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on
SODRCE TESTING METHODOLOGY
FOR THE
ASPHALT ROOFING INDUSTRY

to

ENVIRONMENTAL PROTECTION AGENCY
{Contract No. 68-02-1409, Task 23)

from

BATTELLE
Columbus Laboratories

January 10, 1977

INTRODUCTION

In early 1975 the U. S. Environmental Protection Agency initiated
a program that would lead to development of New Source Performance Standards
for asphalt roofing plants. The prime interest was to issue emissions regu-
lations to cover emissions of particulate and gaseous hydrocarbons from modi-
fied asphalt roofing plants.

It was recognized that the majority of the emissions (on a weight
basis) from the asphalt roofing plants would be hydrocarbon compounds.
Because many hydrocarbon compounds are volatile at moderately low tempera-
tures, it was determined that the standard Method 5 sampling train might
not be appropriate for these measurements. The solution was to sample the
heavier hydrocarbon compounds (solids and condensibles) as particulates
using some modification of the Method 5 sampling train, and to sample
gaseous hydrocarbons downstream of the Method 5 filter using a continuous
hydrocarbon analyzer.

To permit a trial of proposed sampling methodology for asphalt
roofing plants, EPA engaged Battelle~Columbus to conduct preliminary sampling

at the Celotex Corporation plant in Cincinnati, Ohio.




The
included:

(D)

(2)

(3

D)
The
(5

(6)

J

initial scope of this preliminary study and sampling activity

Examining the suitability of 1,1,1-triclhloroethane (TCE)
as a solvent for washing the particulate train.

Examining the nature of the particulate catch samples
including determination of their susceptibility to
evaporative loss.

Examining the suitability of the flame ionization-
detector (FID) hydrocarbon analyses for measuring
gaseous hydrocarbon emissions, including estimating
the FID response to the hydrocarbon compounds found
in the sample gas stream.

Comparing FID analyses with analyses of flask samples.
scope was subsequently enlarged to include:

Evaluating the possible loss of a portion of the particu-
late samples during the sample-drying procedure.

Evaluating POM data obtained with a 175 F adsorbent
column (instead of the 130 F normally used).

This report describes three activities related tco the New Source

Performance Standards (NSPS) emission measurements at asphalt plants.

These activities are:

I.

II.

ITI.

Sampling at the Celotex plant to establish procedures
for the NSPS sampling at other asphalt plants.

Special drying studies of selected particulate samples
from asphalt plants to establish procedures for drying
the bulk of the samples.

A special POM run conducted at the Certain-Teed asphalt
plant (Shakopee, Minnesota) to "calibrate" the 175 F POM
runs made at the Elk Roofing plant (Stephens, Arkansas).

Each of these activities is described in a separate section of

this report.

respectively.

The three sections are identified as Part I, II, and III,

|




PART 1

EMISSION SAMPLING AT CELOTEX PLANT
CINCINNATI, OHIO

As part of an overall effort to develop procedures for sampling
emissions from asphalt roofing plants, experimental tests were conducted
at the Celotex Plant in Cincinnati, Ohio. The purpose of the sampling ef-
fort was to test and evalute the proposed sampling methodology by sampling
at one asphalt roofing plant prior to more extensive sampling efforts at
other plants.

Paul R. Webb, Salo Miller, and Karl Turner of Battelle-Columbus
Laboratories conducted the field test on June 12 and 13, 1975, under

the direction of Tom Logan of EMB, ESED, 0QAQPS, EPA.

PROCESS DESCRIPTION

The felt used in the manufacture of common asphalt-saturated pro-
ducts is made from waste paper with either wood fibers or rags added for
strength against tearing.

Organic felt base roofing shingles are manufactured by contin-
uously passing a web of paper felt through a "line" or series of machines
which include the following sequential operations: a felt unwind stand,
dry looper, asphalt saturator, drying-in drums! wet looper, coater,
granule applicator, backing applicator, press section, water-cooled rolls,
finish floating looper, shingle cutter, and shingle stacker.

The temperature of the asphalt in the saturator dip section
varies from 232 C (450 F) at the start to 218 C (425 F) at the finish.
The temperature is maintained by continuously circulating the asphalt
through an insulated, heated storage tank.

The Celotex plant obtains asphalt locally, the Gulf 0il Company
being the major supplier. The asphalts are manufactured from the bottom
products of crude petroleum distillation. The bottoms are air-blown and/

or blended with purchased lube o0il stocks to meet specifications on blown




asphalt and, thus, to enable products to meet roofing materials specifica-
tions. The blowing stills at Celotex use air at the rate of 2937 Nm3/hr
(1735 scfm), and the blowing times range from 1 to 4~1/2 hours, depending
on the particular products. During normal blowing operations, Celotex
collects approximately 200 kg (54 gallons) of oil per day from the cyclone,
which is reclaimed to their fuel oil system. Approximately 0.75 percent

of the raw material is lest during a blowing operation.

Figures I-1 and I-2 are schematic flow diagrams showing process
components, control devices, and sample point locations. The air pollu-
tion control equipment at the Celotex plant consists of (1) a cyclone and
afterburner which handle the effluent from the four asphalt blowing stills
and (2) electrostatic precipitators (ESP), which handle effluents from the
saturator enclosure.

The blowing stills have a cyclone collector to collect a portion
of the heavy hydrocarbon emissions and an afterburner to burn the remain-
ing hydrocarbons. The ESP's are Smog-Hog Units manufactured by United
Air Specialists. The two precipitators (Units No. 1 and 2) are Model
MS20AT cells, each containing two banks of cells and a fiber roll prefilter.
The precipitators are also equipped with detergent/water spray systems to
keep the plates clean.

Because most of the particulate emissions from asphalt roofing
plants are hydrocarbons/organics, and are volatile, the temperature at
which an emission control device operates may have an appreciable affect
on the efficiency of the device. (This generally is true for filters and
electrostatic precipitators, but not for afterburners.) Hence in EPA's
effort to identify the "best technology" for controlling emissions from
asphalt roofing plants, it was determined that control devices should be
operated at the lowest practical temperature to insure maximum collection
of condensible particulate. Thus, filter-type control devices (such as
HEAF units - High Energy Air Filters) should be operated at 38 to 50 C
(100 F to 120 F), rather than at some higher temperature. The emission
measurement procedure should recognize this sensitivity of emissions to
control device temperature and permit measurement of emissions on the
basis of using the best control device technology. Hence, it was deter-

mined that the sampling procedure should permit colleciion of condensibles

J
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at about 38 C (100 F), and vital sampling train components (prefilters and

filters) were operated at this temperature.

SAMPLING POINT LOCATIONS

Figures I-3 and I-4 are schematic diagrams showing the loca-
tions of inlet and outlet sample points relative to process components for
the blowing still and saturator operations, respectively. Single point
sampling was used iﬁ lieu of traversing since the data would be used only
as an aid in establishing sampling techniques. One duct diameter at each
sampling location (inlet and outlet) was traversed to determine the best
probe location to achieve sampling at the average stack velocity and to
establish parameters necessary for isokinetic sampling. Sample point lo-
cation has been noted on Figures I-3 and I-4 for the inlet and outlets

respectively.

SAMPLING AND ANALYTICAL PROCEDURE

Standard Method 5 sampling and analytical procedures were judged
not suitable due to the nature of the processes and the need to operate
the filter at lower temperatures than are generally used for Method 5
sampling. Also, the relatively large amounts of oil and water associated
with asphalt roofing plant operations plug the Method 5 filters.

Figure I-5 is a schematic of the sampling trains used for
sampling at the Celotex plant. Figure I-5 also identifies cleanup
and analysis procedures for each portion of the sampling train. To
reduce and/or eliminate the water/oil problem for sampling at blowing
stills, the Method 5 sampling train was rearranged so that the sampled
gases passed through the cooled impingers upstream of the filter, thereby
dropping out much of the water and oil. The impingers were placed in a
water bath to maintain them at a temperature of 38 to 50 C (100 to 120 F}.
To further reduce the possibility of water and oil plugging the filters,
a prefilter, fabricated from a glass column packed with fiber glass, was

placed in the sampling train between the impingers and the conventional




e

STIILS ONIMOTE WONA SNOIIVDOT INIOd ONITAWYS GNV AULTWOZ) Io0Q  '€-T TAN91A
a ( jauing 2dS
-3} )y upn4 . O
—iDIP {4} G'2) .
421 ; : U
) 197p W90 Ah Mw — /
.Iurn o] 745 : ‘woimp (411G ——
onp w g’
l/ HuD]
DS
[+0]
(13 G2) |
wol 3u0|2k)
\_— -
v ¢ B
2 |
SIS
Buimolg {0314 J3A




- HNIT Y0LVENLVS HO¥d
SNOIIVIOT I¥0d ONITANVS ONV AALIR0FD LONd

'v-1 d4noId

Y

o {432) woL0

worq 19nQ {1} 29°2) WIG0 /4

s n‘ﬂ(Eﬁ_.m \Q.I‘l_ooo OOO.J

.—' 24ns0|2U3 10}DINDS
39x4P)
wg | xwgl
19n@g "}99y
« {1} 8) «
W'

IIIII *\l.|||i.|¢| Y e N N BTV
. (45'2)

N

1"ON <ON
dS3 ds3
2dS-=j0 O o O




BN NN AN SN A AN AN AN WM SN GRS cARD N SN AN I GBS GEn W e
¥0d @ESN SAYNTID0¥d dONVITO ANV SNIVML ONTTIWVS G-I TUA9Id

ygtem pue IIBIISSIP .on @1eviodeay :se8urdur wesaisdp

31d90%2 @a0qe sk Jues STSATPUY

ainpaloig dnueal)d

dp} (4 0210400l y4ng a9l
ay1a11q OPH %SO} 3 o‘_mwm_* M_m u! sJsaburduiy woalsdn
A [ 1P73 osn H3:d
] | otS
“mm Juinos Lo:h_m 9qoad pajooo
109 ~ peyo0d P 19}DM puD 3|ZZON
“dwing . . \\\\\\\ AVI@

TTILS ONIMOTYE

9In]STOW P2lBINUNDDE SUTWIDlaq  :del) 2INISTOW

£13owoa3oads ssew -- Aydei8ojlemoayo sed Aq STSATEUER DY :MSBIJ PIIBNOBAY
sTsATeue paieajur £q sTdues
QU0 szdATeue ‘uorioeij yoee yl3tem ‘Lydeiloirewoayo

10

PInbIT 4q s,0H °31raedes ‘uun(od paYded woaj IOBIIXY umnTod paded
. y3tem “331BODTISI( 1I9ITTL
yStem pue AIp ‘2uBy3lLOIOTYDITIL YITA SSeT321q1F YSEM :193TLIoad

yStom pue Kip ‘(FDL) IJUEYISOIOTYDITIL YITm YseyM :3[zzou JO 3qolg

2Inpadolg dnueal)

QON.:. %SD|4 {4 02104 00l w
ajlJalig O'H pajoniDA3 3 o._w_ﬂmww
7 (4 0¢h) .
% 5bG
e uwInoo 1341
, 27 payong PiS
199 - 2qoJd pub 9)ZZON

SHNIT ¥OIVINIVS




' R NS R D N an E O AN N JER OE IR M OB NN N AN un Aaam e
J - -

11

filter. The large surface area associated with the use of glass wool as
a prefilter supplied ample contact for impingement of oil and/or water
droplets which may have passed through the impingers. The Method 5 pre-
filter and filter temperatures were kept at 38 to 50 C (100 to 120 F) by
using a water cooled probe {(depending on stack gas temperatures), by
adjusting the sample probe temperature (if stack gas temperatures were
relatively low), and/or by adding small amounts of ice to the impinger
water bath. Impingers alsoc were placed in an ice bath downstream of the
filter to collect the remaining water for moisture determination and to
dry the gas for metering.

Saturator plant samplings were accomplished without the
impingers upstream of the filter (because the moisture in the gas sampling
is relatively low). However, the prefilter is still recommended {(at least
for sampling upstream of control devices) due to possible high particulate
(oil) loading of the gas stream.

OQutlet stack sampling from incinerator control devices generally
requires a water cooled probe because of the relatively high stack gas
temperature.l Also, in addition to the conventional filter to collect
particulate emissions (as in Method 5), the prefilter or upstream impingers
may be necessary to remove condensed moistrue resulting from the after-
burner combustion.

After passing through the filter, the sample gases were passed
through a packed column of Tenox* adsorbent material. This material would
adsorb certain hydrocarbon vapors that would pass through the filter. A
portion of the gaseous hydrocarbons which passed“through the 38 to 50 C
(100 to 120 F) filter was collected in a 3 litre evacuated flask by means
of a glass tee placed in the sample line just after the conventional
filter. The packed column and flask samples were analyzed by gas chromo-
tography — mass spectroscopy (GC-MS) techniques to determine the nature
of the constituents and to determine if these gaseous constituents could
be measured by FID techniques.

Field and laboratory data sheets and calculations related to

this sampling effort are reported in Appendix A.

* Trademark
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Analysis Methodology

Method 5 analysis laboratory procedures were used to determine
mass values of the catch. TFor later asphalt roofing plant samples, special
drying studies were conducted at Battelle-Columbus Laboratories to estab-
1ish a methodology for drying possibly volatile samples. These studies are
reported in Part II of this report.

For the material adsorbed on the column and collected in the
flasks, the samples were analyzed and an evaluation was made to determine

the response of an FID instrument to the components of the samples.

SUMMARY OF EMISSION RESULTS

Since the emission sampling at the Celotex Plant in Cincinnati,
Ohio, was conducted only as a means to establish sampling methodology, no
attempt was made to determine stack gas molecular weight. Table I-1 is
a summary of the analytical results for the saturator and blowing still
samples obtained during this field test. For the most part, the samples
appeared to be comprised of water and oil. Because of single point and
probable unrepresentative sampling, mass values and concentrations cannot
be considered as valid emission data.

Figures I-6 through I-12 are thermogravimetric-analysis (TGA)
runs of the particulate catch from sampling at the Cincinnati asphalt plant.
Specifically, the figures are as follows:

Figure I-6 Blowing Still Inlet (Run 1)

Figure I-7 Blowing Still Imlet {(Run 1)

Figure I1I-8 Blowing Still Outlet (Run 1)

Figure I-9 Saturator Line Inlet, Probe Wash

Figure I-10 Saturater Line Inlet, Filter Extract

Figure I-11 Saturator Line Outlet

Figure I-12 Blank or Residue from Evaporating

Technical Grade TCE.
Data for Figures I-6, I-7, and I-8 include probe wash, impinger catch, and
filter catch. Figure I-11l includes probe and filter catch.

e o o o = o o
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There was concern about the absolute accuracy of the mass data
as the long time (about 4 weeks) required for reducing some of the samples
to their final form would give sufficient time to lose volatiles. However,
the conclusions that were reached from examing these data were:

(1) The particulate collected from the saturator runs
did not contain appreciable light ends. In the
TGA runs these samples reached 96 C (205 F), or
above, before a 5 percent weight loss was recorded.
This suggests that a filter temperature of about
38 C (100 F) should collect all of the "particu-
late" and that results may not be sensitive to
minor variations in filter temperature.

