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METHOD 5.1

DETERM NATI ON OF PARTI CULATE MATTER EM SSI ONS FROM
STATI ONARY SOURCES USI NG A VET | MPI NGEMENT TRAI' N

Section 1 of 4

Overvi ew

1.1 Principle

A sanpl e of stack gases is w thdrawn

i sokinetically fromthe source through a sanple
train. Particulate matter is collected in

i npi ngers contai ni ng dei oni zed water and on a
backup filter. The inpingers are contained in an
ice bath to maintain a sanpled gas tenperature of
approxi mately 150C (609F). The filter is not

heat ed.

Total particulate matter mass is defined as the
sum of the mass collected in the inpingers and
probe, and on the filter after renoval of

conbi ned water, plus extractable organic matter.
Solid particulate nmatter nass is defined as the
total particulate matter mass mnus extractabl e
organic matter and sulfuric acid. An adjustnent

to the total particulate matter nass is all owed
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for sulfuric acid forned fromreacti ons between
SOy and SO3 w th the sanple train conponents.
When amonia is injected to enhance the
efficiency of a control device, a second
adjustnent is allowed for neutral sulfates.
This adjustnent is allowed for fluid catalytic

cracking units only.

Because of the conplexity of this nethod,
personnel involved in both the collection and
anal ysis of sanples nust be trained and

experienced in the test procedures.

Applicability

This nethod is used to neasure particul ate

em ssions fromstationary sources, except when
determ ning conpliance with New Source
Performances Standards. When the particul ate
matter is hygroscopic, SOk is present in
concentrations greater than 10 ppm or amonia is
injected to enhance control device efficiency, an
in-stack filter or a heated filter before the

i npi ngers i s recommended.
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METHOD 5.1
DETERM NATI ON OF PARTI CULATE MATTER EM SSI ONS FROM
STATI ONARY SOURCES USI NG A VET | MPI NGEMENT TRAI' N

Section 2 of 4

2. Fi el d Procedures

2.1 Sanpl i ng Appar at us

2.1.1 Sanpling Train

A schematic of the sanpling train used in

this method is showmn in Figure 5.1-1

The sanpling train consists of the

fol |l om ng conponents:

a. Probe Nozzle

The nozzle material should be 316
stainless steel or glass, with a
sharp, tapered | eading edge. The

t aper angl e should be < 300 and on the
outside, to preserve a constant

internal dianeter. The stainless
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steel nozzle should be constructed
fromseanl ess tubing. Oher nmaterials
which will not be corroded by the
sanpl ed gases or interfere wth sanple

recovery may be used.

A range of nozzle sizes suitable for

i soki netic sanpling should be
available in increments of 0.16 cm
(/16 in.), e.g. from0.32 to 1.27 cm
(/8 to 1/2 in.) or larger if higher

vol une sanpling trains are used.

Each nozzl e nust be calibrated before
its use in the field. Measure the

i nside dianmeter of the nozzle with a
m croneter to the nearest 0.025 mMm
(0.001 in.). WMake three separate
nmeasurenments using different dianmeters
each time, and obtain the average.
The difference between the high and

| ow nunbers shall not exceed 0.1 mm
(0.004 in.). N cked, dented, or
corroded nozzl es nust be reshaped,
shar pened, and recalibrated before

use.
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Connect the nozzle to the liner with a
| eak-free fitting resistant to heat

and chem cal s.

Pr obe Li ner

Use borosilicate or quartz probe
liners for stack tenperatures up to
about 4800C (9000F); use quartz liners
for tenperatures between 480 and 900°C
(900 and 1,6500F). If high
tenperatures are encountered see
Chapter X section on Sanpling High

Tenper at ure Sources.

Whenever practical, use borosilicate
or quartz glass probe liners.

O herwi se, use netal liners nmade of
seam ess tubing (e.g. 316 stainless
steel, Inconel 825, or other corrosion
resistant netals) when acid

particul ates are present in
concentrations less than 1 ng/m at
probe conditions or SOy is |ess than

20 ppm
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When assenbling the probe and nozzl e,
verify that all conponents, including
ferrul es and ot her connectors, are
heat -resi stant, |eak-free and non-

contam nating for the sanple.

The |liner may be connected to the
inpingers rigidly with glass, or

flexibly with inert vacuum t ubi ng.

Pi t ot Tube

Use an S-type Pitot tube as descri bed
in Section 1.1 of Method 2.1, or other
devi ce approved by the Executive
Oficer. Attach the Pitot tube to the
probe, as shown in Figure 5.1-1, to

al l ow constant nonitoring of the stack
gas velocity. If this is not

practical see Chapter X, section on

Fl ue Factor.

The i npact (high pressure) opening

pl ane of the Pitot tube nmust be even
with or above the nozzle entry plane
(see Method 2.1) during sanpling. The

S-type Pitot tube assenbly nust have a
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known coefficient, as determned in

Met hod 2. 1.

Differential Pressure Gauge

Use an inclined manoneter or
equi val ent device, as described in

Met hod 2.1, for stack velocity head
readi ngs, and a separate nmanoneter for
orifice differential pressure

r eadi ngs.

Filter Hol der

Use a borosilicate glass filter

hol der, with a glass frit filter
support and a silicone rubber gasket.
QO her materials such as stainless
steel, Teflon, or Viton may be used if
they do not react with the particul ate
matter or sanple gases. (Reactions
normal ly are not a problemafter the

i npi ngers.) The hol der design

provi des a positive seal against

| eakage fromthe outside or around the
filter. Attach the holder after the

dry inpinger in the inpinger train.
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| mpi nger Train

The train consists of four G eenburg-
Smith design inpingers connected in
series with | eak-free ground gl ass
fittings, or any simlar |eak-free
non-contam nating fittings. The first
and second i npingers nust be of the

G eenburg-Smth design with the
standard tip. The third and fourth

i npi ngers nust be of the G eenburg-
Smth design, nodified by replacing
the tipwith 1.3 cm(1/2 in.) IDglass
tube extending to about 1.3 cm (1/2
in.) fromthe bottomof the flask.
Accept abl e nodi fications include the
foll ow ng: using non-reactive flexible
connections between the inpingers,
using materials other than gl ass, or
using flexible vacuumlines to connect
the filter holder to the inpinger

train.

The first and second i npingers contain
100 M of deionized water (run bl anks

prior to field use), the third is
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enpty, and the fourth contains a known
wei ght of 6 to 16 nesh indicating-type
silica gel or equivalent. Place a

t hernonet er capabl e of neasuri ng
tenperature to within 10C (20F) at the
outlet of the fourth inpinger to
nonitor outlet gas tenperature. In
certain applications an extra dry

i npinger with a shortened straight
stem may be placed before the wet

i npinger to act as a drop out for
particul ates that cause excessive
foam ng, or when there is excessive

noi st ure.

Instead of using silica gel the

noi sture | eaving the third inpinger
may be nmeasured by nonitoring the
tenperature and pressure at the exit
of the inpinger train and using

Dalton's | aw of partial pressures.

