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METHOD 1

METHOD 1—SAMPLE AND VEZOCITY TRAVERSES
ror STATIONARY SOURCES

1. Principle and Applicadilily

1.1 Principle. To aid in the repressnta-
tive measurement of pollutant emisgiona
and/or total volumetric flow rate from a
SLATIONATY SOUrce, 4 messurement site where
the effiuent stream is flowing in & known di-
rection 1s seiected. and the cross-section of
the stack is divided into a number of equal
areas. A traverse point is then located
within esch of these equal areat.

1.2 Applicabiiity, This method is spplica-

Section 2.4), (2) & stack is smalier than
about 0.30 meter (12 in) io dizmster. or
0.071 m*(113 in.® area, or (3)
the measurement site is leas than two stack
or duct diameters downstream or less than »
half dizmeter upstream from & flow disturd-
ance.

The requirements of this method must be
considered before construction: of a new fa-
cility from which emasions will be meas-
ured: failure to de S0 may regquire gubse-
quent slteraticns to the stack or deviation
from the standard procedure. Cases mvolv-
ing vanants are subject to approval by the
Admunustrator, U.S, Environmental Protec-
tion Agency.

2. Procedure

2.1 Selection of Measurement Site. Sam-
pling or velocity messurement is performed
at a site jocated at least eight stack or duct
diameters downstream and two diameters
upstream from any flow disturbance such as
a bend. expansion. or contraction in the
stack. or from a visible {lame. If necessary,
&n alternative location may be selected. at &
position at least two stack or duct diameters
dowmnstream and a hal! diameter upstream
{from any {low disturbance. For a rectangu-
iar croms section. an eguivalent diameter
(D) shall be calculated from the following
equation. to determmne the upstream and
downsiream diStAnces:
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where L=length and W=width.

An alternative procedure is available for
determumng the acceptability of a
measurement location ool mesting the
¢riteria above. This precedure, detsrmination
of gas flow angles at the sampling points and .
companng the resulls with acceptability
cnitena. 19 descnibed in Secuon 2.5

2.2 Determining the Number of Traverse
Points.

221 Particulate Traversas. When the
eight- and two-dismeter criterion can be
met, the minimum npumber of traverse
points shall be: (1) twelve. for circular or
rectangular stacks with diameters (or equiv-
alent diameters) greater than 0.61 meter (24
in): €(2) eight., lor circular stacks with diam-
eters between 0.30 and 0.8 meter (13-24
{a): (3) mune, for rectanguisr stacks with
equivaient dismeters derween 0.30 and 0.81
meter (13-34 in.).

When the eight- and two-diameter crite-
rion cannot be met, the minimum number
of traverse points is determined from Figure
1-1. Before referring to the {igure, however,
determine the distances from the chosen
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measurement site to the nearest Upstream
and downstream disturbances, and divide
each distance by the stack diameter or
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TABLE 1-1. CROSS-SECTION LAYOUT FOR
RECTANGULAR STACKS

equivalent dinmeter, to determine the dis- Numper of Yaverse Dowws Matnx Wvout
tance 1 terms of the aumber of duct diame-
ters. Then, determine from Figure 1-i the s 23
minimurn nupaber of traverse points that 12 4zd
corresponds: (1) to the number of duct di- 18, aue
ameters upstream: and (2) to the pumber of Sme
dismeters downstream, Seiect the higher of g 5¢5
the two minimum numbers of traverse o, ::
points, or & prester value. 5o that for cireu- 42 736
1ar atacks the number is & multiple of 4. and <. 717
for rectangulsr stacks. the number is one of
those shown in Table 1-1
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Figure 1-1. Minimum numbar of traverse points for particulats traverses.
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222 Velecity (Non-Particuiate) Tra-

- verses. When welogity or voiumetne flow

rate 1S Lo be deterouned (but not particuiate

matter), the same procedure as that for par-

ticulate traverses (Section 2.2.1) is followed.

except that Figure 1-2 may be used instead
of Figure 1-1.

2.3 Cross-sectional layout anéd Location
of Traverse Points.

2.3.1 Circular Stacks. Locate the traverse
points on two perpencicuiar diameters ac-
cording to Tabie 1-2 snd the exampie shown
in Pigure 1-3. Any equation (ior exampies,
see Citations 2 and 3 in the Bibliography)
that gives the same values as those iy Table
1-2 may be used in lieu of Table 1-2.

For particulate traverses, one of the diam-
eters must be in & plane contunng the
greatest expected CONCentralion vanatian.
e.u,umhmdi.mmmum
thenuneo!memmmumr.be-
comes less critical as the distance {rom the
disturbanee increases: therefore. other di-
ameter locations may be used. subject 10 &p-
proval of the Admunistrator.

TRAVERSE
POINT

DISTANCE.
. ot diameter
LY ]
148
A1
ns
(11 ]
956

- un i Ll =

in addition for swacks having dismeters
greater than 0.61 m (24 in.) DO tIaverae
points shsll be located withmn 2.5 centime-
ters (1.00 in) of the stack walls and for
stack diameters equal to or less than 0.61 m
(24 in.). no traverse points shall be located
within 1.2 cm (0.50 in.) of tihe stack walls.

To meet these criteria. observe the proce-
dures qiven below.

2.3.1.1 Stacks With Diameters Greater
Than 0.61 m (24 in.). When any of the tra-
verse points 4s located in Section 2.3.1 fall
within 2.5 cm (1.00 in.) of thegatack walls. re-
locate them away from the staick walls to:
(1) & distanee of 2.5 cm (1.00 in); or (2} a
distance equal to the nozzle inside diameter,
whichever is larger. These reiccited tra-
verse points {(on each end of a diameter)
shall be the “adiusted” traverse points.

Whenever two successive traverse points
are combined to form 2 single adjusted tra-
verse point. treat the adjusted powt as two
separate traverse pownts. both in the sam-
pling (or velocity measursment) procedure,
and in recording the data.

-l

Fugure 1-3. Exarnpie snowsng circular STack Cross saction divided 1nto

12 egual areas, with iocation of traverse points inancared.
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231 Stacks With Diameters Eaual to
or Less Than 0.51 m (24 in.). Follow the pro-
cedure in Secuion 2.3.1.1. noting oniy that
any “adjusted” powmts should be relocated
away {rom the stack walls to: (1} a distance
of 1.3 cm ¢0.50 in.): or (2) 3 distance equal to
the nozzie inside diameter. Whichever 1
larger.

232 Rectangular Stacks. Deterrmune the
number of traverse points as expiiined in
Sections 2.1 and 2.2 of this method From
Table 1-1, determune the grid configuration.
Divide the stack cross-section into as many
equal rectanguiar elemental areas as tra-
verse pownts, and then locate a traverse
point at the cencroid of each equal ares ac-
cording to the example in Figure 1-4.

If the tester desires to use more than the
muumum number of traverse pownts
expand the “minimum number of traverse
points” matrix (see Table 1-1) by adding the
eXTra [raverss points along one or the other
or bath legs of the matnx: the final manx
need not be balanced. For exampie, if 2 4x3
“mimumum number of pOINLI MALIX were
expanded to 38 points, the finzl matnx
couid be 9x4 ar 12x3. and wouid not neces-
sartly have to be 8x¢. After construeting the
final marrix, divide the scack cross-section
into as many =qus! rectangular. elemental
areas as traverse pomnts. and locate a tra-
verse point at the centroid of each equal
ares.

The situation of traverse points being too
ciose 0 the stack walis is not expected to
anse with rectangular stacks. If this prob-
lem should ever arise. the Adminiscrator
must be contacted for resolution of the
matter.

2.4 Verificstion of Absence of Cycionie
Flow. In most stationary sources. the direc.
tion of stack gas (low is essentially parailel
to the stack walls However, cyciomc flow
may exist (1) after such devices as cyciones
and inertial demusters following venturi
scrubbers, or {2) in stacks Naving tangential
injets or other duct configurations which
tend to Lnduce swirling: in these instances,
the presence or absence of cyciomc flow at
the sampling location must be determined.
The {ollownng tecnniques are acceptable for
this deterrmination.

Figure | 4. Examoie sROwWINg rectanguiar stac cross
section owiaed Into 12 sgual aress. with 8 traversa
oIt 3t centroid OF eaCh ared

Level and zero the manometer, Connect a
Type S pitot tube to the manometer. Posi-
tion the Type S pitot tube at each traverse
point. in succession. so that the planes of
the face operungs of the pitot tube are per-
pendicular to the stack cross-sectional
plape; whnen the Type S pitot tube 1s in this
position, it 13 at 0" reference.” Note the dif-
{erential pressure (Ap) reading at each tra-
verse pont. If a null (zero) pitot reading 13
obtained at 0° reference AL 3 Qiven traverse
point. an acceptable flow condition exists
that point. If the pitot reading is not zero at
0* reference, rotafe the pitor tube (up to
=90° yaw angie), until a null reading is ab-
tained. Carefully determine and record the
value of the rotation angie (a} to the near-
est degree. After the null technique has
been applied at each traverse point, caicu-
late the sverage of the sbsolute values of a;
assign a values af 0" to those points for
which no rotation was required, and include
these in the overail average, If the average
vaiue of o is greater than 207, the overail
flow condition in the stack i3 unacceptable
and alternacive methodology. subject to the
approval of the Administrator. must be used
ta perform accurate sample and velocity tra-
verses,

The sliemnative procedure descnineg In
Section 2.5 may be used 1o datermins the
rotation angles in lisu of the procedure
described above. The limit of aceeptability
for the average vaiue of a wouild remain 20°.

25 Alternative Measyrement Site
Selection Procsdure. This alternative applies
1o where measurement locations ate
less than 2 equivaient stack or duct diamsters
downstream or iess than % duct diamster
upstream from s flow disturbance. The
slternative should be limited to docts larger
than 24 in. in diameter where blockage and
wall affects sre ummal. A directional flow-
sensing probe is usad to messure pitch and
yaw angies of the gas flow et 40 or more
traverse points: the resultant angie is
calculated and compared with acceptable
cntena for mean and standard deviation.

Nots~Both the pitch and yaw angles sre

Measured from a line passing through the -

traverse point and parailel to the stack axis.
The pitch angle is the angle of tha gus flow
componant in the piana that INCLUDES the
traverse line and is parsllel to the stack axis.
The yaw angle is the angie of the gas flow
componant in the plane PERPENDICULAR to
the traversa line at the traverse point and is
measured from the line passing through the
travarse point and parailel to the stack axis.

251 Apparstus.

28511 Directonal Probe. Any directional
probe. such as United Sensor Type DA Three-
Dimensional Directional Probe, capable of
messuring both the pitch and yaw angies of
gas flows 1s accepuable. {Nots: Menation of
trade name or specafic products does not
conatitute endorsement by the U.S.
Environmentai Protection Agency.) Assign an
identification number to the directionai

EPA STATIONARY SOURCE SAMPLING METHODS
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probe. and permanently mark or engrave the
number an the body of the probe. The
pressure hoies of directonal probes are
susceptible to plugging when used in
parucuiate-jsden gas szeams. Therefore. &
system for cleaning the pressure holes by
“blqk-pu:gmg" with pressunzed air is

e

2312 Differential Pressure Gauges.
Inclined manomsters. U-tube manometers. or
other differential pressure gauges (e.g.
magnehelic gauges) that meet the
specifications asscrabed in Method 2 § 22

Nota.—1f the differential pressure gauge
produces both negatve und pomtive readings.
then both negstive znd positive pressure
readings shall be calibrated at & mnimum of
three points as specified in Method 2, § 22

252 Traverse Points. Use & minimum of
40 traverse points for circular ducts and 42
points for rectanguiar ducts for the gas flow
angle determinations. Follow § 2.3 and Table
1~1 or 1=2 for the location and layout of the
traverse points, If the measyrement iocation
is determined to be scceptable according to
the cr3teria in this aitermnanve procedure. use
the same waverse point number and locanons
for sampling and velocity measuremants.

253 Maessurement Procedure.

2531 Prepare the directional probe and
differential pressure gauges as recommended
by the mapufacrurer. Capillary tabing or
surge tanks may be used to dampen pressure
fluctuations. It s recommended. but not
required. that & pretest laak check be
coaducted. To perform a leak check,
pressurizs or use suction on the impact
opening until a reading of at least 7.8 cm 3
in.) HaO registers on the differential pressure
gaugs. then piug the impact opening. The
pressure of & leak-free system will remain
stable for at least 15 seconds.

23532 Level and zero the manomaters.
Sinca the manomster lavel end zero may drift
becauss of vibrations and tempemature
changes, periodically cheek the level and
zero dunnyg the caverss.

2533 Position the probe at the
appropriate locations in the ges sueam, and
rotate untll zero daflection is indicated for the
yaw angle pressure gsuge. Determine and
record the yew angle. Record the pressure
gsuge readingy for the pitch angls. and
determine the pitch angie from the calibration
curve. Repest this procedure for each
traverse pemnt. Complats a “back-purge” of
ths pressure lines and the impect openings
pricr to measurements of each traverse point.

A post-test chack as described in § 2.5.3.1
is required. If the criteria for a isak-fres
system are not mat. repair the equipment. and
repeat the flow angia maasurements,

254 Caiculats the resuitant angle at esch
traverse point. the aversge resultant angie,
and the standard deviation using the
{ollowing equations, Compilate the
calcuiations retaining st ieast ons extra
significant figure beyoad that of the aoquired
data. Round the valuss aftsr the final
calcuiations.



25.4.1 Calculste the resultant angie at
each averse point
R, =arc cosine [({cosine Y,)(cosine PJ)] Es
1=2
Where!
R =Resultant angle at traverse point i.
degres. -
Y,=Yaw angie st traverse point i. degree.
P,=Pitca angie at Taverse pont L. degee.
2542 Calcuiate the average resuitant for
the messurements:

- IR,
R= Eg. 13

where:
R = Average resultant angle. degree.
n =Total number of traverss points.
2543 Calcuiate the standard deviations:

S, = Standard deviation. degres.

255 The messurement location is
acceptable if R< 20° and 5,<10°

255 Calibration. Use a flow system as
deseribed in Sections ¢.1.21 and 4122 of
Method 2. In addition, the flow system shall
have the capscity 10 generate two test-
section velocities: one between 385 and 730
m/min (1200 and 2400 ft/min) and one
between 730 and 1300 m/mun (2400 and 30

2581 Cut two entry ports in the test
section. The axes through the entry ports
shall be perpendicuiar to exch other and
intersect in the centrod of the test sectnon
The ports shouid be eiongated siots parailel
1a the axis of the test section and of sufficent
length to ailow measurement af pitch angles
while mainteining the pitot hend position at
the test-section centrord. To [aciitate
alianment of the direchional probe during
calibration, the test secuon should be
constructed of plexiglass or some other
transparent matenal. All calibration
measuremeants should be mada st the same
point in the test section., preiersbly et the
centroid of the test-sechon.

2582 To ensure that the gas {low is
parailel to the central axis of the test section.
follow the procedure in Section 4 for
cyclome flow determinaton to measure the
gas flow angles at the cenwoud of the test
section from two teet ports iocated 90° epart.
The gas flow angie measyred in each port
must ba * 2° of )% Straightening vanes
snould be installed. if necessary. to mest
thes critenion. .

25483 Pltch Angle Calibration, Perform a
calibration traverse according to the
manufacturer's recommended protocol in §°
incrementa for angies from =480° 10 +80° at
one veiocity 15 each of the two ranses

specified above. Average the preasure raio
vaiues ontsined for ench angie in the twa
fow ranges. and piot a calibrahon curve with
the average values of the pressure tatio (or
other suitable messurement factor s
recommended by the manufacturer) versus
the pitch angie. Draw a smooth line through
the data points. Plot aisa the data vaiues for
each traverse pomnt. Determne the
differences between the measured data
values snd the angle from the calibration
curve at the same pressure ratio.

difference st each comparizon must be withig
2° for angiea betwesn 0° and 40° and within
3° for sngies betwesn 40° and 80°.

2584 Yaw Angis Calibration. Mark the
thres-dimensional probe to allow the
determunation of the yaw position of the
probe, This is usuaily a line extending the
length of the probe and aligned with the
impact opemang. To determios the accyracy of
measurements of the yaw angie. only the zero
or null pomtior need be caiilbrated as
follows. Placs the directional probe in the test
section, and rotate the probe uaty the zero
position is found, With a protractar or other
angie measuring dewice. measure the angie
indicated by the yaw angis indicator on the
three~demensional probs. This snould be
withia 2° of 0°. Repeat this measurement for
any other pomnts along the length of the pitot
wiere yaw angle measurements could be
resd in order to account for varintions in the
pitot markings used 10 indicate pitot head
positions.
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METHOD 2

Mrruon 2—DEIEAMINATION OF STAcK Gas
VEROCITY AND VorvMrInic Frow RaTE

{TYyrz S PrroT TUBE)

1. Prancipie cnd Applicgbility

1.1 Principie. The average gas velocity in
s swack 15 determned from the gas density
and from measurement of the average veloc-
1ty head with a Type 8§ (Stausscheibe or re-
verse type) pitot tube.

1.2 Applicability. This method is applica-
ble for measurement of the average veiocity
of & gas stream and for quantifying gas
flow.

“This procedure is not applicable at mess-
urement sites which fail to meet the criteria
of Method 1, Section 2.1. Also. the method
cannot be used for direct measurement in
cyclonic or swirling gas streams. Section 2.4
of Method | shows how (0 determine cy-
clonic or swirling flow conditions. When un-
acceptable conditions exist. alternative pro-
cedures. subject to the approval of the Ad-
munistrator, U.S. Enwvironmental Protection
Ageney, must be employed to make accurate
fiow rate determinations. examples of such
alternative procedures are: (1) to install
straighteming vanes: (2) to calculste the
total volumetric flow rate stoichiometrical-
ly. or (3) tp move to another measurement
site at which the flow 15 acceptable.

180254 em®
075 - 1.8m)

1

| r T62em (I ml)®
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2. Apparatus

Specifications for the APPAratus Are given
below. Any other apparatus that nas been
demonstrated (subject to approvai of the
Admmistrator) to be capable of meeting the
specifications will be considered acceptable.

2.1 Type § Pitot Tube. The Type S pitot
tube (Pigure 2-1) shall b made of metal
tubing (e.g. stainiess steel). It is recommend-
ed that the external tubing diameter (di-
mension D: Figure 2-2b) be between 0.48
and 0.95 centimeters (%4 and % inch). There
shall be an egual distance irom the base of
each leg of the pitos cube to its {ace-opening
plane (dimensions F. and P; Figure 2-2b); it
is recommended that this distance be be-
tween 1.05 and 1.50 times the external
tubing diameter. The face openings of the
pitot tube shall, preferably, be aligned as
shown in Figure 2-2. however, slight mis-
alignments of the openings are pernussibie
{see Figure 2-3).

