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Determination of Particulate Matter
(Screening Procedure)

1. APPLICABILITY AND PRINCIPLE

1.1 Applicability. This nethod may be used on a case-by-case basis for
determ ning the approxi mate concentration of particulate matter (PM from
stationary sources. |f done correctly, the results nay be as good as that
obtai ned by Method 5. However, because isokineticity cannot be confirned,
this nethod should be used primarily as a screening nethod to determne
concentration to + 25 percent. The nethod is linmted by the follow ng
condi ti ons:

1.1.1 Tenperatures above 900°F. This is the |linmt of the filter

SR

.1.2 Flowrate above 5 cfmor sanpling train vacuum above 5 in. Hg. The
ilter is subject to rupture at flow rates above these val ues.

1.1.3 Saturated wet gas streans. The filter nay col |l apse when wet.

1.2 Principle. The PMis collected isokinetically using an in-stack
filter and an in-stack orifice neter. The mass of PM is determ ned
gravinetrically and the volunme of sanple is deternmined fromthe velocity
nmeasur enent s.

2. APPARATUS

Note: Mention of trade nanes or specific products does not constitute
endor senent by the Environnental Protection Agency.

2.1 Sampling Train. A schematic of the sanpling train is shown in Figure
1. Most conponents of the train are avail able comercially; however, the
orifice nmeter and possibly the nozzles may need to be fabricated. It is
suggested that all conponents be designed and arranged to fit a 3-in. port.

2.1.1 Probe Nozzle. Sane as in Section 2.1.1 of Method 5, except nozzles
of about 3/8, 5/8, and 1/2 in. should be adequate. The nozzle shall be
cali brated as described in Section 5. 1.

2.1.2 Filter Holder. Stainless steel (316) with support base and clanp
to provide a leak-tight fit for the fiber glass thinble filter
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2.1.3 Orifice Meter. Stainless steel (316), installed directly behind the
filter holder, to neasure flowrates up to about 5 ¢cfm A 2-in. QD tubing
with an orifice dianeter of about 7/16 in. has been used acceptably. The
pressure tap connections should extend along the full Iength of the probe
extension to provide sufficient cooling and prevent nelting of the flexible
manoneter tubing. The orifice neter shall be calibrated as described in
Section 5. 3.

2.1.4 Probe Extension. Rigid pipe or thick wall tubing (316 stainless
steel is preferred), of sufficient length to traverse the stack

2.1.5 Pitot Tube. Sane as in Section 2.1.3 of Method 5.
2.1.6 Differential Pressure Gauge. Sane as in Section 2.1.4 of Method 5.

2.1.7 Vacuum Gauge. A U-tube manoneter, 36 in., with 0.1-in. divisions,
or other gauges capable of neasuring pressure to 0.1 in. Hg.

2.1.8 Sampling Hose. Heavy duty industrial hose (e.g., neoprene or other
material resistant to corrosive stack gases), to connect the probe
extension to the suction-blower. This hose should be at least 1.5 in. in
di aneter and rigid enough to avoid any kinking that would stop or retard
sanpling fl ow

2.1.9 Suction-Blower. An enclosed centrifugal fan with a mni num capacity
of 5 cfmat 15 in. Hg vacuum The suction-blower should be capabl e of
handl i ng the sanpl ed gases or condensed noi sture.

2.1.10 Rheostat. To provide variable adjustnent of output voltage from
zero to maxi mrum | ine voltage.

2.1.11 Barometer. Sane as in Section 2.1.9 of Mthod 5.
2.1.12 Temperature Gauge. Sane as in Section 2.3 of Method 2.

2.2 Sample Recovery.

2.2.1 Nozzle and Filter-Holder Cap Brush. Nylon bristles, suitably sized,
with stainless steel wire shaft and handle, e.g., a brush of 5/8-in.
dianeter with about a 6-in. handl e has been found to be suitable for the
5/8-in. nozzle.

2.2.2 Wash Bottles. Sane as in Section 2.2.2 of Mthod 5.

2.2.3 Sample Containers. Sane as in Section 2.2.3 of Mthod 5.



2.3 Analysis.
2.3.1 Glass Beaker Covers.

2.3.2 Analytical Balance. To neasure to =1.0 ng.
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2.3.3 Desiccator, Glass Beakers, Hygrometer, and Temperature Gauge. Sane
as in Method 5, Sections 2.3.2, 2.3.5, 2.3.6, and 2.3.7, respectively.