Even if means other than silica gel
are used to determ ne the anount of
noi sture | eaving the inpinger train,
silica gel, or equivalent should be

used between the inpinger system and
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punp to prevent noisture condensation

in the punp and netering devices.

g. Metering System

The netering systemincludes vacuum
gauge, |eak-free punp, thernoneters
capabl e of neasuring tenperature to
within 30C (5.40F), dry gas neter
capabl e of nmeasuring volune to within
2 percent, and rel ated equi pnent, as
shown in Figure 5.1-1. An alternative
to the thernonmeter and dry gas neter

i s an equival ent tenperature-
conpensated dry gas neter. \Wen the
netering systemis used in conjunction
with a Pitot tube, the system should

all ow for checks of isokinetic rates.

2.1.2 Baroneter

A nercury, aneroid, or other baroneter
capabl e of neasuring atnospheric pressure
towthin 225 nm (0.1 in.) Hg is used.
The baronetric pressure may be obtai ned
froma nearby National Wather Service

(NW5) station. Request the station val ue
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2.

1.3

(which is the absolute baronetric

pressure) and adjust for elevation

di fference between the NWS5 station and the
sanpling point at the rate of mnus 2.5 mm
(0.1 in.) Hg per 30 m (100 ft) elevation

i ncrease or plus the sane adjustnment for

el evati on decrease.

Tenperature Determ nati on Equi pnment

Use the tenperature sensor described in
Method 2.1. Preferably, the tenperature
sensor should be permanently attached to
the Pitot tube or sanpling probe so that
the tip of the sensor extends beyond the
| eadi ng edge of the probe sheath and
touches no netal. Alternatively the
sensor nmay be attached just prior to use
inthe field. If the tenperature sensor
is attached in the field, place it in an
interference-free arrangenent with respect
to the S-type Pitot tube openings (see
Met hod 2.1).

As another alternative, if a difference of
not nore than 1 percent in the average

measurenent and resulting stack flowrate
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cal cul ati on woul d be introduced, the
t enper at ure gauge need not be attached to

the probe or Pitot tube.

2.1.4 Gas Ml ecular Weight - Determ nation

Equi pnent

Same as Method 3.1. Concurrent
determ nation is not required when the
process is steady state and nol ecul ar

wei ght varies |less than 2 percent.

2.2 Sanpl i ng Reagents

a. Filters

G ass fiber filters, w thout organic binder.

The filters should be at | east 99.95 percent
efficient (< 0.05 percent penetration) on 0.3
m cron di octyl phthal ate snoke particles.
Conduct the filter efficiency test in
accordance with ASTM Standard Met hod

D2986- 71, or use test data fromthe
supplier's quality control program Low
sodiumfilters are recommended when SO is

present.

5.1-12



Silica G

I ndi cating-type silica gel, 6 to 16 nesh.

Use new silica gel as received. |If previously
used, dry at 1750C (3500F) for 2 hours.
O her types of desiccants may be used subject

to the approval of the Executive Oficer.

Wat er

Dei oni zed, distilled water to conformto ASTM

specification D1193-77 Type 3.

At the option of the chem st, the KWM(y test
for oxidizable matter may be elim nated when
hi gh concentrations of organic matter are not
expected to be present. Reference to water

t hroughout this nmethod inplies deionized,

distilled water.

Run bl anks prior to field use to elimnate a

hi gh bl ank on test sanples.

Crushed lIce or Dry lIce Pellets
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3

e. Stopcock G ease

St opcock grease is not recommended and not
necessary if screwon connectors with Tefl on
sl eeves or simlar are used. Acetone-

i nsol ubl e, heat-stable silicone grease may be
used. O her types of grease may be used,
subject to the approval of the Executive

Oficer.

Pret est Determ nati ons

Sel ect the sanmpling site and the m ni nrum nunber
of sanpling points according to Method 1.1. If
it is not possible to follow Method 1.1, or nore
than one sanple site nust be tested, see Chapter
X. Determ ne the stack pressure, tenperature,

and the range of velocity heads using Method 2. 1.

Determ ne the noi sture content, using Method 4.1
or its alternative, to nake sanpling rate

settings.

Determ ne the stack gas dry nol ecul ar wei ght as
described in Method 3.1. |If integrated sanpling
(Method 3.1) is used for nol ecul ar wei ght

determ nation, take the integrated bag sanple
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t hroughout the total time of the particulate
sanple run, unless the effect on the velocity
measurenent and resulting stack flowrate
calculation is less than 1 percent. In that case
take the integrated sanple i medi ately before,
after, or for a shorter tine during the

particul ate sanple run

Sel ect a nozzle size based on the range of

vel ocity heads encountered, so that it is not
necessary to change the nozzle size to nmaintain
i sokinetic sanpling rates. Do not change the
nozzl e size during the run. Choose the
differential pressure gauge appropriate for the
range of velocity heads encountered (see Mt hod

2.1).

Sel ect a probe length suitable for sanpling al
traverse points. Consider sanpling |arge stacks
from opposite sides (four sanpling port holes) to

reduce probe | engths.

Select a total sanpling tinme equal to or greater
than the mnimumtotal sanpling tine specified in
test procedures for the specific industry. The
sanpling tine per point nust not be |less than 2

m nutes and the total sanple volune taken
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(corrected to standard conditions) must not be

| ess than 30 ft3.

To avoid tinekeeping errors, it is recomended
that the nunber of m nutes sanpled at each point
shoul d be an integer or an integer plus one-half
m nute. The sanpling tinme should be the sane at
each point. |In some circunstances, e.g. batch
cycles, it may be necessary to sanple for shorter
times at the traverse points, resulting in
smal | er gas sanple volunes. [In these cases, test

two or nore cycles.

Gas Vol une Meter Checks

Check the neter against the -H@orifice
calibration obtained in Chapter Il wthout the
probe, filter and train connected. A pretest
check is recommended. A post test check is

mandat ory.

Check the calibration of the netering system by
performng calibration runs at three different
flowrates. Set the flowrates at 0.4 cfm+ 10
percent, 0.7 cfm+ 10 percent, and

1.0 cfm+ 10 percent. The calibration wll be
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used to calculate -H@ at these three fl ow rates,

where -H@is cal cul ated as foll ows:

AH@= 0.0319 _AH ---- -2 -2----
Ppar (Y2Vp£A2)

wher e:

-H@ = Average pressure differential across the
orifice neter, in. HoOat 0.75 scfm
(5289F, 29.92 in. Hg)

Tm = Absol ute average dry gas neter
tenperature, OR

Ppar = Baronetric pressure, in. Hg

o = Total sanpling tinme, mn

Y = Dry gas neter calibration factor,
di mensi onl ess, obtained from percent

Chapter 111
-H = Pressure differential across the

orifice, in. HO
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Vm = Vol unme of gas sanpl e as neasured by

dry gas neter, dcf

0.0319 = (0.0567 in. Hg/OR) x (0.75 cfm?2

A =1, if meter is not tenperature

conpensat ed

Tm

Conpensat ed Tenp. (OR)’

if tenperature conpensated.
If the neasured -H@differs by nore than + 3
percent of the actual -H@ obtained in Chapter
11, the results of the tests are voi ded.
An alternative procedure (e.g. using an orifice
neter wiwth a known K-Factor) may be used, subject
to the approval of the Executive Oficer.
Pretest Preparation

Set up the train as in Figure 5.1-1.

