1.307 1.492 1.329 0.104 7.8
3-methylchol=-

anthrene 268 0.6%4 0.872 0.756 0.802 0.863 0.618 0.616 0.641 0.839 0.751 0.111 14.7
benzo(gshs 1)

perylens 276 1.502 1.599 1.353 1.451 1.572 1.208 1,241 1.416 1.696 1.442 0.173 12.0
dibonzola,h)

anthracene 278 1.192 1.314 1.096 1.170 1.297 0.891 1.007 1.199 1.411 1.173 0.171 14.6
{indono(l,2,3~

c,d)pyrens 276 1.209 1.283 1.175 1.186 1.330 1.049 1.006 1.217 1.424 1.209 0.139 11.5




Table 5-4. ANALYSES OF CHECK SAMALE
FB850540 F850533
Mean Q.C. Qa.C.
Response Sample Sample s
Compound factor ~ Run &1 Run #2 _RPD
naphthalene 1.786 1.803 (101) 1.752 (98) 2.9
phenanthrense 1.273 1.320 (104) 1.300 (102) 1.5
fluoranthene 1.134 1.065 (94) 1.027 (91) 3.6
pyrene 1.167 1.176 (101) 1.134 (97) 3.6
chrysene 1.816 1.514 (83) 1.426 (79) 6.7

( ) = % Recovery.

*aPD = Relative % difference between QC Sample Run #1 and Run #2.

RPD = ((X:l-O.C:) E + 0(:2 x 100
2
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Table 5-5. OAILY FERCENT RECOVERIES (CHECK SAMPLE)

Compound 11213 11/14 11712 PUVAL:] 11/19 11/2¢ 11/21 Mean b ECV
naphthalene 98 101 100 99 98 73 68 91 14.1 15.5
phenanthrene 102 104 103 103 105 102 102 103 1.2 1.1
fluoranthene 91 94 92 99 98 106 107 98 6.4 6.5
pyrene 97 101 99 107 107 122 122 108 10.4 9.6
chrysene 79 83 83 80 82 79 79 81 1.9 2.3




Table 5-6. WOODSTOVE DUPLICATES

Total ng Total ng

82 F850530 £B50606 RPD
phenol 2249 1339 50.7
naphthalene 872 654 28.6
acenaphthylene 132 91 36.8
fluorene 36 19 61.8
phenanthrene 165 140 16.4
anthracene 15 — ———
fluoranthene s7 43 28.0
pyrene 41 32 24.7
G=2 £6503241 F850607

phenol 15,329 6,692 75.1
naphthalene 4,391 2,610 50.9
acenaphthylene 713 390 58.5
acenaphthene 77 —— —
flvorene 244 a5 87.9
phenanthrene 669 508 21.4
anthracene 102 - -—
fluoranthene 219 -— ————
pyrene 175 -—— ————
chrysane 92 — —

(continued)
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BD-4

phanol
naphthalene
acenaphthylene
acenaphthene
fluorene
phenanthrene
anthracene
fluoranthene

pyrene

HO-1

phenol
naphthalene
acenaphthylene
acenaphthene
fluorene
phenanthrene
anthracens
fluoranthene
pyrene

benzo(a)anthracene

chrysens

benzo(b) fluoranthene

benzo(a)pyrene

TUNNEL DUPLICATES

£820581

1568
430
101

10
38
105
17
35
32

E850594

853
911
335
13
92
282
40
99
75
21
19
25
13

£820570
1452
461
101
10
39
108
18
38
33

506
812
29
10
78
258
38
104

17
16
20
12

7.7
6.1

2.6
2.8
5.7
8.2
3.1

51.1
4.4
13.4
26.1
16.5
8.9
5.1
4.9
11.3
21.1
17.1
22.2
8.0
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MASS SPECTRUN DATA: F350541 #1562 BASE n/2: S5

11/14/85 10:49:00 + 25:02 CALI: FC43RP #7 RIC:  145664.
SAMPLE: WOODSTOVE GS-2 1:13 DILUTION
CONDS.: -
ENHANCED (S 15B 2N OT)
162.8 - >3 - 15552.
e 3
41
82
67
50.0 - o6 -
- " -
103
4 124 i
| |
' 5 250
I l " L Il“ 14 I.I l- -" 'L il " Ik Al]l 11?2 IIS‘B 1$0 134 298 222 A'
R S | | S R L | l‘l'l'—‘I'l','l'T'l'l'.'T‘lrl T 1
H/2 €0 190 159 263 250

Figure 5-2. Artifact peak of GC/MS analysis.