The Type § pitot tube shall have & known
coeificient. determined as outlined in Sec-
tion 4. an identification number shall be as-
signed to the pitot tube: thus number shall
be permanently marked or engraved on the
body of the tube.

o ———  TEMPERATURE SENSOR
B " !

!

— =

TYPE SPITOT TUBE

*SUGGESTED UNTERFERENCE FREE!
PITOT TUBE - THERMOLOUPLE SPACING

MANOMETER

LEAK-FREE
CONNECTIONS

I

Figure 2.1. Type S pitot tube manometer assembly.

EPA STATIONARY SOURCE SAMPLING METHODS

REV 1 8/85



TRANSVERSE
TUBE AXIS !

FACE
l—_ GPENING =

PLANES
(a)

ASIDE PLANE

NOTE:

LONGITUDINAL D¢
-
TUBE AXIS ¢

1050; < P<1.50 D,

Pa=Pg

B-SIDE PLANE

ib)

e o —

(e)

Figure 2-2. Properly constructed Type S pitot tube, shown n: (8) end view; face opening planes perpendicuiaf
10 transverse axs: (D) 109 view: lace opening planes paraiiel 10 loNgiUCIN! os; (€) Si08 vaw: both legs of
equal lengtn and canterines concident. whan viewed from both si0ea. Baseine cosfliccent vaiues of 0.84
may be assigned to pitot lubes constructed this way.
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Figure 2-3. Types of face-opening rmisalignment that can result from fieid use or improper construction of
Type S pitot tubes. These wili not affect tne baseine valus of Cp(s) so iong as al and a2 10°, 81 and 82
5.2 0.32em (1/8in.) and w Q.08 cm (1/32 in.) {citation 11 in Section 6).

A standard pitot tube may be used instead
of a Type S, provided that it meets the spec-
ifications of Sections 2.7 and 4.2; note, how-
ever, that the static and impact pressure
holes of standard pitot tubes are susceptible
to plugging in particulate-laden gas streams.
Therefore. whenever a standard pitot tube
is used to perform a traverse, adequate
proof must be furnished that the openings
of the pitot tube have not plugged up
during the traverse period; this can be done
by taking a velocity head (Ap) reading at

the final traverse point. cleaning out the
impact and static holes of the standard
pitot tube by “back-purging” with pressur-
ized air, and then taking snother Ap read-
ing. If the Ap readings made before and
after the air purge are the same (=5 per-
cent), the traverse is acceptable. Otherwise,
reject the run. Note that if Ap at the final
traverse point is unsuitably low, another
point may be selected. If “back.purging” at
regular intervals is part of the procedure,
then comparative Ap readings shall be
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taken, as above. for the last two back purges
at which suitably high Ap readings are ob-
served.

2.2 Differential Pressure Gauge. An in-
clined manometer or equivalént device is
used. Most sampling trains are egqupped
with a 10-in. {water column) inclined-verti-
cal manometer, having 0.01-int. 5,0 divisions
on the 0-to l-in. inclined scale. and 0.1-ifn.
H,Q divisions on the 1- to 10-in. vertical
seale. This type of manometer {or other
gauge of equivaient sensitivity) is satisfac-
tory for the measurement of Ap vaiues as
low as 1.3 mm (0.05 in.) E.O. However, a dif-
ferential pressure gauge of greater sensitivi-
ty shall be used (subject to the approval of
the Administrator). if any of the following
is found to be true: (1) the arithmetic aver-
age of all Ap readings at the (raverse points
in the stack is less than 1.3 mm (0.05 In.)
H,Q: (2) for traverses of 12 or more points,
more than 10 percent of the individual ip
readings are below 1.3 mm (0.05 in.) H,O; (3)
for traverses of fewer than 12 points, more
than one Ap reading is below 1.3 mm (0.03
in.) 0. Citation 18 in Section 8 describes
commercially available instrumentation for
the measurement of low-range gas veloci-
ties.

As an alternative to criteria (1) through
(3) above, the following calcuistion may be
performed to determune the necessity of
using a more sensitive differential pressure
gauge:

”

2o Vap+K
> Y2

1=

whers:

Ap=[ndividual veiocity head reading at s
traverse point, mm H,O (in. H.O).

n=Total number of Lraverse poLnis.

E=0.13 mm H,O when metrnic units are used
and 0.005 in H,O when Engiish units are

If T is greater than 1.08, the velocity head
data are unacceptable and s more sensitive
differential pressure gauge must be used.
Note If differentias pressure gauges other
than inclined manometers are used (e.g..
magnehelic gauges), their calibration must
be checked after each test series, To check

the calibration of a differential pressure
Fauge. compare Ap readings of the gauge
with those of a gauge-oil manometer at a
minimum of three points. approximateiy
representing the range of ip valuea in the
stack. If, at each point. the valuss af in ae
read by the differential pressure gauge and
gauge-oil manometer agree to within § per-
cent. the differenrtial pressure gauge shall
be considered L0 be in proper calibration.
Qtherwise. the test series shall either be
vaoided, or procedures to adijust the mess-
ured Ap values and final resuits shall be
used subject to the approval of the Adminis-
trator.

2.3 Temperature Gauge. A thermocou-
ple, lguid-filled buib thermometer, bimetal-
lie thermometer, mercury-in-glass thermom-
eter, or other gauge. capable of measuring
temperature to within 1.5 percent of the
minimum ahsoiute stack temperature shall
be used. The temperature gauge shall be at-
tached to the pitot tube such that the
sensor tip does not touch zny metal; the
gauge shall be in an interference-free ar-
rangement with respect to the pitot tube
face openings (see PFigure 2-1 and also
Plgure 2-7 in Section 4). Alternate positions
may be used If the pitot tube-temperature
gauge system is calibrated sccording to the
procedure of Section 4. Provided that a dif-
ference of not more than 1 percent in the
average velocity measurement is introduced,
the temperature gauge need not be attached
to the pitot tube: this alternative 18 subject
to the approval of the Administrator.

2.4 Presyure Probe and Gauge. A plezom-
eter tube and mercury- or water-filled ©-
tube manometer capable of measuring stack
pressure to within 2.5 mm (0.1 In.) Hg is
used. The static tap of a standard type pitot
tube or one leg of 4 Type S pitoc tube with
the face opening planes positioned parallel
Lo the gas flow may aiso be used as the pres-
sure probe.

2.5 Barometer. A mercury. aneroid. or
other barometer capable of measuring at-
mospheric pressure to within 2.8 mm Hg
(0.1 in. Hg) may be used. In many cases. the
barometric reading may be obtained from a
nearby national weather service station. in
which case the station value (which is the
absolute barormetnic preasure) shall be re-
Quested and an adjustment for elevation dif-
ferences between the weather station and
the sampling point zhall be applied at a rate
of minus 2.5 mm (0.1 In.) Hg per 30-meter
(100 foot) elevation incresse or vice-versa
for elevation decrease.
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2.6 Gas Density Determination Equip-
ment. Method 3 equipment, |{ needed (see
Section 3.8). to deterrune the stack gas dry
molecular weight. and Reference Method 4
or Method § equipment for moisture con-
tent determination: other methods may be
used subject to approval of the Admumstra-
tor.
a7 Calibration Pllot Tube. When calibra-
tion of the Type S pitot tube i3 neceasary
(see Section 4). a standard pitot tube 18 used
a3 a reference. The standard pitot tube
shall, preferably, have a known coefficient.

cbtawned either (1) directly from the Nation-
2] Burean of Standards. Route 270, Quince
Orchard Road, Gaithersburg. Maryland. or
¢2) by calibration against another standard
pitot tube wnth an NBS-traceable coeffi-
cient. Alternatively, a standard pitot tube
designed according to the cniteria qiven in
2.7.1 through 2.7.5 below and illustrated in
Plgure 2-4 (see also Citations 7, 8. and 17 in
Section ) may be used. Pitot tubes designed
according to these specifications wall have
baseline coeffictents of about 0.99=0.01.

2.7.] Hemispherical (shown in Figure 2-
4), ellipsoidai, or conical tip.

272 A minimuym aof six diameters
straight run (based upon D, the external di-
ameter of the titbe) between the tip and the
static pressure holes.

273 A mipnimum of eight diameters
straight run between the static pressure
holes and the centerline of the external
tube, following the 80 degree bend.

2.7.4 Static pressure holes of equal siz
(approximately 0.1 D). equally spaced in i

piezometer ring configuration.
2.1.5 Ninety degree bend. with curved or
mitered junction.

2.8 Differential Pressure Gauge {or Type
S Pitot Tube Calibration. An inclined ma-
nometer or equivalent is used. If the singie-
velocity calibration techruque is employed
(see Section 4.1.2.3), the calibration differ-
ential pressure gauge shall be readable to
the nearest 0.13 mm H,Q (0.005 in. H.Q).
For multivelocity caiibrations. the gauge
shall be readable to the nearest 0.13 mm
H,O (0.005 in H,Q) for Ap values between 1.3
and 25 mm H,O (0.05 and 1.0 in. E,Q). and
to the nearest 1.3 mm H,O (0.05 in. H,O) for
Ap vaiues above 25 mm H,Q (1.0 in. E,0). A
special. more sensitive gauge will be re-
quired to read Ap values below 1.3 mm H.Q
[0.05 in. H,O) (see Citation 18 in Section 6).
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3. Procedure

3.1 Set up the apparatus as shown in
Plgure 2-1. Capillary tubing or surge tanks
instailed between the manometer and pitot
tube may be used to dampen ap fluctus.
tions. It is recommended, but not required.
that a pretest leak-check be conducted, as
{ollows: (1) blow through the pitot impact
opening until at lesst 7.6 cm (3 in.) H.O ve-
locity pressure registers on the manometer:
then, clese off the impact opening. The
pressure shall remain stable for at least 15
seconds: (2} do the same for the static pres.
sure side, except using suction to obtain the
minimum of 7.6 em (3 in.) HeQ. Other leak-
check procedures, subject to the approval of
the Administrator may be used.

3.2 Level and zero the manometer. Be-
cause the mancmeter level and zero may
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Figure 2-4. Standard pitot tube design specifications.

drift due to vibrations and temperature
changes. make penodic checks during the
traverse. Record all necessary dats as showm
int the example data sheet (Figure 2-3).

3.3 Measure the velocity head and tem-
perature at the traverse points specified by
Method 1. Ensure that the proper differen.
tial pressure gauge is being used for the
range of 49 vailues encountered (see Section
2.2}, If it is necessary to change to & more
sensitive gnuge. do 0. and remeasure the Ap
and temperature resdings at each traverse
point. Conduct a post-test leak-check (man-
datory), as described in Section 3.1 above. to
validste the traverse run

3.4 Measure the static pressure in the
stack, One reading is usually adequate.

3.5 Determine the atmospheric pressure.
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DATE

STACK DIAMETER OR DIMENSIONS, miin} oo

BAROMETRIC PRESSURE, mm Mg (in. Hg)
CROSS SECTIONAL AREA, m{fd)

OPERATORS

PITOT TUBE 1.D. NO.

AVG. COEFFICIENT, Cg =
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CROSS SECTION
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Val. Kd. . &p P!
mm n} H20

15, 9C (9F) Ts. 2K {99)

mm My {in.Hg)
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R S
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3.6 Determune the stack gas dry molecular
weight. For combustion processes or uroe-
esses that emit essentiaily CQ,, Qs CO, and
N, use Method 3. For processes emuitting es-
sentially air. an analysis need not be con-
ducted; use a dry molecular weight of 29.0.
For other processes, other methods, subject
to the approval of the Administrator, must
be used.

3.7 Obtain the moisture content from
Reference Method 4 (or equivalent) or from
Method 3.

3.B Determine the cross-sectional ares of
the stack or duct at the sampling location.
Whenever possible, physically measure the
stack dimenmons rather than using blue-
prints.

Figure 2.5. Veloeity traverse data.

4. Calidration

4.1 Type S Pitot Tube. Before its initial
use, carefully examine the Type S pitot
tube in top, side. and end views to verify
that the f{ace openings of the tube are
aligned within the specifications illustrated
in Flgure 2-2 or 2-3. The pitot tube shall
not be used if it fails to meet these align-
ment specifications.

After verifying the face opening align-
ment. measure and record the following di-
mengions of the pitot tube: (1) the external
t.uhlnc dizmeter (dimension D.. Figure 2-2b);

and (h) the base-to-opening plane distances
{dimensjons £. and £,, Figure 2-2b). If D; is
between 0.48 and 0.95 cm (% and % in.) and

EPA STATIONARY SOURCE SAMPLING METHODS
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I P, and P; are equal and between 1.05 and
1.50 D,, there are two possible options: (1)
the pitot tube may be calibrated according
to the procedure outlined in Sections 4.1.2
through 4.1.5 below, or (2) a baseline (isolat-
ed tube) coeff{icient vaiue of 0.84 may be as-
signied to the pitot tube. Note, however, that
if the pitot tube is part of an aszembly, cali-
bration may still be required. despite knowi-
edge of the baseline coefficient value (se=
Section 4.1.1).

If D, P.. and P are outside the spech
limits, the pitot tube must be calibrate
gutlined in 4.1.2 through 4.1.5 below.



411 Type 8 Pitot Tube Assemblies.

' unng sample and veloeity traverses. the
jsolated Type S pitot tube is not always

D many

o

§

in instances. the pitot tube i3
+2190em 124 n) FOR Bg » L3 cm 12 ) pu.ntlgo::nnmu (m: sampling
+ . probe. nozzie) as part of an “assembly.” The
n pressnce of other sampiing components can

" sometimes affect the baseline value of the
=== Type S pitot tube coefficlent (Cltation 9 in
Section 6) therefore an assigned (or other-

I 0y TYPE § MITOT TUBE

i

SAMPLING NOZZLE

A, DOTTOM VIEW: SHOWING MINBAUM MTAT-NOZZLE SEPARATION. values will be identical only when the rela-
tive piacement of the components in the as-
sembly is such that asrodynsmic interfer-
ence effects are eliminated. Figures 2-6

SAMPLING ’::;;'&‘ / oAl through 2-8 illustrate interference-iree
PROME . . component arrangements for Type S pitot

: tubes having external tubing diameters be-
tween 0.48 and 0.95 em (% and % in.). Type

S pitot tube assemblies that fail to meet any

or all of the specifications of Flgures 2-8

IMPACT PRESSURE through 2-8 shall be calibrated according to
/ OPENING PLANE the procedure outiined in Sections 4.1.2

through 4.1.5 beiow. and prior to calibra-
tion, the vaiues of the intercomponent spac:

- ings (pitot-nozzie. pitot-thermocouple. pitot-
probe sheath) shall be measured and record-
ed.

TYPES
MTOT TUBE

Notz Do not use any Type 8 pitot tube
aasembly which is constructed such that the

NOZILE ENTAY
PLANE :

: ] . impact pressure opening plane of the piot
t below the en of the noztle
L SIOE VIEW: TO PREVENT PITOT TURE | t:::l‘i‘l.m oo try plans
FROM INTERFERING WITH GAS FLOW
STAEAMLINES APPROACHING THE Figure 2-8. Preper pitot tebe-sampling m;lt'z,‘ub?ﬂwﬂmmmﬁnﬁ“?mi
NODZZLE. THE IMPACT PRESSURE nozzte configarsiion t0 prevent asrodynamic tube be A and
OPENING PLANE OF THE PITOT TUBE interference: bultonnook-type noxzie: canters o om B permanently m‘u B
SHALL BE EVEN WITH OR ABOVE THE of noxzle and pitol opemng aligned: e thee, B. Calibration shall be done
NOZZLE ENTRY PLANE berween 0.48 and 098 cn (%is and Y in). flow sysmtem having the following essential
) design features:

Wali2em
Jind

THEAMOCDUPLE e THERMOCOUPLE
4/’;;: em (374 in)

Ll i o

— =
TYPE S PiTOT TUBE @ 6 TYPE S PITOT TUBE
R

Figure 2-7. Proper thermocouple placement Lo prevent interierence;
Dy between 0.4B and 0.95 cm {3/16 and 3/8 in.).

| (L TYPESPITOTT ‘ : ’
B %‘ﬂ;‘( t I PESPI UBE :
= H‘I Illrll II

I
i
| SAMPLE Plnnns ~— Y >7.62cm(3in) ——=
! ‘

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
D¢ between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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4.1.2.1 The flomng Fas stream must be
confined to a duct of definite cross-sectional
-melmermuormunmu.ﬁ'orm-
cuiar cross-sections. the minunum duet di-
ameter shall be 30.5 cm (12 in.); for rectan-
gular ons, the width (shorter side)
shall be st least 25.4 em (10 11L.).

41.22 The cruas-sectional ares of the
calibration duct must be constant over & dis-
tance of 10 or more duct diameters. For a
rectanguiar usé an equiviisnt
dizmeter, calculated from the follownng
equation. to determuns the number of duct
diamecers

2LW
= (LeWD
Equatien 2-1
where:
D.=Equivalent diamster
LaLength
W=Width

*  To ensure the presence of stable. fully de-
veloped flow pattarns st the calibracion site.
or “test section.” the site must be iocated at
least eight diameters downsiream and two
diameters upstream {rom the nearest dis-
turbances.

Norr The eight- and two-diameter crite-
ria are not absolute; other test section locs-
tions may be used {(subject to spproval of
the Administrator), provided that the flow
at the test site is stabie and demonstrably
parailsl to the duct axis.

4.1.2.3 The Now system shall have the ca-
pacity to gensrate a test-section velocity
around 918 m/min (3,000 ft/min). This ve-
locity must be constant with time to guaran-
tee steady flow during calibration. Note that
Type S pitot tube coefficients obtained by
single-velocity calibration at 915 m/min
(3,000 ft/mun) will generally be valld to
within =3 percent for the measurement of
velocities above 303 m/muin (1,000 (t/min)
and ta within =5 to 6 percent for the meas-
urement of velocities between 180 and 308
m/min (800 and 1,000 ft/min), If s more
precise correlation between C, and veloeity
is desired, the flow system shall have the cs-
pacity to generate af lesst four distinct,
time-invaniant test-section velocities cover-
ing the velocity range from 180 to 1,528 m/
mn (800 to 5.060 ft/rain). and calibration
dazs shall be taken at regular vejocity ineer~
vals over this range (see Cltations 9 and 14
in Sectton 8 for details),

4.1.2.4 Two entry porns, one each for the
standard and Type S pitot tubes. shall be
cut In the test section: the standard pitot
entry port shall be iocated siightly down-
strearn of the Type S port, %o that the

standard and Type S impact openings will
ile inn the same cross-sectional piane dquring
calibration. To faciitate alignment of the
pitot tubes during calibration, it is advisable
that the test section be constructed of plex-
igias or some ocher transparent material

4.1.3 Calibration Procedurs. Note that
this procedure 15 a general one and must not
be used without first referring to the special
considerstions presented in Section 4.1.5.
Note also that this procedure applies only
to singie-velocity calibration. Ta obtain cali-
bration dsta for the A and B sides of the
Type S pitot tube, proceed as follows:

4.1.3.1] Make sure that the manometer is
properiy filled and that the oil i3 free from
contapunation and is of the proper density.
Inspect and leak-cheek all pitoc lines: repar
or replace if BecesmAry.