Mark the probe with heat resistant tape or by

sone other nmethod to denote the proper distance
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to insert the probe into the stack or duct for

each sanpling point.

Pl ace crushed ice or dry ice pellets around the

i npi ngers.

Leak Checks

2.6.1 Pretest Leak Check

If a Viton A Oring or other |eak-free
connection is used in assenbling the probe
nozzle to the probe liner, |eak check the
train at the sanpling site by plugging the
nozzle and drawing a 380 mm (15 in.) Hg

vacuum

A | esser vacuum may be used if it is not
exceeded during the test. The probe may
be | eak checked separately at a pressure
equal to the stack pressure mnus 25 nm (1
in.) Hyg. Alternatively, the probe may be
| eak checked with the rest of the sanpling

train, at 380 nm (15 in.) Hg vacuum

A | eakage rate in excess of either 4

percent of the average sanpling rate or
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2

0.00057 m3/mn (0.02 cfm, is

unaccept abl e.

Start the punp with the bypass valve fully
open and the coarse adjust valve
conpletely closed. Partially open the
coarse adjust valve and slowy close the
bypass valve until the desired vacuumis
reached. Do not reverse direction of
bypass valve; this will cause water to
back up into the probe. |If the desired
vacuum i s exceeded, either |eak check at
this higher vacuum or end the | eak check

as shown bel ow and start over.

When the | eak check is conpleted, slowy
renove the plug fromthe inlet to the
probe, and then turn off the vacuum punp.
This prevents the water in the inpingers
frombeing forced backward into the filter
hol der and silica gel from being entrained

into the third inpinger.

Performa | eak check of the Pitot |ines.

(See Method 2.1).

Leak Check During Sanpling Run
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6.3

If a conponent change (e.g. filter
assenbly or inpinger) becones necessary
during the sanpling run, conduct a |eak
check i medi ately before the change is
made. Use the pretest |eak check
procedure, but use a vacuum equal to or
greater than the maxi num val ue recorded up

to that point in the test.

If the | eakage rate is not greater than

ei ther 0.00057 m3/min (0.02 cfm) or 4
percent of the average sanpling rate, the
results are acceptable and no correction
has to be applied to the total vol unme of
dry gas netered. However, if the | eakage
rate exceeds either of these limts, the
tester nmust either record the | eakage rate
and correct the sanple volunme as shown in
Chapter X, Section 7, or void the sanpling

run i mredi ately after conponent change.

Post Test Leak Check

A | eak check is mandatory at the
concl usi on of each sanpling run. Foll ow

the procedures outlined in Section 2.6.1
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at a vacuumequal to or greater than the
maxi mrum val ue reached during the sanpling

run.

Conpare the | eakage rate to the limts
indicated in Section 2.6.2 and follow the

procedure described there.

Sanpling Train Qperation

During the sanple run, maintain an isokinetic
sanpling rate within 10 percent of true

i soki neti c.

For each run, record the data required on the
data sheet shown in Figure 5.1-4. Be sure to
record the initial dry gas neter reading. Record
the dry gas neter readings at the begi nning and
end of each sanpling tinme increnment, when changes
in flowrates are nade, before and after each

| eak check, and when sanpling is halted.

Record other data required by the sheet in Figure
5.1-4 at | east once for each sanpl e point during
each time increnment. Take additional readings

when significant changes (20 percent variation in
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vel ocity head readings) require adjustnents in

flow rate.

Level and zero the manoneter and neke periodic
checks during the traverse because the manoneter
| evel and zero may drift due to vibrations and

t enper at ure changes.

Cl ean the portholes prior to the test run to
m nimze the chance of contam nation. To begin
sanpling, renove the nozzle cap and verify that

the Pitot tube and probe are properly positioned.

During the period before sanpling, the nozzle can
be pointed downstream Position the nozzle at
the first traverse point and rotate the nozzle
until the tip is pointing directly into the gas
stream before turning on the sanpling punp.

| medi ately start the punp and adjust the flowto

i soki netic conditions.

Use cal cul ators or nonographs to determ ne
correct adjustnent of the isokinetic sanpling

rate.

When the stack is under significant negative

pressure (height of water in inpinger stem, take
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care to close the coarse adjust valve before
inserting the probe into the stack to prevent
wat er from backing into the probe. |If necessary,
the punp may be turned on with the coarse adjust

val ve cl osed.

When the probe is in position, block off the
openi ngs around the probe and porthole to prevent

fl ow di sturbance and dilution of the gas stream

Traverse the stack cross section, as required by
Method 1.1. Be careful to avoid bunping the
probe nozzle into the stack walls when sanpling
near the walls or when renoving or inserting the
probe through the portholes. This mnim zes the

chance of extracting stack deposits.

During the test run, periodically add ice to

mai ntain a tenperature | ess than 150C (609F) at
the condenser/silica gel outlet. Al so,
periodically check the |level and zero of the
manoneter. Note and investigate any changes in
stack tenperature or velocity pressure over those
nmeasured during previous tests or traverses.
Changes can nean failure of sanpling equi pnent or

a change in process.
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If the pressure drop of the filter becones too

hi gh, making isokinetic sanpling difficult to

mai ntain, the filter nay be replaced during a
sanple run. Use another conplete filter assenbly
rather than attenpting to change the filter
itself. Before a newfilter assenbly is
installed, conduct a | eak check (see Section

2.6.2).

The total particul ate weight includes the
summation of all filter assenbly catches. Use a
single train for the entire sanple run, except
when sanpling is required in two or nore ducts or
at two or nore locations within the sanme duct, or
when equi pnrent failure necessitates a change of
trains. Wen two or nore trains are used,
separate anal yses of each train nust be

per formed.

At the end of the sanple run, turn off the coarse
adj ust val ve, renove the probe and nozzle from
the stack, turn off the punp, record the fina

dry gas neter reading, and conduct a post test

| eak check, as outlined in 2.6.3. Al so, leak
check Pitot lines as described in Method 2. 1.

The lines nust pass this | eak check to validate
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the velocity head data. Performa gas vol une

met er check as described in Section 2. 4.
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Cal cul ati on of Percent |sokinetic

Cal cul ate percent isokinetic, using the equation
shown in Figure 5.1-6, to determ ne whether the

run was valid or another test run should be made.

Sanmpl e Handl i ng

Proper cl ean-up procedure begins as soon as the
probe is renoved fromthe stack at the end of the

sanpling period.