The systems audit focused on observing the procedures and
techniques used by the laboratory team, a check of documentation
completeness and a review of team adherence to the QC protocol
prescribed by the Cuality Assurance Project Plan (QAPP). Several
modif ications to the analytical procedures were made (based on EPA
approval). The memoranda documenting these changes are i{ncluded in this
section as Figures 5-3, 5-4 and 5-5. No other significant procedural
problems were noted. Upon thorough examination of the original and
revisad Draft Woodstoves Repor:i several modifications were made in the
previcusly reported data. The documentation of these changes are
addressed via Corrective Action Memoranda that are included in this
section as Figures 5-6 and 5-7. The systems audit checklist is
presented as Figure 5-8.

The performance audit for TCO and GC/MS consisted of six audit
samples submitted blindly to the laboratory for analysis. The first set
of three audit samples were submitted and analyzed simultaneously with
the first set of woodstove burns. The second set of three audit samples
were submitted at a later date and analyzed along with the last set of
woodstove burns. The samples were prepared by spiking approximately
25 grams of XAD-2 packed in resin tubes with a known amount of FOMs and
PNAs. Two additional blind samples were prepared by Candace Blackley
according to the QAPP for Gravimetric analysis. The overall results of
the performance audit are presented in Tables 5-7 and 5-6. The average
recovery for target compounds (PNAs and POMs) was 85 percent for the
{nit1al set of three audit samples. The final set of three audit
samples showed an average recovery (target compounds) of 89 percent for
both low and high spiked concentrations.

In summary, the performance audit showed that the accuracy targets
were mot well within the acceptance range. The systems audit confirmed
the laboratory team to be competent and knowledgeable in their tasks,
documentation to be completed and current, chain-of-custody procedures
satisfactory and the prescribed QC protocol to be met to satisfy the
program objectives.
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MEMORANDUM
DATE: Novenber 7, 1985

T0: Robert HcCrillis (EPA-ERC), Raymond Herrill (EPA-ERC),
Richard Crums (RTI)

FROM: Donna Holder YN

SUBJECT: Gravimetric Analysis (GRAV) Modifications for Analysis of Hood
Stove Emission Samples

Per a phone conversation between Ed Messer (Radfan) and Ray Merrill
(EPA) on November 1, 1985, tha Gravimetric (GRAV) analysis for the Wood
Stove Emfssion Samples will be modified as followss

The Soxhlet methylene chlor{de and the contents of the separatory

funnel (condensate, Me Cl, Rinse Condonsate Impinger, Impinger H,0,
and e C1, Rinse Impinger; will be combined and adjusted to 10,0%wl
total volfme, instoad of the original 250.0 mL total volume. Tho

minimum requirement for total mass of sample nas also been changed
froa 10,0 og to 1.0 mg total weight. This procsdure 1s depicted in
the attached figure.

This modiffcation was a result of analyzing three Radian Audit
Samplos and screening several woodstove extracts at the original 250 ol
volume. The Audit Samples were submitted to the laboratory to evaluate
the method performance. These were prepared and analyzed upfront prior
to actual sample analyses. Prelimtnary GRAY and TCO (Total
Chromatographable Organfcs) analyses were unable to detect the spiked
concentrations within tho Yinsar working range of the standard curves,
fnifcating the need for further concentration of the samples.