PITOT TUBE IOENTIFICATION NUMBER: DATE:
CALIBRATED BY:
[ -a-siecausmarion |
Sogd 0tg) l
cm H20 cm H20 DEVIATION
RUN NO. {in. H20) (im #20) | Coig | Cols)-ColAl
1 | i | |
2 | | |
3 ; |
Cp (SIDEAY |
“B" SIOE CALIBRATION
o vy
cm :1';0 cm #20 DEVIATION
RUN NO. {in. H20) {in. ﬂ!ﬂl Cph] CQ{Q . C'lll
' |
b}
Cp (SIDE B)

3
< {Cqlil-Tpia OR B}

~+— MUST BE <0.01

AVERAGE DEVIATION = 2 {(AORB) =

€p ISIOE &) ~Cp ISIDE B) |~s—MUST BE < 0.1

Figure 2-9. Pitot tube calibration dara.

4.1.3.2 Level and zero the manometer.
Turn on the fan and allow the flow to stabi-
lize. Seal the Type S entry port.

4.1.3.3 Ensure that the manometer is
level and zeroed. Position the standard pitot
tube at the calibration point (determined as
outlined in Section 4.1.5.1). and alisn the
tube so that its tip is pointed directly into
the flow. Particuiar car should be taken in
aligning the tube to avoid yaw and pitch
angles. Make sure that the enwry port sur-
rounding the tube is properiy seaied.
4.1.3.4 Read A’ and record its value in a
dats table sumilar to the one showm in
Figure 2-9. Remove the standard pitot tube
from the duct and disconnect it {rom the
manormeter, Seal the standard entry port.
4.1.3.5 Connect the Type 8 pitot tube to
the manometer. Open the Type enury
part. Check the manomster level and zero.
Insert and align the Type 8 pitot tube so
that its A side impart opening is at the same

point as was the standard pitot tube and is
pointed directly into the flow. Make sure
that the entry port surrounding the tube i3
properiy sealed.

4.1.3.8 Read ap, and enter its value in the
data table. Remove the Type S pitot tube
from the duct and disconnect it from the
mapnometer.

4.1.3.7 Repeat steps 4.1.3.3 through
4.1.3.6 above unti! three pairs of Ap readings
have been obtained.

4.1.3.8 Repeat steps 4.1.3.3 through
4.1.3.7 above for the B side of the Type 8
pitot tube.

4.1.3.9 Perform calculations, as described
in Section 4.1.4 below.

4.1.4 Caleulations.

4.1.4.1 For each of the six bairs of ip
readings (i.e., three from side A and three
from side B: obtained in Section 4.1.3 sbove
ealeuista the value of the Type 8 pitot tv
coeffficient as foliows:

EPA STATIONARY SOURCE SAMPLING METHODS
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_T 'Ap....
Cr-uu—c--unll V- ap.

Flgantion 2-2

vhere:

Coup = e S pitot tube coefficient

C:.:..;rg?anwd pitot tube coefficient: use
0.99 if the coefficient is unknosm aod
the tube is designed according to the en-
terna of Secuons 2.7.1 to L7.35 of this
method.

APng=Velocity head measured by the stand-
ard pizot tube, cm H,O (i H.Q)

Ap, = Velooity head measured by the Type 8
pitot tube, cm H.O (in H.O)

€.1.4.2 Calcuiste C, (side A). the mean A-
side coefficient. and é‘. {side B). the mean B-
side coefficient: calcuiate the difference be-
tween these two average vilues,

4.1.4.3 Caleulate the deviation of each of
the three A-side values of G from G, (side
A), and the deviation of each B-side value of
Cows [rom G Cp (side B). Use the following
equation:

Devintivn mCyp=—Cal A or B)

Equation 2-3

4.1.4.4 Caleuiste ¢ the avernge devistion
from the mean, for both the A and B sides
of the pitot tube. Use the following equa-

Lion: s
z:cﬂnl"ap( A or i)
g{sidc Avr B) = i :

liauntion 2~4

4.1.4.5 Use the Type S pitot tube only If
the values of o (side A) and o (side B) are
less than or equal to 0.01 and If the absolute
value of the difference between C, (A) and
C, (B) i3 0.01 or lesa.

4.1.5 Specal considerations.

4.1.5.1 Selection of calibration point.

4.1.5.1.1 When an isolated Type S pitot
tubs 15 calibrated. select a calibration point
at or near the center of the duet, and follow
the procedures outlined in Sections 4.1.3
and 4.1.4 above. The Type § pitot coeffl-
clents so obtained. ie. (side A) and G,
(side B). will be valid. so long as either: (1)
the isolated pitot tube iz used: or (2) the
pitot tube is used with other components
(nozzie. thermocoupie, sample probe) in an
arrangement that is free from aerodynamic
interference effects (see Figures 2-8
through 2-8).

4.1.5.1.2 For Type S pitot tube-thermo-
couple combinations (without sample
probel, select a calibration point at or near
the center of the duct. and follow the proce-
dures outlined in Secticns 4.1.3 and 4.1.4
above, The coefficients so obtained will be
valid so0 long as the pitot tube-thermocoupie
combinstion is used by itself or wnth other
components 1n an terference-(reg arrange-
ment (Flgures 2-8. and 2-8).

4.1.53.1.3 For assemblies with sample
probes. the calibration pomnt should be lo-
cated at or near the center of the duct; how-
ever. insertion of a probe sheath into a
small duct may cause significant cross-sec-
tional area biockage and yield ineorreet co-
efficient values (Citation 9 in Section 8).

off-center {f necessary. The actual blockage
effect will be neglimble when the theoreti-
cal biockage. as determined by & projected-
ares model of the probe sheath. i3 2 percent
or lesa of the duct cross-sectional area for
assemblies without external sheaths (Figure
2-10a), and 3 percent or ieas for assemblies
with external sheaths (Figure 2-10b).

4.1.5.2 For those probe assembiles in
which pitot tube-nozile interference is a
factor (Le.. those in which the pitot-nozzle
separation distance fails to meet the specifi-
cation illustrated in Figure 2-8a), the value
of G depends upon the amount of free-
space between the tube and nezie. and
therefore i3 a function of nomie size. In
these instances, separste cailbrations shall
be performed with each of the commoniy
used nozzie sizes in piace. Note that the
singie-velocity calibration technique i3 ac-
ceptable for this purpose. even though the
larger nozzle sizes ¢ >0.635 cm or % in.) are
not ordinarily used for isokinetic sampling
at veljocities around 915 m/min (3.000 ft/
min), which is the callbrition velocity; note
aiso that it i3 not Nnecessary to draw an iso-
kinetic sampie during calibration (see Clta-
tion 19 in Section 8).

4.1.5.3 For a probe assembly constructed
such that ita pizot tube is always used 10 the
same orentation. only one side of the pitot
tube need be calibrated (the side which Wil
{ace the flow). The pitot tube must still
meet the alignment specifications of Pigure
2-2 or 2-3, however, and must have an aver-
age demiation @) value of .0l or iess (see
Section 4.1.4.4).

Therefore. to mummize the blockage effect.
the calibration point may be & [ew ihches
EXTERNAL
SHEATH
W
I e
' 1\
(]
ESTIMATED
SHEATH =1—"" |, 100
BLOCKAGE DUCT AREA
(%)

Figure 2-10. Projected-area models for typical pitot tube assemblies.
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Figure 2-10. Projected-ares models for typl-
cal pizot tube assembiies.

4.1.6 Field Use and Recalibration.

4.1.6.1 Fteid Use.

4.1.6.1.1 When a Type S pitot tube (iso-
lated tube or assembly) is used 10 the fleid:
the appropniate coefflcient value (whether
assigned or obtained by catibration) shall be
used to perform velocity caleuiations. For
calibrated Type S pitot tubes. the A side co-
efficient shall be used when the A side of
the tupe (aces the flow, snd the B side coef-
ficient shall be used when the B side faces
the flow: alternatively. the arithmetic aver-
age of the A and B side eoefficient values
may be used. irrespective of which side {aces

the flow.
4.1.8.1.2 When & probe sisembly is used

mnmplesmuauctuzmuu.mm
ter), the prope sheath sometimes bioeks a
sigruftcant part of the duct cross-aection.
causing a reduction o the etfective vaiue of
Coer. Consuit Cltation 9 in Section § for de-
ratls. Conventionai pitot-sampling probe as-
mmended for use in
ducts having inside

12 hﬁh;s (Citation 1§ in Section §).

4.1.6.2 Recalibration.

41.6.2.1 Isolated Pitot Tubes. After each
field use, the pitot tube shall be carefully
reexamined in top, side. and end views. i ¢
the pitot face openunsgs are still aligned
within the specifications illustrated in
Fligure 2-2 or 2-3. it can be assumed that the
bageline coeificient of the pitot tube has nat
changed. lf. however. the tube has been
damanged to the extent that it no longer
meets the specifications of Figure 2-2 or 2-
1. the darnage shall either be repaired to re-
store proper slignment of the {ace cpenings
or the tube shall be discarded.

4.1.6.2.2 Pitot Tube Assemblies After
each field use. check the face opening ailgn-
ment of the pitot tube, &s in Section
4.1.8.2.1: also, remeasure the intercompon-
ent spacings of the assembly. If the inter-
component spacings have not changed and
the face opening slignrment is acceptable. it
can be assumed that the coefficient of the
assembly has not changed. If the face open-
ing allgnment s no longer within the speci-
fications of Plgures 2-2 or 2-1. either repaur
the damage Or repiace the pitot tube (call-
brating the new assembly, If necessary). i
‘he intercomponent spasings have changed,
restore the ongnal spacings or recalibrate
the assemoly.

4.2 Standard pitot tube (if appileabie). If
a stanaard pizot tube 18 used for the velocity
traverse. the tube shall be constructed ac-
cording to the cnteria of Section 2.7 and
shail be assigned s baseline coefficient value
of 0.99. 1f the standard pitot tube is used as
part of an assembly, Lhe tube snall be 1n an
interfersnce-iree arrangement (subject to
the approval of the Adminustrator).

4.3 Temperature Gauges. After each
fleld use. calibrate dial thermometeri.
liqud-filied bulb thermometers. thermocou-
pie-potentiometer Systems, and other
gaUges atl i lemperature wncthin 10 percent
of the average absojute stack empermture.
For temperatures up to 408" C (761° F1, use
an ASTM mercury-in-giass reference ther-
mometer. or equivalent. as a reference: ai-
ternsuvely. either a reference thermocouple
and potentiometer (calibrated by NBS) or
thermometnc fixed points. e.4.. ice bath and
boiling water (corrected for barometnc pres-
sure) may be used. For temperatures above
405° C (761° F. use an NBS-calibrated refer-
snee thermocouple-potentiometer system or
an alternate reference. subject to the ap-
proval of the Admirustratar.

1!, during calibration. the absslute tem-
peratures measured with the gauge being
calibrated ana the reference SRUEE agree
within 1.5 percent. the temperature data
taken in tne fleld shail be valid
Otherwnse, the pollutant emission test shall
either be considered invalid or adjustmencs
(if appropniate) of the test results shall be
made. subject to the spproval of the Admin-
istrazor.

4.4 Barpmeter. Calibrate ‘the barometer
used sgainst a mercury barometer.

$. Cealculations

Carry out calcuiations, retaining at least
one extra dectnal figure beyond that of the
acquired asta. Round off {igures after finai

A=Cross-sectional ares of stack, m? (It

By = Water vapor in the gas stream {from
Method 5 or Reference Method 4). pro-
portion by volume.

C. = Pitot tube coetfictent. dimensionless.

X,=Pitot tube constant.

m [ {g/g-mok- 1 mm Hg) |2
34.97 _[ I Yiinm i)

"

for the meLric system and

ni AN nh fib Ik-molu)in. Hgl]m
W TR oY

far the English system.

M. =Molecular weight of stack gas. dry basis
(see Section 3.8) g/§-moie {ib/1b-molel.

M, =Molecular weight of StCK gAS. wet
basis. g/g-mole (lb/1b-mole).

=My (1 =Bg) ~18.0 B
Equation 2-5
2., =Barometric pressure &t measurement
site, mm Hg (in. Hg).
B, =Stack su:gfcpresure mm Hg (in. Hg

2,= Absojute stack gas pressure. mm Hg (in.

Hg.
=P+
Equation 3-8
P..=Standard sbsolute pressure, 1760 mm
Hg (29.92 in. Hg).

@u=Dry volumetne stack gas flow rate cor-
rected to standard conditions, dsemy/ hr
(dsef/nrl.

& =Stack temperature. *C (‘F).

T = Absolute stack temperature, "K, ("R).

=373+ for metnic

Egquacion 2-7
=480+ ¢ for English

Equation 3-8
Ta=Standard absoiuce temperature, 203 ‘K

(328° R)
m=Average stack gas velocity, m/aec (ft/

sec).
&-;eéomv nead of stack gas, mm H,O (n.
O
1.500=Conversion factor, sec/hr.
18.0=Melecular weight of water. g/g-mole
(Ib/lb-mole).
8,2 Average stack gas velocity.
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U, = K.C.(JE;‘JM.V ?—‘-—

Equation 2-9

5.3 Average stack gas dry voiumetnc flow
rate.

Qu=3.800(1 - Btk L(;:.:) (P—:')

> Equation 2-10

. “To convert Q,, from
dscm/hr {dsef/hr) to dsemy oun {dacf/
mun), divide Qe by 60"
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METHOD 3

MrerHOD 3—5as ANALYSTS POR Canson Diox-
oK, Oxyvcrn. EXcrss AIR. AND DRY MoLxe-
OLAR WEIGHT

1. Principle and Applicability

1.1 Principie. A gas sample is extracted
from s stack. by one of the {following meth-
ods: (1) single-point. grab sampling: (2}
single-point, integrated sampling: or (J)
multi-point. integrated sampting. The gas
sample is analyzed for percent carbon diox-
ide (COy), pertent oxygen (O,). and. if neces-
sary. percent carbon monoxide (CO) U a
dry molecular weight determination is to be
made, either an Orsat or a Fyrite * anaiyzer
may be used for the anslysis: for excess air
or emission rate correction factor determi-
nation. ann Orsat analyzer must be used.

1.2 Applicability. This method is applica-
ble for determuung CO, and O, concentra-
tions. excess air. and dry molecular weight
of 3 sampie from a gas stream of o fosali-
fusl combustion process. The method may
aiso be applicable to other processes where
it has been determined that compounds
other than €O, O, CO. and nitrogen (D.)
are not present in conceatrations sufficient
to affect the resuits.

Other methodas, a3 well as modifieations to
the procedure described herein, are siso ap-
plicable for some or all of the above deter-
munations. Examples of specific methods
and modifications inciude: (1) a multi-point
sampling method using an Orsat snalyzer to
analyze mndividual grab samples obtained at
each pont: (2) & method using CO, ar O,
and stoichiometric calculations to determine
dry molecular weight and sxcess air; (3) as-
signung a value of 30.0 for dry molecular
weight. in lieu of actudi measurements, {or
processes burnung natural gas. coal, or oul,
These methods and modifications may be
used. but are subject to the approval of the
Admunistrztor, U.S. Environmental Protec-
tion Agency.

2. Apparatus
As an alternative to the sampling appars-

may be used provided such J¥stams are ca-
pable of obtaiming & represensative sample
and mapnaning s constant sampling rate.
and are otherwise capable of yleiding ac-
ceptable results. Use of such systems is sub-
jeet to the spproval of the Administrator.

2.1 Grab Sampling (Figure 3=1).

2.1.1 Probe. The probe should be maide of
stainiess ateel or borosilicate giass tubing
and should be equipped with an in-stack or
qut-stack fliter to remove particuiate matter
(a plug of glass wool is satisfactory for this
purpose). Any other materials inert to O.
COs. CO. and N, and resistant to tempera-
ture at sampling conditions may be ured for
the probe: exampies of sueh material are
aluminum, copper. quarts giass and Teflon.

212 Pump. A opne-wuy squeeze bulb, or
equivalent, s used to transport the gas
sample to the analyzar.

2.2 Integrated Sampiing (Figure 3-3),

2.2.1 Probe. A probe such as that de-
scribed in Section 2.1.1 Is suitable.

\\Mention of trade names or specific prod-
ucts does not constitute endorsement by the
Environmental Protection Agency.

RULES AND REGULATIONS/AUGUST

222 Condenser. An air-cooled or water-
cooled condenser. or other condenser that
will not remove O CO,, CO. and N.. may be
used to remove excess moisture which
would Interfere with the operation of the
pump and flow meter.

223 Vaive, A needle vaive is used to
adjust sampie gus {low rate.

224 Pump. A leak-free, diaphragm-type
pump, or equivalent, is used to transport
sample gas to the flexibie bag. Install a
smail surge tank between the pump and
rate meter to eliminate the pulsation eifect
of the diaphragm pump on the rotameter.

225 Rata Meter. The rotameter, or
esquivalent rate meter, used should be capa-
ble of measunng flow rate to within =2 per.
cent of the selected flow rate. A flow rate
range of 500 to 1000 em?/min is suggested.

2.2.8 Flexible Bag. Any leak-free plastic
{(e.g.. Tedlar, Mylar, Teflon) or plastie-
coated aluminum (e.g., aluminized Mylar)
bag, or equivalent, having & capacity con-
sistent with the selected flow rate and time

yd

\ FILTER (GLASS WOOL)

PROSE

18, 1977

length of the test run, may be used. A ca-
pacity in the range of 33 to 90 liters is sug-
gestad.

To leak-cheek the bag, connect it to a
WALSF rAAnometer and preasurize the bag to
5to 10 cm H,O (2 to ¢ in. H.O) Allow to
stand for 10 minutes. Any displacement in
the water manometer indicates s leak An
alternative leak-check method is to pressur.
ize the bag to & to 10 em H,O (2 to 4 in. H.Q)
anag allow to stand overrught. A defiated bag
indicates a leak

2.2.7 Pressure Gauge. A water-flllegd U-
tube marometer. or equivalent, af about 3
cm (12 1n) is used for the flexible bag leak-
checi,

2.2.8 Vacuum Gauge. A mercury mancm-
eter, or equivalent, of at least T80 mm Hg
(30 in. Hg) ls used for the sampling tramn
leak-check.