Al'l ow the probe to cool. Wen the probe can be
safely handl ed, w pe off all external particulate
matter near the tip of the probe nozzle and pl ace
a cap over it to prevent |osing or gaining
particulate matter. Do not cap off the probe tip
tightly while the sanpling train is cooling down.
This would create a vacuumin the probe, draw ng

water fromthe inpingers into the probe.

Bef ore noving the sanple train to the clean-up
site, renove the probe fromthe sanple train

w pe of f any stopcock grease, and cap the open
outlets of the probe. Be careful not to | ose any

condensate that m ght be present. W pe any
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stopcock grease off of the inpinger train inlet
where the probe was fastened and cap it. Renove
the unbilical cord fromthe |ast inpinger and cap
the inmpinger. |If a flexible line is used between
the first inpinger and the probe, disconnect the
line at the probe and | et any condensed water or
liquid drain into the inpingers. After w ping
of f any stopcock grease, cap off the open inlet
of the flexible Iine opening. Either ground

gl ass stoppers, plastic caps, or serum caps nay

be used to cl ose these openings.

Transfer the probe and filter-inpinger assenbly
to the clean-up area. This area should be clean
and protected fromthe wind to reduce chances of
contam nating or losing the sanple. It is

recommended that sanple recovery be performed in

a controlled | aboratory environnent.

.10 Calibration

See Chapter 111.
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METHOD 5.1

DETERM NATI ON OF PARTI CULATE MATTER EM SSI ONS FROM
STATI ONARY SOURCES USI NG A VET | MPI NGEMENT TRAI' N

Section 3 of 4

Laborat ory Procedures

3.1 Apparatus

3.1.1 Sanpling Train

See Section 2.1.1.

3.1.2 Sanpl e Recovery

a. Bal ance

The bal ance nust be accurate to the

nearest 0.5 g.

b. Nylon Bristle Brushes with Stainless

Wre Handl es.

The probe brush nmust have extensions

at least as long as the probe, and
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made of stainless steel, Nylon, or
Teflon, or simlarly inert material.
The brushes nust be properly sized and
shaped to brush out the probe liner

and nozzl e.

Wash Bottl es

d ass wash bottl es are recomended;
pol yet hyl ene wash bottles may be used

at the option of the tester.

A ass Sanpl e Storage Containers

Use 500 mM or 1000 m chem cally-
resistant, borosilicate glass bottles.
Screw cap |liners nust be rubber-backed
Tefl on or constructed to be | eak-free
and resistant to chem cal attack.
Narrow nmout h gl ass bottles are | ess
prone to | eakage. Alternatively,

pol yet hyl ene bottl es may be used.
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e. Petri D shes

For filter sanples, use glass or

pol yet hyl ene di shes, unl ess ot herw se

specified by the Executive Oficer.

f. Plastic Storage Containers

Air-tight containers to store silica

gel .

g. Funnel and Rubber Policeman

To aid in transfer of silica gel to

cont ai ner; not necessary if silica gel

is weighed in the field.

h. Funnel

A ass or polyethylene, to aid in

sanpl e recovery.

3.1.3 Analysis of Particulate Matter

a. dass Wighing D shes
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Desi ccat or

Cont ai ni ng i ndi cating-type cal ci um

sul fate or indicating-type silica gel

desi ccant .

Anal yti cal Bal ance

To nmeasure to 0.1 ng.

Beaker s

600 to 1000 nml, 150 m .

Hygr onet er

To measure the relative humdity of

the | aboratory environnent.

Tenper at ure Gauge

To nmeasure the tenperature of the

| aborat ory environnent.

Drying Oven

1050C + 20C (221 + 3.69F).
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h. Separatory Funnel

1000 m .

i Hot Pl ate

Heavy duty.

]. Ribbed Watch d asses

k. Filtration Apparatus

| ncl udes suction flask, filter hol der

and vacuum punp.

Rubber Pol i cenan

To aid in quantitative sanple

transfer.

3.1.4 Acid and Sul fate Anal ysis

a. Beakers

400 or 600 m .
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Bur et

10 M or 50 m (0.02 divisions), or

autotitrator.

Hot Pl ate

Heavy duty.

Fur nace

800- 9000C (1470- 16500F) .

Cruci bl es

Gooch, 20-40 m. Prepared with

asbestos mat and tared after 9000C

(16500F) and 6 hours desiccation.

Cruci bl e tongs.

Anal yti cal Bal ance

To nmeasure to 0.1 ng.
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Desi ccat or

Cont ai ni ng i ndi cating-type cal ci um

sul fate or indicating-type silica gel

desi ccant .

Hygr onet er

To measure relative humdity.

Tenper at ure Gauge

To neasure the tenperature of the

| aborat ory environnent.

Pi pet

G aduated 25 M, in 1 nm increnents.

Sanpl e Cont ai ners

To hold filter and inpinger residue.

Stirring Rods

d ass.
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n. Watch d ass

Ri bbed, to cover beakers.

o. Filtration Apparatus

| ncl udes suction flask, filter hol der

and vacuum punp.

p. Steam Bat h.

3.2 Reagents

3.2.1 Sanmple Collection Train Preparation

a. Filters

Same as Section 2.2 a.

b. Silica G

Same as Section 2.2 b.

C. Wat er

Same as Section 2.2 c.
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d. Crushed Ice or Dry Ice Pellets

e. Stopcock G ease

Same as Section 2.2 e.

3.2.2 Sanpl e Recovery

a. Wat er

Same as Section 3.2.1 c.

3.2.3 Analysis of Particulate Matter

a. Wat er

Same as Section 3.2.1 c.

b. Desi ccant

I ndi cati ng-type anhydrous cal ci um

sulfate, or silica gel (see Section

3.2.1 b.
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c. Oganic Sol vent

Reagent grade dichl oronmethane with

< 0.001 percent residue.

3.2.4 Reagents for Analysis of Sulfuric Acid and

Sul f at es

a. Wat er

Sane as 2.2 c.

b. Sodi um Hydroxi de 0. 1N

Di ssolve 4.00 grans of sodi um

hydroxi de in 200 m of carbon-di oxi de

free water. Dilute to 1 liter with

carbon di oxi de free water.

St andar di ze and protect from exposure

to air.

c. Methyl Orange Indicator

Agqueous.
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3.3

d. Bari um Chl ori de Sol ution, 10 Percent

Di ssol ve 100 grans of barium chloride

di hydrate with 900 m of water.

e. Hydrochloric Acid (HO)

Concentr at ed.

f. Hydrochloric Acid (HO) O0.1N
(Appr oxi mat el y)

Dilute 8.3 m concentrated HO to 1

liter water.

g. Silver Ntrate Test Solution

Pretest Preparation

Al'l equi pnent, including balances, oven
tenperature, glassware, and safety equi pnent
shoul d be checked for readi ness before
proceedi ng. Wi gh several 200 to 300 g portions
of silica gel in air-tight containers to the
nearest 0.5 g. Record the total weight of the

silica gel plus container, on each container. As
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an alternative, the silica gel may be wei ghed
directly in its inpinger or sanpling hol der just

prior to train assenbly.