3. REAGENTS
3.1 Sampling.

3.1.1 Filters. dass fiber thinble filters 1.2-in. ID by 3.9-in.
I ength, having at |east 99.9 percent efficiency for 0.3-umparticles. The
filter should be of seam ess construction with sufficient pliancy to allow
a leak-tight fit in the filter holder. These filters should not be used
above tenperatures of 900°F.

3.1.2 Isopropyl Alcohol, 100 Percent. ACS reagent grade.
3.1.3 Water. Deionized distilled.

3.1.4 Sulfuric Acid, 50 Percent V/V. Slowly add concentrated H,SO, to an
equal volune of water.

3.2 Sample Recovery.

3.2.1 Acetone. Sane as in Section 3.2 of Method 5.

4. PROCEDURE
4.1 Sampling.
4.1.1 Pretest Preparation.

4.1.1.1 The alkali content of the fiber glass thinble filters may be high
enough to react with SO, and SO to cause a positive bias. Ther ef ore,
pretreat these filters as follows: Soak the thinble filters in 50 percent
sul furic acid at 275°F for 2 hr. Soak in 100 percent isopropyl al cohol at
68°F for 30 min, and then in water at 176°F for 30 nmin. Oven dry at 601°F
for 16 hr. Desiccate the thinble filters at 68 + 10°F for at |east 24 hr
and weigh at intervals of at least 6 hr to a constant weight of 2 ng for
two consecutive weighings. Do not expose the filters for nore than 2 nin
to the | aboratory atnosphere. Record this weight to the nearest ng.



4.1.1.2 Check the thinble filters visually for damage and pi nhol e | eaks.
Label a container for each individual filter and keep the filter in this
container at all tinmes except for sanpling and wei ghi ng.

4.1.2 Preliminary Determinations.

4.1.2.1 Use Method 1 to select the sanmpling site and nunber of sanpling
poi nts, except eight traverse points in round ducts (four on a dianeter)
and ni ne
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traverse points in square or rectangular ducts may be used in all cases.
Locate the traverse points according to Method 1, except adjust any point
such that the filter holder or the orifice neter would not be outside of
t he duct.

4.1.2.2 Select a sanpling tine to collect at |east 100 ng of sanples at
the |l evel of the enission standard or a total gas sanple volune of at |east
100 dscf; sanple for at least 2 nin per point. Determne the stack
tenperature and velocity pressure to ensure that the tenperature lint
woul d not be exceeded and the proper nozzle size is selected. Measure the
stack pressure.

4.1.3 Preparation of Sampling Train. Exercise care to prevent
contam nation of the sanpling train. Place the tared thinble filter on the
support base in the filter holder. Install the filter clanp around the

filter at the base, and carefully tighten the clanp for a snug fit; be
careful not to danmage the filter. Keep the thinble filter centered on the
support base so that it wll not contact the interior filter holder
surface. Check the filter for danmage after tightening. Replace the filter
hol der cover and tighten. Set up the train as shown in Figure 1

4.1.4 Train Fitness Check Procedure. The sanpling train cannot be |eak
checked by closing off the inlet because the thinble filter is fragile and
subject to rupture at the maxi mnum vacuum | evel reached in this sanpling
train. Therefore, check all the conponents and connections on the
assenbled train for a proper and secure fit, especially the filter hol der
cover, hose clanps, and nanoneter tubing connections.

4.1.5 Sampling Train Operation.

4.1.5.1 Record all pertinent source and process data on the data sheet
(see Figure 2). Because the sanpling train does not include a vol une
neter, isokinetic sanpling rates cannot be confirned. Therefore, care nust
be taken to set the flowrate. Using the best estinmate (fromlaboratory
calibrations) of the orifice neter pressure (P,), calculate the orifice
nmeter differential pressure for isokinetic sanpling using the equation in
Section 6. 3.

4.1.5.2 Before sanpling, renove the nozzle cover and position and align
the nozzle and probe at the first traverse point. Cover any openings
bet ween the probe extension and the port opening to prevent diluting the
stack gas streamwi th outside air. To begin sanpling, start the suction-
bl ower and i mediately set the rheostat to achieve isokinetic flow Check
the nmeter orifice vacuum (VAC) and readjust the sanpling rate, if
necessary.