23 Analysis. For Orsat and Fyrite ans-
lyzer maintenance and operation proce-
dures, follow the instructions recommended
by the manufacturer, uniess otherwige spec-
Ified herein.

FLEXIBLE TURING

“TO ANALYZER

SOUEEZE sULS

Figure 3-1. Grab-sampuing irain,

AIR-CDOLED
CONDENSER

VALVE

RATE METER

SURGE TANK

PRUBE (r

N

wvr

N

FILTER
[GLASS wOoL)

-

RIGID CONTAINER |

VALVE

TTh

Figute 3-2, Integrated gas-samphng ran.
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2.3.1 Dry Molecular Weight Determina-
tion. An Orsat anslyzer or Fyrte type com-
bustion gas ANAiYZer may be used.

232 Em:ss:on Rate Correction Factor or
Excess Alr Determination. An Orsal anaiys-
er must be used. For low CO, (less than 4.0
percent) or high O, (grester that 13.0 per-
cent) concentrstions. the measuring burette
of the Orsat must have ai leass 0.1 percent
subdivisions.

1. Dry Molscular Weighkt Determination

Any of the three sampling and analytieal
procedures described below may be used for
determinng the dry moiecular weight.

3.1 Singie-Point, Grab Sampling and An-
alyucal Procedure.

3.1.1 The sampling point in the duect
shall either be at the centroid of the cross
smmnoralapom:mclmwmnilns
than 1.00 m (3.3 ft), uniess otharwise speq-
[ied by the Adnunistrator. ’

Figure 3-1. msking sure all

akhead of the anaiyvzer are tight and leak-
free. I and Orsac analyzer is used. it is rec-
ommended that the analyzer be lemked-
checked by following the procedure in Sec-
tion 5: however, the leak-check is optional.

1.1.3 Place the probe in the stack, with
the tip of the probe positioned at the sam-
aling point: purge the sampling line. Draw a
sample mto the analyzer and immediately
mn.lmic!orperumco.mdpmto..
Determine the percentage of the gas that is
N, and CO by subtracting the sum of the
percent CO, and percent O, {rom 100 per-
cent. Calculate the dry molecular weight as
indicated in Section 4.3.

1.1.4 Repeat the sampling, analysis, and
cauculation procedures, uncil the dry moiec-
uiar werghts of any three grab sampies
differ {from their mean by ne more than 03

g/g-moie (0.3 1b/lb-mole). Average thess

three molecular weights. and report the re-
sults to the nearest 0.1 g/g-mole (1b/1b-
mole).

1.2 Single-Point. Integrated Sampling
and Anaiytical Procedure.

1.2.1 The sampiing point In the duet
shall be iocated as specitied In Section 1.1.1.

3.2.2 Lesk-check (optional) the flexible
bag a3 in Section 2.2.6. Set up the equip-
ment a3 shown in Figure 3-2. Just prior to

pumyp. The vacuum shouid remsin stable for
at least 0.5 minute. Evacuate the flexible
bag. Connect the probe and place it in che
stack, with the tip of the probe positioued
at the sampling point: purge the sampling
line. Next, connect the bag and make sure
¢hat all connections are tight and leak free.

1.2.3 Sampie at a conatant rats. The sam-

tion 2. at least 30 lters (1.00 £t% of sampie
S . " oCO ed: however, smaller .voi-
umes —ay be collected. if destred.

3.2.4 Obwmain one intesrsted flue gas
sampie during each poliutant emission rate
deterrunation. Within 8 hours after the
umpleumen.mﬂmlttorpm:en:co.
and percent C. using either an Orsat analyz-
er or & Fyrte-lype combustion ghs ADAIYZET.
If an Orsat analyzer is used, it is recom-
mended that the Orsat leak-check described
in Section 5 be performed before this deter-
munation: however, the check is optional.

Determ:ne the percentage of the gas chat is
N, an¢ CC by subiracung the sum of the
percent CO, and percent O: from 100 per-
cent. Calcuiate the ¢ry moiecular weight as

3.25 wmcmmmmuon
procedures until the individual dry moiecu-
lar weights for any three analyses differ
from their mesn by no more than 0.3 &/
moie (0.3 1b/lb-mole). Average these three
molecular weights. and report the results to
the nearest 0.1 g/g-mole (0.2 1b/1b-moie)l.

33 Multi-Point, Integrated Sampiing and
Analytics] Procedure.

3.3.1 Unless otherwise specified by the
Administrator, s minimum of eight traverse
points shall be used for circular stacks
having diameters less than 0.81 m (24 in.), a
mintmum of nine shall be used for rectangu-
iar stacks having equivalent diameters less
than 0.51 m (24 in.). and a minimum of
twelve traverse points sbsll be used for all
other cases. The traverse points shall be lo-
cated according to Method 1. The uss of
{ewer pouits is subject to approval of the
Administrator.

3.3.2 Follow the procedures outlined in
seetions 3.2.2 throught 3.2.5. except for the
following: traverse sll sampling points and
sample at eschit point for an equal length of
time. Record sampling data &3 shown In
Plgure 3-3.

4. Emission Rate Correction Factor or
Ezcess Air Determination

Norz A Fyrite-type combustion gas ana-
iyzer is not acreptable for excess air or emis.
sion rate correction factor determanstion,
unless approved by the Administrator. If
both percent CC, and percent O, are meas-
ured. the analytical resujts of any of the
three procedures given below may slso be
used for ecaicuiating the dry molecular
weight.

Each of the three procedures below shall
be used only when spacified in an applicable
subpert of the standards. The use of these
procedures for other purposes must have
specific prior spproval of the Administrator.

4.1 Single-Point, Grad Sampling and An-
alytical Proceaure.

4.1.. The sampling point in the duct
shall either be at the centroid of the cross-
section or st a point no closer to the wally
than 1.00 m (3.3 {t). uniess otherwise speci-
fled by the Administrator.

4.1.2 Set up the equipment as shown in
PFlgure 3-1. making sure all connections

.ahud of the analyzer are tight and leak-
free. Leak-check the Orsat analyzer accord-
ing to the procedure described in Section 5.
This leak-check is mandatory.

FIGURE J=-3—SAMPLUNG RATE DATA

Time Q tpm % dev."

——

+9y Doy, @ (O—0pg/Coy X 100 (Mustos ¢10%{)
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4.1.3 Place the probe in the stack. with
the tip of the probe pomtioned at the sam-
pling powt: purge the sampling line. Draw 2
sample i0to the analyzer. For emission rate
correction {actor determunation, umnediate-
ly soalyze the sample, as outlined in Sec.
tions 4.1.4 and 4.1.5, for percent CO, or per-
ceng O, If excess air is proceec as
follows: (1) immediataly anaiyze the samp:e
as in Sections 4.1.4 and 4.1.5. lor percent

4.2 Single-Point, Integrated Sampling
and Analytical Procedure.

42.] The sampiling point in the duet
shall be located as specified in Section 4.1.1.

422 Lesk-check (msndatory) the fexi-
ble bag aa in Section 2.2.8. Set up the equip-
ment as shown in Figure 3-1 Just prior to
sampling, lesk-cheek (mandatory) the train
by placing & vacuum gauge it the condenser

)
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4.2.8 To insure complete absorption of
the CQ. O. or i sppiicsble. CO. maxe re-
peated Dasses through each absorbing solu-
tion until two consecutive readings are the
same. Several passes (three of four) should
be mske between readings. (If conscant
readings cannot be obtained after three con-
secutive resdings, repiace the absorbing so-

lutton.)

¢.2.8 Repest the analysis uncil the fol-
lowing critena are met.

4.2.8.1 For percent CO,, repeat the ana-
lytieal procedure until the results of any
three analyses differ by no more that (a) 0.3
percent by volume when CO, i3 greater than
4.0 percent or (b) 0.2 percent by volume
when CO, 1s less than or equal te 4.0 per-
cent. Average the three acceptabie values of
percent CO, and report the resuits to the
nearest 0.1 percent.

4.2.8.2 For percent O repeat the unalyti-
cal procedure until the resuits of any three
anaiyses differ by no more than (a) 0.3 per-
cent by volume when O, is less than 15.0
percent or (b) 0.2 percent by volume when
O, is greater than or equal to 15.0 percent.
Average the three acceptable values of per-
cent O, and report the resuits to the nesrest
0.1 percent.

4.2.4.3 Por pereent CO, repeat the ana-
Iytical procedurs until the resuits of any
three anaiyses differ by no more than 0.3
percent. Average the three acceptable
values of percent CO and report the resuits
to the nearest 0.1 percent. ’

4.2.7 After the analysis is completed.
leai-check (mandatory) the Orsat anaiyzer
once again, as described in Section 5. For
the results of the analyss to be valid, the
Orsat analyzer must pass this jeak test
before an after the analysis.

Norr: Although in most instances only
€O, or O is requured. it is recommended
that both CO, and O, be measured, and that

Section 4.4.1 be used to
validate the anaiytical data

4,3 Muiti-Point. Integrated Sampling and
Analytical Procedure.

4.3.1 Both the mmimum number of sam-
pling pownts and the sampiing pownt location
shall be as specified in Section 3.3.1 of this
method. The use of fswer pownts than speci-
fled is sub)ect to the approval of the Admin-
istrator.

4,32 Follow the procedures outlined in
Sections 4.2.2 through 4.2.7. except for the
followwng: Traverse all samplitg points and
sample at each pownt for an equal length of
time. Record sampiing data as shown in
Figure 3-3. .

4.4 Quality Control Procedures.

4.4.]1 Dats Validation When Both CO.
and O, Are Measured. Although in most in-
stances, only COy or O: measurement is re-
quired. it is recommended that both COn
and Oy be measured to provide a check on
the quality of the data. The {ollowing qual-
ity control procedure is suggested.

Nortx Since the method for validating the
CO, and Oy anaiyses 1 based on combustion
of organic and foasil fueis and dilution of
the gas stream Wwith air, this method does
niot apply to scurces that (1! remove CG, or
O. through processes other than combus-
tion, (2) add Oy (e.g.. OXygen enrichment)
and N, in proportions different from that of
&ir, (3) add CO: (e.g.. cement or lime kilns).
or (4) have no [uel factor. F,. values obtain-
able (e.g. extremely variable waste mix-
turesa). This method validates the messured
proportions of COy and O, for the fuel type,
but the method does not detect sample dilu-
tion resulting [rom ieaks during or after
sampie collection. The method is applicable

for samples collected downastiream of most
lime or limestone (lue-gas gesulfurization
units as the COr lddglgr removed from mr.:
stream is not sl jcant in reiation

"J‘l: totai CO1 econcentration. ‘The COy con-
centrations (rom other types of scrubbers
using only water or basic siurry can be sig-
nificantiy aifected and would render the F,
check useful.

4.4.1.1 Calculate s fuel factor, F,. using

the (ollowing equation.

20.9-%0:
T aco
Bg. 3-3
Where:

7,0, = Percent O; by volume (dry basiz).

2,C 04 = Percent CO, by volume (dry basis).
20.9 = Percent O: by volume 10 ambient alr.
1t CO Is present in quantities measurabie by
this method. adjust the Qs and COy values
pefore performing the calculation for F, as
follows:

%, COad))=RHCOy+%CO

o Oniad)) = %0:. 0.5 %CO

Where: %CO=Percent CO by volume (dry
basis).

. £4.1,2 Compare the calculated F, factor
with the expected F, vaiues. The following
table may be used in estabiishing acceptable
ranges for the expected F, if the fuel being
burned is known. When fueis are burned in
combination. calculate the combined fuel P,
and F. factors (as defined in Method 19) ac-
cording to the procedure in Method 19 See-
tion 5.2.3. Then calcuiate the F, factor as
follows:

0.20¢ F,
.-—
P,
Eq. 3-4
Fust tvoe © F,ramge
Coa: !
ARTVELNE S0 MGME....coceeecrnreeee—a 1.018=1,100
Bisnous. ; 1.083-1.220
Ot |
Divutiows ! 1.200-1.413
Remoun | 1.210-1.370
Gas: |
Nakrs , 1.800-1.838
Progans L434=1.508
Butang }o1.a05-1.553
Woad 1.000-1.120
Wood bark 1.003-1.130

Calculated F, values beyond the accepta-
ble ranges thown in this table should be in-
vestigated before accepting the test resuita.
Por exampie. the strength of the solutions
in the gas analyzer and the analyzing tech-
nique should be checked by sampling and
anaiyzing & known concentration, such as
air; the fuel Iactor should be reviewed and'
verified. An acceptability range of =12 per-
cent is approprnate for the F, factor of
mixed {uels with variable fuel ratics. The
level of the emission rate relative to the
compliance level should be considered in de-
terouning if a retest is appropnate, ie., if
the measured SmMISKONs are much lower or
much greater than the compiiance limit,
repetition of thetest would not significantly
change the compliance status of the source
and would be unnecessarily time-consuming
and costly.
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5. Leak-Check Procedure for Orsot Analyzers

Moving an Orsat analyzer [requently
causes it o ieak. Therefore. an Orsat ana-
yzer should be throughly leak-checked on
site before the flue gas sampie is itroduced
into it. The procedure for leak-checking an
Orsac anaiyzer is

§.1.1 Bring the liquid level in each pi-
muunwmn!emumnkonmeﬂnu-
lary tubing and then close the pipette siop-
cocic.

5.1.2 Raise the leveling bulb sufficiently
to bring the confining liquid meniscus onto
the graduated portion of the burette and
then close the manifold stopcocic.

5.1.3 Record the meniscus position.

5.1.4 Observe the memcus in the burette
and the lquid level in the mpette {or move-
ment over the next 4 minuted

5.1.5 For the Orsat analyzer to pass the
leak-check. two conditions must be met.

§.1.5.1 The liquid level In each pipette
musz not fall below the bottom of the capil-
lary tubing during this 4-muatite interval.

5,152 The menuscus in the burette must
npot change by more than 0.2 ml during this
4-minute interval

8.1.8 If the analyzer fails the leak-check
procedure, all rubber connections and stop-
cocks should be checked until the cause of
the ieak is identified. Leaking stopcocis
must be disassembled. cleaned, and re-
greased. Leaking rubber connections must
be repiaced. After the analyzer is reassem-
bled, the leak-check procedure musc be re-
peated.

4. Caiculations
4.1 Nomeneciature.

&.:oxz molecujar weight, g/g-mole (1b/1b-

).

LA =Percent excess air.

%00, =Percent CO, by volume (dry basis).

&0, =Percent O, by volume tdry basis).

%,CO =Percent CO by voiume (dry basis).

o, N,= Pereent N, by volume (dry basis),

0.284 = Ratio of O, to N, ip air, v/v.

0.280 = Molecuiar weight of N, or CO, divid-
ed by 100.

oszgauoleeuh.r weight of O, divided by

0.440 = Molecular weight of CO. divided by
100.

8.2 Percent Excess Alr. Calculate the per-
cent exceas wr {f applicable), by substitut-

ing the appropriate values of percent O.
CO, and N: (obtained from Section 4.1.3 or
4.2.4) into Equation 3-1.

% EA=
%0,=0.5% CO
0.284% Ny = (%,0,—0.5 % CO

Equation 3-1

Norz: The equation above assumes that
ambient air is used as the source of O, and
that the fiel does not contain appreciable
amounts of N, (as do coke oven ar blast fur-
nace gases). For those cased when apprecia-
ble amounts of N, are present (coal. oil. and
natural gns do not contan appreciable
amounts of N,) or when oxygen enrichment
is used, alternste methods, subject to ap-
proval of the Administrator, are required.

§.3 Dry Molecuiar Weight. Use Equation
3-2 to caleulate the dry moiecular weight of
the stack gus
M w0440 %HC0O,) +0.320 %0+

0.280{%N,+ %CO)
Egquaticn 3-2

x 100




Nore The above equation does not consid-
er argon in ar (about 0.§ percent, molecu-
lars weight of 37.7). A negative error of
about 0.4 percent is introduced. The Lester
may opt to include argon in the anaiyms
using procedures subject to approval of the
Administrator.
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Titm 4 A

MrrRoD S—DETERMINATION OF PARTICOLATE
Enrasrons Prou STATIONART SoURcES

+ 1. Principle and Applicability

1.1 Principle. Particulate matter is with-
drawn ' isokineticully from the souree and
collected on a giass fiber filter maintained
AL & temperature in the mnge of 120=14" C
{24825" P) or such other temperature ag
Specified by an applicable subpart of the
suandards or approved by Adminirrator,
U.S. Environmental Protection Agency. for
L particular application. The particulate
mass. which includes any material that con.
denses at or above the filtration tempera-
ture, is determined gravimetrically after re-
.moval of uncombined water.

1.2 Applicability, This method is appliea-
ble for the determination of particulate
emissions from stationary sources,

2. Apparaius

2.1 Slmnung'l‘rl.ln..na:hemtlcorthe
sampling train used in this method is shown

tails

0581 and for sliowable modifientions of the
tn.tnlhmmﬂmres-l.leetnetouowin;
subsections,

The opersting and mamtenance proce-
dum!cr:heumnuntmmdueﬂbedin
APTD-0576 (Citstion 3 in Bibliography:.
Since correct usage is important in obtain-
ing valid resuits, all users should read

RULES AND REGULAT IONS/ AUGUST 18, 1977

2.1.1 Probe Nozle. Stainless steel (316)
or glass with sharp. tapered leading edge.
The angle of taper shall be <30" and the
taper shall be on the outside to preserve a
constant internal diameter. The probe
nozrie shall be of the button-hook aor elbow
design. uniess otherwise specified by the Ad-
mupistrator. If made of stainless steel. the
nezzie shall be constructed from seamless
tubing; other materials of construction may
be used. subject to the approval of the Ad-
rainistrator.

A range of nozzle suitabile for isokin.
etic samniing shouid be available, e.g.. 0.32
to 1.27 cm (% to % in)—or larger if higher
volume sampling trains are used—inside di-
ameter (ID) nozzies in increments of 0.18 cm
(%e in.). Each nozzle shall be calibrated ac-
cording to the procedures outlined in See-
tion §.