Check filters visually against light for
irregularities, flaws, or pinhole | eaks. Label
filters of the proper dianmeter on the back side
near the edge using nunbering machine ink. As an
alternative, |abel the shipping containers (glass
or plastic petri dishes), and keep the filters in
these containers at all tines except during

sanpl i ng and wei ghi ng.

Desiccate the filter at 15 + 5.60C (60 + 100F)
and anbient pressure for at |east 24 hours.

Weigh at intervals of at least 6 hours to a
constant weight (i.e. 0.5 ng change from previous
wei ghing); record each weight to the nearest 0.1
ng. During each weighing the filter must not be
exposed to the | aboratory atnosphere for a period
greater than 2 mnutes and a relative humdity
above 50 percent. Alternatively, the filters may
be oven dried at 1050C (2200F) for 2 to 3 hours,

desiccated for 2 hours, and wei ghed.
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3.4

Preparation of Sanple Collection Train

During preparation and assenbly of the sanpling
train, cover all openings wherever contam nation
can occur until just prior to assenbly. Assenble
the inpingers in the tray as shown in Figure 5.1-
1. Load each of the first two inpingers with
exactly 100 ml of water. Leave the third

i npi nger enpty. Place approximtely 200 to 300 g
of silica gel in the fourth inpinger and record
its weight to the nearest 0.5 g. Mire silica gel
may be used, but ensure that it is not entrained

and carried out of the inpinger during sanpling.

I f noisture content is to be determ ned
gravinetrically, weigh each inpinger plus its
contents to the nearest 0.5 g and record the

wei ght s.

Using a tweezer or clean disposable surgical

gl oves, place a weighed and identified filter in
the filter holder. Be sure that the filter is
properly centered and the gasket properly placed
to prevent the sanple gas stream from
circunventing the filter. Check the filter for

tears after assenbly is conpl eted.
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3.

3.

5

6

When using a glass liner, install the selected
nozzle using a Viton A Oring when stack
tenperatures are |ess than 2600C (5000F), and an
asbestos string gasket when tenperatures are

hi gher (consult with source testers). Teflon
ferrules may al so be used for tenperatures |ess
than 3500F. Wth netal liners, install the
nozzl e as above or by a | eak-free direct
mechani cal connection. Set up the train as in
Figure 5.1-1 using a very light coat of stopcock
grease on ground glass joints, greasing only the
outer portion to avoid the possibility of

contam nation by the stopcock grease. Use of
stopcock grease is not recommended unless it is
absol utely necessary. Connect the inpingers, and
seal the train or its conmponents for transport to

the sanpling site.

Sanmpl e Coll ection Train Leak Check

The sanple collection train my be | eak checked
in the | aboratory after assenbly using the

procedure in Section 2.5.

Sanpl e Recovery
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In nost cases the intact and secured train is
delivered to the | aboratory for subsequent
recovery. GCccasionally, conditions demand t hat
recovery be made by source testers in the field,
but this is not recommended as a standard
procedure. The follow ng discussion is directed
to source test or |aboratory personnel. The

| atter shoul d determ ne when | aboratory recovery
met hods should be used. |If the trainis
recovered in the field, collect the sanple in

| eak-free containers, which are subsequently
recovered in the laboratory (Section 3.6.5). |If
the train is recovered in the | aboratory, collect
the sanple in anal ytical glassware, and del ete

cont ai ner recovery.

I nspect the train for general condition. Note if
the silica gel is conpletely expended, and if the
train or its conponents are sealed. Note any
unusual conditions that may affect results,
including torn filters, cloudiness in the

i npi nger |iquids, etc.
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3.6.1 Filter

3.

6.

2

Wrking in an area that is protected from
the wind and free from dust, disconnect
the filter holder fromthe rest of the
train. Carefully renove the filter from
the filter holder and place it inits
identified petri dish container. Use a
pair of tweezers and/or clean disposable
surgical gloves to handle the filter. If
it is necessary to fold the filter, fold
the particul ate cake to the inside.
Carefully transfer to the petri dish any
particulate matter and/or filter fibers
whi ch adhere to the filter hol der gasket
by using a dry nylon bristle brush and/or

a sharp-edged bl ade. Seal the container.

Probe and Nozzl e

W pe the connection of the probe and
train, and di sconnect the probe fromthe
train. During the probe and nozzle
recovery, keep the remainder of the train
sealed to prevent any contam nation from
occurring. Wpe down the outside of the

probe and nozzle. Taking care to see that
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dust on the outside of the probe or other
exterior surfaces does not get into the
sanple, quantitatively recover particul ate
matter or any condensate fromthe probe
nozzl e, probe fitting, and probe |iner by
washi ng these conponents with water and

pl aci ng the wash in a sanpl e contai ner.

Carefully renove the probe nozzle and
clean the inside surface by rinsing with
water froma wash bottle and brushing with
a Nylon bristle brush. Brush until the
rinse shows no visible particles, then
make a final rinse of the inside surface
wth water. Simlarly, brush and rinse
the inside parts of the Swagel ok fitting
with water until no visible particles

r enmi n.

Ri nse the probe liner with water by
tilting and rotating the probe while
squirting water into its upper end so that
all inside surfaces are wetted. Let the
water drain fromthe |Iower end into the
sanpl e container. A glass or polyethylene
funnel may be used to transfer liquid

washes to the contai ner.
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Foll ow the water rinse wth a probe brush.
Hol d the probe in an inclined position and
squirt water into the upper end as the
probe brush is being pushed with a

tw sting action through the probe. Hold a
sanpl e contai ner underneath the | ower end
of the probe and catch any water and
particul ate matter which is brushed from
the probe. Run the brush through the
probe three or nore tines until no visible
particulate matter is carried out with the
water or until none remains in the probe

| iner on visual inspection.

Wth stainless steel or other netal

probes, run the brush through in the above
prescri bed manner at |east six tines,
since netal probes have small crevices in
whi ch particulate matter can be entrapped.
Ri nse the brush and quantitatively coll ect
t hese washings in the sanple container.
After the brushing, make a final rinse of

t he probe.

To reduce sanple |osses, it is reconmend

that two people clean the probe. Between
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3.

6.3

sanpling runs, keep brushes cl ean and

protected from contam nation

If the sanple is recovered in the field,
tighten the sanple container lid and mark
the fluid level to indicated if | eakage
has occurred during transport. Label the
container to clearly identify its

contents.

| mpi nger Catch

W pe any dust or grit or water fromthe
outside of the inpingers, especially near
the inpinger joint. Carefully disconnect
the inpingers. Wigh the inpingers plus
content to the nearest 0.5 g and record
the weights. Transfer the catch to a
sanpl e container. Cean all surfaces by
rubbing themwi th a Nylon bristle brush
and rinsing with water three tinmes or nore
if necessary to renove visible

particul ates. Mke a final rinse of each

conponent and the brush.