Figure 5-3. Gravimetric analysis (GRAV) modifications
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Me C12 Me C12
XAD-2 Me Ci Condensate Rinse Impinger Rinse
Rinse Condensate HZO Impinger
Impinger
Combine Combine
Soxhlet Separatory
Me Clz Funnel
Combine and
Adjust Volume
to 10.0 mL
Preliminary TCO Preliminary GRAV,
0.1 - 10 mg/mL Minimum 1.0 mg
Total Weight

Figure 5-3. Continued
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MEMORANDUM

DATE: November 19, 1985

TO: Ray Merr.11 (EPA), Robert McCrillis (EPA), and Richard Crume (RTI)
FROM: Donna J. Holder

SUBJECT: Modification to Woodstoves QAPP

The procedure for the calibration of the gas chromatograph/mass spectrometer
should be amended to read as follows:

A five-point calibration, with a single value at each concentration level,
will be used to calibrate the gas chromatograph/mass spectrometer system.
Triplicate values for one of the calibration points (one analysis cn each of
three successive days) will be used to assess analytical precision: maan,
standard deviation, and percent coefficient of vartation wil1l be calculated.
A linear regression will be performed for each of the points of the original
calibration curve and the value of the correlation coefficient will be
reported.

If you have any questions please call J. Bursey or E. Messer at 481-0212,

Figure 5-4. Modification to woodstove QAPP.
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T0: Dr. Ray Merrill (EPA), Or. Robert McCrillis (EPA),
Richard Srume (RTI)

FROM: Donna Holder (Radian)
DATE: December 2, 1985

SUBJECT: Gas chromatograph Calibration for Total Chromatographable Organics
(TCO) Analysis (Modification to Calibration Curve).

As per the standard operating procedure for TCO analysis, a multi-point
calibration curve was perfarmed that covered the range from 0.37 mg/mL to
37.04 mg/mL total chromatographable organics. A five point calibration curve
was used. A linear regression calculation was performed using the five GC
responses obtained for the five concentrations on the curve. The results are
given below:

Slope 156960.1
Intercept 153969.9
Corr. Coefficient 0.9949

The intercept generated from the regression calculation was relatively large
(153969.9). The intercept is used to calculate TCO amounts by subtracting it
from the GC response for a particular sample. TCO analysis of sample blanks
resulted in small GC response values. Therefore, when the intercept was
sgbtracsed from blank values to determine TCO amounts, negative values were
obtained.

The TCO linear regression 1ine was plotted to determine if any of %‘he points

were significantly skewed. The highest concentration point were significantly
skewed. The highest concentration point analyzed deviated noticeably from the
regression line and was causing the intercept of this line ta be large. Since

few samples had TCO values in this range, th. highest point was dropped and
the linear regression was repeated. The values are given below:

Slope 187284.5
Intercept 20327.5
Corr. Coefficient 0.9999

A1l TCO values were calculated and reported using the slope and intercept of
the four point calibration. The sample blank values obtained were
approximately zero mg/mL.

Figure 5-5. Modification to TCO analysis.
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DATE: December 13, 1985

TO0: Or. Ray Merrill (EPA), Or. Robert McCrillis (EPA), and Joe
Evans (RTI)

FROM: Donna Ho\derﬁﬂ#’

SUBJECT: Gravimetric (GRAV) Analysis Corrections

In reviewing the GRAV filter data, two changes were made that
resulted in new values for several samples. The changes are as follows:

1) Due to a number of blank samples with unusually high
values, the GRAV filters were reweighed. It was noticed
that labels with the Radian number and samplie ID were
placed on the petri dish bottom. This resulted in the dish
welghts approximately 100 mg higher. A1l petri dishes with
labels on the bottom were rewsighed three times (without the
filters)--first with the labels on them; second, after the
labels were removed and the petri dish bottom was cleaned with
acetone (NOTE: The filter number from Engineering Science was
NOT removed.); and third, after two hours to reach constant
weight (within 0.5 mg). The second and third weights were
averaged and then subtracted from the first weight to get the
1.bal's weight. The label weight was then subtracted from the
GRAY value to get the correct filter weight.