(2) The blowing still afterburner outlet run (Figure
I-8) showed similar results as the saturator runs;
i.e., a temperature of 98 C (209 F) was reached
before 5 percent of the "particulate” was distilled
from the sample. Again, this suggests a 38 C
(100 F) filter can be used to collect this sample.
0f course, the filter must be preceded by cooled
impingers to reduce the water dew point to below
38 € (100 F).

These data do show that use of the conventional
Method 5 sampling train with a 121 C (250 F)
filter temperature would result in collection

of 12 percent less particulate than with a filter
temperature below about 66 C (150 F).

(3) Finally, the blowing still afterburner inlet runs
show the largest content of light hydrocarbons--in
the TGA runs 5 percent of the material distilled
off at between 78 and 89 C (172 and 192 F), and
29 to 32 percent had distilled off by the time the
sample was heated to 121 C (250 F). If anything,
more light hydrocarbons are actually present than
shown by this analysis (due to loss during pro-
cessing of samples). In general, it appears that
a 38 C (100 F) filter should be used for sampling
at this point to collect as much "particulate"
as possible,

Tables I-2 and I-3 show analytical data for gaseous hydro-
carbons, Table 1 for the flask samples and Table 2 for the packed column
samples. Also shown are FID responses (known or estimated) for each
component or fraction. The FID response for each total sample was esti-
mated using the given FID responses for each component. Generally, all

FID responses are in excess of 90 percent; that is, the FID gives a reading
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equivalent to 90+ percent of the number of carbon atoms presemt. The only
response that might be below 90 percent was the saturator oul tet sample
collected in the flask. TFor this sample, if the worst combination of
values is assumed where "less than' wvalues are reported, an 86 percent
response is estimated.

Therefore, it was concluded that an FID measuring gaseous hydro-
carbons exhausted from a particulate train sampling an asphalt plant would
give a response of 90 percent or more of the true emission of hydrocarbons
and that the FID is suitable for such use. ({Alternative methods to

achieve more exact numbers would probably require field collection of

samples followed by costly analysis.)
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CONCLUSIONS

The modified Method 5 sampling methodology used in sampling the
blowing still and saturator process at the Celotex plant appeared to be
suitable for such sampling. Whenever volatile materials are sampled, there
is uncertainty about the effectiveness of the sampling methodology unless
some proven reference method exists. In the absence of a reference method
(such as is the case with asphalt roofing plants) the adequacy of the
sampling method must be inferred from available data. When the sampling
train was operated properly, there was no visible evidence that signifi-
cant quantities of heavy hydrocarbons were passing through the sampling
train without being collected. However, if the filter was allowed to
get too heavily loaded, some material appeared to pass through it and
FID hydrocarbon readings increased. Furthermore, the analysis of the
flask samples (taken downstream of the filter) did not show the presence
of hydrocarbons above about C6 compounds. Thus, the available data sug-
gests that the sampling procedure used at the Celotex plant is suitable
for making emission measurements at asphalt roofing plants.

Of course, any sampling methodology is only as good as the
methodology for recovering and analyzing or weighing the samples. Pro-
cessing of volatile samples raises uncertainties and it might be desired
to design a new sampling procedure to make sample processing more exact.
However, the design of a sampling train to accomplish this is not simple.

EPA has considered the results of the Celotex sampling and pro-
posed a sampling methodology based on this work as the standard method for
sampling at asphalt plants.

The problem of drying and weighing asphalt roofing samples is

discussed in Part II of this report.
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PART II

SPECIAL DRYING STUDY OF SAMPLES
COLLECTED AT FIVE ASPHALT PLANTS

Upon completion of the sampling effort described in Part I of
this report, EPA engaged Battelle to participate in conducting New Source
Performance Standards (NSPS) testing at five asphalt roofing plants having
"best available technology' emission control devices. The nature of the
asphalt roofing plant processes that were sampled was such that the majority
of sample mass was expected to be organic materials. Also, the samples
were collected at much lower temperatures than are normally used for Method
5 sampling trains (filter temperatures of 32 to 38 C (90 to 100 F) instead
of 121 C (250 F). Thus, the samples would be more likely to contain organic
compounds which would evaporate during the drying process if standard
Method 5 drying procedures were used.

To examine the sample drying problem, Battelle designed and
carried out a series of experiments to quantify the loss of particulate mass
associated with evaporation of organics during the drying process. These
experiments and the results and conclusions of this study are presented

below.

SAMPLES COLLECTED

Two different processes were included in the five asphalt roofing
plants for which NSPS sampling was conducted. The processes were blowing
stills (1 plant) and saturator lines (4 plants). The blowing still process
posed a problem in that estimated moisture content of the flue gas was about
40 percent, giving a dew point temperature of about 74 C (165 F). Because
it was desired to operate the particulate sampling trains with glass fiber
filter temperatures in the 38 to 50 C (100 to 120 F) range, this high
moisture content would cause condensation on the filter. To avoid this
condensation, a water dropout element was added upstream of the filter for
sampling at blowing stills. Thus, different particulate sampling trains

were used for sampling the blowing stills and the saturator lines.
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Figure II-1 and II-2 show the configuration of the particulate
sampling tralns used for sampling the blowing still and saturator lines,
respectively.

Cleanup of the particulate sampling trains resulted in collection
of 7 or 9 samples from each train, as listed in Table II-1. The impinger
samples from the two types of processes were quite different. For the
blowing stills, a set of impingers preceded the prefilter and glass fiber
filter and, thus, collected much of the liquid and solid particulates that
would normally collect in the prefilter and filter. This was not sc for the
saturator lines, where impingers were used only downstream of the filter.

For some runs prefilters were not used (for example, in outlet
runs for saturator lines where the particulate loading of the gas streams
was low) and/or some samples were combined. Still, the list in Table I1-1
defines the samples'that had to be considered for the purpose of establish-
ing acceptable sample drying methodology.

Only samples collected upstream of the filters were dried and
weighed to determine particulate mass. Impinger water samples ccllected
downstream of the filter (Containers 8 and 9 for blowing still runs and

Containers 5, 6, and 7 for saturator line runs) were not treated further.

SPECTIAL DRYING STUDIES OF SELECTED SAMPLES

The samples that were washed from nozzle and probes and from
impingers were considered the most difficult for obtaining accurate particu-
late mass weights as there were no absolutes with which to gage the true
particulate mass. The particulate deposited on the probe and glassware
and collected in the impingers was combined with the washing scolution during
recovery and, upon drying these samples it was impossible to accurately
determine how much particulate was evaporated along with the washing solution.

The initial experiment at sample drying involved drying a single
sample from a preliminary run at the blowing still using conventional Method
5 procedures. To assess particulate volatility, particulate mass values
were recorded for a number of days after the samples would have normally
been considered dry. Table II-2 shows the results of this effort; further

weight losses after the samples were initially dry were minor, about 1 to
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Glass fiber filter/ FID
Nozzie and probez (

Pump, meter, etfc.

‘ ‘ f

Gloss wool prefilter —] |

~ Impinger
l'738 C (oo F) ice bath ‘—I
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FIGURE II-2. SAMPLING TRAIN CONFIGURATION USED FOR
PARTICULATE SAMPLING ON SATURATOR LINES
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SAMPLES OBTAINED FROM PARTICULATE SAMPLING
AT ASPHALT ROOFING PLANTS

Sampling Train Components

Nozzle, probe, and front-

half glassware*

Nozzle, probe, and front-

half glassware#

Impingers
Impingers
Impingers
Prefilcer

Prefilter
Filter

Back-half glassware
and impingers

Back-half glassware
and impingers

Sampling Train Components

Nozzle, probe, and front-

half glassware#*

Nozzle, probe, and front-

half glassware*

Prefilter

Prefilter
Filter

Back-half glassware
and impingers

Back-half glassware
and impingers

Back-half glassware
and impingers

Blowing Stills

Sample

TCE wash

Acetone wash

Water & oil (bulk)
TCE wash

Acetone wash

Prefilter & TCE wash

Acetone wash

Water

TCE wash

Saturator Lines

Sample

TCE wash

Acetone wash

Prefilter & TCE wash

Acetone wash

Water

TCE wash

Acetone wash

Sample Identification

Container 1

Container 2

Container 3
Container 4

Container 2

Container 5
Container 6

Container 7

Container 8

Container 9

Sample Identification

Container 1

Container 2

‘Container 3

Container 2

Container 4

Container 5

Container 6

Container 7

* Except prefilter glassware.
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8 percent. However, these data do not indicate the magnitude of weight
loss of particulate during the initial drying period (when washing solution
was still evaporating). It is during this initial drying period that the
most volatile portion of the particulate would be lost.

Following the above effort, Battelle conducted a brief study to
assess the extent of sample loss during the initial drying peried. This
sample drying study was conducted using a system providing for recondensa-
tion and recovery of the washing solution and any volatiles that were
carried off during the evaporation of the washing solution.

Figure II-3 shows the apparatus that were used for conducting
these experiments. The samples containing TCE (or acetone) as the washing
solution were dried with equipment set up as shown in Figure II-3a. TCE

(or acetone) was evaporated at about 30 C (86 F) with a steady steam of air

passing over the sample (to represent a sample drying under a hood at ambient

temperature}. The evaporated TCE was collected in a condenser maintained at
-79 C (-110 F) by keeping it in dry ice. Each drying required about 48
actual hours for evaporation of all the TCE. In each case, the mass
of the sample collected in the condenser flask was over 99 percent of the
weight loss from the evaporation flask--suggesting a minimal sample loss
during this evaporation/condensation process.

The samples containing appreciable water (impinger samples) were
dried using the apparatus shown in Figure II-3b. The water was evaporated

at about 99 € (210 F) and recondensed with cooling water (temperature about

10 to 16 C or 50 to 60 F). Again, over 99 percent of the evaporated material

was collected in the condenser flask. Evaporation of the water required 80
to 120 hours for each sample. Thus, the drying required 2 to 3 weeks per
Sample.

In both cases the evaporation was assumed to be complete when no
visual evidence existed of further washing solution carryover (drops of
condensation could not be seen forming on the discharge tube in the

condenser flask).

|
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30C(86F)
— Condensote
Dry Ice
-79C (-110F)
TCE Recovery
99+ %
FIGURE II-3a. TCE SAMPLES
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FIGURE II-3b. WATER SAMPLES

FIGURE 1I-3. APPARATUS FOR SPECIAL DRYING OF ASPHALT SAMPLES




34

Resuylts of Special Drying Studies of
Samples Containing TCE and Water

Saturant Line Samples., TCE washes of the nozzle, probe, and

front-half glassware for two saturant line outlet samples were selected
for the special drying procedures as shown in Figure II-3a. These samples
were outlet run samples for plants controlled with a High Energy Air
Filter (HEAF) unit (Celotex, Loss Angeles--EPA Sample $75-002~015) and an
electrostatic precipitator (Celotex, Fairfield, Alabama-—-EPA Sample
875-006-402). To determine if a significant amount of the particulate
catch from these samples was being evaporated during evaporation of the
TCE, gas chromatographic analyses of the condensate were performed.
Chromatographic analysis of the condensate showed no straight-
chain hydrocarbons above C11* for condensate from Sample §75-002-015 and
no evidence of straight-chain hydrocarboms for condensate from Sample
§75-006-402 (when compared to TCE blanks in both cases). Thus, there
was no evidence that significant particulate catch from these samples was

being evaporated while the TCE was being evaporated.

Blowing Still Samples. Selected samples from the inlet and out-

let runs at the blowing stil]l were examined using the cold trap techniques

described above. Samples examined were:

Inlet Outlet
TCE wash of nozzle and probe 575-006-037 575-006-0413
Bulk o0il and water collected
in impingers upstream of the
filter . 575~006-0138 $75-006-044
~-0il (removed with separatory
funnel) 5§75-006-038a 575-006-044a
(0il samples were not dried)
~-TCE extract of water portion $75-006-038b $75-006-044b
~-Water remaining after oil
removal and TCE extraction §75-006-038c 575-006-044c
TCE wash of impingers 575-006-039 575-006-045

*
Cli, Ci12, etec., refers to hydrocarbons with 11, 12, etc., carbon atoms.
Detection limit of the GC was about 20 ppm of each compound.

rd
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The samples containing TCE were treated as shown in Figure II-3a.
These samples included (1) TCE rinses of the nozzle and probe, (2) TCE
extracts of the impinger water, and (3) TCE rinses of the impingers. The
water portions from the impinger (remaining after physical separation of the
0il and extraction with TCE) were dried as shown in Figure II-3b.

Table II-3 gives weight and time data for the drying of these blow-
ing still samples. The blowing still outlet particulate weights were stable
with time: weight losses after the samples appeared to be dry (washing solu-
tion carryover terminated as judged by eye) were less than 1 percent per day.
However, for the inlet samples, particulate mass changes occurred after the
time at which the samples appeared dry. Much of the weight loss beyond the
visually dry point accurred during the desiccation period and may have been
due to evaporation of water. However, this suggests that the visually dry
samples contained up to 20 percent water; this seemed unlikely judging from
their appearance.

Analysis of the condensate samples by gas chromatograph and com—
parison to similar analysis of the raw samples showed that little organic
appeared to evaporate and recondense when drying the samples by using the
procedures shown in Figure II-3. Table II-4 presents the results of the
GC analysis. The more volatile portions of the particulate could be ex-
pected to be lost during the initial period, and thus, the recovery of only
small quantities of 6rganic in the condensate suggested particulate loss
was small. Hence, since these procedures were intended to duplicate the
evaporation mechanisms occurring in modified Method 5 drying procedures as
much as possible, while still collecting the condensate, these results
suggest that methods similar to Method 5 drying procedures could be used
to dry blowing still samples without significantly affecting the weight
data. To further confirm this conclusion and to explain differences in
the results shown in Table II-3 and Table II-4, more contrclled experiments

could be conducted. Such tests were not within the budget or time con-

straints of this task.

Issuance of the Draft Procedure. At this point in the program

EPA issued a draft of the procedure for "Determination of Particulate and

Total Gaseous Hydrocarbon Emissions from the Asphalt Roofing Industry”.*

* The draft procedure is reproduced in Appendix B.
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The draft procedure is similar to the Method 5 procedure but provides for:

(1) Collection of sample with a filter at a temperature
of not over 50 € (122 F) and, for sampling moist
streams, includes impingers upstream of the filter.

(2) Drying samples as in Method 5. However, in recognition
of the possible volatility of samples, the particulate
mass is to be followed until the weight loss over 24
hours does not exceed 10 percent. The mass wvalue to
be used in emission calculations is the average of the
last two particulate mass values—-the two values that

do not differ by more than 10 percent.

Drying Certain-Teed Products Plant Samples With Draft Procedure,

As a final attempt to evaluate the loss of particulate when drying solvent-
laden saturator line samples, the draft procedure was used to dry samples
from the Certain~-Teed Products Plant {(Shakopee, Minnesota). These samples
were air-dried in a hood as per the draft procedures and dessicated. A
time-record of sample weights was kept for these samples. Table II-5 gives
particulate mass values for desiccation periods of up to about 500 hours.
The weights used in particulate emissions calculations were the average of
two readings taken 24 hours apart and where the latter reading was not less
than 10 percent below the earlier reading. For all samples except some TCE
washes of the nozzle and probe, the average of the first two readings given

in Table II-5 was used to calculate the particulate mass.

Evaporative Loss from 0il Samples

An attempt was made to evaluate the veolatility of the oil collected
in the upstream impingers during the blowing still runs by measuring weight
loss of the bulk oil when exposed to conditions similar to those recommended
for drying asphalt roofing plant samples. Approximately one gram of this oil

was removed from each of two samples and placed on a tared drying dish in a

hood.