If this recovery is perforned in the
field, tighten the sanple container |id

and mark the fluid level to indicate if
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3.

3.

6.4

6.5

| eakage has occurred during transport.
Label the container to clearly identify

its contents.

Silica G

Transfer the silica gel to its container
and tighten the Iid. Alternatively, weigh
the inpinger plus content to the nearest
0.5 g and record this weight, or seal the

i npinger for return to the | aboratory.

Cont ai ner Recovery

I f the sanple has been recovered in the
field, check all the sanple containers to
ensure that no sanple was contam nated or

| ost during transport.

For a liquid catch, note the liquid |eve
in the container and determne if

noti ceabl e | eakage has occurred. |If so,
void the entire sanple. Wpe the cap area
and transfer the sanple to a beaker.
Carefully rinse the cap and container into
t he beaker, tilting the container and

using a brush if necessary to disl odge
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particulate matter. Record the tota
volume to the nearest 10 m, and proceed

with the anal ysis.

Conbi ne the probe and i npi nger catches.
Not e whether the silica gel, inpinger, or
contai ner was properly seal ed; wei gh and

record to the nearest 0.5 g.

Anal ysi s

The South Coast Air Quality Managenent District
has separate rules regulating the em ssions of
total and solid particulate matter and therefore
it is necessary to analyze for both solid and
liquid particulates froma single particulate
sanple. The only liquid particulates routinely

anal yzed are organics and sulfuric acid.

VWhile the conplete analysis for solid and liquid
particul ates is described in sequence in the
follow ng sections, not all steps are necessarily

applied to every sanple.

Where organics are not expected to be a
significant portion of the conbi ned probe and

i npi nger catch (greater than 5 ng or 5 percent),
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the organic extraction procedure found in
Sections 3.7.2 and 3.7.3 may be elimnated, and
the probe and i npinger catch anal ysis begun

directly with Section 3.7.4.

| f the sanpled gases contained SOy in
concentrations |ess than 5 ppm the anal yses of
conbi ned probe and i npinger catch for acid and
sul fate found in Sections 3.7.6, 3.7.7, and 3.7.8

may be el i m nated.

Finally, if the filter has collected nore than
10 ng, it nust be anal yzed for acid and sul fate.
Filter preparation for subsequent analysis is

found in Section 3.7.5.

3.7.1 Filter Catch

Leave the contents in the shipping
container or transfer the filter and any
| oose particulate fromthe sanple
container to a tared gl ass wei ghing dish.
Desiccate for 24 hours in a desiccator
cont ai ni ng anhydrous cal ci um sul fate.
Weigh to a constant weight and report the
results to the nearest 0.1 ng. For this

net hod, the term "constant wei ght" neans a
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difference of no nore than 0.5 ng or 1
percent of total weight |ess tare weight,
whi chever is greater, between two
consecutive weighings, with no | ess than 6
hours of desiccation tine between

wei ghi ngs.

Alternatively, the sanple nay be oven-
dried at 10509C (2200F) for 2 to 3 hours,
cooled in a desiccator, and weighed to a

constant wei ght.

. 7.2 Probe and | npinger Catch - Insol uble

Parti cul at es

| f organic extraction is to be perforned,
first filter the sanple through a tared
fiberglass filter dried at 1059C. This
prevents any insolubles frominterfering
with the organic extraction. Rinse the
filter and insol uble catch using

di chl oronet hane and conbine this rinse

wi th the dichloronethane extract descri bed
in the next section. Dry the fiberglass
filter at 1050C (2209F) and report as

"I nsol ubl e Particul ate".
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3.7.3 Probe and I npinger Catch - Organic

Extraction

Transfer the aqueous filtrate from Section

3.7.2 to a separatory funnel.

Extract the aqueous catch five tines with
25 m portions of dichloronethane. Each
time, extract for 30 seconds with vigorous
shaking, then allow the layers to
separate. This nmay take up to 15 m nutes
due to enul sion formati on. \Wen using

di chl or onet hane, use gl oves and work in a

hood.

Drain the dichloronethane |ayers into a
tared 150 m beaker. Save the aqueous

| ayer for use in Section 3.7.4. Evaporate
the organic extract under a stream of
clean filtered air at roomtenperature in
a hood. Place in a desiccator overnight.
Wi gh the extract residue to the nearest
0.1 ng. Record the gross and tared

wei ghts and report the net weight as

"Sol vent Extract".
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3.7.4 Probe and | npinger Catch - Sol ubl e Resi due

Quantitatively transfer the aqueous catch
to a beaker. |If solvent extraction has
been perfornmed, warmthe sanple on a hot
pl ate, being careful to prevent any

resi dual solvent from causing the sanple
to "bunp". Use a ribbed watch glass to
cover the beaker. This will allow
scrubbi ng of the beaker walls and protect
the sanple from contam nation

Concentrate the sanple to about 50 m.

Quantitatively transfer the aqueous
concentrate to a tared 150 m beaker and
evaporate in an oven at 1059C (2200F) to

dryness.

Weigh the residue to constant weight, to
the nearest 0.1 ng, and record the weight.
Desi ccate the sanple for 6 hours and
rewei gh the sanple. Repeat until the

wei ght changes | ess than 0.5 ng between

wei ghi ngs.

Add the insoluble and sol uble wei ghts from

Sections 3.7.2 and 3.7.4 and report as
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"I npi nger Catch". Do not include the

sol vent extract.

Filter Catch - Preparation for Acid and

Sul fate Anal ysis

Filters are analyzed for acid and sulfate
if the filter catch is greater than 10 ng.
The whole filter is processed. Cut the
filter into pieces into a 400 nl beaker,
bei ng careful not to | ose any sanple.
Subnerge it in distilled water. Add

5.0 Ml of approximately 0.1N HO and soak
the filter at |east four hours, with
occasional stirring. Recover the liquid
gquantitatively by vacuumfiltration using
a 0.45 mcron cellul ose ester paper and
rinsing the sanple filter at |east three
times with water. Process a blank filter
at the sane tine foll ow ng the sane

pr ocedure.

Probe and | npinger Catch - Preparation for

Acid and Sul fate Anal ysis

Add distilled water to the 150 nl beaker

containing the residue fromSection 3.7.4
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7

until the beaker is three-fourths full.
Cover the beaker and allow it to soak at

| east four hours.

Aci d Anal ysi s

Add several drops of nethyle orange to
each extraction solution from Sections
3.7.5 and 3.7.6, including the bl ank

filter extract.

Titrate each solution with standardi zed

0. 1N sodi um hydroxi de solution to a straw
yel | ow col ored end point (pH 4.2). Record
the volunes to the nearest 0.02 ml .

Al ternately, use an automatic titrator

known to be accur at e.