2) Upon examination of filter tare weights provided by
Engineering Science, Radian found several tare weights that
had been miscalculated. As a result, all filter tare weights
vere checked and any necessary corrections mado.

If you have any questions, please call Melinda Dilda or Ed Messer
at (919) 481-0212.

Figure 5-6, GRAV analysis corrections.
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MEKORANDLIM

Tos Donna Holder (Radfan QA/QL)
From: Joan Bursey (PPK GC/MS) &J?,

Subject: GC/MS Unfit Correction Involving Houdstoves Frogram
Dates January 10, 1986

For the first series of analyses of POM and phenol, an error was made {n
the calculations. The value as originally obtatned from the GC/MS
dotormination {s expressed as ng/ul, vhich {s equivalent to ug/mt. This
value 1s then multiplied by the total number of mL in the sample to
obtain a value of micrograms per total sampla. In order to perform a
calculation involving the number of mL of sample to obtain the total
weight of material per sample, a conversion of units must takc place.
Otherwise, the multiplication should be by a facter of 10,000, for
example, for a 10 mL sample. However, the multiplication was performed
but the units written after the multiplication were consistently
nanograms rather than micrograms. The result is that the digits as
reported 1n the data tables are correct but the units are incorrect:

the units should be reported as micrograms per total sample, not
nanograms.

cc: Ed Messer
Denny Wagorer

tigure 5-7, GC/MS Unit Correction.
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ANALYSIS OF W0OD STOVE EMISSION SAMPLES
TECHHICAL SYSTEMS AUDIT

are stored in a
dessicator until
weighed.

CHECKLIST
Site: PPK Laboratory Date: Qecember 2, 1985
Contract: 203-023-38-0] _ Auditor: Q. J. Holder
YES NO COMMENTS ITEM
T P N
. S —_— 1 Project Manager: ande
Project Director: fd Messer
X 2. Task Leaders:
Sample Preparation: _J, McGaughey
GC/TCO: J, Rice
GC/MS: J. Bursey
GRAV: M. Dilda
AHP N { RA

X 1. Are SOPS available for sample
custody?

- logging samples
- storing samples
- dispersezent

X 2. All samples logged in manually and
through SAM?

X 3. All samples labelled appropriately
(log-in date, disposal date, client,
etc.) before refrigeration?

X Bottles are 4. A1l completely analyzed samples
marked with an stored separately in the refrigerator
°x” to indicate with holding time requirements?
that they have
been analyzed.

X_ Stored in the 5. Are all TCO samples storedoin
freezer. refrigerator at or below 4°C?

X A1l GRAV samples 6. Are all dry GRAV samples stored

in a dessicator?

Figure 5-0. Systems audit checklist.

A-72



YES NO COMMENTS ITEM

X 7.
_X 8.
X 9.
X 10.

Are all GC/MS samples stored
in a refrigerator or freezer?

Are all diluted samples labelled
with diluted sample container
label containing the appropriate
information (date, solvent,
Radian ID number, dilution
factor, new concentration,
analyst’'s initials)?

Are standards stored separately
in the refrigerator?

Is the refrigerator checked
monthly for expired sample dates?

CALIBRATJON PR UR

]

X _ G-, 1. Quantitative calibration using
stock solution of decane,
dodecane, and tetradecane?

_X > 0.99 usually the 2. Calibration curve linear with

standard. correlation coefficient 30.97 for
acceptance?
X Daily QC standard 3. Calibration frequency documented?
calibration records.
X 4. Calibrations recorded in a
permanent record?
GRAY
X 1. Analytical balance calibrated
to +0.1 mg accuracy against a
certified standard?
X 2. Frequency of calibration well
documented?
X 3. Balance calibrations recorded
in a permanent record?
Figure 5-8, Continued
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YES

NO

COMMENTS ITEH

4. Is all apparatus that contacts
a concertrated or evaporated
residue sample glass, teflon,
aluminum. or steel?

GC/ME

1. Is calibration curve verified
daily by measuring one or more
calibration standards ( +15% of
true value as acceptable)?