-—-—-\‘-—--—-——-———l
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Weight data was observed for periods of up to 118 hours. These
data are tabullated and shown graphically in Figure II-4. A large initial
weight loss was observed-—-about 25 percent in 16 hours followed by a small
additional weight loss. Another set of 1 gram oil samples was mixed with
10 m}l of TCE and air dried to determine the effect of TCE on evaporative
loss of sample. Within 16 hours the TCE had evaporated and the sample had
lost about 30 percent of its mass (a slightly greater loss than for the
samples with no TCE present). To preclude the possibility that the mass
decrease was water, an oil sample was dried (with MgS504) and then exposed to
air (as during evaporation of washing solutions}). Again, the rate of mass
loss for the "dried" sample was the same as for the oil alone. Thus, we
concluded that the oil porticon of the impingers catch was evaperating
upon exposure to air. Of all sample drying data, these data were the
most suggestive that a particulate‘weight loss problem could occur
during drying of the asphalt plant samples.

Due to the high weight loss measured for the above samples,
it was decided to expose recovery oil samples to air in the same manner
and determine weight loss with time. Table II-6 contains results of
these determinations. None of the recovery oil samples experienced a
significant weight loss when one gram was exposed to air for 87
hours. Because the recovery oil settles out of the gas stream within
the gas duct and control device, it is expected to be more condensible
and less volatile than the oil sampled as a vapor and caught in the
sampling train. Thus, it is not surprising that these oll samples were

less volatile than those reported in Figure II-4.

Long-Term Drying of Samples Collected of Glass Fiber Filters

The long-term weight loss of the sample collected on glass fiber
filters from saturant line runs was also examined. Results of these observa-
tions are reported in Table II-7. Based on drying of filter samples over
a period of 3 to 4 months, weight loss of filter samples was very low. Of
course, some organic could have been lost during the desiccation perioed,
prior to the initial weighings. However, the best interpretati;n of these

data suggests only a small weight loss of the filters over a long-time period.

o



FIGURE II-4.

41

AIR DRYING OF OIL SAMPLES FROM BLOWING STILL IMPINGERS
{weight in mg)

Sample
011 From 01il From Dried
Impingers Impingers & TCE 0il From
Time, hrs A B C b Impingers
0 1000.3 1000.0 1005.8 1004.1 760
16 752.5 762.7 716.8 684.4 571.5
. (=25%) (-24%) (-29%) (-32%) . (-25%)
42 708.0 720.2 682.9 652.9 530.8
64 701.3 714.0 676.1 646.5 —
87 694.5 706.4 670.0 640.7 -
118 678.8 686.0 661.9 634.0 -
(-32%) (-31%) (-34%) (~37%)
192 - —-— ~— -— 485.5
{-36%)

Weight Loss, percent
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CONCLUSIONS

Saturator Lines

Based on results from studying the drying of outlet samples from
The Certain-Teed Products Plant in Shakopee, Minnesota, and the Johns-
Manville Plant in Waukegan, Illinois, the bulk of the outlet particulate
samples consisted of material that was not rapidly lost during normal
Method 5 sample drying procedures. Therefore, it was concluded that
procedures recommended in the draft asphalt roofing sampling method
(referred to as the draft procedure) could be used for drying and weighing

outlet samples from saturator lines.

The relative volatility of the inlet and outlet samples used in
the special drying studies had to be considered to determine if similar

drying procedures could be utilized for drying inlet samples from

saturator lines. If one considers the volatile content of inlet and out-

let samples collected from HEAF filter or electrostatic precipitator
cellectors, it can be reasoned that the outlet samples would contain the
highest percentage of wvolatiles as the more volatile materials would be
expected to pass through these control devices while the less volatile
materials would tend to condense within the control device, (A similar
comparison cannot be made for afterburner control devices because of

the higher control device temperature.) Thus, it was concluded that the
data from the special drying studies of the outlet samples was considering

the most volatile sample portions and, it was further reasoned that, since

the sampling drying method defined in the draft procedure was concluded to

be suitable for outlet samples, they would also be suitable for the less
volatile inlet samples.

Because there was no basis for believing that saturater line
samples collected at the Certain-Teed Products and the Johns-Manville
plants would be substantially different from other saturator line samples
(including afterburner-controlled plants), it was concluded that samples
from other saturator lines also could be dried using the draft procedure.

Thus, all particulate samples collected from saturator lines

were dried using the draft procedures which are:

S Il G fay aN an AN N aG SE SN OB BNS BN SN N TN MNP AN M B e
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Yor the wash of nozzle, probe, and prefilter:

e Evaporate the solvent by placing the sample in
a tared evaporating dish and in a hood at ambient
temperature.

& When all of the sample solvent appears to have
been evaporated, place the sample in a desicecator
for 24 hours and then weigh to determine the
particulate mass.

e If the sample lost substantial mass during
desiccation {(over 10 percent in 24 hours), place
in desiccator for an additional 24 hours and
weigh again. Repeat until stable mass (weight
change of less than 10 percent in 24 hours)
is obtained.

For glass fiber filters:

® Desiccate for a minimum of 24 hours and weigh.

Battelle experience on drying saturator line samples suggested that one 24~

hour period in the desicecator was sufficient to obtain stable mass data.

Blowing Stills

The data from special drying studies of blowing still samples
were more complex and less definitive. Initial drying of samples by conven-
tional Methed 5 techniques suggested no problems (Table II-2), However,
exposure to air of the oil recovered from the bulk oil and water mixture !
lected in the impingers showed a high potential for particulate loss during
sample drying (Figure II-4). Gas chromatograph analysis of samples dried
using the cold trap procedure suggested only minor loss of organics upon
drying.

Reviewing the preliminary particulate mass data, it was obvious
that the bulk o0il collected in the impingers was the major contributor to
inlet particulate mass., Since this material was physically separated from
the impinger water, it was assumed to be dry and no further drying was

considered necessary. For inlet samples, the nozzle and probe wash appeared




46

to be the next largest particulate portilon and appeared to be greatly
affected by drying (Table II-3). For blowing still afterburnor outlet
samples there was little evidence of particulate mass being affected by
drying procedure.

Thus, it was finally concluded that all nozzle-probe wash
samples, from the afterburner inlet would be dried using the cold trap
procedure (Figure II-3a), and that the remaining samples would be dried

using the draft procedures.

o o e o]
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PART III

SAMPLING FOR POLYCYCLIC ORGANIC MATTER
WITH A HIGH TEMPERATURE ADSORBENT COLUMN

As one aspect of the NSPS sampling program at several asphalt
plants, polycyclic organic matter (POM) emissions were measured. POM
emissions are considered important because some POM compounds are known
to be carcinogenic. The procedure for sampling for POM from the satura-
tor lines was essentially the same as the procedure Battelle has used
for POM sampling at power plants, boiler, carbon black plants, etc. An
extensive discussion of details of the sampling train, its operation,
sample recovery, and analysis are included in Appendix C.

The sampling methodology used for this work is state-of-the-art.
However, it is still undergoing validation studies and its accuracy and
reliability for all sampling conditions is not proven. The absorbent sampler,
the crucial component of the POM sampling train, has been validated for a
limited number of "spiked" laboratory samples.

Because of the unusually high water content of the blowing still
process {estimated to be up to 40 percent), it was necessary to modify the
sampling train to keép the water in the vapor phase until after passing
through the adsorbent sampler (to avoid plugging). Figure III-1 depicts
the modified train component configuration. The probe and filter were
kept at near stack temperature (about 77 C or 350 F). Two extra impingers
{(not normally used) were placed upstream of the adsorbent columns to collect
any water droplets. The temperature in the first two impingers and adscorbent
sampler was maintained at 79 C (175 F) (dinstead of the usual 54 C or 130 F
for the adsorbent column) to keep the water in the gas phase; the estimated
dewpoint was 74 C (165 F). The deviations from normal POM sampling train
configuration and operation necessary for sampling at blow stills are noted
in more detail in Appendix B. Table III-1 gives results of the blowing
still runs with the modified sampling train.

An uncertainty was introduced into the POM measurements at the

blowing still because of the temperature of the adsorbent sampler. It is
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normally operated at 54 C (130 F), and has been tested in laboratory valida-
tion runs at thaf temperature. No data were available on the performance of
the adsorbent sampler at the 79 C (175 F) temperature necessary to avoid
water condensation at the blowing still., Thus, to calibrate the 79 C (175 F)
runs at the blowing still, Battelle conducted sampling with parallel POM
sampling trains at a saturator line with the adsorbent column temperatures
for the two trains being 54 C and 79 C (130 F and 175 F). Table III-2

gives results of these runs. (Field data sheets, laboratory reports, and
emissions calculations for the blowing still runs and calibration runs are
included in Appendix D.)

From Table III-2, it can be seen that the adsorbent column does
not appear to be nearly as effective at "catching" POM at 79 C (130 F) as
it does at 54 C (130 F),

The overall ratio of POM collected by the 54 C {130 F) train to
POM collected by the 79 C (175 F) train is 74.7. However, for the POM of
molecular weight 228 and above (which includes all the NAS starred com-
pounds), the equivalent ratioc is only 4.0. 1In fact, for several of the
heavier compounds listed in Table TII-2, the 54 C {130 F) and 79 C (175 F)

. sampling trains gave a nearly identical loading.

Thus, it is concluded that the overall POM data from the blowing
still sampling are minimum values, and that the actual total POM emissions
may have been many times the measured values. However, the data on specific
heavy POM compounds may be fairly accurate.

Pending completion of additional methed validation runs at higher
adsorbent column temperatures (now in process under EPRI sponsorship), we
are unable to recommend a suitable sampling train for sampling POM from

high moisture blowing still exhaust gas.
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CONCLUSIONS

Based on the results of one run, it may be concluded that:

1. The sampling train with the 79 C (175 F) adsorbent
column is not suitable for collecting POM compounds
of molecular weights below about 228 as, apparently,
most of these lighter compounds pass through the
adsorbent column.

2. The 79 C (175 F) adsorbent column appears suitable
for collecting POM compounds of molecular weight
228 and above with nearly the efficiency of the
54 C (130 F) column.
Of course, when contemplating such a complex subject as POM sampling, it
is dangerous to base conclusions on one run. Therefore, if extensive POM
sampling in high-moisture streams is required, some additional labocratory

studies must be made to better define the effect of column temperature on

collection efficiency.

— o o |



APPENDIX A

FIELD AND LABORATORY DATA
FOR PARTICULATE RUNS AT
CELOTEX PLANT, CINCINNATI, OHIO

e Preliminary Data
e Sample Run Data

e Laboratory Data
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NS
[ AVERAGE AVERAGE
EPA (Dun) 233
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CALIBRATED PRESSURE DIFFERENTIAL ACROSS )
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PERCENT MOISTURE IN GAS STREAN BY VOLUME Boo | -
BAROMETRIC PRESSURE AT METER, in. Hg Py | vizu
STATIC PRESSURE IN STACK, in. Hg
e ,
| (Pn0.073 x STACK GAUGE PRESSURE in in. Hy0) Py i
. Ps
RATIO OF STATIC PRESSURE TO METER PRESSURE Pl 7,0
AVERAGE STACK TEMPERATURE, °F T
T Savg, | /S
AVERAGE VELOCITY HEAD, in. H,0 AP ayg,
MAXINUM VELOCITY HEAD, in. H,0 Mvmax, | 1 if
¢ FACTOR ) o
CALCULATED NOZZLE DIAMETER, in. o
ACTUAL NOZZLE DIAMETER, in. N
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.| (Pp0.073 x STACK GAUGE PRESSURE in in. Hy0) Ps
RATIO OF STATIC PRESSURE TO METER PRESSURE Pt /00
AVERAGE STACK TEMPERATURE, °F T, -
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,Vlk p_‘_"”?’_’"i‘.’.__l?!i o . _ Project No. Date of Work: 6/' - ./_7__"'-"_ o
“itle or _P”'F!°‘3:-—'—?‘-“"-+- C - Sa. '-I"ﬂ = ‘ Continued from: o
C 'ga - "N"’ - 1
j 2o ety Oandart i
] [] L : ] y
& Final Tare Welght
l EPA No. Weight ; Change Remarks
(1) ¢ Nozzle & - grams grams ma_
l| Peobe catch 18
Evap, dish | - 40,3773 403200 £v.3

Number&- §a-w™
Total vol 74 ml

Moisture fraction

(2) Impinger catch wene bl —
condensibles,
Evap, dish
Number
Total wvol ml

Trichloroethane
soluble fractlon

(3) Acetone rinse Ml i)/ -
of impingers
Evap, dish
Number
Total vol ml

(4)3 (fSi.;\ss wool . 33( 273 S 1st wad catch
ter . 0 37. 341 145. +7 0 o
Evap. dish : ! -
Number C- Sa -Ix"%
Total volltbml

%) Glass fiber
®) filter o, Hio3 0-3776 32.7

No. . . 5
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| iﬂ Date: Date:
Date: Date:
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., ﬂate:' ’ Date:
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-llork Perform'e_sj by: B Project No. Date of Work: 6/ 7_'!'-7_."
ilﬂe or PurPose c Sq_ a‘".,‘_ Continued from:
1
l. | BAS, | Final Tare Weight s
ﬁPA—Ne. Weight Chamle 7@ Remarks
II)’ Nozzle & °* grama grams i . FPd 4‘5’,_:;3.1,@:;——
Probe catch .
_lg Evap‘ dish N 42.&468 £2. 5857 a[.l
| Number (-$2-¢v i
| Total vol 24 ml
1 . 10
! l' Moisture fractio
'2) Impinger catch -
condensibles,
Evap. dish
Number Trichloroethane
l Total vol m] soluble fraction
.15
l(3) Acetone rinse
| of impingers
Evap. dish
I- Number
- Total vol ml ]
’l‘(d) ‘ Glass wool - 20
, lst wad catch
filter 42, 9538 428322 1246 B —
; Evap. dish /’uﬁ«.a !
l‘i Number ¢-$a 0 4 ~
._J Total volZssml _
!
_l (5) Glass fiber T 25
P fllter 6.3c83 | 6-3615 ¢.< -
:‘ NO. -
1 _ ;
-!“_mwmm4__mm_m“ﬂ_" [ S . -
ol I ————t et B [ 30
— T s L 1 [vo i 1 {1 | | [ 2] I N T
lmred by: Date: Continved to:
izrfurmances of this work uhserved by: Disclosed to and understeod by me:
‘ Date: Date:
Date:

Date:
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Date of Work:
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e j | Glaps tiuel el - _l
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l Work Perlormed by: Project No. Date of Work: Gfexing”

¥ | : - - :

~ Title or Purpose: (‘,_ Bg _I,n - c,@s ’ I\ _‘ Continued from:
) T I :
‘ l Pt |

' , Final Tare |.  Weight 5
: EPA No, Weight i Change Remarks .

3 A gTAMS gpa  gTAMS | 1L S b

| ENEC O iy PR = v

' Evap, dish 4§, F8% |44 5417 Le2t—5- .

' Numbexr C-8S-t~ -l
" Total vol /4 ml ?.