Filter the aqueous catch through a 0.45

m cron cel lul ose ester paper to renove any
i nsol ubl es, and quantitatively recover
this extract using at |east three rinsings

with water.
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Sul fate Anal ysis

Adj ust each titrated solution from Section
3.7.7, to approximately pH 7 and add 2 m
of concentrated HC. Place each beaker on
the hot plate, add a stirring rod, and
cover with a ribbed watch glass. Heat
until the solution is nearly boiling.
While stirring, slowy add 15 ml of 10
percent bariumchloride solution. Let the
precipitate settle. Add a ml of BaC o; if
nore precipitate forns, keep adding BaC o
until no nore precipitate i s produced.
Allow the precipitate to digest severa

hours on the steam bat h.

Quantitatively filter through a properly
prepared Gooch crucible (see Section 3.1.4
e; use safety precaution while handling
the asbestos for the mat). Rinse the mat
t horoughly with hot distilled water and
test for chloride in the rinse, using
silver nitrate solution. |If chloride is
absent, place the crucible in the furnace
and heat at 9000C (16500F) for one hour.

Cool and place the crucible in a

5.1-56



3.8

desiccator for at least 6 hours. Weigh
until constant weight is reached (6 hours
desi ccati on between wei ghings). Record to

the nearest 0.1 ng.

Cal cul ati ons and Reporting

Carry out calculations, retaining at | east one
decimal figure nore than that of the acquired
data. Round off figures after the final
calculation. Summarize the data to be reported

to source testers using the following listing:

Total |npinger Volume, m (g)
| npi nger Gain, m (g)

Total Inpinger Volune Incl. Washings, m (g)
Silica Gl Gain, g

Organic Extract, ng

I nsol ubl e Resi due, ng

Sol ubl e, or Total, Residue, ny
Acid, as HySO4- 2HO gy

Sul fate, as HpSO4- 2HO, ny
Filter Catch, ng

Acid, as HpSOy- 2HO gy

Sul fate, as HpSO4- 2HO, ny
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Cal cul ate the above neasurenents as foll ows:

Wo- W

wher e:

Aci d, as

HySO4. 2HO

wher e:

Constant wei ght neasurenent of the

the sanple plus container, to 0.1

g

Tare wei ght of the sanple

container, to 0.1 ny

Vol une of sanple titration (m nus

bl ank, where required), mn

Normal ity of NaOH used

Equi val ent wei ght of HyxSOy: 2H2O
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3.9

AF

Sul f at e,
as,

HySOy- 2HpO

Wher e:

Cal i brati ons

Ali quot factor (sanple vol une/

anal ysis volune), normally 1

Constant wei ght of bariumsulfate

precipitate plus crucible to 0.1

g

Tare wei ght of crucible, to 0.1 ng

Hy)SOy- 2HO
Mol ecul ar wei ght of -----
BaSOy

3.9.1 Balance Calibration

Calibrate the anal ytical bal ance usi ng NBS

traceable weights. Retain calibration

records for each bal ance. These records

are usual ly furnished yearly by a

prof essi onal service providing the
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calibrations. Check at |east nonthly for
bal ance accuracy, using NBS traceable

wei ght s.

3.9.2 Furnace Check

Check the furnace and oven operating
tenperatures in accordance with the

manuf acturer's instructi on manual s.

3.9.3 Sodi um Hydroxi de St andardi zati on

St andar di ze the sodi um hydr oxi de using the

fol |l ow ng procedure:

Dry crushed prinmary grade potassium acid
pht hal ate (KHP) in an oven at 105°C
(2200F) for two hours. Cool to room
tenperature in a desiccator. Wigh 0.95 g
+ 0.05 g of KHP, to the nearest 0.1 ng,
into an Erlenmeyer flask. Dissolve in

70 mM of water and add 2-4 drops of
phenol pht hal ein indicator. Titrate

qui ckly to a faint pink end point using

0. 1IN NaOH. Repeat this titration using
anot her portion of KHP. Titrate duplicate

70 m bl anks of water using the above
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procedure, and average the results.
Replicate bl anks nust agree within
0.05 mM. Calculate the normality for each

KHP al i quot as foll ows:

nmy KHP/ 203. 44
(m std-avg. Dbl ank)

Val ues nust agree within 0.5 percent.
Average the results and report to four
significant figures. Label the sodium
hydroxi de with the normality, date of
standardi zation, and reference to the

dat a.

3.9.4 Autotitrator

Calibrate the pH neter of the autotitrator

using pH 4 and pH 7 buffers and foll ow ng

t he manufacturer's instructions.
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METHOD 5.1

DETERM NATI ON OF PARTI CULATE MATTER EM SSI ONS FROM
STATI ONARY SOURCES USI NG A VET | MPI NGEMENT TRAI' N

Section 4 of 4

Engi neering Cal cul ati ons and Reporting

4.1 Cal cul ati ons
Carry out calculations, retaining at | east one
extra decimal figure beyond that of the acquired
data. Round off figures after the fina
calculation. OQher forns of the equations nay be

used as long as they give equivalent results.

See Figure 5.1-4, 5.1-5 and 5. 1-6.
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Ow 0o~ n

IREEMLLL

Temperature Sensor
Nozzle

18

[:::] 19

20

11.
12,

Glass Lined Stainless Steel Probe 13.

S-type Pitot Tube
Stack Wall
Temperature Sensor Meter

Pitot Tube Inclined Manometer

Impinger with 100 ml H,0
Empty Bubbler
Bubbler with Silica Gel

Figure 5.1-1

14.
15.
16.
17.
18.

19.
20.

Ice Bath
Filcer

Sealed Pump (Leak Free)
Filvter for Pump

Metering Valve

Vacuum Gauge

By~pass Valve

Temperature Compensated
Drv Gas Meter )
Orifice

Orifice Inclined Manometer

Particulate Sampling Train Setup-Wet Impingement Method
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Nozrie Calibeation

Date Caiibeared by
Nozlle
identdication o. Os Ds. an.
nrumber . mm fin) mem fin} mm fsn.) mm fin) Oy

whave

B ® nordia diameter meazurad on @ diflerant diameter, mm fin ). Tolerance = measure wil'u_hin 0.25 mm (0.001.)
A smazimumn differance in any twa meaguremenis. mmiin.). Tolerance » 0.1 mm (0.004 in)
Doy *avarage of O\ D D;.