2. Frequency of calibration well
documanted?

3. Are calibration data kept in a
permanent record?

NTR R

10 Q¢ Checks

1. Is a daily bakeout done and a
QC sample analyzed to test for
contanmination?

2. If contamination is suspected,
or duplicates of a sample show
increasing concentration 215%, is
a reagent blank analyzed?

3. If contamination is fougd, is the
column baked out at 276°C for 20
minutes and is a blank check
repeaied?

4. Is a QC sample run daily (to
check C,-C17 window)?

5. Is a reagent sample run for each
new reagent batch?

Auto-sampler used. 6. Is the needle flushad with
Place a flush vial solvent (Dichloromethane) between

between samples but injections?
not between duplicates.

Figure 5-8. Continued
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YES

NO

COMMENTS

ITEM

Opens from the top.
Sealing around {t.

Done in the hood.

Entire sample is used
much of the time,

7.

Is the GC inlet septum changed
daily?

GRAV OC Checks

1.

N
.

-3
.

Is analyst proficiency
demonstrated prior to testing
(following SOP guidelines)?

Is the dessicating cabinet have a
sealtight door with gum rubber
(no silicon sealant)?

Is the evaporation of samples
carried out in an area clean of
airborne dust and organic vapors?

Are all samples analyzed in
duplicate by the same anaiyst?

Is a method blank analyzed in
duplicate for each new solvent
lot or sample set?

Are 2 reagent blanks analyzed
each day samples are run?

If a sample needs to be re-
analyzed but insufficient sample
remains, is the initial result
reported with a qualifying
statement?

6C/MS 0C Checks

Does each sample set
( <10 samples) include a method
blank and sample duplicate?

Are the following QC samples
analyzed:

-surrogates

-internal standards

-duplicates

-glassware blank

-matrix spike

-system performance standard (MS)

Figure 5.8. Continued
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YES

NO

COMMENTS

ITEK

3. Is the GC column and sample inlet
system evaluated using the
appropriate standards?

4. Is the MS performance evaluated
using the following:
-standards
-daily response factors (using
standards)
-Peak width evaluation ( <5 scans
wide at a concentration of S0

ug/mL)

5. Are at least 10% of all samples
spiked and analyzed to monitor
data quality?

6. Are at least 10% of all samples
analyzed QC chacks?

7. Are all QC data accessible for
all GC/MS analytical results?

8. Are QC results kept in a
permanent record?

GENERAL QC Checks

1. Have standards been analyzed
periodically to verify that each
analytical method is in control?

2. Do QC records indicate corrective
action taken on data that has
been rejected?

3. Ara questionable results
considered acceptable by
authorized persons (chemist.
engineer, etc.)?

4. Are all QC data accessible for
all analytical results?

Figure 5.8. Continued
A-76



YES KO COMMENTS ITEM

PREV VE MAINTENAN
G PR R

X 1. Are system operating

(manufacturer’s) manuals
available?

X Maintenance logbcok 2. Are preventive maintenance

for each instrument. activities (service calls)
documented in standard forms?

X Maintained by the 3. Are permanent service records

Task Leader. for all instruments available and
maintained (logbooks)?

. ——— Project Director and 4. Do2s the labcratory supervisor

Task Leader. monitor supplies and maintain a
purchase order file?

X 5. Is a storeroom available for

inventory of spare parts?

X 6. Are the following general on-

hand laboratory supplies
maintained?

-printer paper
-printer/plotter supplies
-magnetic tapes
-ultrasonic bath
-centrifuge

-gigital voltmeter
-electrical connectors and
supplies

X 7. Are the following GC supplies

Inventoried:

-fused silica capillary columns
-glass packed columns

-carrier gas

-secondary gases

-glassware

Figure 5.8. Continued



YES NO COMMENTS

ITEM

N/A

-dilution glassware
-drummond pipettes
-syringes with replacement parts.