II——— M B[ b gl Moisture fractiol‘r T
| t95 | alzrzeand 39. 5350 2.l .
\ (2) Impinger catch o+ N N30 05497 he. bar et
i condensiblesﬂ‘/ 1> | ¥o. 0242 ! ;
EV& . diSh hd - . . WP e
Numger g0 |gest” | #9302 "’%Ef 37;'3“—7 8- L8714 T chloroethane
‘b Total @ml 5o ' ' ‘ r??“,ngoluble fraction
1 5 | - ,_,,
. e )
m(3) Acetone rinse C’g;: 44,4780 44, 4c02 178 w9
l of impingers 3
Evap. dish
- Number ,/ -
' Total vol209 ml ’L_(,
(4) Glass wool" J o /s t wad - :L-.f?;
_l. filter 97 144,387 |44, 0944 25207 ua Logeeh (. o/ b
L Evap, dish X Pear D, g ul M
. 3 N'U_mber . q \‘{CQ
' Total vol335ml . 1wl___r
i plae=
l(s) Glass fiber |
o flter 0-3737 | 0.3645 X1 23
Il‘_ o.
—_——— —_— — - - — —— e n - —_ ‘i
e ﬁ_ e Tl 30
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Ll l ?;7 20 ;i g_}asf} o 30

Date: - Continted to:
Bisclosed to and understood by me;
' Date:
Date:

-

e T T T T My

. e —_—
1

15




*

Nm s Ses Pt tas mm Suy Sis VN e me Am

A-18 - ) )
5 10 15 20 25

Work Performed by: Project No. Date of Work:

Title or Purpose: Continued from:

1 1 v, . . - . .. .. L.
7 o ‘

‘qwj . SETEEIEEE ‘ /3.0/7:’ S S .

. e Y eBEs mincf D

ﬁ“j . 85I Via

T Methylenr

Chioride 1nfo 635'_""‘_‘!

" s S ems - /24
5 :{mﬂ.)‘lom (S \ ‘ Y.
; CBS -in._ /3.

W ....-_.i Ce o . ......‘,CfJIS—._I-f!' ’/‘1' :
1

I 716: : i .
116 3’7’4; e .__.._*.“.M\.%/‘__‘.._WAk_.___.:__.--_____.._.ul -_..-__4--___1___

|

| e Yk e I P S D
f”-m%w(”@mm) o

o

15 15

;L!_E?..:
l'-'Lr - M

' @
)T 85?% b et .
- "'N%'/ | T

%
N
J
—

30 30

y o T T s a0 s .20 I N

o Entered by: Date: Euntmued to:

Performances of this work observed by: Disclosed to and understood by me:
' Date; Date; .
.[!ate: fate: _

1

|
|
1
|
-




b

VJ]
Art A
1% v

'\l Fad
-+

:fhoilm \‘)\ﬂ t

l_l A-19

1 | |

1 9 10 15 20

tl!lll[ll'Llll 11|||‘11||[|||||[11||1u|1|111|1|1 {
100

1

T

1 80

18

f

1] 0o

1 2

§-

N“”NP‘_\JO x\h‘“‘w’““"k\_ = '
A
X
e "W;jj’;
SAEA
(L‘ ) \
Q \\\ e \:zrzz
|

i

E U
l'
X
! i
|

1200

1000

800

600



- . WAVELENGTH (MICROM

| Il1115 ] ] | | ] | I lél L.l lllll I' Z\;_j

LOP \

I

] I

| A I

_ : '

2,;‘\ T

L }‘Z 60 < %:1—

=] 2D P 1

[ <

o (ke I < - Fa

‘ | \ | W% 40 T
e 7
NIFN = LV )|
~.L \ /

\ . O, il ™

| el

N L L

N L

i \‘\._j 0 ____l_

|
! 2000 180" 1600 148
FREQUENCY (CM") §




\ .4| M m
18 3 3 _ \.m ‘ & o
i X
- 8
i N S
i S
| ™
1 Is
;- |
e | L
1 | M o mvu
5 )
| : T
\\\\.
ERZaNE
ok N —T S
. Tl

S




-22
y o » . |

0 i1 v ] [ we i | T T as [ ] [ J207F [ [ J25 7T [ | | 30

’ﬂ%rformed by: M 9 / by proiect Noll2g12- 2310 Date ot Worke i

Title or Purpose: (- @ § -pyT~-1

Continued from:

:ﬁ 5 - DiSe ] Final ‘Tare Weight _ s
| ERA No, Weight | Change| Remarks | .
.1 )¥Nozzle & grams grams - . h— %Aﬁj
T Probe catch s . N
- Evap, dish L 34 8934 34.7¢ 78 1254 — l
- Number ¢-H5- 7" ! !
17 ___ Total voly3Y ml i S l
10 T Db Yy e — 10
i ~ 3 AT
; Lo | 42. 4900 | 42.%8 74 12 G Moisture fraction |
"4} Impinger catch (“v _ 7
- condensibles, > N
! Evap. dish | oot Y Irichl th :
T Number ¢-B5° richloroethane ———-
Total vol ml 35 |37 57C5 37.5¢55 92| soluble fraction | l
15 . | -
(3) Acetone rinse |7V 38. 654% [ 38 6500 4. 2- ‘ ] .

! of impingers

! Evap, dish -

F= Number -—_
|

Total vol229ml A2

1
|
|

N
°
a—
P
Tt
Ll 3
R
-3
-y
!ﬁ‘[
|
|
~'Q

. Glass wool -
7 filter vy |4kagrs |4 en] 1. | At wad gateh
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APPENDIX B

EPA DRAFT METHOD FOR DETERMINATION OF PARTICULATE AND

TOTAL GASEOUS HYDROCARBON EMISSTIONS FROM
THE ASPHALT ROOFING INDUSTRY
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APPENDIX B

EPA DRAFT METHOD FOR DETERMINATION OF PARTICULATE AND
TOTAL GASEQUS HYDROCARBON EMISSIONS FROM
THE ASPHALT ROOFING INDUSTRY

1. Principle and Applicability

1.1 Principle. Particulate matter and gaseous hydrocarbons
are withdrawn isokinetically from the source and collected on
glass fiber filter maintained at temperatures of no greater than
50%¢ (122°F). The particulate mass is determined gravimetrically
after removal of uncombinad water and solvent. Hydrocarbons are
determined from a small side stream extracted after the filter
and analyzed by a flame jonization detector (FID} analyzer.

1.2 Applicability. This method is applicable for the

determination of porticulate and gasszous hydrocarbon cmissions
J

dbaanl

from the asphalt roofing industry.

2. Apparatus
2.1 Sampling train. A schematic of the sampling train used

in this method is shown in Fiqure B-1. Commercial models of the
particulate train are available. However, if one desires to
build his own, complete construction details are described in
APTD-0581; for changes from the APTD-0581 document and for allowable
modifications to Figure B-}, see the following subsections.
Commeccial FID analyzer systems are also available.

The operating and maintenance procedures for the particulate
'sampling train are described in APTD-0576. Since correct usage
is important in obtaining valid results, all users should read

the APTD-0576 document and adopt tha operating énd maintenance
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procedures outlined in it, unless otherwise specified herein.
Manufacturers' instructions. should be followed for the
gaseous hydrocarbon measurement system, unless otherwise specified
herein. )

2.1.7 Probe nozzle--Stainless steel {316) with sharp,
tapered leading edge. The angle of taper shall be 5_300

and the taper shall be on the outside to preserve a constant

internal diameter. The probe nozzle shall be of the button-

hook or elbow design, unless -otherwise approved by the Administrator.

The nozzle shall be constructed from seamless stainless steel
tubing. Other configurations and construction material may be
used subject to approval from ﬁhe Administrator.

A range o? sizes suitabie for isokinetic sampling should be
available, e.g., 0.32 cm (1/8 in.} up to 1.27 cm (1/2 in.)
inside diameter (ID} noéz]es (or larger if higher volume sampling
trains are used) in increments of 0.16 cm (1/16 in.). Each
nozzle shall be calibrated acccrding to the procedures outlined
in the calibration section.

2,1.2 Probe--Borosilicate or quartz glass tubing with a
heating or cooling system capable of maintaining a gas tempera-
ture at the exit end of the filter during sampling of no greater
than-50°C (122°F). In most cases, ambient cooling of the probe
is sufficient to maintain the desired temperature, After inciner-
ators, it may be necessary to use water cooled probes. In this

case, stainless steel (316) probes may be used.
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2.1.3 Pitot tube~--Type S, or other device approved by
the Administrator, attached to probe to allow constant moni-
toring of the stack gas velocity. The face opening§"of the
pitot tube and the probe nozé]e shall be adjacent and parallel
to each other, not necessarily on the same plane, during .
sampling. The free space between the nozzle and pitot tube

shall be at least 1.9 c¢m (0.75 in.). The free space shall be

_set based on a 1.3 cm (0.5 in.) ID nozzle. If the sampling

train is deéigned for sampling at higher flow rates than
that described in APTD-0581, thus necessitatirng the use of
targer sized nozzles, the largest sized nozzle shall be used
to set the free sbace. |

The pitot tube must also meet the criteria speciffed in
Method 2 and calibrated according to the procedure in the
calibration section of that method.

2.1.4 Differential pressure gauge--Inclined manometer
capable of measuring velocity head to within 10% of the
minimum measured value or + 0.013 mm (0.0005 in.}, whichever
is greater. Below a differential pressure of 1.3 mm (0.05

in.) water gauge, micromanometers with sensitivities of

0.013 mm (0.0005 in.) should be used. However, micromanometers

are not easily. adaptable to field conditions and are not
easy to use with pulsating flow. Thus, methods or other
dgvices acceptable to the Administrator may be used when
conditions warrant.

2.1.5 Particulate and moisture cyclone precollector--

Optional for use when stack gas oi) and moisture concentrations

AT e e T —— .~ .
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are high and would cause liquids to seep through the glass

filter mat. Above 10% moisture content water vapor wj]] condense
and saturate the filter mat to prevent liquid carry-over, a
cyclone collector is recomnendéd (other devices may be used with
approval from the Administrator). The collector shall be
constructed of borosilicate glass. The top section of the
cyclone (see Figure B;l) contains a known weight of glass wool
to trap the condensed oil and/or water. A 125 ml, or larger,
Erlenmyer collecting flask of borosilicate glass is connected.to
the cyclone to hold any condensate.

2.1.6 Filter holder--Borosilicate glass with a glass frit
filter support and a silicone rubber gasket. Other materials of
censtruction may be used with approval from the Administrator,
e.g., if probe liner is ;tain1ess steel, then filter honer may
be stainless steel. Tﬁé holder design shall provide a positive

seal against leakage from the outside or around the filter.

2.1.7 Filter temperature control system--Any system capable

of maintaining a temperature of gas exiting the filter holder
during sampling of no greater than 50°C (122°F). A temperature -

gauge capable of measuring temperature to within 3% (5.4°F)

shall be installed (with sensor tip within 2.5 c¢m or 1 in. of the
R 1

filter frit).such that the gas temperature after the filter can
be regulated and monitored during sampling.

2.1.8 Total gaseous hydrocarbon measurement system--To
remove and analyze a portion of the filtered gas for total
hydrocarbons (see Figure B-1).

2.1.8.1 Heated Sample line--FEP fluorocarbon tubing heated
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to maintain gas temperature entering the FID analyzer to slightly
above filter exit temperature. The tubing length should be kept
to a minimum to reduce transport delay time, -

2.1.8.2 Flame ionization_detector analyzer--Commercially
available systems with a gas pump and flow regulation device for
conveying a known amount of sample gas to the detector cell.

The operating temperature is about 50°¢C (122°F); therefore,
either ambient or heated cell FID instruments may be used.
Operating instructions and calibration procedures are given in
later sections.

2.1.8.3 Data Recorder--That portion of the measurement
system that provides a permanent record of the output signal in
terms of concentration units,

2.1.9 Condenser--Any system that cools the sample gas
stream and allows measurement of the water condensed and moisture
leaving the condenser, each to within 1 ml or 1 g. Acceptable
means are to measure the condensed water either gravimetrically
or volumetrically and to measure the moisture leaving the condenser
(1) by monitoring the temperature and pressure at ?he‘exit of the
condenser and using Dalton's law or (2) by passing the sample gas
stream through a tared silica gel trap with exit gases kept below
20%C (68°F) and below 380 mn Hg (15 in. Hg) vacuum and determining’

the‘ﬁeight géin:

If means other than silica gel are used to determine the
amount of moisture leaving the condenser, it is recommended that
si]icé gel still be used between the condenser system and pump to

prevent moisture condensation in the pump and metering devices.
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Unless otherwise specified by the Administrator, flexible

vacuum lines may be used to connect the filter holder to the

condenser.

2.1.10 Metering system--Vacuum gauge, leak-free pump,
thermometers capable of measuring temperature to within 3%
(5.4°F), dry gas meter with 2% accuracy, and related equip-
ment, or equivalent, as required to maintain an isokinetic
sampling rate and to determine sample voiume. Sampling
trains utilizing metering systems designed for higher flow
rates than that described in‘APTD-O581 or APTD-0576 may be
used provided that the specifications in section 2 of this
method are met. When the metering system is used in conjunc-
tion with a pitot tube, the system shall enable checks of
isokinetic rates. -

2.1.11 Barometer--Mercury, aneroid, or other barometers
capable of measuring atmospheric pressure to within 2.5 mm
Hg (0.1 in. Hg). In many cases, the barometric reading may
be obtained from a nearby weather bureau station, in which
case the station value (which is the absolute barometric
pressure) shall be requested and an adjustment for elevation
differences between the weather station and sampling point
shall be app1ieq at a rate of minus 2.5 mm Hg (0.1 in. Hg)
per 30 m (106 ft) elevation increase or vice versa for
elevation decrease.

32.1.12 Gas density determination equipment--Temperature

and pressure gauges and gas analyzer as described in Methods

2 and 3.

- — e i A e e e
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2.1.13 Temperature and pressure gauges--If Dalton's
law is used, to monitor température and pressure at condenser
outlet. The temperature gauge shall have an accuradx_of 1°¢
(2°F). The pressure gauge shall be capable of measuring
pressure to within 2.5 mm Hg (0.1 in. Hg). If silica gel is
used in the condenser system the temperature and pressure
must be measured before the silica gel component.

2.2 Sample recovery. _

2.2.1 Probe liner and probe nozzle brushes--Nylon
bristles with stainless steel wire handles. The probe brush
shall have extensions, at least as long as the probe, of
stainless steel, nylon, teflon, or similarly inert material.
Both brushes shall be proper]& sized and shaped to brush out
the probe liner and nozzle.

2.2.2 Glass wash bottles--Two.

2.2.3 Glass sample storage containers--Chemically
resistant, borosilicate glass bottles, for 1,1,1-trichloroethane
washes, 500 ml or 1,000 m1. Screw cap closures shall be
teflon rubber-backed liners or of such construction so as to
be leak free and prevent chemical attack from the 1,1,1-
trichloroethane. {Narrow mouth glass bottles have been found
to be less prone to leakage.) Other types of containers
must be approvéd'by the Administrator.

2.2.4 Petri dishes--For filter samples, glass, unless
otherwise specified by the Administrator.

"2.2.5 Graduated cylinder and/or balance--To measure
condensed water to within 1 m} or 1 g. Gfaduated cylinders
shall have subdivisions no greater than 2 ml. Most‘1abora-

R
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balances are capable of weighing to the nearest 0.5 g or
less. Any of these balances are suitable for use here and

in section 2.3.4.