Figure 5.1-2

" Nozzle Cali_bration Sheet
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRIC?T

Test No.
METER/PUMP SAMPLING BYSTEM CHECK
Pretest: bDate Time
.Meter 3
Pump #
orifice #
A - Orifice B - Metered C - Time
4H (in H,0) Volume (ft3) (seconds) K*
0.40
0.75
1.6
Average
Per?ormed by
Senior
Post Test: _ Date Time
A - Orifice B - Metere C - Time
4H (in H,0) Volume (£ft-) (seconds) K%
0.40
0.75
1.6
Average

Performed by
Senior

60 x B

cx\[ a

*Maximum allowable difference in any two measurements of X
is 0.02. ‘

*K =

Figure 5.1-3
Meter Calibration Sheet
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SOUTH COAST AIR QUALITY HABAGEWENT DISTRICT

Date:
[Sample Train

TepL do.
Snepling Location; -

TRAVERSE SOURCE TEST DATA

pre-Test Leak Chech! Ponrt-Test Leak Check:

Filter cfm @ "Hg vac Filter clw @ "Hp wac
Probe cin @ "Hy wac Probe cim @ "Hg wac
{Pitot Tuhe Leak Check ) (ritot Tube Leak Cheek )
Time ::7::'E°5 Heter Stack Calculated Probe |Filler | Heter Temp|Yacuum
on ottt gading Velucity Temp, [Veiociy Sasmpling | Orifles Temp. [Temp, gt "H
S TG A N B RSN ET N RN Rt ’ !
Pl felm) ("Mm m [e]]

(Net Vol. Uncerr) Avp.

Nozzle |

Hozxie Diameter me ( "} Recorded By

Rarnmetric Preasure “lipA PILOL FACLOT.nveuresrnansacranes

statie Pressure 4n Stack.cceercircannnnas “HpA  (+/- "H20)

Calibration Data

Inclined Manometer (Cal: . N/A ) W

Magnehellc No. __{Cai: )] f T

JPitot Tube No. (Cal: }

Potegnt iometer No. (Cnl: ) Stack

Thermocouple No. (Cat: ) + +

Gas Meter No. (Cal: ) / ) Dimensions

Meter Carr. Factor: L_

Type Samgling Probe e —a —-—i—\j

Figure 5.1-4

Traverse Sampling Data Sheet
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PAGES PAGE
TEST Ko. DATE
PROCESSED BY CHECKED BY
CALCULATION SHEET
LAB ANALYSIS
A, Filter Cateh ........... fee i er et aereeaas i an e N mg
8. (1) Filter Acid ...... [ e rideaaaceeeeanae N ng
(2) Filter Total Sulfate ...... Ceataeeieceeraaenaa mg
C. Probe Catch [ P mreeE it asbee e cerraranen v mg
D. (1) Probe Acid .......... eaen Ceeaesresisecesanaasas mg
(2) Probe Total Sulfate ..... e e e m
E. Impinger Catch ............ reeaen . Ceereraas mg
F. (1) Impinger Acid .............. Ceeanan et : mg
(2) Impinger Toral Sulfate ..... R e mg
G. Organie Extract ....... e et e st maaeae e e mg
H. H,504.2H,0 from 50y Train Thimbie ..... Chrerenan RELEEE ES c
L. Particulate Train Corrected Gas Volume Metered ....... dscf
4. 80x Train Corrected Gos Volume MELATEd ...veeevneer... se
K. Prorated #3804.2H;0 Mass (BXL) ... ... mg
FILTER (PARTICULATE) TEMPERATURE GCREATER THAN 200°F
+ Total Particulate (A-BR*+C-D*+E-FR4GH) vv'nrenrennanan. mg
M. Solid Parciculace L= mg
b. Total Particulate {Correcred for Ammonium Sulfate)
(A=B*+C-D4E=F (1) 4GHK=(F (D) FLJ] 222) vrnrennrrnnns. mg

0. Solid Particulare (Correctea for onium Sulfate}
(N=G-K) ...,

FILTER TEMPERATURE LESS THAN 200°F

F. Tetal Parciculare {A+CHE~F*4G)

g. Saltid Particulace CP-BR-Dimg) . ... e

R. Total Particulate (Corrected for Ammonium Sulfate)
(A+C+E—F(1)«:-[rcz)-pu)}.%)... s

S. Solid Particulate (Correctea for Ammonium Sulfate
{R-B#=D*%-G})

mg

mg
mg

mg

g

* YSE LOWER OF (i)} AND (2)

Figure 5.1-5

Calculation Data Sheet for Particulate Matter
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Sampling
Test No. Train Date
Calculated By Checked By

SOURCE TEST CALCULATIONS

SUMMARY
A. Average Traverse Velocity (Pre~Test) couieasssvesaarronnsassnaas fps
B. Average Reference Point Velocity (Pre-Test) .........ccnereaens fps
C. Average Traverse Velocity (During Test) ..c.siivesnenvnonnasnens fns
D. Gas Meter Temperature (Use &B°F, for Temp. Comp. Meters) ...... '
E. Gas Meter Correction FACtOr ..vviss-tarasasnnssancsnssamsassnsns
F. Average Stack Temp. ... ' L. Sampling Time ...ccvenas min
G. Stack Cross-5ect. Area ft2 M. Nozzle Cross-Sect. Area § ¢
H. BRarometric Pressure ... “HgA N. Net Sample Collection . mg
1. Gas Meter Pressure .... “HgA 0. Net Selid Collection .. mg
J. Total Stack FPressure .. "HgA FP. Water Vapor Condensed . ml
K., Pitot Correction Factor 8. Bas Yolume Metered .... def -
R. Carrected Gas Volume Metered [(Q x 1/29.92) x _Sp@ _ « E] . duc
’ (468 + D)
NT_MO RE / GAS DENSITY
5, Percent Water Vapor in Gas Sample [ 4.64 r P ] rasasanas %
(0.24564 x P) + R
T. Average Molecul ar Weight (Wet):
{Compognent) (Volume % / 108) x (1 - S/18@) x (Molec, Wt.) = (Wt./M

‘ Wwater 1.00 18.0

Carbon Dioxide Dry Basis 44.8

Carbon Monpoxide Dry Basis . 28.8

Oxvgen Drv Basis 32.0

Nitrogen/lnegrts Dry Rasis 28,2

(Sum)
FLOW RATE
U. Gas Density Correttion Factor ( 2B8.95/T ) vesennnes
V. Flue Correction Factor (A/B) .....eieeroecesgcsnnnne
W. Velocity Pressure Correction Factor (V 29.92/3 ) ...
X. Corrected Velocity (C x K x U x V x W} ...veverseanns fps
Y. Flow Rate (X X G % GB) s.enssnossssnssasancnssnssanss cfm
Z., Flow Rate [Y ¥ J ] 529 ersemaasssune e wedm
29.92 (460 + F)
AA,Fiow Rate [z % (L = S/10B) | tuurvesansrinnonnanansans dscfm
NT N T
BB.Sample Concentration (B.91543 3 N/R) .urscsssensnssss gr/dscé
CC.Sample Concentratiom (54,143 x BB/ Molec. WE.) ... ppm (dry)
DD.Sample Emiasion Rate (D.008S7 »x AA % BB} sresaransoss 1b/hr
EE.Soiigd Emission RatE(_B‘DBGIJZE w B. AA) rassanasens lb/hr
R . -_—

FF.lsokinetic Sampling Rate(G M R w V% mg).,........ %
’ L % Mx AA

Figure 5.1-6

Calculation Sheet
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