Are the following MS maintenance
procedures performed:

-Evaluation of ion source
performance (history profile,
routine cleaning)

-quadruple performance (mass
peak shape, isotope abundance
and ratios)

-Electron Multiplier Performance
(history profile, replacement)

-Overall performance (repeller
voltage, high mass peak shape,
operating vacuum, ultimate
sensitivity, background noise,
signal-to-noise ratio, etc.)

DOCUMENTATIOM PROCEDURES
GENERAL

1.

40

Are all samples accompanied by
sample tracking form and
appropriate signatures?

Co sample worksheets contain all
pertinent information, including
methods of dilution or
concentraticn?

Do all instruments have
documented troubleshooting
procedures?

Are instrument modifications
viell-documented?

Figure 5.8. Continued
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YES NO COMMENTS ITEH

LABORATORY NOTEBOOKS
X 1. Is permanent ink used for all

entries and sample worksheets?

X 2.  Are changes in entries ~ade by a
single line drawn though the
incorrect information, dated and
initialized?

X 3. Are reporting units for data
specified vwhere appropriate?

X 4. Are repeat analyses recorded
properly?

X Maintained in a 5. Do lab notebooks contain all

%g?eral project pertinent information such as:
ile.

-chromatograms

-spectra information
-instrument parameters

-copies of sample log-in sheet
-calculations

-dilution factors

-instrument problems
-maintenance measures
-hardware changes

X 6. Is electronic data storage
available?
N/A 7. Are all internal standards and

surrogate spikes documented on
sample worksheet forms?

N/A 8. Are all sample worksheets
reviewed, signed, and dated by

appropriate member of the GC/MS
group?

X 9. Ars all notebooks for the project
maintained in ona central file?

Figure 5.8. Continued

A-79



YES NO COMMENTS

ITEM

X Information is

recorded in

appropriate loghook.

10. Are all problem. encountered
documented on standard forms?

11. Is a corrective action file
maintained?

Figure 5.8.- Concluded
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Table S5-7.

QA/7QC AUDIT GC/MS SAMPLES

Audit 1 (9872)

Audit 2 (90873)

Audit 3 (9874)

True Measured Percent True Measured Percent True Heasured Percen?

TARGET Conc. Conc. Recovery Conc. Conc. Rocovery Conc, Conc. Rocovery

COMPOUND (ng/ul) (ng/ul) (%) {ng/ul) (ng/ul) (%) {ng/ul) (ng/ul) (%)
Phenol 0 Trace - 200 132.0 66 1,000 725.9 73
Napthalene 0 Trace - 200 142.1 71 1,000 721.0 72
Acenaphylene 0 0 - 200 161.3 81 1,000 811.9 8l
Acenaphthene 0 0 - 200 163.6 8z 1,000 821.9 82
Fluorene 0 /] - 200 171.0 86 1,000 824.5 82
Nitronaphthalene 0 0 - - - - - - -
Phenanthrene 0 0 - 200 187.8 94 1,000 661.9 86
Anthracene [} 0 - 200 120.7 60 1,000 714.6 71
Acridine 0 1] - - - - - - -
Carbazole ] 0 - - - - - - -
Fluoranthene 0 0 - 200 130.3 65 1,000 B70.8 87
Phenanthrol 0 0 - - - - - - -
Pyrene 0 0 - 200 123.7 62 1,000 54,5 85
Benzola)anthracene 0 0 - 200 182.0 91 1,000 869.5 87
Chrysene 0 0 - 200 157.6 79 1,000 824.1 82
Benzo(b) fluoranthene 0 0 - 200 198.3 99 1,000 863.8 86
Boenzo(k)fluoranthene ] 0 - 200 185.4 93 1,000 911.0 91
Benzola)pyrene (] 0 - 200 208.5 104 1,000 927.3 93
3-mothylcholanthrene 0 0 - - - - - - -
Bsnzol(gehstdpoerylene 0 0 - 200 211.6 106 1,000 921.1 92
Dibonzola,h)anthracene 0 0 - 200 222.2 111 1,000 992.7 99
Indeno(l,2,3~cd)pyrene 1} 0 - 200 227.3 114 1,000 946.9 95

continued
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Table 5-7. uA/QC AUDIT GC/MS SAMPLES