2.1.2 Probe Liner. Borosilicate or quartz
glazs tubing with a hearing system capabie:
of mamntaining a gas temperature at the exit
end during sampling of 120=14" € (248=25"
F). or such other temperature as specified
by an applicable subpart of the standards or
approved by the Administrator for a par-
ticular application. (The tester may opt to
operate the equipment at a temperature
lowsr than that specified.) Since the astual
temperature at the outlet of the probe is

Am-os'lll.ndldopt:heommﬂ APTD-0578 (or catibrated to the
ImAintenance procedures outlined tn procedure outlined in APTD-0576) will be
unless atherwise specified herein. The sam. sonsidered acceptable,
pling train consists of the following compo-
nents:
TEMPERATURE SENSOR
/
|~ PROBE
T —— THERMOMETER
TEMPERATURE EATED AREA
PITOT TUSE SENSOR FILTER HOLDER
PROBE

AEVERSE-TYPE
PITOT TUBE

PITOT MANOMETER

THEAMOMETERS

ORIFICE

Either borosilicate or quartz glass probe
liners may be used far stack

shall be used for temperacures between 480
and 300° C (900 and 1.850° ). Both types of
liners may be used at higher temperatures
than specified for shorx periods of time, sub-

tlemperature for borosiicate
Is 820° C (1.508" F}, and for quartz it is 1.500"
C(2.,732" ™.

Whenever practical. every effort should
bemmuehomdunuorqmﬂ:nm
probe liners. Altermacively, metal liners
(e.5.. 316 stunisss steel Incoloy 825.* or
other corrosion resistant merals’ made of
seamiess tubing may be used, subject to the
approval of the Admanistrator,

213 Pitot Tube. Type 8, a3 described in
Section 2.1 of Method 2, or other device ap-
proved by the r. The pitot tube
shall be attached to the probe (as shown n
Figure 5-1) to allow constant monitoring of
the stack gas velocity. The impact (high
pressure) opening plane of the piter tube
shall be even with or above the hozzle entry
plane (see Method 2 Figure 2-6b} during
sampling. The Type S pitot tude assembiy
shall have a known coefficient. determined
a8 outlined [n Section 4 of Method 2.

Mention of trade names or specific prod-
uct does not constitute endorsement by the
Environmental Protection Agency.

IMPINGER TRAIN DPTIONAL, MAY BE REPLACED
8Y AN EQUIVALENT CONDENSER

THEAMOMETER
CHECK
.~ VALVE

T VACUUM
e LINE

AIR-TIGHT
PUMP

Figure 8-1. Particulate-sampling train.

DRY GAS METER

EPA STATIONARY SOURCE SAMPLING METHODS

Page §-i REV 2 4768



2,1.4 Differenua Presswre Gauge. In-
clined mancmeter of equivilent device
{two). a5 deseribed [n Seetion 2.2 of Method
2. One manometer shall be used or velocity
head (a0) readings, and the other, for ontice
differentis pressure resdings. -

2.1.5 Filter Holder. Boruosilicate giass,
with a glass frit filter suppeort and & allicone
rubber gasket. Other matenials of construc-
tion (e.g.. stainiess steel. Teflon. Viton) may
be used. subject to approval of the Admims-
trator. The holder design shall provide a
positive seal against leakage from the out-
side or around the fiiter. The holder shail
be attached immediateiy at the outlet of the
probe (or eycione, it used).

2.1,6 Pllter Heating System. Any hesting
syscem capable of mantaning a tempers-
ture around the filter holder during sam-
piing of 120=14" C (248=2%" P, or such
other temperature as specified by an appii-
cable subpart of the standards or approved
by the Administrator for a particular appll-
cation. Alternatively. the tester may opt to
operate the egqupment at 3 temperature
lower than that specified, A temperature
gauge capable of messuring temperature to
onthin 3° C {5.4° F) shall be installed 30 that
the tempersture around the fiiter holder
can be reguiated and monitored during sam-
pling. Heaung systems other than the one
shown in APTD-0881 may be used.

2.1.7 Condenser. The following .system
shail be used to determmne the stack gas
moisture content: Four impingers connected
in senes with leak-free ground glass fittings
or any simular leak-free non-contaminating
fittings. The first. third and fourth im-
pingers shall be of the Greenburg-Smith
desigr. modified by repiacing the tip with
1.3 cm (% in.) ID glass tube extending to
about 1.3 cm (% in.) from the bottom of the
flask. The second impinger shall be of the
Greenburg-Smith desagn with the standard
tip. Modifications te.g.. using flexible con-
nections between the impingers. using mate-
rals other than glass, or using flexible
vacuum lines to connect the {ilter hoider to
the condenser) may be used. subject to the
approval of the Admuustrator. The {lrst and
second impingers shall contan kKNOwN quan-
tities of water (Secuon 4.1.3). the third shali
be empty. and the fourth shall contan 3
xnown weignt of silica gel. or equivalent
desiccant. A thermometer. capable of meas-
urng temperture to wathin 1° C (2° F) shall
be placed at the outlet of the fourth imping-
er for monitornng purposes.

Alternauvely, any system that cools the
sampie gas stream and allows measurement
af the water condensed and mousture leav-
1ng the condenser. eacn towithun lmiorl g
may be used, subject to the approval of the
Adrumistrator. Acceptable means are to
measure the condensed water eithar gravi-
raetrically or voiumetrically and to measure
the moisture lsaving the condenser by: (1)
monitoring the temperature and presyure at
the exit of the condenser and using Dalton's
law of partisl pressures: or (2) pasmng the
sample hag stream through a cared stlica gel
(or eqmuvalent demceant) trap With exit
gases kept beiow 20° C (88" F) and determun-
ing the weight gun.

1If means other than silica gel are used to
determune the amount of moisture leaving
the condenser. It 11 recommended that silica
gel tor equavaient) still be used between the
condenser syste= and pump {0 prevent
moisture condersation in the pump and me-
tering devices and 1o avold the need to make
correetions for motsture in the metered
volume.

NoTtz If a determunation of the particu-
late matter collected in the impungers is de-
sired in addition to moisture content, the
impinger system described above shall be
used, without modifieation. Individual
States or control agencies requiring this n-
formation shall be contacted a3 to the
sample recovery and analysis of the imping-
er contents.

2.1.8 Metering System. Vacuum gsuge.
leak-free pump. thermometers capable of
measuring temperature to within 3* C (3.4°

capabis of

within 2 percent may be used. subject to the
approval of the Administrator. When the
metering system is used in conjunction with
a pitot tube, the system sball enabis checks
of isokinetic rates.

Sampling trains utilizing metering sys-
tems designed for higher flow rates than
that decribed in APTD-0S81 or APDT-0570
may be used provided that the specifica-
tions of this method are met.

2.1.0 Barometer. Mercury aneroid. or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg). In many cazes the barometric
resding may be obtained from a nearby na-
tional weather service station. in which case
the station vaiue (which is the sbsolute bar-
ometric pressure) shall be requested and an
agjustment for elevation differences be-
tween the weather station and sampling
poit shall be appiied at & rate of minus 2.5
mm Hg (0.1 in. Hg) per 30 m (100 {t) eleva-
tion incresse or vice verss [or elevation de-
crease

2,1.10 Gas Density Deterrmination Equip-
ment. Temperature sensor and pressure
gauge, as described 1n Sections 2.3 and 2.4 of
Method 2. and gas anaiyzer. if necessary, as
described in Method 3. The temperature
sensor shall, preferably. be permanently at-
tached to the pitot tube or sampling probe
in a fixed configuration. such that the tip of
the sensor extends beyond the leading edge
of the probe shesth and does not touch any
metal. Alternacively, the sensor may be at-
tached just prnior to use in the fleld Note.
however, that if the temperature sensor is
attached in the fleld. the sensor must be
placed in an interference-ires arrangement
with respect to the Type S pitot tube open-
ings (see Method 2. Pigure 2-7). As a second
aiternacive. if 3 difference of not more than
1 percent in the average velocity measure-
ment is to be introduced. the temperature
gauge need pot be attached to the probe or
pitot tube. (This alternative is subject to the
approval of the Administator.)

2.2 Sampie Recovery. The (following
items are needed.

2.2.1 Probe-Liner and Probe-Nozzle
Brushes. Nylon bristle brushes with stan-
less steel wire handles. The probe brush
shall have extensions (at Jeast as long as the
probe) of stanless steel, Nylon. Teflon. or
sumilarly inert matenial The brushes shall
be properiy sized and shaped to brush out
the probe liner and nozzle.

2.2.2 V7aan Botties—Two. Glass wnah
bottles are recommended: poiyethylens
wash bottles may be used at the option of
the tester. It is recommended that acetons
nat be stored in polyethylene bottles for
longer than s month.

223 Glass Sample Storage Contaners.
Chemically remstant. borosilicate glass bot-
tles. for aceions washes, 500 mi or 1000 mi.
Serew cap liners shall either be rubber-
backed Teflon or shall be constructed 3o as
to be leak-free and remstant to chemuca’
attack by acetone. (Narrow mouth glass bot
tles have been found to be less prone to
leakage.) Alternatively, polyetiiyiens bottles
may be used.

224 Petrl Dishes. For fliter samples,
glass or polyethylene. unless otherwise spec-
ified by the Adminiscrator.

229 Graduated Cylinder and/or Bal-
ance. TO measure condensed watef to within
1 mil or | g Graduated cylinders shall have
subdivisions no greater than 2 mi. Most lab-
oratory balances are capable of weighung to
the nearest 0.5 g or less. Any of these bal-
ances is suitable or use here and in Sectlon
234

72.28 Plastic Storage Containers. Air-
tight containers to store silica gel.

227 Punnei and Rubber Policeman. To
aid in transfer of silica gei to contaner; not

228 Punnel Giam or polyethylene. to

ment

237 Tempersture Gsuge. To measure
the tamperature of the iaboratory environ-
ment.

1. Recgenis

3.1 Sampling. The reagents used in samr
pling are as follows:

3.11 Flters. Glass ffher fliters. without
omm.mnmassper-
cant efficiency (<0.05 percent Denetration}
on 0.3-micron dioctyl phthalate smoke parti-
cles. The fiiter effictency test shall be con-
ducted in accordance with ASTM standard
method D2986-71 (Reapproved 1978) (incor-
porated by reference—see § 60.17). Test data
[rom the suppiter's quaiity control program
are sufficient for this purpose [n sources
containing SOy or SO, the [liter matenal
must be of a type that is unreactive to SO
or SO. Citation 10 in Section 7 Bibliogra-
ptll:r.wuundammunmm
filter.

3.1.2 Siliea Gel Indieating type. 6 to 18
meah. If previousiy used, dry st 173° C (350°
P) for 2 hours. New zilica gel may be used =3
recaived. Alternatively, other types of desic-
cants (equivalent or better) may be used.
subject to the approval of the Admunistra-
tor.
3.1.3 Water. When analysis of the mate-
rial caught in the impingers is required, dis-
tilled water shall be used. Run blanks prior
to fleld use to eliminate & high blanik on test
samples.

3.1.4 Crushed Ica.

31.1.5 Stopcock Grease. Acetous-inscluble,
heat-stable silicone gresse. This is Dot neces-
sary if screw-on connectors with Teflon
slesves. or similar, are used. Alternatively.
other types of stopcock grease may be used.
subject to the approval of the Administra-
tor.
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sle Recovery. Acetone-reagent
percent residue, \n glass bot-
red. Acetone [{rom metal con-
«nerally has a high residue blank
used. Sometimes, suppii-

be used. In no case shall a blank vaiue of
greater than 0.001 pereent of the weight of
acetone used be subtracted from the sample
weight.

3.3 Anslywis. Two resgents are required
for the analyns

3.3.1 Acetcne. Same as 3.2,

3.1.2 Desiccant. Anhydrous calclum sul-
fate, indicating type. Alternatively, other
types of desiceants may be used. subject to
the approval of the Administrator.

4. Procedure

4.} Sampling. The complexity of this
method s such that. in order to obtaun reil-
able resuits. testers should be trained and
experienced with the test procedures.

411 Pretest Preparation. It is suggesied
‘hat sampiing squipment be maintained
according to the procedures described in
APTD-0576,

Weigh several 200 to 300 g portions of
silica gel in air-tight containers to the near-
est 0.5 g. Record the towal weight of the
silien pel pius container, on each container.
As sn ajternative, the silics gel need not be
prewsighed, but may be weighed directly in
the impinger or sampling holder just pnor
to train assembly.

Check filters visually against light for ir-
regulanties and flaws or Mmnhole leaxs.
Labe] filters of the proper diamster on the
back side near the edge using numbenng
machine tnk. As an alternacive, label the
shipplag containers (glass or Diastie petri
dishes) and keep the fllters 1n these contain-
ers at all tines except duriig sampling and
weighung.

Desiccate the filters at 20=5.6° C (88x10"
P and ambient pressure for at least 24
hours and weigh at intervals of at least 8
hours to a constant weight. ie. 0.3 mg
change from previcus weighing; record re-
sults to the nearest ¢.1 mg. During esch
weighing the filter must not be exposed to
the Iaboratory atmoaphere for a period
greater than 2 minutes and s relative hu-
midity above 50 percent. Alternatively
(unless otherwise specified by the Adminis-
trator?. the filters may be oven dried at 108°
C (220" P for 2 ta 3 hours. desiceaged for 2
hours, and weighed. Procedures other than
those described. which account for relative
humidity effects. may be used, subject to
the approval of the Administrator.

4.1.2 Preliminary Determinations. Select
the sampiing site and the minimum number
of sampling points according to Method 1 or
as specified by the Administrator. Deter-
mine the stack pressure, temperature, and
the range of velocity leads unng Method 2:
it {s recommended that 3 leak-check of the
pitot lines (see Method 2. Section 3.1) be
performed. Determine the mouture content

using Approximation Method 4 or i1ta alter-
natives for the purpose of maiing isokinetic
sampling rate settings. Determune the stack

gas dry moiecuiar weight. as described in
Method 2. Section 3.6: if integrated Method
3 sampiing is used for molecular weight de-
terminavion. the integrated bag sampie
shail be taken simultaneously with. ang {or
the same total length of time as. the partic-
ulate sample run.

Select a nozzie size based on the range of
velocity heads. such that it is not Necessary
to change the nozle size In order to main-
tain i1sokmnetic sampling rates, Dunng the
run. do not change the nozzle size. Ensure
that the proper differental pressure gauge
is chogen for the range of velocity heads en-
countered (see Section 2.2 of Method 2).

Select a suitable probe liner and probe
length such that all traverse poLnts can be
sampied. Por large stacks. consider sampling
from opposite sides of the stack to reduce
the length of probes.

Select & totsl santpling time greater than
or equal to the minimum total sampling
time specified in the test procedures for the
specifie industry such that (1) the sampling
time per pownt is not less than 2 min (or
time interval as specified by

totai gas sampie volume. The latter is based
on af APPTOLUTIAtE AVErAge sampling rate.

it is recommended that the number of
munutes sampled at each point be an integer
or an integer plus one-half minuts, in order
to avoid timekeeping errors. The sampling
time at each point shall be the same.

In some cirumstances, £.g.. bateh cyciss. it
may be necessary to sample for shorter
times at the traverse points and to obtain
smaller gas sampie volumes, In these cases,
the Admumstrator's approval must first be
abtaned.

4.1.3 Preparation of Collection Train
During preparation anc assembly of the
sampling tran, Keep Al openings where con-
taminstion can occur covered until rust
prior to aasembly or until sampling is about
to begmn.

Place 100 mi of water in each of the first
two impingera, leave the third impmniger
empty. and transfer approximately 200 to
300 g of preweighed silica gel {rom its con-
tainer to the fourth impinger. More silica
gel may be used, but care should be thiken to
ensure that it is nét entraned and carred
out from the mpinger dunng sampling.
Place the container 1n & clean piace [or later
use In the sample recovery. Alternatively,
the weight of the sillea gel plus impinger
may be determuned to the nearest 0.5 ¢ and
recorded.

Using & tweezer or clean disposable surgl-
cal glovea, piace & iabeled {identified) and
weighed fliter in the [ilter hoider. Be sure
that the fiiter 13 property centered and the
gasitet properiy placed so as to prevent the
sampie gas stream (rom circumventing the
fiter. Check :he fiiter for tears after assem-
bly 15 compieted.

When glass liners are used. install the se-
lected nozzle using a Viton A O-nng when
stack Cempsratures are less than 280° C
(500° P) and ap asbestos string gasket when
temperatures are higher. See APTD-0576
for details. Other connecting Systems usng
either 318 staunless steei or Teflon [errules
may be used. When metal liners are used.
mnstall the nozzle as above or by & leak-[ree
direct mecharnucal connection. Mark the
probe with heat resistant tape or by some
other method to denote the proper distance
inte the stack or duct {or each sampling
point.
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Set up the train as 1n Figure 3-1. uning «of
necessary) 3 very Lght coat of siicone
gresse oo all ground glass JOINDY, Ereasing
only the outar portion (see APTD-0576) to
avoud posmbility of contamination by the su-
icone greass, Subject o the approval of the
Adrpunistrator, a giass cyclone may be used
hetween the probe and [liter holder when
the total parnculate catch 13 expected to
exceed 100 mg or when water dropiets are
present 1n the stack gas

Place crushed ice around the impimngers.

4.1.4 Leak.Check Procedures.

4.1.4.1 Pretest Leak-Check. A Dretest
leak-chieck 15 recommended. bBUt not re-
quired, if the tester opts to conduct the pre-
test leak-check, the following procecure
shall be used.

After the sampling train has heen assem-

-.bled. turn on and set the fliter and probe

heating systems at the destred operating
remperatures. Allow time for the tempers-
tures to stabilize, If a3 Viton A O-ring or
other leak-free connection is used in sssem-
bling the probe nozzle to the probe liner,
lepik-check the train at the sampiing site by
plugning the noszle and pulling a 380 mm
Hg (15 in. Hg) vacuum.

NoTE A lower vacuum may be used, pro-
vided that it is not exceeded during the test.

1f an ssbestos string s used. do not con-
nect the probe to the train durnng the jeax-
check. Instesd lesk-check the trun by first
plugging the iniet to the filter helder
{cycone, if applicable) and pulling 3 380 mm
Hg (18 in. Hg) vacuum (see Note immediste-
iy above). Then connect the probe to the
train and leak-check at sbout 28 mm Hg (1
in. Hg) vacuum: alternatively. the probe
may be leak-checked with the rest of the
sampling tram. 10 one step. at 330 mm Hg
(15 in. Hg) vacuum. Leakage rates (i excess
of 4 percent of the average sampling rate or
0.0003T m*/mn ¢0.02 cfm). whichever is lezs.
are unacceptabie.