2.2.6 Plastic storage containers--Air tight containers
to store silica gel.

2.2.7 Funnel and rubber policeman--To aid in transfer
of sitica gel to container; ﬁot necessary if silica gel is
weighed in the field.

2.3 Analysis.

2.3.1 Glass weighing dishes.

2.3.2 Desiccator.

2.3.3 Ana]ytiéa] balance--To measure to within 0.1 mg.

2.3.4 Balance--To measure to within 0.5 g.

2.3.5 Beakers--250 ml,

2.3.6 HygrometeréLfo measure the relative humidity of
the laboratory environment.

2.3.7 Temperature gauge--To measure the temperature of
the laboratory environment.

3. Reagents |
3.1 Sampling.
3.1.1 Filters--Glass fiber filters, without organic

binder exhibiting at Teast 99.95% efficiency {< 0.05%

penetration} on 0.3 micron dioctyl phthalate smoke particles.

The filter efficiency test shall be conducted in accordance
with ASTM standard method D 2986-71. Test data from the
supplier's qualtity control program is sufficient for this

purpose.
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3.1.2 Precollector glass.wooT--Glass fibers, No. 7220,

Pyrex brand, or equivalent.

3.1.3 Silica gel--Indicating type, 6-16 mesh. If pre-
viously used, dry at 175°¢C (350°F) for 2 hours. New silica gel
may be used as received,

3 .1.4 Mater.

3.1.5 Crushed icé.

3.1.6 Zero Gas--A grade of compressed zero air containing
less than 1 ppm hydrocarbon as methane.

3.1.7 Calibration Gas--A compressed gas mixture of a known
concentration of methane or propane in air. Nominé] concentrations
of 50% and 90% of the instrumenf full scale range are required.
The higher concentration gas mixture is used to set and chack the
instrument span and is referred to as the span gas.

3.2 Sample recovef&.

3.2.1 1,1,1-Trichloroethane {TCE)--Reagent grade, < 0.001%
residue, in glass bottles. TCE blanks shall be run prior to
field use and only TCE with low blank values (< 0.001%) shall be
used. '

3.3 Analysis.

3.3.1 1,1,1-Trichloroethane--Same as 3.2.1.

-3.3.2 Desiccant--Anhydrous calcium sulfate, indicating
type.

4. Procedure
4.1 Sampling. The sampling shall be conducted by competent

personnel experienced with this test procedhre.
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4.1.1 Pretest preparation--All the components shall be
maintained and calibrated according to the procedure described
in APTD-0576, unless otherwise specified herein. ‘

Weigh approximately 200-300 g of silica gel in air tight
containers to the nearest 0.5 g- Record the total weight,
both silica gel and container, on the container. More silica
gel may be used but care should be taken during sampling that
it is not’entrained and carried out from the impinger. .As an
alternative, the silica gel may be weighed directly in the
impinger or its sampling holder just prior to the train
assembly.

Check filters visually against Tight for irregularities
and f1§ws or pinhole leaks. Label a filter of proper diameter
on the back side near the edge using numbering machine ink.
As an alternative, label the shipping container and keep the
filter in this containerAét all times except during sampling
and weighing.

Desiccate the filters and glass wool at 20 + 5.6°C
(68 + 10°F) and ambient pressure for at Teast 24 hours and
weigh at 6 or more hour intervals to a constant weight, i.e.,
55@.5 mg change from previous weighing, and record results to
the nearest 0.1 mg. _During each weighing the filter or glass
wool must not be exposed to the laboratory atmosphere for a
period greater than 2 minutes and a relative humidity above
50%. Clean and preweigh the precollector {cylcone) to the

nearest 0.1 mg. Install a preweighed amount of glass wool

and seal the openings of precollector.

. e e p———



4,1.2 Preliminary deterﬁinat%ons--Se]ect the sampling site
and the minimum number of sampling points according to_Method 1
or as specified by the Administrator. Determine the stack
pressure, temperature, and the ;ange of velocity heads using
Method 2 and moisture content using Approximation Method 4 or its
alternatives for the purpose of making isokinetic sampiing rate
calculations. Estimates may be used. However, final results
will be based on actual measurements made during the test. Note:
A portion of flow will go to the FID analyzer. This flow rate
must be included when estabiishing isokinetic sampling rates.

See section 6.3.1 for this calculation.

Select a nozzle size based on the range of velocity heads
such that it is not necessary to change the nozzie size in order
to maintain isokinetic sampling rates. During the run, do not
change the nozzle size, Ensure that the differential pressure
gauge is capable of measuring the minimum velocity head value to
within 10%, or as specified by the Administrator.

Select a total sampling time greater than or equal to the
minimum total sampling time specified in the test procedurés'for
the specific industry such that the samp]ing time per point is
not less than 2 min. or some greater time interval as specified
by the Administrator and the sample volume that will be taken
will exceed the required minimum total gas sample volume specified
in the test procedures for the specific industry. The latter is

based on an approximate average sampling rate. Note also that

the minimum total sample volume is corrected to standard conditions.




It is recommended that 1)2 or'an integral number of minutes

be sampled at each point in order to avoid timekeeping errors.

In some circumstances, e.g., batch cycles, it may be necessary

to sample for shorter times at the traverse points and to obtain
smaller gas sample volumes. In these cases, the Administrator's
approval must first be obtained.

4.1.3 Prepakation of collection train--During preparation
and assembly of the sampling train, keep all openings where
contamination can occur covered until just prior to assembly or
until sampling is about to begin.

Place 100 ml of water in each of the first two impingers,

leave the third impinger empty, and place approximately 200-300

or more, if necescary, of preweiched sitica gel in the fourth
g

impinger. Record the weight of the silica gel and container to
the nearest 0.5 g. P]aée the container in a clean place for
later use in the sample recovery.

Using a tweezer or cliean disposable surgical Q]oves, place
the labeled (identified) and weighed filter in the filter holder,
Be sure that the filter is properly centered and the gasket
properly placed sc as to not allow the sampie gas stream to
circumvent the filter. Check filter for tears after assembly is
completed.. - -

Assemble the filter holder and attach the precollector
cyclone ahead of the filter when the precollector is to be used.

When glass Tiners are used, install selected nozzle using a

Viton A O-ring when stack temperatures are less than 260°C
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(500°F) or an asbestos string gasket when temperatures are
higher. The Viton A O-ring and ashestos string gaskét are in-
stalled as a seal where the nozzle is connected to a glass liner.
See APTD-0576 for details, Whén metal liners or water cooled
probes are used, install the nozzle as above or by a leak free
direct mgechanical connection. Mark probe with heat resistant
tape or by some other method to denote the proper distance into
the stack or duct for each sampling point.

Unless otherwise specified by the Administrator, attach a
temperature probe to the metal sheath of the sampling probe so
that the sensor does not touch any metal. Its position should be
about 1.9 to 2.54 cm {0.75 to 1 in.) from the pitot tube and
probe nozzle to aveid interference with the gas flow.

Set up the train as in Figure B-1, using no silicone
grease on ground glass joints ahead of the filter. Silicone
grease is soluble in TCE, therefore, c¢lean glassware with only
water seals shall be used.

Place crushed ice around the impingers.

4,1.4 Leak check procedure--If a Viton A 0-ring or other
leak free connection is used in assembling the probe nozzle to
the probe liner, leak check the train at the sampling site by
plugging the nozzle and pulling a 380 mm Hg (15 in. Hg)} vacuum.
(Note: A lower vacuum may be used provided that it is not exceeded
during the test.) If an asbestos string is used, do not connect
the probe to the train during the leak check. Instead, leak

check the train as above by first plugging the inlet to the
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the filter holder. Then connect the probe to the train and leak
check at about 25 mm Hg (1 in. Hg) vacuum. A leakage rate in
excess of 4% of the average sampling rate or 0.00057 m3/nn'n.
(0.62 cfm), whichever is less, is unacceptable. The gaseous
hydrocarbon system may be shut off for the leak check. However,
all fittings on the analyzer system should be checked to insure
they are properly tightened. |

The following leak check instructions for the sampling train
described in APTD-0576 and APTD-OSS] may be helpful. Start the
pump with by-pass valve fully open and coarse adjust valve
completely closed. Partially open the coarse adjust valve and
slowly close the by-pass valve until 380 mm Hg (15 in. Hg) vacuum
is reached. Do not reverse direction of by-pass valve. This
will cause water to back up into the filter holder. If 380 mm Hg
(15 in. Hg) is exceeded, either leak check at this higher vacuum
or end the leak check as shown below and start over.

When the leak check is completed, first slowly remove the
plug from the inlet to the probe or filter holder and immediately
turn off the vacuum pump. This prevents the water in the impingers
from being forced backward into the filter holder and silica gel
frpm being entrained backward into the third impinger.

Leak checks shall be conducted as described whenever the

train is disengaged, e.qg., for silica gel or filter
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changes during the test, prior-to eéch test run, and at the
completion of each test run. Close the flow contyol valve of
the gaseous hydrocarbon measurement system. If leaks are
found to be in excess of the acdéptab1e rate, the test will
be considered invalid. To reduce lost time due to Teakage
occurrences, it is recommended that leak checks be conducted
between port changes at the highest vacuum reading drawn
during that sampling traverse.

4,1.5 Particulate train-operation--During the sampling
run, isokinetic sampling rate to within 10%, or as specified
by the Administrafor, of true isokinetic and the temperature
of the gas exiting the filter of no greater than 50°C (122°F)}
shall be maintained.

For each run, record the data required on the example
data sheet shown in Figure B-2. Be sure to record the
initial dry gas meter reading. Record the dry gas meter
readings at the beginning and end of each sampling time
increment, when changes in flow rates are made, and when
sampling is halted. Take other data point readings at least
once at each sample point during each time increment and
additional readings when significant changes {20% variation
in velocity head readings) necessitate addtional adjustments
in flow rate. Level and ze%o the manometer.

Ctean the portholes prior to the test run to minimize

the chance of sampling the deposited material. Allow time for




hydrocarbon analyzer operation to stabilize and for the heated
hydrocarbon sample line to reach the required tempe;ature. To
begin sampling, remove the n02}1e cap, verify that the filter and
proﬁe are at the proper temperature, and that the pitot tube and
probe are properly positioned, Position the nozzle at the first
traverse point with the tip pointing directly into the gas
stream. Immediately start the pump and adjust the flow to
isokinetic conditions. Nomographs are available for sampling
trains using type S pitot tubes with 0.85 + 0.02 coefficient and
when sampling in air or a stack gas with equivalent density
(molecular weight equal to 29 + 4}, which aid in the rapid
adjustment of the isokinetic sampling rate without ekcessive
computations. APTD-0576 details the procedure for using these
nomographs. If Cp and.Ma are outside the above stated ranges, do
not use the nomograph unless appropriate steps (see Reference
7.7) are taken to compensate for the deviations.

After starting and adjusting the flow of the sampler pump,
start the flow of sample gas through the hydrocarbon analyzer and
allow a constant regulated amount of gas to go to the hydrocarbon
analyzer. The flow rate of the hydrocarbon system should be
hreset to no more than 1.0 liters per minute. A correction for
the flow of.gaé not passing through the sample train meter should
be made. To permit accurate isokinetic flow rate settings the
nomograph should be corrected by converting the flow rate of gas

through the hydrocarbon apalyzer to a psuedo moisture content and
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add this amount to the actual moisture content when setting the
nomograph reference points, see section 6.3.1,

KWhefi the stack is under significant negative stack pressure
take care to close the coarsé_adjust vaive before inserting the
probe into the stack to avoid water backing into the filter
holder. If necessary, the pump may be turned on with the coarse
adjust valve closed.

When the probe is fn position, block off the opénings
around the probe and porthole to prevent unrepresentative dilution
of the gas stream. .

Traverse the stack cross section, as required by Method 1 of
as specified by the Administrator, being careful not to bump the
probe nozzle into the stack walls when sampling near the walls or
when ?emoving or inserting the probe through the portholes to
minimize chance of extracting deposited material. Note the
hydrocarbon value for each traverse.point, both on the analyzer
chart recorder and on a form.

Buring the test run, make periodic adjustments to keep the
temperature of gas exiting the filter holder at the proper
temperature and add more ice and, if necessary, salt to maintain
a temperature of less than 20°¢ (68°F) at the condénser/si1ica
gel outlet to %void excessive moisture losses. Also, pericdically
check the 1éve1 and zero of the manometer.

If a yellow-brown color forms on the filter or the condensed
moisture begins to fill the precollector, the precollector and

the filter shall be replaced in the midst of a sample run.
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It is recommended that another complete precollector and filter
assembly be used rather than attempting to change the filter
jtself. After the new assembly is installed conduct a leak
check. The particulate weight shall include the summation of all
filter assembly catches.

A single train shall be used for the entire sample run,
except for precollector, filter and silica gel changes. However,
if approved by the Administrator, two or more trains may be used
for a single test run when tﬁere are two or more ducts or sampling
ports. The results shall be the total of all sampling train
catches.

Af the end of the sample run shut off the flow of sample gas
to the hydrocarbon system, turn off the sample train pump, remove
the probe and nozzlé from the stack, and record the final dry gas
meter reading. Perform a leak check at a vacuum equal to or
greater than the maximum reached during sampling., Calculate
percent isokinetic (see calculation section) to determine whether
another test run should be made., If there is difficulty in
majntaining isokinetic rates due to source conditions, consult

with the Administrator for possible variance on the isokinetic

rates.

4.2 Hydrocarbon analyzer operation.

4.2.1 Install the hydroéarbon analyzer system as close as

possible to the probe and filter apparatus. Heat the fluorocarbon

sample line to above the filter temperature to prevent condensation
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of hydrocarbons. Note: ODue to the design of most FID analyzers,
it will be necessary to protect the instrument from tﬁe‘ambient
environment (rain, dust, extreme heat or cold, etc.}. Check for
stable electrical power; voltage fluctuations can cause instru-
ment drift in some analyzers. Calibrate the analyzer using a
span concentration, zero air and one other upscale concentration
of methane in air to check Tinearity of system. Refer to cali-
bration section 5.2 for details of this procedure.

After the particulate sampling train is operating at the
first traverse point, the gaseous hydrocarbon sample pump shall
tarted and the flow regulated so that the ana]yzef functions
properly. The average hydrocarbon analyzer reading shall be
recorded for each traverse point. A strip chart or other data
recorded can also be used to monitor the analyzer output.

At the conclusion of the test shut off the hydrocarbon
system before stopping the particulate sampling train pump. The
hydrocarbon analyzer shall be recalibrated after the test so that
zero and calibration gas drift can be determined.

4.2.2 "Zero drift" is the change in analyzer output during
the performance of the test when the input to the measurement
system is a zero grade air {zero gas). The maximum zero drift
for measurcment ;ystems used in this method is + 2% of the
specified instrument span. The zero drift calculation is to be

made for each test. It is determined from the zero concentration

values measured at the start and finish of each test.
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Calculate the difference between these readings expressed in
concentration units. Record the data and report ze;o-drift as a
percentage of the instrument span, using a form similar to Figure
B-3.