4.1.5.3 Record sanpling data as shown in Figure 2 at |east once for each
poi nt sanpl ed and enter extra readi ngs when changes in stack or sanpling
train conditions require extra adjustnents of the sanpling flow rate.
Monitor )p and VAC during the run. |If the velocity changes by 10 percent
or if the VAC reading changes by 2.5 in. Hg, both from the previous

readi ngs, recalculate )H and readjust the sanpling flowrate. |If the VAC
reaches 5 in. Hg, replace the filter as needed. The PMcatch for the run
shall be the sum of all individual filter catches plus the nozzle and

filter hol der catch.
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4.1.5.4 Traverse the stack according to the pattern and schedul e fromthe
prelimnary deternnations. Avoid contact with the stack wall when
sanpling near the wall and when inserting or renoving the probe to prevent
contam nation or |oss of sanple.

4.1.5.5 Determine the noisture content using Method 4 and the nol ecul ar
wei ght using Method 3. Estimates may be used if sufficient validation is
gi ven.

4.1.5.6 Wen the run is conpleted, |let the probe assenbly cool to touch

i f necessary. Repl ace the nozzle cover and recheck all pipe and tube
fittings for tightness. |f any connections (pipe, tubing, or clanp) can
be | oosened by hand, void the run and retest.

4.2 Sample Recovery.

4.2.1 Renove the probe assenbly from the sanple train. Drain any
condensed npi sture fromthe connecting hose.

4.2.2 Move the probe assenbly to the cleanup area that is clean and
protected fromthe wind and weather. Save (in a | abel ed sanpl e contai ner)
about 200 ml of the cleanup solvent for blank anal ysis.

4.2.3 Carefully inspect the probe assenbly and filter holder before
recovery. Note any unusual conditions. Thoroughly wi pe off all PMfrom
the outside of the nozzle and filter holder to prevent sanple
contam nation. Renove the probe cap and transfer any | oose nozzle catch
into Container No. 2. Renove the filter holder cover and recover the
sanpl e as foll ows:

4.2.3.1 Container No. 1. Carefully loosen the filter clanp and renove the
filter fromthe support base. Renove the clanp and place the filter inits
original sanple container in an upright position to hold the catch.
I nspect the filter base and filter clanp for adherence of any filter
material and renove with a pair of clean tweezers. Carefully place any
recovered filter material inside the thinble filter. Seal the container
Maintain this filter container in an upright position during transfer and
storage to prevent loss of filter catch

4.2.3.2 Container No. 2. Quantitatively recover the renaining | oose catch
fromthe nozzle and filter holder cover in the following nanner. Brush the
nozzle with a clean Nylon brush and rinse with acetone. Brush the inside
of the filter holder cover and rinse with acetone. Alternately repeat the



brushing and rinsing until three cycles are conpleted. |nspect the nozzle
and cover for the presence of any residual catch, and repeat the brushing
and rinsing until no visible PM renains. Rinse the cleanup brush
thoroughly to renove any adhering catch. Use additional sanple containers
as needed to collect all of the |oose catch. Tighten the Iid on the sanple
contai ner to prevent |eakage of solvent during handling and transfer. Mark
the | evel of the solvent to gauge any |oss of solvent during transport.
Label the container to identify contents.

4.3 Analysis. Record analytical data as shown in Figure 3. Handle each
sanpl e contai ner as follows:
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4_.3.1 Container No. 1. |Inspect the filter for danage or | oss of sanple
during shipnent. Renobve the container lid and place container in a
desi ccator contai ni ng anhydrous cal cium sul fate. Desiccate for at |east
24 hr before weighing. Renove the filter fromthe contai ner and wei gh the
filter only to a constant weight as described in Section 4.1.1. Handle the
filter carefully during analysis to avoid loss of sanple or filter
material. Report the results to the nearest ng. Recover any catch | ost
fromthe filter and include with Container No. 2 anal ysis.