The following leak-check instructions (or
the sampling trawn described in APTD-0378
and APTD-0881 may be heipful. Start the
pump with bypass valve f{ully open and
coarse adjust valve, compietely closed. Par-
tially open the coarse adfust valve and
siowly close the Dypass valve until the de-
sired vacuum is resched. Do not reverse di-
rection of bypass value; this will cause waler
tobukupmumctﬂurhm.umede-
sired vacuum is exceeded, either leak-check
at this higher vacuum or end the leak-check
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Note that when two or more LIains are
used. separate analyses of the front-half
and (i applieahle) impinger caiches from
each train ghall be performed. unless identi-
cal nozzie mzes were used on all trains in
which case, the froni-half catches from the
individual trains may be combined (as may
the impinger catches) and one analysis of
front-half catch and one analysis of imping-
er catch may be performed Constlt with
the Admunusirator for detalls concerning the
cajculauon of results when two or more
tratns are used

At the end of the sample run, turn off the
coarse adjust vaive. remove the probe and
nozzle from the stack, turn off the pump,
record the fina] dry gas meter reading, and
conduct 3 posi-test leak-check, as outlined
in Section 4.1.4.3. Also, leak-cheek the pitot

lines as described in Method 2. Section 3.1:
the Jines must pass this leak-check, in order
to validate the velocity head data.

4.1.6 Calculation of Percent Isokinetic.
Calculate percent isokinetic (see Calcula-
tions, Section 6) o determune whether the
run, was valid or another test run should be
made. If there was difficulty in maintaining
ispkinetic rates due to source conditions,
consult with the Administrator for possible
varance on the isokinetic retes.

4.2 Sampie Recovery. Proper cleanup-*

procedure begins as soon as the probe is re-
moved from the stack at the end of the sam-
pling penod. Allow the probe to cool.

When the probe can be safely handied.
wipe off all external particuiste matter near
the tip of the probe nozzle and place a cap
over it to prevent losing or gaining particu-
late matter. Do not cap off the probe tip
tightly while the sampling train is cooling
down as this would create a vacuum in the
filter helder, thus drawing water from the
impingers into the filter holder.

Before moving the sample train to the
cleanup site. remove the probe from the
sample train. wipe off the silicone grease,
and cap tne open outlet of the probe. Be
careful not to lose any condensate that
might be present. Wipe off the silicone

dristle brush and/or a sharp-edged blade.
Seal the container. :

Container No. 2. Taking care to see that
dust on the outside of the probe of other ex-
tenor surfaces does not get into the sample.
quantitatively recover particilate matter or
any condensate {rom the probe nozzle
probe fitting, probe liner. and front half of
the filter holder by washing these compo-
nents with acetone and placing the wash in
a glass contaner. Distilled water may be
used instead of acetone when approved by
the Admumstrator and shall be used when
specified by the Admunustrator: 1n these
cases. save A water blank and follow the Ad-
munstrator's directions on analysns. Perform
the acetone rinses as follows:

Carefully remove the probe noxxle and
clean the inside surface by rinsing with ace-
tone from a wash bottle and brushing with
s Nyion bristle brush. Brush until the ace-
tone rnse snows no visible particies. after
whichh make 3 final rinse of the insmide sur-
face with acetone,

way until no visible particies remain.

Rinse the probe liner with acetone by tilt-
ing and rotaring the probe while squirting
acetone into its upper end so that all inside
surfaces wiil be wetted with acetone. Let the
acetone drain from the lower end into the
sample container. A funnel (giass or poly-
ethyiene) may be used to aid on transfer-
ring liquid washes to the container. Pollow
the acetone rinse with a probe brush. Hold
the probe in an inclined position. squirt ace-
tone into the upper end as the probe brush
is being pushed with a twisting agtion
through the probe; hold a sampls container
underneath the lower end of the probe, and
catch any scetone and particuiate matter
which is brushed from the probe, Run the
brush through the probe three times or
more until no visible particulace macter is
carried out with the acetone or until none
remaing 1n the probe liner on visual inspec-
tion. With stanless steel or other metal
probes. run the prush through in the above

grease from the {{iter inlet where the probe o3 prescribed manner at least six times since
was fastened and cap it. Remove the umblli- ) metal probes have smali crevices in which
cal cord from the last impinger and cap the “~-particulate matter can be entrapped. Rinse

impinger. If a flexible line 15 used berween ~
the first impinger or condenser and the
filter noider. disconnect the line at the
filter hoider and let any condensed water or
liquid drain mnto the impingers or condens-
er, After wnping off the silicone grease. cap
off the filter holder outiet and impinger
iniet. Either ground-glass stoppers. plastic
caps, OF serum caps may be used to close
these operungs.

Transier the probe and fliter-impinger as-
sempbiy to the cleznup area This area
should be clean and protected {rom the
wind so that the chances of contamunating
or losing the sampie wil] be mummuzed.

Save a portion ¢f the acetone used for
cleanup as a blank Take 200 ml of this ace-
tone directly from the wash bottle being
used and place it In a glass sample container
iabeled “acetone blank.”

Inspect the train prior to and during dis-
assembiy and note any abnormal conditions.
Treat the samples as foliows:

Container No. .. Carefully remove the
filter from the filter holder and place it in
its identified petn dish contsiner. Use a par
of tweezers and/or clean disposable surgical
gioves 1o handle the filter. If it is necessary
to fold the filter. do 50 such that the partc-
ulate cake 15 1nside the fold. Carefully trans-
fer to the petr dish any particulate matter
and/or filter fibers whuch adhere to the
fiter hoider gasker. by using a dry Nylen

the brush with acetone, and quantitatively
collect these washings in the sampie con-
taner. After the brushing, make a {inal ace-
tone rinse of the probe as described above.
It i3 recommended that two people
clean the probe to minimize sample
losses. Between sampling runs, keep brushes
clean and protected from contaminations.
After ensuring that all joints have been
wiped clean of sillcone grease. clean the
inside of the front half of the fliter holder
by rubbing the surfaces with a Nylon bristle
brush and rinsing with acetone. Rinse each
surface three times or more if needed to
remove visible particulate. Make a final
rinse of the brush and filter hoider. Careful-
ly nnse out the glass cyclone, also (if appii-
cable). After ail acetone washngs and par-
‘ticulate matter have been coilected in the
sampie contamner. tighten cthe lid on the
sampie contaner so that acetone will not
leak out when 1{ is shipped to the laboraco-
ry. Mark the height of the fluid leveel to de-
termine whether or not leakage occured
during transport. Label the container o
clearly idenufy 1ts contents.

Container No. 3. Note the color of the -
dicating silica gel to determune if it kas beer
completely spent and make s notation of i
condition. Transfer the silica gel from the
fourth impinger to its on@nal containe!
and sewl A [unnel may make it easier to
pour the silica gel without spilling. A rubber
poi.ceman may be used as an ad in remov-
ing t» 2iljica gel from the umpinger. it is 0o’
necessdiy 10 remove the small amount of
dust pariicies that may adhere to the m
pinger wail and are difficult 1o remove
Since the gain 1 weight is to be used fo:
rmowsture calculations, do nNoOL use any wate:
or other liquids to transfer the silica gel L'
2 balance 15 avaylable in the fieid, follow the
procedure for contauer No. 3 in Section 4.3

Impinger Water. Treat the impingers ai
follows: Make a notation of any color or
film in the liquid catch. Measure the liqui:
which is in the first three impingers t¢
within =1 ml by using a graduated cylinde:
or by weighing it to snthin =0.5 g by ustng =
balance (If one is available) Record the
volume or weight of liquid present. This in
{formation is required to calculate the mols-
ture content of the effluent gas.

Discard the liquid after messuring and re
cording the volume or weight. unless ansly
sis of the impinger catch 1 requured (sed
Note, Section 2.1.7).

If a different type of condenser is used
measure the amount of moisture condense.
either volumetricaily or gravimetrically.

Whenever possible, containers should br
shipped in such a way that they reman up
right at all times.

4.3 Analysis. Record the data required ot
s sheet such as the one shown in Figure 5-3
Handle each sampie container as follows:

Frounx 5-3—ANALYTICAL DATA

Plant
Dace
Run No.
Fllter No.
Amount !iquid lost during transport ———
Acetone blank volume, ml
Acetone wash volume. ml
Acetone blani concentration., mg/mg (equs

tion 5-4)
Acetone wash blank, mg (equation 5-5)—

Concemer | Wagnt of parecssis colected. mg
MIRESH | Gne wemnt | Tare wesght | Wasght ganr

|
\
1
—

WeniW Of DEFSCIARIS METter

i

| Volme of icum water collacte

! Imonger  + Sdica get
I volame. m , wegniL g
— |
invenl -
- . .
Total vousme colected....—. Y ™

*Comvan wagit of waltr' [0 vORITE O OVKENG IO WG
NCTEENS by Oanaty of walar (1 g/ mi).

increase. §
— = VORI valer. mi

1 gremi)
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Contazner No. I. Leave the contents in the
shipping contauner or transfer the {ilter and
particulate from the sampie con-
tainer to & tared glass weighing dish. Desie-
cate for 24 hours 1n a demcoator containing
anhydrous calcium sulfste. Weigh to a cob-
stant weight and report the results to the
nearest 0.1 mg. For purposes of this Section.
4.3, the term “constant weight” means s dtf-
ference of no more than 0.5 mg or 1 percent
of total weight less tare weight, whichever 3
greater. berween two conseculive weighings.
with no less than § hours of demccstion
time between

Alternatively, the sampie may be oven
dried at 105° C (220° P} for 2 to 3 hours,
cooled in the desiceator. and weighed to &
constant weight. unlesa otherwse specified
by the Adnumstrator. The tester may aiso
opt to oven dry the sampie at 108° C (220"
F} for 2 to 3 hours, weigh the sample, and
use this weight as a {inal weight.

Contarner No. 2 Note the level of liquid in
the contaner and confirm on the analyms
sheet whether or not leskage occurred
during transport. If a noticeable amount of
ieakage has cccurred, either void the sample
or use methods, subject to the spproval of
the Admimastrator. to correct.the final re-
sults. Measure the liguid in this container
either voiumetrically to =1 ml or gravimet-
rically to =0.5 g. Transfer the contents o a
tared 250-m) beaker and evaporate to dry-
ness at ambient temperature and pressurs.
Desiceate for 24 hours and weigh L0 & con-
stant weight. Report the resuits to the near-
est 0.1 mg.

Container No. 1. Weigh the spent silica
gel (or suica gel plus impinger) to the near-
est 0.5 ¢ using a balance. This siep may be
conducted in the field

"icetone Blank” Contatner. Measure ace-
tone in this contaner either volumentrical-
1y or grannmetnically. Transier the acetone
to a tared 250-ml beaker and evaporite to
dryness at ambient tempersture and pres-
sure, Desiccate for 24 hours and weigh to a
constant werght. Report the results to the
nearest 0.1 mg.

NoTE At the option »f the tester, the con-
tents of Container No. 2 as well as the ace-
rone blank contaner may be eviporated at
temperatures nigher than ambent. If evap-
oration 13 done a3l an elevated temperature,
the temperature must be below the boiling
pownt of the solvent: aiso. to prevent “bump-
ing." the evaporation process must be close-
ly supervised. and the contents of the
beaker must be swiried occasionally to maun.
rain an even temperature. Use extreme care.
as acetone is highly flammable and has a
low flash pouwnt.

4.4 Quality Controi Procedures. The fol-
iowng quality control procedures are sug-
gested 1o check the volume metenng system
calibration values at the fleld test site pnor
to sample collection. These procedures are
optional [or the tester.

4.4.1 Meter Onfice Check Using the cali-
hration data obtained dunng the calibration
orocedure described 1n Section 5.3, deter-
mine the AHy [or the metering sysitem on-
fice. The 3Ha is the onfice pressure differ-
ential w1 uruts of in. H,O that correistes to
0.75 cfm of awr at 528°R and 29.92 in. Hg.
The aHgq is calculated as follows:

Ta 3’
AHe=0.0315 3H b 'a]
- L]
Eq. 5-9

‘Where:

AH=Average pressure differential across
the orifice meter, 1n. HyO.

T.=Absolute average dry gas meter temper-
sture. 'R,

P =Barometne pressure. in. Hg.

6=Total sampling time. mn.

Y=Dry gas meter calibration factor. dimen-
sioniess.

V.=Volume of gas sample as measured by
dry gas meter, dcf.

0.0319 =(0.0587 in. Hg/"R) x (0.75 efm)?

Before beginning the fleld test (8 set of
three runs usually eonstitutes s field test).
operate the metering system (i.e. pump,
volume meter, and orifice) at the AHy pres-
sure differential for 10 minutes. Record the
volume collected, the dry gas meter temper-
ature. and the barometric pressure. Caiecu-
late & dry gas meter calibration check value,
Y. as follows:

v 20 [008T.]%
v P
Eq. 5-10

Where:

Y.=Dry gas meter calibration cheek valye,
dimensioniess.

10=10 minutes of run time.

Compare the Y, value with the dry gas
meter calibration factor Y to determine

097TY <Y, <1.00Y

If the Y, value is not within this range, the
volume metering system should be investi-
gated before beginning the test.

4.4.2 Calibrated Critical OQrifice. A cali-
brated critical orifice. calibrated against s
wat test meter or spirometer and designed
to be inserted at the inlet of the sampling
meter box may be used as & quatity control
ghze-ek by [ollowing the procedure of Section
$. Calibration

uuunuln s laboratery log of all calibra-
ons,

3.1 Probe Nozzle. Probe nozzles shall be
caliorated before their Initial use in the
field. Using s micrometer. measure the
inside diameter of the nozzle to the nearest
01.025 mm (0.001 in.). Make three separate
measuremenis using different diameters
each time, and obtain the average of the
measurements. The difference between the
high and low numbers shall nol exceed 0.1
mm (0.004 in.). When nozzles become
nicked. dented, or corroded. they shali be
reshaped, sharpened. and recalibrated

before use. Each nozzie shall be permanen.
1y and uniquely identified.

5.2 Pitot Tube. The Type S pitot tube as-
sembly shall be calibrated according to the
g.meedun outlined In Section 4 of Method

§3 Metering System.

8.3.1 Caltbration Prior to Use. Before ity
initial use in the fleid, the metering system
shall be calibratad as follows: Connect the
metering system inler to the outlet of a wet
test meter that is accurate to within 1 per.
cent. Refer to Figure 5.5. The wet test meter
should have a caparity of 30 liters/rev (1
fts/rev). A spirometer of 400 liters (14 ft2)
or more capacity, or equivalent, may be used
for this calibration. although s wet test
meter is usually more practical. The wet
test meter should be periodically calibrated
with a spirometer or a liquid displacement
meter 10 ensure the accuracy of the wet test
meter. Spirometers or wet test meters of
other sizes may be used, provided that the
specified accuracies of the procedure are
maintained. Run the metering system pump
for about 15 minutes with the orifice ma-
nometer indicating a median reading as ex-
pected in field use 10 allow the pump to
warm up and to permit the interior surface
of the wet test meter to be thoroughly
wetted. Then, at esch of & minimum of
three orifice manometer settings, pass an
exact quantity of gas through the wet test
meter and note the gas volume indicated by
the dry gas meter. Also pote the barometric
pressure. and the temperstures of the wet
test meter. the inlet of the dry gas meter.
and the outlet of the dry gas meter. Select
the highest and lowest orifice settings to
brackel the expected field operating range
of the orifice. Use a minimum volume of
0.13 m? (5 ¢f) at all orifice settings. Record
all the data on a form similar to Figure 5.6.
and calculate Y. the dry gas meter calibra-
tion factor, and aHs. the orifice calibration
factor. at each orifice setting as shown on
Flgure 5.6. Aliowable tolerances for individ-
ual Y and 3He. values are given in Figure
8.8. Use the average of the Y values in the
calculations in Section 6.
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Before calibrating the metering system. it is
suggesied that a leai-check be conducted.
For metening sysiems having diaphragm
sumps. the normal leak-check procedure will U-TURE
not detect leakages wrthin the pump. For THERMOMETER - 5
these cases the followiry leak-check
procedure is suggested: maice 8 10-minute
calibration run at 0.00057m?/min (0.02 cfml:
at the end of the run. take the difference oi
the measured wet test meter and dry gas
meter volumes: divided the difference by 10,
to get the leak rate. The leak rate shouid not
exceed 0.00057 m3/min (0.02 cfm).

532 Calibration After Use. After each
filed usa. the calibration: of the metenng
system shall be checked by performing thres
calibration runs at a singie. intermediate

oy oyt werena v werest e
vaiue reached during the test series. To .
adjust the vacuum, inset 8 valve between the Figure 5.5 Eauipment arrangement for merening
wet test meter and tke inlet of the metenng fysiem cakbranion.
system. Calcuiata the average vaiue of the
dry gas meter calibration factar. If the vaiue Date ?:::: ',','ci’g:;’
has casnged by more than § percent. Baramecric pressure, Py * {n. Hg "
recalibrate the mater over ﬂ;;d full rln:ga of . | _']
onfice settings. as previousty-detailed. . |
" : Orifice |Soirometer |Dvy gas | Temperatures |
Dﬂ?f:';:?;'cg?;;x; :ﬁ:“""";:gi:'; mancmeter] (vet meter)| meter |SPTTORETEF | o7y Gas WeCEE GATIROL: i
to the approval of the Admuniswrator. ""?'"' :"?v“‘_. H’!l_ 1'":‘ -:“ﬂ: (: :‘ 'i‘:J‘ ‘(’".“ i“;.
533 Acceptable Variation in Calibration. in. H.0 | f':'-,‘ f: | "? 'é hd :, |l :.1: ’
I

{f the dry gas meter coefficient values !

obtained before snd after a test senes differ
by mere than 5 percent. tha test serres shail
elther be voided. or caiculations for the Last
series shail be performed using whichever
meter coefficient value {i.e.. before or after)
qives the lower vaiue of total sampie voiume.

5.4 Probe Heater Calibration. The probe |
heating system shail be caiibrated before 1ts
initial use 10 the fieid.

{se a heat source lo generate air hested to
selected lemperatures that approximate those
expecied to occur in the sources to be
sampled. Pasa this air through the probe at a
wpical sumple flow rate while messunng the aH
probe inlet and outlet 1emperatures at vanous 1n. #s0

1

|

|

|

|

1

arope heater settings. For each air )
rempeeature generated. construct a graph of ]
probe hesting system setting versus probs :
i

|

]

|

T

|

]

|

|
]
|
!
i
| |
i
|
i
|
1
|

|
|
|
I
|
!
1
i
!