4.2.3 "Span drift" is the change in analyzer output during
the performance of the test when the input to the measurement
system is span gaﬁ. The maximum span drift for measurement
systems used in this method is + 2% of the specified instrument
span. The span drift calcuiation is to be made for each gas for
each test. It is determined by measuring the response of the
instrument when span gas mixture is introduced into the system at
the start and finish of each test. Calculate the difference
between these readings expressed in concentration units. These
values should be corrected for the corresponding zero drift
during that period. The correction for zero drift is explained
in Figure B-3 Record the data and report span drift as a per-
centage of the instrument span, using a form similar to Figure
B-3.

4.2.4 "Response time" is defined as the time interval from

a step change in pollutant concentraticn at the system inlet to

the time at which 95% of the final value is reached as displayed -

on output recording system. The maximum response time for a

hydrocarbon analyzer meeting the requirements of this method
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is one minute. To determine response time, first introduce zero
gas to the system until the reading is stable and thn introduce
the span gas to the system. The time to the 95% final value is
recorded as the upscale response time. Zero gas is then intro-
duced and the time to 95% final response is recorded as the
downscale response time. This procedure is to be fo1]owed three
times, the readings averaged and the upscale or downscale response
time, whichever is greater, shall be reported as the "response
time." Record this data on .a.form similar to Figure B-4. This
test shall be conducted prioﬁ‘to the initial test and repeated if
changes are made to the measurement system.

4.3 Sample recovery. Proper ¢leanup procedure begins as
soon as the probe is removed frem the stack at the end of the
sampling period. _ |

Hhen the probe cén be safely handled, wine off all external
oil particulate matter near the tip of the prdbe nozzle and place
a cap over it to prevent losing or gaining barticu?ate matter.

Before moving the samp1é train to the cleanup site, discon-
nect the hydrocarbon analyzer system, remove the probe from the
sample train, and cap the open outlet of the probe.. Be careful
not to lose any condensate, if present. Remove the umbilical |
cord from the 1ast impinger and cap the impinger. If a flexible
line is used between the first impinger or condenser and the
filter holder, disconnect the line at the filter holder and let

any condensed water or 1iquid drain into the impingers
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or condenser. fap off the filter holder outliet and impinger
inlet. Eitéer Teflon or ground glass stoppers may Be-used to
close these openings. If;p?agﬁic or rubber ‘caps are used, they
must not react with TCE. | _

Transfer the probe and filter impinger assembly to the

cleanup arca. This arca should be clean and protected from the

wind so that the chances of contaminating or losing the sample

- will be minimized.

Save a portion of the TCE used for cleanup as a blank.

Place about 200 m} of this TCE taken directly from the wash

bdtt]e being used in a glass sample container labeled "“TCE

blank."

Inspect the train prior to and during disassembly and note
any abnormal conditions., Treat the samples as follows:

Container No. 1. Carefully remove the filter from the

filter holder and place in its identified petri dish container.
Use a pair of tweezers and/or clean disposable surgical gloves to
handle the filter. If it is necessafy to fold the filter, do so
such that the particulate cake is inside the fold. Quantitatively
remove any particulate matter and/or fiIter-which adheres to the
filter holder by carefully using a dry nylon bristle brush and/or

a sharp—edgéd blade and place into this container. Seal the

container.

R e ——— 1 et 1

. e —— -




e

B-24

Container No. 2. Remove the collector flask from the

cyclone using glass or other nonreactive caps, seal ‘ends of
cyclone and store for shipment to the laboratory.

Container No. 3. Taking care to see that material on the

outside of the probe or other exterior surfaces does not get into
the sample, quantitatively recover particulate matter or any
condensate from the probe nozzle, probe fitting, probe Tiner,
cyclone collector flask and front half of the filter holder by
washing these components with TCE and placing the wash into a
glass container in the following manner,

Carefully remove the probe nozzle and clean the inside
surface with a nylon bristle brush. Brush until TCE rinse shows
no visible particles, or discoloration after which make a final
rinse of the inside surface with TCE.

Brush and rinse wfth TCE the inside parts of the Swagelok
fitting in a similar way until no visible particles remain.

Rinse the probe liner with TCE by tilting the probe and
squirting TCE into its upper end, while rotating the probe so
that all inside surfaces will be rinsed with TCE. Let the TCE
drain from the lower end into the sample container.- A funnel may
be used to aid in transferring liquid washes to the container. |
Follow the TCE rinse with a probe brush. Hold the probe in an
inclined position, squirt TCE into the upper end as the probe
brush is being pushed with a twisting action through the probe,

hold a sample container underneath the lower end of the probe,
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and catch any TCE and particulate matter which is brushed from
the probe. Run the brush through the probe three times or more

until no visible particulate matter is carried out with the TCE

or remains in the probe liner on visual inspection. With stainless

steel or other metal probes, run the brush through in the above
prescribed manner at Teast six times since metal probes have

small crevices in which particulate matter can be entrapped.

Rinse the brush with TCE and quantitatively collect these washings
in the sample container. After the brushing make a final acetone
(reagent grade) rinse of the probe as described above. This rinse
is to promote drying of the equipment and i;_not retained for
analysis. It is recommended that two people be used to clean the
probe to minimize losing the sample. Between sampiing runs, keep
brushes clean and protected from contamination.

Clean the inside of the cyclone collection flask and the
front half of the filter holder by rubbing the surfaces with a
nylon bristle brush and rinsing with TCE. Rinse each surface
three times or more if needed to remove visible particulate and
condensed moisture. Make a final rinse of the brush, flask and
filter holder. After all TCE washings and particulate matter are
collected in the sample container, tighten the Tid on the samp1é
container S0 that TCE will not Teak out when it is shipped to thé
laboratory. Mark the height of the fluid level to determine
whether or not leakage occurred during transport. Label container

to clearly identify its contents. To promote the drying of the

glassware a final rinse of the components with acetone is recommended.

This rinse should not be saved for analysis.
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Container No. 4. Note color of indicating silica gel to

determine if it has been completcly spent and make a notation
of its condition. Transfer the silica gel from the!faurth
impinger to the original container and seal. A funnel may make
it easier to pour the silica gé] without spilling. A rubber
policeman may be used as an aid in removing the silica gel from
the impinger. It is not necessary to remove the small amount of
dust particles that may adhere to the walls and are difficult
to remove. Since the gain in weight is to be used for moisture
calculations, do not use any water or other liquids to transfer
the silica gel. If a balance is available in the field, follow
the procedure under analysis.

Tmpinger water. Treat the impingers or condenser as

follows: Make a notation of any color or film in the liquid
catch. Measure the liquid which is in the first three impingers
to within + 1 ml by using a graduated cylinder or, if available,
to within + 0.5 mg by using a balance. Record the volume or
weight of liquid present. This information is }equired to
calculate the moisture content of the effluent gas.

If a different type of condenser is used, measure the
amount of moisture condensed either volumetrically or gravf—
metrically.

4.4 Analysis. Record the data required on the example
sheet shown in Figure B-5. Handle each sample container as

follows:

Q------—--—-Qi



(For the purpose of this section 4.4, the term "constant
weight" means a difference of no more than 10% between two
weighings 24 hours apart. The "final weight" to be used in

calculations is the average of these two values.)

Container No 1. tLteave in shipping container or transfer the

filter from the sample container to a tared glass weighing dish
and desiccate for 24 hours in a desiccator containing anhydrous
calcium sulfate. Rinse the filter container with TCE and combine
this rinse with the contents of Container 3. Weigh to a constant
weight and report the results to the nearest 0.1 mg.

Container No. 2. Clean the outside of the cycione, remove

caps, and desiccate for 24 hours or until any condensed water has
evaporated, Weigh the cyg]one with the oil and glass wool plug
inplace. Subtract the Qeight of the cyclone and the tare weight
of glass wool. Clean out the oil and glass wool with TCE into a
tared weighing dish., Desiccate the cyclone for 24 hours and
reweigh the cyclone. 1if the final weight of the clean cyclone is
within 10 mg of the initial weight of the clean cyclone, the
calculated oil weight will be considered valid. If the weight
difference is greater, then the cyclone will be assumed damaged
and the oil must be extracted from the glass wool and this oil
sotution added to Container 3. Note: This procedure is subject

to error if the glass wool fibers are not kept out of the oil

solution.




Container No. 3. Note level of liquid in container and

confirm on analysis sheet whether or not leakage occurred during
transport. Measure the Tiquid _in this container cither volumetri-
cally to + 1 m! or gravimetrically to + 0.5 g. If the volume of
condensed water appears larger than 5 ml it will be necessary to
separate the oi1-TCE fraction from the water, This should be

done with a separatory funnel. Additional.rinses of the water
fraction shall be made with 25 ml portions of TCE until, by

visual observation, the TCE Hoes not remove, any additional

organic material. The remaining water fraction shall be evaporated

to dryness at 200°C, dessicated for 25 hours and weighed to the

nearest 0.1 mg. Treat the TCE fraction with the following procedure.

Transfer the TCE and oil to a tared 250 ml beaker, and evaporate
at ambient temperature-and pressure. The terms dryness and
constant weight are not appropriate for liquid oil samples which
continue to loose weight through evaporation. The volume of TCE
required to remove the oil from the sample train should be
estimated. When it appears that its volume has been evaporated
the sample should be desiccated and weighed at 24 hour intervals
to obtain a "constant weight." The "final weight" is the sum of
the evaporated particulate weight fractions for TCE-o0il and
water, Repor% the results to the nearest 0.1 mg.

Container No. 4. Weigh the spent silica gel to the nearest

0.5 g using a balance. This step may be conducted in the field.




"TCE Blank® Container. Measure TCE in this container either

volumetrically or gravimetrically. Transer the TCE to a tared

250 m1 beaker and evaporate to -dryness at ambient temperature and

pressure. Desiccate for 24 hours and weigh to a "constant weight."

Report the results to the nearest 0.7 mg,
5. Calibration

5.1 Parficu]ate Sampling Equipment. Maintain a laboratory
log of all calibrations. |

5.1.1 Probe nozzle--Using a micrometer, measu}e the inside
diameter of the nozzle to the nearest 0.025 mm {0.001 in.). Make
3 separate measurements using different diameters each time and
obtain the average of the meésurements. The difference between
the high and low numbers shall not exceed 0.1 mm (0.004 in.).

When nozzles become-nicked, dented, or corroded, they shall
be reshaped, sharpened, and recalibrated before use.

Each nozzle shall be permanently and uniquely identified.

5.1.2 Pitot tube. The pitot tube shall be calibrated
according to the procedure outlined in Method 2.

5.1.3 Dry gas meter and orifice meter. Both meters shall
be calibrated according to the procedure outlined in APTD-0576.
When a diaphragm pump is used, assure that there is no leak.

5.1.4 Probe heater calibration. The probe heating system

shall be calibrated according to the procedure contained in APTD-

0576. Probes constructed according to APTD-0581 need not be

calibrated if the calibration curves in APTD-0576 are used.
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5.1.5 Temperature gauges. Calibrate dial and liquid filled
bulb thermometers and thermocouple-potentiometer systems against
mercury-in-glass thermometers. Ice bath and boiling wazer (cor;
rected for barometric pressure) are acceptable reference points.
For other devices, check with the Administrator.

5.2 Calibration of Gaseous Hydrocarbon System. Prior to
the conduct of the test} the hydrocarbon measurement system shall
be calibrated according to the procedures described in this
paragraph. The manufacturer's operation and calibration in-
structions are also to be followed as required.

5.2.1 The measurement system shall be put into operation
and atlowed to warm up until stable conditions are achieved.

Zero gas, span ¢as, and a mid-scaie gas mixture corresponding to
approximately 50% of span shal) be introduced into the analyzer.
The response to these gaéés shall be used to establish a cali-
bration curve or verify the manufacturer's calibration curve.
The data obtained in these procedures shall be recorded on a form
similar to Figure B-6. If the manufacturer's calibration curve,
or the e#pected response curve cannot be attained at the mid-
scale point with an accuracy of less than 2% of full scale, the
calibration shall be considered invalid and correctivé measures
shall be taken. -The calibration procedure shall be repeated
using only zero gas and span gas at the conclusion of test to
calculate the instrument zero and span drift.

5.2.2 Hydrocarbon (HC) calibration gas mixtures shall be

certified accurate by the gas manufacturer to within + 2% of
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the indicated concentration. The calibration analysis shall be

certified traceable to a Nationa) Bureau of Standardslcertified

gas concentration,

6, Calculations

Carry out calculations, retaining at least one extra decimal

figure beyond that of the acquired data. Round off figures after

final calculation.

6.1

Ay

As

BWS

n

Nomenclature

Cross sectional area of nozzle, m2 (ftz)

Cross sectionéi area of stack, w’ (ftz)

Water vapor in the gas stream, proportion by
volume

water vapor in the sample gas stream, proportion
by volume

TCE blank residue concentration, mg/g
Concentration of particulate matter in stack gas,
corrected to standard conditions, g/dscm {g/dscf)
Percent of isokinetic sampling

Total amount of particulate matter collected,

mg.

Molecular weight of water, 18 g/g-mole (18
1b/1b-mole)

Mass of residue of TCE after evaporation,

mg.

Barometric pressure at the sampling site, mm

Hg {in. Hg)
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Por = Pollutant mass rate, g/hr (1b/hr)
ppm, = Parts per million by volume -
P = Absolute stack_gas pressure, mm Hg (in. Hg)
std = Standard absolute pressure, 760 mm Hg (29.92
in. Hq)
Qh = Flow rate through hydrocarbon analyzer, cm/min
(cfm)
R = Ideal gas constant, 0.06236 mm Hgm3/°K-mo?e
(21.83 in. Hg-ft3/%R-Tb-mole) |
Tm = Absolute average dry gas meter temperature
{see Figure 8-2), Kk (%R)
Th = Absolute temperature of hyﬁrocarbon sample at
. flow meter, °k (°R)
TS' = Absolute average stack gas temperature (see
Figure B-2}, %k (°R).
Tstd = Standard absolute temperature, 293°K (528°R)
Va = Yolume of TCE, blank ml
Vaw = Volume of TCE used in wash, ml
Vh = Yolume of hydrocarbon sample gas, cm (cf)
V]c = Total volume of Tiquid collected in impingers |
‘and silca gel (see Figure B-5, mil.) !
Vm ' = Volume of gas sample as measured by dry gas 1

meter, dem (dcf)
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Vm(std) = Volume of gas sample measured by the dry gas

meter corrected to standard conditio’n_s_, dscm

|
1
|
|
' (dscf).
Vpc = Volume of water collected in particﬁ1ate catch,
II ml
. Vw(std) = Volume of water vapor in the gas sample
corrected to standard conditions, sem (scf).
i
th(std) = Volume of water vapor in sample gas corrected
I to standard conditions, sem, (scf)
I v = Stack gas velocity, calculated by Method 2,
Equation 2-7 using data obtained by this methad,
l ‘ m/sec (ft/sec)
l | W = Yejght of residue in TCE wash, mg
AH = Average pressure differential across the orifice
l meter (see Figure B-2), mm H,0 (in. H,0)
' = Density of TCE, mg/ml {see label on bottle)
p = Density of water, g/ml (0.00220 1b/ml)
I 0 = Total sampling time, min,
I 13.6 = Specific gravity of mercury
60 = sec/min .
l 100 = Conversion to percent \
|
i
I
i
II

6.2 P.articu]ate Calculations.

6.2.1 Average dry gas meter temperature and average orifice

pressure drop. See data sheet (Figure B-2).
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6.2.2 Hydrocarbon Analyzer Sample Volume

T P
(g,) () (=) (P25 (1-8,,)

V =
h
Th Pstd
Pbar i
= —_— - * i -
A (Qh)(o) (Th y (1 Bws) Equation B-1
where:

. 386 metric units

~i
i}

1

17.65 english units

*Note: Equation B-1. The term BW must be estimated. Use

s

Equation B-4-1 for Bws and assume Vh to be dry gas.