Audit 4 (1116S)

Audit S (11166) &

Audit 6 (11167) +

Truo Moasured Porcent True Heasured Percent True Heasured Percent

TARGET Conc. Conc. Recovery Conc. Conc. Recovery Conc, Conc, Racovery

COMPOUND (ng/ul) (ng/ul) (%) {ng/ul) {ng/ul) (%) (ng/ul) (ng/ul) (2)
Phenol (V] 0 - 201.3 127.2 63.2 2013 1378 68.4
Napthalene 0 0 - 300.0 336.0 112 1000 1054 108
Acenaphylene [} 0 - 300.0 266.3 86.8 1000 970.0 97.0
Acenaphthene 0 0 - 300.0 262.1 87.4 1000 787.8 78.8
Fluorene 1] 0 - 300.0 287.7 95.9 1000 1065 107
Nitronaphthaleno [+] 0 - 201.4 262,1 130 2014 1574 78.2
Phonanthrene o] 0 - 300.0 292.9 97.6 1000 1079 108
Anthracene 1] 0 - 300.0 245 .5 81.8 1000 861.2 86.1
Acrioine [ 1] - 402.0 3056.5 101 1508 1732 118
Carbazole 0 0 - 404.8 389.7 96.3 1518 1491 98.2
Fluoranthene 0 0 - 300.0 278.0 92,7 1000 1029 103
Phenanthrol 0 0 - 400.2 - 0.0 1501 47.6 3.2
ryrene 0 0 - 300.0 301.1 100 1000 1062 106
Benzo(a)anthracene 0 0 - 300.0 290.0 96.7 1000 988.0 98.8
Chrysene 1] 0 - 300.0 293.0 97.17 1000 1008 101
Benzo(b)fluoranthens [+] 0 - 300.0 275.5 91.8 1000 1026 103
Benzo(k) fluaranthene 0 0 - 300.0 254.6 84.9 1000 945.3 94.5
Benzo(a)pyrene 0 0 - 300.0 234.2 78.1 1000 811.5 81.2
3~pethylcholanthrene o 0 - 200.8 85.2 42.4 20086 449.1 22.4
Benzol(gshs1)perylene 0 0 - 300.0 287.0 95.7 1000 1095 110
Dibenzo{a.h)anthracene 0 0 - 300.0 310.2 103 1000 1131 113
Indeno(l,2,3~-cd)pyrene 0 0 - 300.0 284.2 94.17 1000 1108 111

concluded

®* A1l PAH's @ 300
+ A1) PAH's @ 1000
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Tadble 5-8.

QA/QC AUDIT TCO AND GRAV

SAMPLE AREA AREA PERCENT HEAN SAMPLE TOTAL
1.0.# COUNTS COUNTS DIFF. AREA CTS. Mg/el yoL (ml) mg
10251-8 14000 12124 14.362 13062 + 1 4

Audit 1 6222 5800 7.020 6011 0.03 1 0.03
(9872)

Audit 2 118196 115812 2.038 117)04 0.62 1 0.62
(9873)

Audit 3 4999179 454941 9.433 477460 2.54 1 2.54
(9874)

Audit 4 50314 55860 10.447 53087 0.08 S 0.04
$111653

Audit S 109225 105423 3.543 107324 0.37 5 1.85
(11166}

Audit 6 311201 322811 3.662 317006 1.50 H 7.50
(11167}

+ Solvent Blank
® Total mg/mL calculated using datly response factor.

GRAY
TEST

» W N

THEORETICAL EXPERIMENTAL ACCURACY
mg/mL og/ ol %
1.21 1.20 -0.83
1.21 1.16 -4.13
1.04 1.08 0.96
1.04 1.10 5.77