Calculations

A Mg

0.0017 sn ey = eg01a]"
Py itg + -wulL [™ _, '

Y

vy, Pn (ty « 460)
N
¥mifn » TT5) 11, « 460}

outiet temperature. The procedure culined in
APTD-0576 can aiso be used. Probes
constructed according to APTD-0381 need
not be calibrated if the calibration curves in
APTD-0578 are used Also, probes with outlet
\emperature montoring capabilities do not

e = e = = e

require calibration.
Avarage
5.5 Temperature Gasuges. Use the proce-
dure in Section 4.3 of Method 2 to calibrate Y = Ratin of reading of wet TEST Meter to dry test meter; toleranc
in-stack temperature gauges. Dial thermom- for indiviaual values +0.0Z from average. ' ¢ ‘
eters, such as are used for the dry gas meter =
and condenser outler. shall be calibrated aHy = Orifice pressure dffferential that equates to Q.75 cfm of air
® 68°F and 29.92 inches of sercury, in., W0; tolerance for

AgAINSt mercury-iri-giass thermometers.
565 Leak Check of Metering System
Shown 1 Figure 5-1. That portion of the
sampling train from the pump to the orifice figure 5.6. Example data sheet for calibracion of mecering
meter should be leak checked pror to initial system (English units).
use and after each shipment. Leakage after
the pump will result in less volume being re-
corded than is actuslly sampied. The follow-

tnaividual values +0.20 from average.
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ing procedure 15 suggesied Lsee Figure 5-4):
Close the man valve on the meter box.
Insert a one-hole rubber swopper with
rubber tubing siached into the orifice ex-
haust pipe. Disconnect and vent the iow zide
of‘the orifice manometer. Close off the low
side orifice tap. Pressurnze the System 1o 13
to 18 cm (5 to T in.) water column by blow-
Ing into the rubber tubing. Pineh off the
tubing and observe the manometer for one
minute. A loss of pressure on the manome-
urindim;lukmmemmrbox;lub.
\f present. must be corrected.

57 Barometer. Calibrite against a mer-
cury barometer.
6. Colculations

Carry out calculations. retaining at least
one extrs decimal figure beyond that of the
acquired data. Round of{ figures after the
final calculstion. Other forms of the equa-
tions may be used as long as they give eguiv-
alent resuits.

AUBSER STOPPER

TUBING

= —n‘*'

CLOSED
SLOW INTO TUBING ¢
UNTIL MANDMETER
READS § TD 7 INCHES

WATER COLUMN ORIFICE

MANOMETER

4.1 Nomenciature

A.=Cross-sectional ares of nozzle. m? ({t7.

Bup= Water Vapor 0 the gas stream. propor-
tion by volume.

C.=Acetone blank residus concencration.
mg/mg’ .

o =Concentration of particulate matter in
stack gas. dry basis, corrected 10 stand-
ard conditions, g/dscm (g/dsct). :

I=Pereent of isokinetic sampiing.

LoaMaximaumn acceptable leaksge rate (o
either & pretest leak cheek or for a leak
check following 3 component change:
equal to 0.0057 m¥/min (0.02 cim) or 4
percent of the average sampling rate.
whichever is less.

L =Individual leaxage rate observed durmng
the leak check conducted prior to the
“ja* component change (i=1, 2. 3.zl
mm¥/min (cfm).

Le=Leakage rate observed during the post-
test leak check, m’/mun (efm).

m.=Total amount of particulate master eol-

lected. mg.
weight of water. 18.0 &/&-

Mo
mole ¢18.0Ib/1b-moie).
m.=Mass of residue cf acteone after evapo-

ration. mg.
P..=Barometnic pressure at the sampling
site. mm Hg (in. Hg)

ORIFICE BY-PASS VALVE

Kz
—

VENT

192
is

DRY TEST METER

Figure 5-4. Leak check of mater box.

P,=Absolute stack gas pressure. mm Hg tin.

. Hg)
P =Standard sbeolute pressure. 760 mm

Hg (29.92 in. Hg).

R=ldeal gus consant, 0.08236 mm Hg-r
“K.g-mols (21.88 in. He-ft'/*R-Ib-mole

7 =Absolute average dry gas meter tempe
arure (see Figure §-2), ‘K ('RJ,

T.=Absolute average StAck gas tempersture
(see Pigure 5-2), 'K ("R).

T =Standard absolute temperature, 293° K

V.= Volume of acetone blank, mil.

Ve = Volume of acetone used in wash, ml

Ve=Total volume of liquid collected in im-
pingers and silica gel (see Pigure 5-1).

mlL

Vo=Volume of gas sample a3 measured by
dry gas meter, dem (dsef).

Vomn=Volume ol gas sampie measured by
the dry gns meter, corrected to standard
conditions, dscm (dsef).

Voeane=Valume of water vapor in the gas
sample, corrected to standard condi-
tions, tact).

n=Stack gas velocity, calculated by Method
2. Equation 2-9, using data obtained
from Method 5. m/sec (ft/sec).

W, = Weight of residue in acetone wash, mg.

Y= Dry gas meter calibration factor.

Al =Average pressure differential across
the oriflice meter (see Figure 5-1), mm
H.O tin. HO)

pe=Density of acetone, mg/mi (see labei on
bottle).

VACUUM
GAUGE

(P~

'._,T. .'.. .

MAIN VALVE
CLOSED

AIR-TIGHT

‘ PUMP
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pe=Density of water, 0.9982 gs/mi (0.002201
Ib/ml).

9="Total sampling tume. min.

¢, =Sampiling tune nterval. rom the begin-
mng of a run uncil the first component
change. min.

4 =Sampling time intetval between two suc-
cessive component changes, beguaning
with the interval between the first and
second changes, min.

9, =Sampling time interval. from the final
(n) component chapge until the end of
the sampling run. mun.

13.6= Specific gravity of mercury.

80 = Sec/mun.

100=Conversion to percent.

6.2 Average dry gus meter temperature
and average orifice pressure drop. See data
sheet (Pigure 5-2).

6.3 Dry Gas Volume. Correct the sampie
voiume messured by the dry gas meter o
standard conditions (20° C, 760 mm Hg or
68° F. 29.92 in. Hg) by using Equation 5-1.

. AH
P""-'-l:! &

Py

Vawn=Var(322)

P, —( AHI13.6)
Ta

Equation 51

=K|V.Y

where:
K.=0.3858 "E/mm Eg for metric units
=17.64 "R/in. Hg for English umts

NoTtE Equation 5-1 can be used as written

nieas the leakage rate observed during any

. the mandatory leak checks {lL.e., the post-
.est ieak check or leak checks conducted
INOr 10 component changes) exceeds L. If
Le Or , exceeds L,, Equation J-1 must be
modified as follows:

(a) Case . No component changes made
dunng sampling run. In this case. replace
Ve it Equation 5-1 with the expression:

Va—ti Lo—La)81

by Case [I. One or more component
cnanges made dunng the sampiing run. [n
this case, replace V. 1n Equation 5-1 by the
exXpression:

|:V_— Ly - Laily

3 (L ledt= Ly 1..)3.]

and substitute only for those leskage rates
L OF L) which exceed L.
6.4 Volume of water vapor.

qumum 52
e (32) () i

There: )
K,=0.001333 m*/ml for metnc units
=0.04707 {t3/ml for English uruts.

5.5 Moisture Concent.

Vo wa

Bm=

Vv wagr -+ Ver wat)

Equation 5-3

Notr In saturated or water droplet-laden
gas streams. 1wo caiculations of the mos
ture contant of the stack gas shall be made,
one from the impinger analysis (Equation §-
3). and a second (rom the assumption of
saturated conditions. The lower of the two
vaiues of B shall be conmdered correet. The
procedure for determining the moisture con-
tent based upon assumption of saturated
conditions is given in the Note of Section 1.2
of Method 4. For the purposes of this
method. the average StAck §AS temperature
{from Figure 5-2 may be used to maxe thia
determination. provided that the accurscy
of the in-stack temperature sensor is =1 C
(2" F.

8.5 Acetone Blank Concentration.

Equabon 54

8.7 Acetone Wash Blank.

Wo =G Vonfie Equation 5-8

6.8 Total Particulate Weight. Determine
‘he total particulate catch {rom the sum of
the weights obtained from containers 1 and
2 |ess the acetone blank tsee Figure 5-3).

Norte: Refer to Section 4.1.5 to assist in
calculation of resuits involving two or more
fliter assemblies or two or more sampiing
LIaIns,

6.9 Particulate Concentration.

Co=(0.001 g/mg) (Ma/ Va wuw) Eguation
5-6
6.10 Conversion Factors:
From Te Viuibosy oy
sct e 0.02832.
g2 o, 15.43.
gnt 1B 2208 10*!
ne , g/ms. 3831--
[ ] | mg t 0.0m
4.11 Isokinetic Varition.
§.11.1 Calculation From Raw Data.

I= Va ¥ ) b
100 7[E Vie—( ’/T.J(PE-FAHIIB.GH
608 P. A

Egquation 5-7
where:
K,=0.003434 mm Hg-m¥y/mi-'K for
MeLric units.
=0.002069-in. Hg-{t/mi-‘R for Eng-
lish units.
8.11.2 Calculation From Intermediate
Values,

I - Tl"- isgdl 4 wrd 100
Taated AP 80(1=Her)

- K TIV- 1nrd}
* PV, d.e(1-B.,)
Equation J~d

where;
K.=4.320 for metric units
=0.00450 for English urnits.

812 Acceptable Resylts. If 90 percent < |
< 110 percent. the resuits are scceptabie.
the particulate results are low 11 comparnson
to the standard. and [ is over 110 percent or
less than 90 percent. the Administrator may
accept the resuits. Citation 4 in the
bibliography section can be used to make
acceptability judgmenta. If [ is judeged to be
unscceptable. reyect the particulate resuits
and repeal the test.

8.13 Stack Gas Velcaity and Volumetric
Fiow Rate. Caiculate the average stack gas
velocity and volumetric flow rate. if needed.
using data obtained in this method and the
equations it Sections 5.2 and 5.3 of Method 2
1. Alternalive Procedures

71 Dry Gas Meter as a Calibration
Standard. A dry gts meter may be used as a
cailbration standard [or volume measure-
ments in place of the wet test meter speci-
fied in Section 5.3. provided that it is cail
brated imitially and recalibrated periodically
as follows:

7.1.1 Standard Dry Gas Meter Calibra-
tion.

7.1.1.1 The dry gas meter to be calibrated
and used as a secondary reference meter
should be of high quality and have an ap-
propriately sized capacity, e.g.. 3 liters/rev
(0.1 ft3/rev). A spirometer (400 liters or
more Capacity), or equivalent, may be used
for this calibration, although a wet test
meter is usuaily more practical. The wet
test meter should have a capaeity of 30
liters/rev (1 [t3/rev) and capable of
measunng volume toc within =1.0 percent:
wet test meters should be thecked against a
spirometer or a liquid displacement meter to
ensure the accuracy of the wer test meter.
Spirometers or wet test meters of other
sizes may be used. provided that the speci-
fied accurscies of the procedure are main-
tained.

7.1.1.2 Set up the components as shown
in Pigure 5.7. A spirometer, or eguivalent.
may be used in piace of the wet test meter
in che system. Run the pump for at least 5
minutes at 3 {low rate of about 10 liters/m:n
{0.35 cim) to condition the Interor surface
of the wet test meter. The pressure drop in-
dicated by the manometer at the mlet side
of the dry gas meter shouid be mummized
{no greater than 100 mm HO (4 in. H.Q) at
a flow rate of 30 lterssmun (1 e¢fm)]. This
can be accomplished by using large diame-
:g'r.:bm‘ connections and straght pipe fit-
t

EPA STATIONARY SOURCE SAMPLING METHODS
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THERMOMETERS
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7.1.1.3 Collect the dats as shown in the
example dsta sheet (see Figure 5-8). Make
mpl.lﬂumnmhotmeﬂwnmnnd

OAY GAS METER

WET TEST METER

Figure 5.7 . Eguinment arrangement ‘or dry-gas metsr calibrzuion.

at nio less than five different flow rates. The

range of flow rates should be between 10
and J4 liters/mun (0.3% and 1.2 cfm) or over
the expected operating range.

DATE:
DAY GAS METER IDEMTIFICATION:
SANOMETRIC PRESSURE (Py):. in. Hy
#ﬂk
: TEMPERATURES
SPINNMETER | DNY BAS DAY GASMETEN DAY SAS
APPROXIMATE | WETMETER) | MEVER | SPIROMETER METER FLOW METER AVERAGE
FLOWNATE | GAS VOLUME | VOLUME (WET METER) | INLET | OUTLET | AVERAGE | PRESSURE | TWIE | RATE METER METER
{a vy vyg nt gl e {49l 11 | 1 |cOEFFICIENT [ COEFFIEIENY
L/ _
eim #l hl | F ¥ W0 | min | ctm (Vo) 194}
0.40
(1]
"
.
120 -
v, " vy figeamm "
a - 1785 -—L. Y . . =
€ e Vog (geasm  mye R

Figure 5.8. Examoie data shne

\ for cafilsration of 8 standard dry qas mater for method § sompling cunipment {English units).

EPA STATIONARY SOURCE SAMPLING METHOOS

REV 4

4708



7.1.1.4 Calculate [low rate, Q. [or each
run usng the wet test meter gas voiume, V..
and the run time, #. Calculate the dry gas
meter coefficient, T, [or each run. These
calcuiations are as follows:

P Ve
Q=K, —
o+l @
Com Vs (L b P
A'p (te ) P =P )
1-‘" -
© T Y
Where:
K,=0.3838 for international system of units
(S1Y. 17.84 for English units.

V. =Wet Lest meter volume. Liters (It ).

Ve=Dry gas meter volume, liters ({1 3.

t.-A;,erl.e dry gas meter temperature, ‘'C
™.

tu=273* C for SI units; 460° P for English
unita.

L-A;eme wet Lest meter temperature, ‘C
P,

P, =Barometric pressure, mm Hg (in. Hg).

Apm=Dry gus meter inlet differential pres-
sure, mm H.O (in. H.0).

#=Run time, min,

17.1.1.5 Compare the three Y, values at
each of the flow rates and cdetermine the
maximum and munimum values. The differ-
ence between the maximurn and minimum
values at each [low rate should be no greas-
er than 0.030. Extra sets of triplicate runs
may be made in order to complete this re-
quirement. In addition. the meter coeffi.
cients should be between ¢.95 and 1.08. If
these specifications cannot be met In three
sets of successive !riplicate runs, the meter
is not suitable as a calibration standard and
should not be used as such. If these specifi-
cations are met, average the three Y, values
st each flow rate resulting in five average
meter coefficients, Y.

7.1.1.8 Prepare a curve of meter coeffl-
ctent, Y. versus flow rute, Q. for the dry
ga3 meter. This curve shall be used as & ref-
erence when the meter is used to calibrate
other dry gua meters and to detsrmine
whether recalibration is required.

7.1.2 Standard Dry Cas Meter Recalibra-
tion.

T.1.2.1 Recallbrate the standard dry gas
meter aguInst & wet tait meter or spirometer
annuaily or after every 200 hours of oper-
ation, whichever comes first. This require-

raent is valid provided the standard dry gas
meter 18 kept 11 & laboratory and. if trans.
parted. cared for 43 any other laboratory mn-
strument. Abuse to the standard meter may
cause 3 change tn the calibraton and will
require more frequent recalibracions.

7.1.2.2 As an alternative to full recalibra-
tion. a two-point calibrstion check may be
made. Follow the same procedure and
equipment arrangement as for a full recali-
bration, but run the meter at only two flow
rates {suggested rates are 14 and 23 liters/
mun (0.5 and 1.0 cfm)). Calcuiate the meter
coefficients for these (wo polnts. and com-
pare the values with the meter calibration
curve. If the two coefficients are wnthin
=1.5 percent of the calibration curve values
at the same flow rates, the meter need not
be recalibrated until the next date for a re-
calibration check.

72 Critical Orifices As Calibration
Standards. Critical orifices may be used as
calibration standards in place of the wet test
meter specified in Section 5.3, provided that
they are selected, calibrated, and used a8
follows:

721 Section of Critical Orifices.

7.211 The procedure that follows
describes the use of hypoderrmic needies or
steiniess steel needle tubings which beve
been found suiiabie for use as critical
orifices. Other materials and critical orifice
designe may be used provided the arifices act
as true critical orifices: i.e.. & critical vacuum
can be obtsined. as describad in Section
7.22.2.3. Selact five critical orifices that sre
appropnately sized to cover the range of flow
raies between 10 and 34 liters/min or the
expectad operating range. Two of the critical
orifices should bracket the expected
operating range.

A minimum of three critical orifices will be
needed to calibrate a Method 5 dry gas meter
(DGM): the other two critical orifices can
serve as spares and provide better selection
for bracketng the range of operating flow
rates. The needle sizes and tubing langthe
shown below give the foilowing spproximate
flow rates:

Gagerom | row e, | Gmewrem | JOT
12178 28 t4/28 .54
12/102 002 a1 LLF
13725 27 14178 18.94
181 25 18532 wi
12778 a2y 18/7.8 1.8
15102 W0

e w08

7212 These needies can be adapted to »
Method 5 type samphing train as follows:
Insert a serum bottle stopper, 13- by 20-mm
sleeve type. into a ¥-inch Swageiok quick
connect. insart the needie into the stopper as
shown in Figure 5-0.
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CONNECT

metering system.

722 Critical Orifice Calibration. The
procedure described in this section uses the
Method § meter bex configurstion with &
DGM as described in Section 21.8 to
calibrate the cntical orifices. Other schemes
may be used. subject 10 the approval of the
Administratar.

7.221 Calibration of Meter Box. The
critical orifices must be calibrated in the
same configuration as they will be used: i.e..
thare should be no connections to the iniet of
the orifice.

72211 Belore ealibrating the mater box,

leak check the system as foliows: Fully open
the coarss adjust valve. and compietely closs
the by-pass vaive. Plug the inlet. Then trun on
the pump. and deterTine whether thers is
any leskage. The leakage rate shall be zero:
i.e.. no detectable movement of the DGM dial
shall be seen for 1 minute.

72212 Check aiso for ieakages in that

portion of the sampling train between the
rum:e and the orifice meter. See Section 5.6
o 1

necessary, i ieakage 18 detecied. check for

procsdure; make any corrections. if

Critical orifice adantation to Method §

cracked gaskets. loose fillings. worn O-rings.
#ic.. and make the necessery repairs.

72213 Alter determuning that the meter
box ia leakiess. calibrete the meter box
according to the procedure given m Section
§.. Make sure that the wet tast meler meets
the requirementis siated in Section 7.1.1.1.
Check the water level in the wet 129t meter.
Record the DGM calibration facior. Y.

7222 Calibration of Critcal Orifices. Set
up the apparatus as shown in Figure 5-10.
BLLING CODE 0080-50-4

METER 80X

CRITICAL ORIFICE

Figure 5-11. Apnaratus. setup.
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7.222.1 Allow s warm-up time of 15 min-
utes. This step is important te equilibrate
the temperature conditions through the
PGM.