6.2.3 Dry gas volume. Correct the sample volume measured

by the dry gas meter to standard conditions (200 C, 760 mm Hg or

68° F, 29.92 in. Ha) by-using Equation B-1.

P + AH
y -y (Tstd) ( bar 136 )+
m(std) mAT Petd h
. (Pbar + AH/]3.6) .y
m T h
m
whevre:
K = 0,3856 °K/mm Hg for metric units

1l

17.65 °R/in. Hg for English units

6.2.4 Volume of water vapor.

e v /Py Ry -
Vm(std) Vv ( v;)(_$§gg) = KV

ﬁ; std

Equation B-2

Equation B-3-1
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* 1 -3
th(std) - (V fh) ”w RT Equation B-3-1

where:
K=
= 0.0472 ft3/m1 for English units

L00134 m3/m1 fdr metric units

o

*Note: Equation B-3-2 for use when there is water conden-
sation in the narticulate catch.

6.2.5 Moisture content.

v
B = w(std) Equation B-4-1
ws o Viestd) * WVa(std) V)
Vit (std) -
v *Equation B-4-2

Bwt = v;(std) + wt

6.2.6 TCE blank ;oncentration.
a Equation B-5

6.2.7 TCE wash blank.

o
wa =(Ca)(vaw)(pa) Equation B-6

6.2.8 Total particulate weight. Determine the total particulate

catch from the sum of the weights obtained from containers 1 and 2 less
1

the TCE blank (see Figure B-5).
6.2.9 Particulate concentration. '

G5 ® (0.001 g/mg) (mn/vm(std)) Equation B-7

*Note: Equation B-4-2 for use when there is water condensation 1in
the particulate catch.
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6.2.10 Conversion factO(s:
From To Multiply by
scf m3 0.0283
g/ft3 gr/ft 15.4
a/ft> W/t 2.205 x 1073
g/ ft> g/m’ 35,31
6.2.11 Isokinetic variqtion.
6.2.1.1 Calculations from raw data.
L. 100 Ts rk vTc + (Vm/Tm) (Pbar + AH/13.6)]
60 o Ve PS An
where:

K = 0.00346 mm Hg-m3/m1-°K for metric units

6.2.11.

where:

2 Calculations from intermediate values.

Ts Vm(std) Potd 100
Tstd Ve o An PS 60 (]-Bw)

Ts Vm(std)

RS Ve An 0 (I-Bw)

4,323 for metric units

0.0944 for English units

Bw = Bws Or Byt, as appropriate

0.00267 in. Hg-ft3/m1-°R for English units

Equation

Equation B-8

B-9

]
]
i
i
i
i
i
1
i
i
1
i
i
i
i
i
i
|
I
|
1
T




B-37

6.2.11.3 Acceptable results. If 90% <1 < 110%, the
results are acceptable. If the results are low in cbmparison to
the standards and I is beyond the acceptable range, the Administrator
may option to accept the results. Use reference 7.4 to make
judgments. Otherwise, reject the results and repeat the test.

6.3 Gaseous Hydrocarbon Calculations.

6.3.1 Correcfion to set isokinetic flow is necessary
because the hydrocarbon sample gas does not pass through the
orifice meter in the sampling train. The orifice meter volume
must be compensated for or the isokinetic sampling velocity will
not be correct. The simplest approach is to determine the vo]qme
to be sampled by the hydrocarbon system (Vh) and to add this
volume to the volume of moisture to be collected by the sampling
train. The hydrocarbon sample gas, similar to moisture content,
does not pass through the orifice meter. The resulting pseudo
water volume is used in the calculation to determine the iso-
kinetic sampling rate. If the nomograph is used, the pseudo
moisture content used in C factor nomograph (Figure 22 of APTD-
0576) can be calculated. This estimated moisutre content can be
improved upon after an initial test. |

6.3.2 Average the ppm by volume readings of gaseous hydro-
carbons for each traverse point and calculate the average concen-
tration. The stack area and the velocity data from Method 2 can

be used to calculate the mass emission rate of hydrocarbons as

methane by using Equation B-8.

pmr = 0.67 x 10° (om,) (v) (A) Equation B-10
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Zero end Span Drift Data:

Site Location - ‘Operator
Date:
Test 0.
Analyzer: Type S/N
Initial Final Difference
Calibration Calibration Initial-Final %
ppm or % ppm or % ppm or % of Spen
Zero Gas
High Calibraticn *
fas (Span Gac)
Absolute Yailue of Bifference <« 100"

% of Span =

Instrument Span

*Corrected for zero drift, i.e.

, if zero drift over test period is +2 pom

then 2 com shall be suotrathd from the difference between the initial

and final readings,

\

.. Figure B-3. .
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ReSPC!

SE TIE

Date of Test

Analyzer Type S/K
Span Ges Concentratien Dpm
Analyzer Span Setting ppm

1 seconds

Upscale . 2 secqnds

' _ | 3 seconds

| Average upscale response seconds

A'T " seconds

Downscale 2 seconds

| | | 3 seconds

Average downscale response

seconds

System response time = slower average time = seconds,

-
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Figure B-4.
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Date

Run No,

Belative liumidity
Amount liguid fost during transport
Dblank volume, ml

- wash volume, ml

blank concentration, mg/my (equation B-5)

wash hlank, mg {equation B-6)

WEIGHT OF PARTICULATE COLLECTED.
CONTAINER mg
~ NUMBSER ,
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN

1

2

3

Total

Less acetone blank

Weight of particulate matteri

VOLUME OF LIQUID "
WATER COLLECTED
IMPINGER SILICA GEL
VOLUME, WEIGHT,
ml. g
FINAL
INITIAL
LIQUID COLLECTED
TOTAL VOLUME COLLECTED 9" ml

 CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
HNCREASE BY DENSITY OF WATER {1g/mi).

INCREASE, g
C 1 g/mi

“‘Fi-gure‘ B-5. Analylical data.
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CALILANTION DATA

Date

Analyzer Type

S/H

High Range Gas Conc.

liid Range Gas Conc.

% Full Scale

.% Full Szale

4 Full Scale

Low Range Gas Conc.

Zero Gas % Full Scale
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POM SAMPLING AND ANALYSIS USING THE

SPECTIAL POM SAMPLING TRATIN




APPENDIX C

POM SAMPLING AND ANALYSIS USING THE
SPECIAL POM SAMPLING TRAIN

Background

Several years ago, the need for sampling and analysis of polycyclic organic material (POM)
arose on several programs at Battelle. At that time the best available technology for sampling for
POM appeared to be some version of the EPA Method 5 particulate sampling train. Use of the
Method 5 sampling train produced inconsistent POM emission data and led Battelle staff to ques-
tion the suitability of using this train for POM sampling. As a result, Battelle developed a POM
sampling train that retains many of the features and components of the Method 5 train, but which
incorporates an additional element that serves to collect the majority of the POM in the gas
sample.

Sampling for POM with the POM Sampling Train should be a straightforward procedure for
those already familiar and skilled with the operation of a Method 5 train for particulate collection.
The POM sampling procedure utilizes the existing Method 5 train, but also includes a
chromatographic adsorbent device (referred to as the adsorbent sampler). This additional compo-
nent, and its auxiliary equipment, increases the time required for setup, and requires some ad-
ditiona] precautionary measures over those associated with particulate sampling alone, but the ad-
ditional effort and skill required to obtain a meaningful POM sample is not appreciable and the
reliability of the POM data obtained is significantly increased.

Sampling System

The POM Sampling Train, as shown in Figure C-1, consists of a Method 5 train with an ad-
sorbent sampler located between the filter and the impingers. Immediately after leaving the hot
filter, the gas sample passes into the cooling coil (120 x 0.8 cm) of the adsorbent sampler, and then
passes through a Pyrex frit and into a cylindrical column of Tenax adsorbent (7 x 3-cm diameter).
The cooling coil and Tenax adsorbent are maintained above the water dewpoint by means of a
thermostated circulating water bath. Thus, the incoming gases are cooled to maintain adsorbent ef-
ficiency, yet the adsorbent is maintained at a temperature which precludes condensation of water
vapor present in all combustion effluents. The gases leaving the sampler are drawn through im-
pingers and a Drierite trap, dry gas meter, and leakless vacuum pump (as in Method 5 sampling).

With the system, POM emissions can be determined from the analysis of the probe wash, filter
catch, and adsorbent sampler catch. The impingers are only used to cool and dry the stack gases
before they enter the dry-gas meter. Laboratory tests, reported later, have shown that the probe,
filter, and adsorbent sampler retain all the POM, and that the POM can be recovered during

analysis.

Special Modifications for POM Sampling at Blowing Stills. Because of the expected high

- moisture content of exhaust gas at the blowing still, the POM Sampling Train configuration
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(shown in Figure C-1) was modified, as shown in Figure C-2, for use in measuring blowing still
POM emissions. In order to prevent the large amount of water present in this process from con-
densing in the adsorption sampler, it was considered necessary to (1) pass the effluent gases
through two heated impingers at a temperature (175 F) which would allow condensation to occur
prior to the gases entering the absorbent sampler, and (2) operate the adsorbent sampler at 175 F
(above the expected dewpoint temperature), instead of the {25 F normally used.

Thus, immediately after leaving the hot filter, the gas sample passed into two empty, heated
impingers, then into the coil of the adsorbent sampler, and then through a Pyrex frit and into a
cyclindrical column of Tenax adsorbent. The cooling coil was also maintained at 175 F by means
of a thermostated circulating water both in hopes of keeping the remaining moisture in the gas
phase. The gases leaving the sampler were drawn through cooled impingers and a Drierite trap, dry
gas meter, and leakless vacuum pump.

With this system, POM emissions can be determined from the analysis of the nozzle and
probe wash, filter catch and filter holder wash, any catch and wash from the hot impingers, and
adsorbent sampler catch.

Details of POM Absorber

A schematic representation of the adsorbent sampler is shown in Figure C-3. The heat ex-
changer section consists of 120 cm (4 feet) of 8-mm Pyrex tubing wound in approximately eight
coils. The adsorbent is retained by an extra coarse Pyrex frit and a spring loaded glass wool plug,
as shown: Tenax (35/60 mesh) is routinely used in the adsorbent trap of the adsorbent sampler.
The dimensions of the adsorbent section are 15-mm radius and 70-mm length. The 28/12 Pyrex
joint on the inlet to the sampler is compatible with the fittings commonly used in commercial EPA
Method 5 sampling trains; the 15-mm Solv-Seal joint at the sampler outlet provides an efficient
vacuum seal during sampling. (A 28/ 12 Pyrex joint could be used at the sampler outlet.) A vacuum
hose coupling between the front sampler outlet and the impinger inlet is sufficient.

Adsorbent Sampler Temperature

The collection efficiency of the adsorbent sampler is dependent on the temperature of the ad-
sorbent material. The optimum temperature of the adsorbent should be as low as possible without
condensing large quantities of water vapor (present in most stack gases} and plugging the adsor-
bent device. Generally, this temperature is 20 to 25 F (10 to 15 C) above the dewpoint of the stack
gases. For sampling gases that would consist primarily of vented air or products of combustion of
fossil fuels it has been found that 125 F to 130 F (52 to 55 C) is a satisfactory adsorbent
temperature. Of course, the adsorbent temperature is to be maintained at the predetermined
temperature throughout the run to insure a continuous high POM collection efficiency.

Special Modifications for POM Sampling at Blowing Stills. Because of the high moisture content
of the gas to be sampled at the blowing still, it was necessary to maintain the adsorbent sampler
temperature at a higher temperature than the 125 to 130 F normally used. The expected dewpoint
was 165 F and so the adsorbent sampler was maintained at 175 F to avoid condensation in the

unit.
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Auxiliary Equipment o

To maintain the adsorber at a temperature above the dewpoint, a thermostated controlled
water bath is used. A 10-2/ min pump circulates water to the absorbent sampler from a 4-8 reser-
voir. An acquastat is used to control a 450-watt heating element to maintain the water
temperature. For stack gas temperatures up to at least 550 F (300 C) and sampling rates of 0.6
scfm (0.017 Nm3/min) to 0.75 scfm (0.021 Nm?3/min), the heat loss from the water circulating loop
to the ambient surroundings generally is greater than the heat gain from the stack gases to the
water, so it usually is necessary to supply auxiliary heat to the water loop. Although unlikely,
depending upon the conditions under which a sample is collected (at high stack temperatures
and/or high ambient temperature), it may be necessary to cool the circulating water to maintain

the desired temperature. A simple calculation of the heat transfer between the gas sample and the

circulating water will determine whether or not cooling is needed. If cooling is needed, an ad-
ditional cooling coil could be inserted between the adsorbent sampler and the reservoir.

Sampling

Sampling with the POM Sampling Train is conducted in essentially the same manner as
sampling with the EPA Method 5 sampling train. The one difference between operation of these
iwo sampling trains is that, in using the BRattelle POM Sampling Train, it is desired to maintain the
probe and filter temperature at 350 F (versus the 250 F when using the EPA sampling train).
Maintaining the probe and filter at 350 F prevents condensation and/or adsorption of SO3 and
POM on these components (followed by destructive reaction of SO3 with POM), Instead of being
caught by the probe and filter, the POM passes through these components and is retained in the

absorbent sampler.

When sampling for POM, the stack gases are sampled isokinetically as described in Method 5.
(Isokinetic sampling is desired because some of the POM may be physically associated with par-
ticulate in the gas stream.) The pressure drop associated with the flow of stack gases through the
adsorbent device may interfere with maintaining an isokinetic sampling rate throughout the run,
therefore it is usually a good idea to reduce the calculated nozzle size in order to reduce the flow
rate and, thus, the pressure differential across the sampler.

Sample Recovery in the Field
and Sample Preservation

Polycyclic organic materials are readily photooxidized in the presence of ultraviolet light (and
possible visible light). Thus, the sampling train should be protected from sunlight and all other ul-
traviolet sources, both during and after sample collection. Also, some organic compounds which
are collected by the adsorbent sample may have an appreciable vapor pressure, and care must be
exercised to minimize losses of such materials. To prevent loss of POM by photooxidation, a
heavy dark cloth is placed over the exposed sampling train glassware during sampling. Immediate-
ly after sample collection is completed, the adsorbent sampler is sealed with ball-joint and Solv-
Seal stoppers and the filter and adsorbent sampler are stored in a cool light-frce container for
transport to the analytical lab.

|
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The probe and glassware up to the filter (including the filter holder) are washed with acetone

followed by methylene chloride*; these solvents are ‘Distilled-in-Glass™ quality or better. The solu-

tion and particulate matter from the probe rinse are stored in a dark {(amber) glass bottle prior to
analysis and kept cool.

Sample Extraction and Recovery

Sample recovery from the POM Sampling Train for POM analysis involves extraction of
three separate portions of the total sampling train:

(1) Probe and glassware up to the filter
(2) Filter ‘
(3) The adsorbent sampler.

Initial recovery of Item (1) is done in the field (i.e., the probe is washed as described above), while
Items (2) and (3) are most conveniently extracted in the laboratory.