4.3.2 Container No. 2. |Inspect the container for any content | oss during
shipnent. Measure the liquid in this container volunetrically to 5 ni.
Transfer the entire contents to tared, covered 250-nl beaker(s) as needed
to handle the entire |oose catch rinse. Use additional acetone to

conpletely transfer all of the PMcatch to the beaker(s) if necessary. The
acetone used for this should be fromthe sane batch of solvent used for
cleanup in the field. Measure and record the quantity of additional
solvent used to 5 ni. Evaporate the acetone to dryness at anbient
tenperature and pressure. Cover the beakers with glass covers to prevent
contam nation during evaporation. Desiccate the dried sanples for 24 hr
and weigh to a constant weight. Report the results to the nearest ng.

4.3.3 !"Solvent Blank" Container. Measure the solvent in this container
volunetrically to 5 ml. Transfer the solvent to a tared, covered 250-n
beaker and evaporate to dryness at anbient tenperature and pressure.
Desiccate for 24 hr and weigh to a constant weight. Report the results to
t he nearest ng.

5. CALIBRATION

Mai ntain a | aboratory log of all calibrations.

5.1 Probe Nozzle. Sane as in Section 5.1 of Method 5.
5.2 Pitot Tube. Sane as in Section 4 of Method 2.

5.3 Orifice Meter. The orifice meter nust be calibrated to deternine the
orifice calibration coefficient, K, which is used to calculate the orifice
neter differential pressure ()H to match the stack velocity pressure ()p)
during sanpling. Assenble the sanpling train and connect to a suitably
sized dry gas neter. A schematic of the calibration assenbly is shown in
Figure 4. Calibrate the orifice neter by pulling air through the train at



a mnimum of three different differential pressures for 5 mn at each
setting. The three settings shall cover the operating flow rate range
Record all pertinent paraneters on the calibration data sheet as shown in
Fi gure 5. Calculate a K, for each )H from the equation given on the
calibration data sheet. The average Ky., is used for determ nation of the
YH during operation of the sanpling train.
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6. CALCULATIONS

6.1 Nomenclature.

"ea of nozzle, ft2
nt, di nensionl ess.
ntration, ng/dscf.
zz|l e dianeter, in.
tial pressure, in.
city pressure, in.
ation coefficient.
action of dry gas.
ted on filter, nm.
s loose catch, ng.

PM col | ected, ng.
k gas, |b/lb-nole.
tric pressure, in.

tack pressure, in.

sure, P, - VAC, in.
e tenperature, °R
'k tenperature, °R
orifice neter, in.
nmet er vol une, dcf.

:k conditions, ft?.

H,0.
H,0.

&



condi ti ons, dscf.
vel ocity, ft/mn.
anpling tinme, mn.
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6.2 Orifice Calibration Coefficient.
vy, I P,MI*¥*
= [
2 [FHOHT

6.3 Orifice Meter Differential Pressure.

DJH= 782.5 (C/Ky? D, dp (Ps/ Py
6.4 Stack Gas Velocity.

v = 5128.8 C, Y()p T)/(Ps M
6.5 Sample Volume as Collected.

V,= A v, 2
6.6 Dry Standard Sample Volume.

Visty = (528 Vi, Pe M) /(T Py)
6.7 Total Particulate Weight.

m = My + M
6.8 Particulate Concentration.

G = m/ Vysrg

7. BIBLIOGRAPHY

1. Brown, J.W Devel opnent and Eval uation of a Method for Screening of
Stationary Source Particul ate Em ssions. Envi ronnental Protection
Agency. Research Triangle Park, NC. January 1988.

2. Kelly, WE. Developnent and Eval uation of an Alternate Particul ate
Test Procedure for Ammonium Nitrate Facilities. Envi r onnent al
Protection Agency. Research Triangle Park, NC.  April 1977.

3. Rom Jerone J. Mintenance, Calibration, and Operation of Isokinetic
Sour ce Sanpling Equi pnent. Environnental Protection Agency, Research
Triangle Park, NC. APTD-0576. March 1972.



4. Shigehara, RT., Smth, WS., and Todd, WF. A Method of Interpreting
Stack Sanpling Data, Paper Presented at the 63rd Annual Meeting of
the Air

Pol | uti on Association. St. Louis, MO June 1970.

5. Al'l dedi cated source sanplers who have risked Iife and linb and | ong

term good health developing nethods and equipnent in harsh
envi ronnents.