Sample Recovery from the Probe Wash

The probe wash (a solvent and particulate mixture) is agitated for I hour in an ultrasonic bath
before filtering off the solvent with a Whatman No. 40 filter.

Sample Recovery from the Filter

Organic material is extracted from the filter by means of Soxhet extraction with methylene
chloride (‘Distilled-in-Glass’), or by ultrasonic agitation with methylene chloride followed by filtra-
tion using a Whatman No. 40 filter. While both methods have been found to be equally satisfac-
tory, ultrasonic extraction is somewhat faster.

Sample Recovery from the Adsorbent Sampler

Great care must be taken not to expose the adsorbent sampler to polar solvents such as
methylene chloride or acetone, since the Tenax adsorbent is readily soluble in these solvents. Our
experience has shown that is it preferable to extract the adsorbent sampler with a low boiling point
hydrocarbon such as pentane (‘Distilled-in-Glass’).

To extract the adsorbent sampler, the two stoppers are first removed, and the extraction ap-
paratus assembled, as shown in Figure C-4, under yellow safe-lights. A double surface water
cooled condenser is preferred, the distilling flask is of 250-ml capacity. The adsorbent sampler is
extracted with ‘Distilled-in-Glass’ pentane. An initial volume of 180 ml is usually necessary since
there is an appreciable solvent holdup during extraction. The samplers are extracted with the con-
tinuous extraction apparatus for 24 hours, and it is normal to experience a small loss of pentane
during this period. The extraction apparatus is then disassembled and the pentane extract
stoppered and stored in darkness.

*To minimize evaporative sample loss during solvent extraction, solvents with very low boiling points are used.
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Thus, three extracts are obtained from the adsorbent sampler-Method 5 sampling train:

(1) Acetone and methylene chloride probe extract
(2) Methylene chloride filter extract
(3) Pentane adsorbent sampler extract.

These extracts are sealed and kept in darkness while awaiting analysis.
Reactivation of Adsorbent Sampler

Following extraction, air is drawn through the sampler with an aspirator to remove most of
the remaining pentane solvent. The sampler is then dismounted by withdrawing the stainless steel
spring with a hooked spatula, removing the stainless steel perforated disk, discarding the glass
wool plug, and emptying the almost dry Tenax into a clean glass container. The adsorbent sampler
body is cleaned by blowing with compressed air to remove any trace materials and then rinsed with
the following solvents in the order given:

(1) Methylene chloride
(2) Chromic acid

{3} Water

{4) Acetone

{5) Methylene chloride
(6) Pentane.

The sampler is then sealed with clean stoppers prior to refilling with activated Tenax.

Used pentane extracted Tenas may be reactivated and thoroughly cleaned by placing it in an
oven at 200 C under nitrogen flow in a glass tube for 24 hours. New Tenax may be similarly
prepared by first Soxhlet extracting with pentane for 24 hours and then heating under nitrogen. It
is generally desirable to maintain a small supply of activated Tenax, and to reactivate the adsor-
bent from six or more samplers at one time.

An adsorbent sampler is prepared by filling the adsorbent section with activated Tenax to
within 3/4 inch of the top of the sampler while agitating the sampler with an electrical vibrator. A
clean glass wool plug is then inserted into the neck, followed by a perforated stainless steel disk
and the stainless steel retaining spring. The sampler is then sealed with the appropriate 28/ 12 ball-
joint and 15-mm Solv-Seal stoppers and is ready to use.

Analysis of Extracts

The three extracts from the probe, filter, and absorbent samples, may be analyzed separately
for POM compounds, or they may be combined and a single POM analysis performed on the total
sample.

Internal standards are added to the combined extracts from each sampling train prior to
volume reduction by rotary evaporation and Kuderna-Danish evaporation. The extract is sub-
Jected to a Rosen-type liquid chromatography separation! in order to isolate the POM fraction
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before carrying out gas chromatographic-mass spectrometric (GC-MS) analysis. Gas
chromatographic separation is achieved using a 14-foot x 2-mm, 2% percent, Dexil 300 column
programmed from 170 Cto 350 Cat 4 C min~'. Separation of the benzpyrene isomers is routinely
accomplished using a one foot 1% N,N"-Bix (p-methoxy-benzylidene)-a,a’-bi-p-toluidine column
isothermal at 130 C. Mass spectrometric analysis is carried out with a Finnigan 1015 quadrupole
mass spectrometer with a chemical ionization source; methane is routinely used as the carrier and
reagent gas. Data acquisition is accomplished with a System Industries 150 data acqmsmon
system, and quantification of the POM compounds present is accomplished using a Digital PDP8

computer.

This mass spectrometric-computer quantification procedure makes use of specific absolute ion
currents. The bases for the quantification procedure is to initially obtain the computer
reconstructed gas chromatogram and mass spectrum in the normal fashion; this reconstructed gas
chromatogram is then displayed on the CRT terminal and an overlay for the protonated molecular
ion of the POM of interest is superimposed. This overlay represents the ion current corresponding
to that specific POM molecular weight plus 1 mass unit. If there is an area in the reconstructed gas
chromatogram where the overlay indicates that this mass number is prevaient, the mass spectrum
of this peak is displayed on the CRT unit, and the presence of the POM may be confirmed. If the
POM is found to be present at a correct relative retention time to the internal standards, the com-
puter then sums the ion current due to all important ions in the POM’s mass spectrum which
represents the area of the peak of interest. Quantification of each POM is achieved by ratioing its
ion current to that of an internal standard of known concentration. The relative 1onization efficien-

~cies of the internal standards and many POM species were previously determined, and the ap-
propriate factor is used in quantification.

Preliminary experiments were carried out in order to determine the most suitable solvent for
extraction of the adsorbent sampler. Extraction was attempted with methylene chloride, acetone,
methyl alcohol, p-dioxane, pentane, cyclohexane, benzene, and toluene; only saturated hydrocar-
bons proved entirely suitable, on account of partial Texan solubility in more polar solvents. Pen-
tane was found to be the most suitable solvent, its high volatility minimized sample loss during ex-
traction. The relatively low extraction efficiency of pentane is overcome by means of continuous
solvent extraction for a period of over 24 hours, as described above.

Initial validation experiments involved sampling and recovery of measured quantities of
anthracene; during this work the temperature of the sampler was allowed to rise to approximately
200 F (93 C), but quantitative anthracene recovery was always obtained. (Later field experiments
have suggested that sampling with absorbent temperatures of 175 F (80 C) may not result in reten-
tion of a significant fraction of the POM compounds.)

Subsequent validation experiments were carried out with the sampler at 130 F (55 C) using
pyrene, chrysene, perylene, benz(ghi)perylene, and coronene; these compounds are representative
of commonly encountered POM species. Ten thousand ng of each of these compounds was
separately sampled over a 2-hour time period; following pentane extraction and addition of inter-
nal standard, each POM compound was quantified by GC-MS using specific absolute ion current

_integration. The results of several representative laboratory validation experiments are given in
Table C-1.

This quantification technique overcomes the problems associated with interfering or overlap-
ping peaks and poor base-line separations since these interfering species usually have different
molecular weights. Isomeric compounds such as pyrene and fluoranthrene which have the same
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TABLE C-1. RECOVERY OF POM FROM ADSORBENT SAMPLER
Integration by GC-MS

Sample #1 Sample #2 Sample #3

Spiked Average Average Average
POM (ng) % Recovery 9% Recovery % Recovery
Pyrene 10,000 913 98 + 4 104 £ 4
Chrysene 10,000 90 %5 925 106 £ 5
Perylene 10,000 91 + 4 105 %5 102 £ 6
Benz(ghi)perylene 10,000 101 £ 10 106 £ 10 103 £ 7
Coronene | 10,000 80 +7 92 + 8 100 + 14

molecular weight can be quantified easily since they are very adequately separated by gas
chromatography and their order of elution is known.

In order to obtain optimum sensitivity during the gas chromatographic-mass spectrometric
analyses, the ionization voltage must be adjusted at various stages during the analysis. This adjust-
ment necessitated the incorporation of three internal standards so that an internal standard would
elute between each ionization adjustment. The internal standards chosen were 9-methylanthracene,
9-phenylanthracene, and 9,10-diphenylanthracene. It was fortuitous that 9,10-diphenylanthracene
elutes almost coincident with the benz(a)pyrene/benz(e)pyrene isomers, giving a very accurate
marker when searching for these important compounds. The relative retention times of other POM
species to one or more of the internal standards are generally sufficiently well known to permit
specific compound identification when the mass spectra are displayed.

This ion integration technique has proven to be far superior to GC for the analysis and quan-
tification of POM due to its very high selectivity; it also offers a very significant advantage in speed
of data handling.

Laboratory Validation Studies

Laboratory validation studies were performed on the abseorbent sampler component of the
POM Sampling Train. These validation studies involved setting up an adsorbent sampler, to
collect air drawn through a 500 F (260 C) tube furnace. A precisely measured quantity of
polynuclear compounds in a few microliters of methylene chloride solution was then injected into
the inlet of the adsorbent sampler, and heated air was passed through the system for at least an
hour. Following solvent extraction of the sampler, a suitable internal standard was added, and
analysis for the spiked polynuclear compound was made by GC-MS analysis.

References
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ANALYTICAL DATA

PLANT C:?f17{//tl /;rﬂlf??fi ﬂzijf‘ﬂ cx //2} COMMENTS

DATE S wf /3 7

SAMPLING LOCATION
saupLE Type £/ A4 287« /

run nueer 20 -7 - B =1

SAMPLE BOX NURBER 'ﬁ? 7 "'é

CLEAN-UP HIAN AN —_
JPPS - 78

Vel Zard

FRONT HALF

B Ly

r°"

P

LABORATORY RESULTS

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER re
FLASK, FRONT HALF OF FILTER HOLDER
/ le
FILTER HUMBER Jul CONTAINER rg
tare 0. 37§29 q
net
FRONT HALF SUBTOTAL re
BACK HALF
IMPINGER CONTENTS AHD WATER WASH OF CONTAINER . rg
IMPINGERS, CORNECTORS, AND BACK ETHER-CHLOROFORH
HALF OF FILTER HOLDER EXTRACTION re
ACETONE WASH OF FPINGERS, CORNECTORS, CONTAINER rg
AND BACK HALF OF FILTER HOLDER
BACK HALF SUBTOTAL ro
TOTAL WEIGHT rg |
Rinse
volunmes
ml ml m} ml ml
URE
MOISTURE .
WPINGERS 1 2 . o
FINAL VOLUKE 92 _m g m ml 7/ m S |
INITIAL VOLURE _ /24 _ml & e 7’/ 5 a _ a
NET VOLULE o mooeeeml gl m L m
SILICA GEL ‘,
EINAL VEIGHT _ %97 " g
WITIAL WEIGHT _4</74_ g £ B :
NET WEIGHT 2 2 ‘. TOTAL NOISTURE ;
EPA (Dur) 231
412
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. IDENTIFICATION LOG OF SAMPLES COLLECTED
. ; e
Plant__ CERTAIN-TEED. = Battelle Record Book No_32148
Location : ’ Collected & Recorded By,
Industry__ &Bpialr roofigs Page_7 _ofl2 ,
Project No, G-2872-3514 T
| oy -
EPA No. Date| Run Sample Description Remarks
57500 Number
9/9/75
POST-CLEAN-UP--AFTER RUN | .

=199 CER-CU-1A TCE Rinse of probe and nozzle

- 200 " Impiuger water

=201 " TCE rinse of impinger and connecﬂors

=202 " Acetone rinse of impinger and comnectors

-203 CER-CU-24 TCE rinse of probe and nozzle

=204 " impinger water (catch)

=205 v TCE rinse of impinger and connectors

=206 " Acetone rinse of impinger and cornector

=207 CER-CU=3A TCE Rinse of probe and nozzle

=208 " Impinger water catch

-209 " TCE ringe of impinger and connectors

=210 " Acetone rinse of impinger and cotnectors

-211 CER-CI-4A TCE rinse of probe and nozzle

=212 " Impinger water catch

-213 " TCE rinse of impinger and connectjors

=214 " Acetone rinse of impinger and connectors
=215 CER-CU-5A TCE rinse of probe and nozzle

-216 " Impinger water

=217 " TCE rinse of impinger and connectlors

-218 " Acetone rinse of impinger and cornectors
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CCERTAIN-TEEND PECA (175 F) TRy

DUN NMQ, 1
TFST DATE /1
SAMPLING TIHT, 24 HQU® OLOCK  FRoMm 1421
T 1943
TON SEMPLING NOZZLE OIAMETER, IN. . 265
TT NET TIM: OF TEST. MTh, t 4
P3 L RJHFTRTL FOESSUDE, TY. HG
L ARSOLYTSE 29,40
X AVG. ORIFIGE PRISSUIF OQRNP,
IN. HPD .91
VM VOLUME NF DRY HAS SAVPLEY 4T
) METFE CONDITIONG, NOF 77.3
TM  AVG. GAS HETEY TEMPESATURE, F 77

YMSTD  VILUME 0F NRY GAS SAMPLEN AT

STANDAOA CONDTTI (NG, NSCE 75 .6
T TOTAL H20 SGLLECTER IN TMPINGERS
END SILICA 3TL, ML 31.54
VMGAS  VILUME OF H2) YATOR ROLLTCTEN,SCF 1.5
CAM  PERCENT HMOTISTURE IN STAGK GAS
3Y YOLUYE 1.9%
M9 MOLECULASZ FRASCTICN AF NIY 5GAS 0. 39
% 92 VILUAC PI20ERT 0ORY 0.1
%02 V2LUME SESLENT ORY 2043
% CO  VILUKE PERCENT OPY et
L N2 VOLUME PFRCENT NRY 73.7
% EA  DPERCENT EXGESS AR 37143
MWD MOLECULAR WEISHT OF STACK GAS,
NRY PASTS FR. 8

MW MOLFCULAR WEIGFT OF STAGK GAS, -
AET RASTS Z8.5

SP PITOT TURE COEFFTCTENT .85
TS AVG. STAGK TEYPERATYRE 214
NP NIT SBPLING PCINTS 4Q

[
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CCERTAINSTEEN PPOy (175 F) To-y
RUN KO, 1
YEST neTe 9/13
VOLUME N5 5aS ThpLia, FoeF 75. 4
TPERCFNT MOTSTUPY gy yapusd 1.9

AVERAGE STACK TFPERATURFE, 7 214

STAGK VOLUMITRIC FLOW BATE, A50°H 2069
TSTACK YNt UMFTRIC FLdg SATE, ATCH 10513
PERTENT TRNWTM TS 98,5
DERQIENT FXNFSS 47 37143

TPERCENT 3PAST TY

FEFD 2aT7 , TONG /4

CERTAIN-THCL DPRaM4 (176 F) Ta-9

RUN 1. 1
TEST NLTE 9/13
VOLUBE OF G4S SAnBLen, wno 7. 13
TOERCENT MOTSTUY S 1Y L UMF 149
AVEPAGE 3TL0x THEAFSIATUPE, 191
STACK VALUSFTRIL FLaw 2ATE, 47y 225
STAGK VYOULUMETETE Finy GATC, MM 235
PERGENT TENwINFTIN K.k
DERCENT FEXNESS 619 37143

CPERGENT OPALTTY

FEEN RATT, UTOM/H?
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