72222 Leak check the system as in Sec-
tion 1.2.2.1.1. The leakage rate shall be zero.

221793 Before calibrating the critical
orfice. determine its suitability and the ap-
rropriale Operating vacuum as foliows: Turn
on the pump. fully open the coarse adjust
vajve, and adjust the by-pass valve to give a
vacuum resding corresponding to about half
of atmospheric pressure. Observe Lhe meter
pox orifice manometer reading. H. Slowly
increase Lhe vacuum reading until s stable
reading is obtained on the meter box orilice
manometer. Record the critical vacuum for
each orifice.

Orifices that do not reach a critical value
shall not be used.

7.2.2.2.4 Obtain the barometric pressure
using 3 barometer as described in Section
2.1.9. Record the barometric pressure, P,
in mm Hg tin. He).

7.2.22% Conduct duplicate runs at a
vacuum of 25 to 50 mm Hg €1 to 2 in. Hy)
above the critical vacuum. The runs shall be
at least 5 minutes each. The DGM volume
readings shall be in increments of 0.00283
m?10.1 {1t or 1n increments of complete rev-
clutions of the DGM. As a guideline. the
times should not differ by more than 3.0
seconds (this includes aliowance for changes
in the DGM temperatures) to achieve = 4.5
percent in K'. Record the information listed
in Figure 5-11.

7.2.2.2.6 Calculate K' using Equation 5-#.

Where:

o o VY (Pu +AH/13.0) V T

‘I‘_.-i\h.olut.e ambient temperature. 'K
{"R).

Average the K' values. The individual K-
values should not differ by more than =0.5
percent from the average.

7.2.3 Using the Critical Orifices as Cali-
bration Standards.

7.2.3.1 Reccrd the barometric pressure.
Date Train ID DGM eal.
{actor Critical orifice ID

Puw Ta®
Eg. 5-9
(mln'x)lfl [f‘lx'n)lll
Critical orifice coefficient,
(mm. Hg) [ tin. Hg) (min)

|

S T T P oy
Tempstanse, e [ J— - .
Tn-'-e mn/eec ! ] ; !
. :
Orifios man. xdg., &M ....| mm (n) MO

C 'F1,

- !
Pumg Vacu..........| o gy oy b
L

Aversge

Figure 5-11. Data sheet for determining
K’ factor.

7.23.2 Calibrate the metering system ac-
cording to the procedure outlined In Sec-
tions 7.2.2.2.1 to 7.2.2.12.5. Record the infor-
mation listed in Figure §.12,

7.23.3 Calculats the standard volumes of
air pamsed through the DGM and the criti-
cal orifices, and calculate the DOM calibra-
tion factor. Y, using the equations below:

Pue +(8H/13.8)
V.(ll’.d) = K| V. e ————
Ta
Eq. 5-10
P,
VoK =2 Eq. 5-11
Teme
Venn
Y= Eq. $-12
Ve
where:
Veew=Volume of gas sample passed

through the critical orifice, corrected to

standard conditions. dsm® (dsef).
K,=0.3858 "K/mm Hg for metric units

=117.64 "R/in. Hg for English unita.

7.2.8.4 Average the DGM calibration

values for each of the flow rates. The call-
bration factor, Y, at each of the flow raleg
should not differ by more than =2 percent
from the average.

7.23.5 To determine the need for recall-
brating the critical orifices, compare the
DOM Y factors obtained from two adjacent
orifices each time a DGM is calibrated. for
example, when checking 13/2.5, use orifices
12/10.2 and 13/5.1. If any eritical ornfice
vields s DGM Y factor differing by more
than 2 percent from the others, recalibrate
the critical orifice according o Section

1222
Date Train ID Critical ori-
fice ID Critical orifice K [actor
: Bun numosr
1 2
(2" T), " —— mt{ith
[ T———— mERT .
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Figure 5-12. Data sheet for determining
DGM Y factor.
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METHQOD &

MrxTHOD §—~DITERMINATION OF STLrun Di1ox-
iDE’ EMISATONS FROM STATIONARY SOURCES

1. Prineipie and Applicadility

1.1 Principle. A gas sample is extracted
from the sampling polnt in the stack. The
suifurie acid mist {including sulfur trioxide)
and the suifur dioxide are separated. The
sulfur dioxide fraction i3 measured by the
bartum-thorin titration method.

1.2 Appllcabdiiity. This method (s applica-
ble for the determination of suifur dioxide
rmissions {rom stationary sources. The min-
imum detectable iimit of the method has
been determined to be 3.4 milligrams (mg)
af SO, m¢* 12,12« 107" 1b/1t™. Although no
upper hmit has been established, tests have
shown that concentrations as high as 80.000
mg m'of SO, can be collected efficiently in
two midgel \mpingers, each containing 15
miulliliters of 3 percent hydrogen peroxide,
at a rate of 1.0 |[pm for 20 minutes. Based on
theoretical calculations, the upper concen-
tration limit in & 20-liter sampie is about
93,300 mg/m,.

Possible interferenta are free ammonia,
water-soluble cations, and fluorides. The ca-
tions and fluorides are removed by glass
wool [ilters and an isopropanol bubbler, and
hence do not affect the SO, analysis. When
sampies are being taken from a gas ~tream
with high concentrations of very find metai-
lic fumes {such as 1n inlets to contral de-
vices)., a high-efficiency glass [iber filter
must be used in place of the glass wool piug
fi.e.. the one in the probe) to remove the
cation interferents

RULES AND REGULATIONS/AUGUST 18,

Free ammonia interferes by reacting with
SO, to [orm particuiate suifite and by react-
ing with the indicator. If [ree ammonia is
present (this can be determined by knowi-
edge of the process and noticing white par-
ticulate matter In the probe and Isopropanoi
bubbier). alternative methods. subject to
the approval of the Administrator. ' S. En-
vironmental Protection Agency. ars re-
guired.

2. Apparatus

2.1 Sampling. The sampling train is
shown in Figure 6-1. and component parts
are discussed below. The tester has the
option of substituting sampling equipment
described in Method 8 In place of the
midget impinger equipment of Method 6.
However. the Method 8 train must be modi-
fied to include a heated filter between the
probe and isopropanol impinger, and the op-
eration of the sampling train ang sample
analysis must be at the flow rates and soiju-
tion volumes defined in Method 8.

The tester also has the option of deter-
mining 8O, simultaneously with particulate
matter and moisture determinations by (1)
replacing the water in a Method 3 iImpinger
system with 3 percent peroxide solution. or
{2) by replacing the Method 5 water imping-
er system with a Method 8 isopropangl-
fllter-peroxide system. The analysis for SO,
must be consistent with the procedure in
Method 8.

1977

2.1.1 Probe. Borosilicate glass, or stain.
less steel (other materials of construction
may be used, subject to the approval of the
Admnistrator). approximately 6-mm tnside
digmeter. with a heating system to prevent
water condensation and & fliter (either in-
stack or heated outstack) Lo remove particu-
late mactter. including sulfunce acid mist. A
plug of glass wool is a satisfactory filter.

2.1.2 Bubbier and Impingers. One midget
bubbler. with medium-coarse glass {rit and
borosilicate or quartz glass wool packed in
top (se¢ Figure 6-1) to prevent sulfuric scid
mist carryover. and three 30-m! midget im-
pingers. The bubbler and midget imptngers
must be connected in series with leak-free
glass connectors. silicone grease may Dhe
used. If necessary, to prevent leakage,

At the option of the tester. & midget im-
pinger may be used in place of the midget
bubbler.

Other collection absorbers and flow rates
may be used. but are subject to the approval
of the Admintstrator. Also. collection effi-
ciency must be shown 1o be at least 99 per-
cent for each test run and must be docu-
mented inn the report. If the efficiency 1s
found to be acceptable after a series of
three tests. further documentation is not re-
quired. Te conduct the efficiency test. an
extra absorber must be added and anaiyzed
separately. This extra absorber must not
go‘;lmn more than | percent of the total

b

THERMOMETER
STACK WALL MIDGET IMPINGERS
PROBE (END PACKED SILICA GEL
WITH QUARTZ OR MIDGET 8UBBLER 'DRYING TUBE
PYREX WOOL} GLASS wOOL 4
ICE BATH
THERMOMETER —(//>
P ] __,_I RATE METER NEEDLE VALVE

DRY
GAS METER

Figure 6-1. 502 sampling train.

SURGE TANK
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2.1.3 Glass Wool. Borosilicate or Quartz.

2.1.4 Stopcock Grease. Acetone-insoluble,
heatstable siicone gresse may be used. If
necessary.

2.1.5 Temperature Gauge. Dial thermom-
eter. or equivalent. 1o measure temperature
of gas leaving impinger train 1o within 1" C
(2 FO)

2.1.6 Drying Tube. Tube packed with &-
to 16-mesh ndicaung Lype siica gel. or
equivalent, to dry the gas sample and to
protect the meter and pump, If the silica gel
has been used previously. dry at 175" C (350"
F for 2 hours. New silica gel may be used as
received. Alternatively. other (ypes of decis-
sants (equivaient or better) may be used.
subject 1o approval of the Admimstrator,

2.1.7 Valve. Needie valve. to regulate
sample gas flow rate.

2.1.8 Pump. Leak-free diaphragm pump.
or equivalent, to pull gas through the train.
Install & small surge tank between the
pump and rate mneter to eliminate the pulsa.
tion effect of the diaphragm pump on the
rotameter.

2.1.9. Rate Meter. Rotameter, or equiva-
lent. capable of measuring flow rate to
within 2 percent of the selected flow rate of
about 1000 ce/min.

2.1.10 Volume Meter. Dry gas meter, suf-
ficiently sccurate to measure the sampie
volume within 2 percent. calibrated at the
selected flow rate and conditions actually
encountered during sampling. and equipped
with a temperature gauge (dial thermome-
ter. or equivalent) capable of measuring
temperature to within 3° C (5.4° F).

2.1.11 Barometer. Mercury. aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
0.1 in. Hg). In many cases. the barometric

reading may be obtained from a nearby Da-.

tional weather service station. 1n which case
the statiorn value (which ls the absoiute bar-
ometric pressure} shal} be requested and an
adjustment for elevation differences be-
tween the weather station and sampling
point shall be applied at & rate of minus 2.3
mm Hg (0.1 in. Hg} per 30 m <100 ft) eleva.
LIon LNcrease or vice versa for elevation de-
crease.

2.1.12 Vacuum Gauge and Rotameter At
least 760 mm Hg 130 1n. Hg? gauge and 0-40
cc min rotameter. Lo be used for leak check
of the sampling train.

2.2 Sample Recosery.

2.2.1 Wash bottles. Polyethylene or glass.
500 ml. two.

2.2.2 Storage Boltles. Polyethylene, 100
ml. to store mpinger samples (one per
sample).

2.3 Analysis.

2.3.1 Pipettes. Volumetric type. 5-ml. 20-
ml (one per sample), and 25-m) sizes.

2.3.2 Volumetric Flasks. 100-ml size (one
per sample) and 1000 ml size.

2.3.3 Burettes. 5- and 50-ml sizes.

2.3.4 Erlenmeyer Flasks, 250 ml-size (one
for each sample. blank. and standard).

2.1.5 Dropping Bottle. 125-mi size. to add
indicator.

2.3.6 Graduated Cylinder. 100-m! size.

2.3.7 Spectrophotometer. To measure ab-
sorbance at 352 nanometers.

Y

1. Reagents

Unless otherwise indicated. a}l reagentis
must conform lo the specifications estab-
lished by the Cornmittee on Analytical Resa-
gents of the Amercan Chemical Society.
Where such speciications are not available,
use the best availabie grade.

3.1 Sampling.

3.1.1 Water. Deionized distllled to con-
form to ASTM specificarion D1193-77, Type
3 (incorporated by reference—see §80.17).
At the option of the analyst, the KMnO.
test for oxidizable organic matter may be

omitted when high concentrations of organ-.

ic matter are not expected to be present.

3.1.2 lIsopropancl. 80 percent. Mix 80 ml
of isopropanol with 20 ml of defonized. dis-
tilled water. Check each lot of isopropanol
for peroxide impurities as follows: shake 10
m! of {sopropanol with 10 ml of freshly pre-
pared 10 percent potassium jodide solution.
Prepare s blank by similarty treating 10 ml
of distilled water. After 1 minute, read the
absorbance at 352 nanometers on a spectro-
photometer. If sbsorbance exceeds 0.1,
reject alcohoi for use.

Peroxides may be removed from isopro-
panol by redistilling or by’ passage through
a column of sctivated alurcina; however, re-
agent grade (sopropanol with suitably low
peroxide leveis may be obtained from com-
mercial sources. Rejection of contaminated
lots may. therefore, be & more efficient pro-
cedure.

3.1.3 Hydrogen Peroxide, 3 Percent.
Dllute 30 percent hydrogen peroxide 1.9 (v/
v) with deionized. distilled water (30 mi is
needed per sampie). Prepare fresh daily.

1.1.4 Potassium lodide Soiution, 10 Per-
cent, Dissolve 10.0 grams KI in dejonized.
distilled water and dilute to 100 ml. Prepare
when needed.

1.2 Sample Recovery.

. 3121 Water. Deiorized, distilled, as in

3.2.2 Isopropanocl, 80 Percent. Mix 80 m]
of isopropanoi with 20 mi of dejonized, dis-
tilled water.

3.3 Analysis.

. i!il. Water. Deionized, distilled, as in

3.3.2 lsopropanci. 100 percent.

3.3.3 Thorin Indicator. 1-(o-arsoncpheny-
Inzo)-3-naphthoi-3.8-disulfonic acid. diso-
dium salt, or equivalent, Dissclve 0.20 g in
100 ml of deionized, distilied water.

3.3.4 Barium Perchlorate Solution, 0.0100
N. Dissolve 1.95 ¢ of barium perchlorate tri-
hydrate [(Ba(C10.%3H,0] in 200 mi distilled
water and dilute to 1 liter with isopropanol.
Alternatively, 1.22 g of [BaCl,-2H.,O] may be
used instead of the perchlorate. Standardize
as in Section §.5.

3.3.53 Sulfunc Acid Standard, 0.0100 N.
Purchase or standardize (o =0.0002 N
againat 0.0100 N NaOH which has previous-

ly been standardized against patassium acid
phthalate (primary standard grade).

3.3.8 Quality Assurance Audit Samples.
Sulfate sampies in glass viais prepared by
EPA’s Environmenta! Monitoring Sysiems
Laboratory. Quality Assurance Division.
Source Branch. Msail Drop 7TA, Research
Triangle Park, North Carolina 27711. Each

set will consist of two vials having solutions
of unknown concentrstions. Only whe

making compiiance determunations. obtsu
an audit sample set from the Quality Assu

ance Management office at each EPA re
gional Office or the responsible enfotrce-
ment agency. (Norr: The tester should
natify the quality assurance office or the re-
sponsible enforcemen: agency at least 30
days prior to the test date to allow sufli-
cient time for sample delivery.)

4. Procedure

4.1 Sampling.

4.1.1 Preparation of collection train
Measure !5 ml of 80 percent isopropanol
inte the midget bubbler and 15 m) of 3 per-
cent hydrogen peroxide into each of the
{irst two midget impingers. Leave the [inal
midget impinger dry. Assemble the train as
shown in Plgure 6-1. Adjust probe heater to
s tempersture sufficient to prevent water
condensstion. Place crushed ice and water
around the impingers.

4.1.2 Leak-check procedure. A leak check
prior to the sampling run is optional: how-
ever, & leak check after the sampling run is
mandatory. The leak-check procedure is as
follows:

Temporarily attach a suitable (e.g.. 040
ce/min) rotameter 1o the gutlet of the dry
gas meter and place & vacuum gauge &t or
near the probe inlet. Plug the probe inlet,
pull a vaccum of at least 250 mm Hg (10 in.
Hg), and note the flow rate as indicated by
the rotameter. A leakage rate not in excesa
af 2 percent of the average sampling rate is
acceptabie.

Notz: Carefully relesse the probe inlet
plug before turning of{ the pump.

It 1s suggested (not mandatory) that ti
pumi be leak-checked separutely, eith.
prior to or after the sampling run. If done
prior to the sampling run. the pump lesk-
check shall precede the leak check of the
sampling train described immediately above:
if done after the sampling run. the pump
leak-check shall follow the train leak-check.
To lenk check the pump. proceed as [ollows:
Disconneet the drying tube (rom the probe-
Impinger sasembly. Place & vacuum gauge &t
the inlet to either the trying tube or the
pump, pull & vacuum of 250 mm (10 ln.) Hg.
plug or pineh off the outlet of the flow
meter and then turmn off the pump. The
vacuum should remain stable for ac ieast 20
seconds.

Other leak-check procedures may be used.
subject to the approval of the Adminstralor.
U.S. Environmental Protection Agency.

4.1.3 Sample collection. Record the ini-
tial dry gas meter reading and barometric
pressure. To beqin sampling, position the tp
of the probe at the sampling point. connect
the probe to the bubbler. and start the
pump. Adjust the sample flow to a constant
rate of approximately 1.0 liter/min as ingl-
caled by the rotameter. Maintain this con-
stant rate (=10 percent) during the entire
sampiing run. Take readings (dry gas meter.
tempertures al dry gas meter and at imping-
er outlet and rate meter) at lessat every $
minutes. Add more ice during the run to
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keep the temperture of the gases ieaving
the last impinger at 20° C (88° F) or less. At
the conclusion of each run, turn off the
pump. remove probe from the stack. and
record the final readings. Conduct a leak
check as 1n Section 4.1.2 (This leak check is
mandatory.) 1f a jeak is found, void the test
run, or use procedures acceptable to the Ad-
ministrator to adjust the sample volume for
the leakage. Drain the ice bath, and purge
the remaning part of the train by drawing
clean ambient air through the system for 15
minutes at the sampiing rate.

Clean ambient ar can be provided t,
passing air through s charcoal filter or
through an extrs midget impinger with 13
mi of 3 percent H.Oy. The tester may opt to
simply use ambient air, without purifica-
tion.

4.2 Sample Recovery. Disconnect the im-
pingers after purging. Discard the contenta
of the midget bubbler. Pour the contents of
the midget impingers into a leak-free poly-
ethylene bottle for shipment. Rinse the
three midget impingers and the connecting
tubes with deionized, distilled water, and
add the washings to the same storage con-
tainer. Mark the fluid level. Seal and ident!-
fy the sample container.

4.3 Sample Analysis. Note level of liquid
in contalner, and confirm whether any
sample was lost during shipment; note this
on analytical data sheet. If » noticeable
amount of leakage has occurred, either vold
the sample or use methods. subject to the
approval of the Administrator. Lo correct
the fina! results.

Transfer the contents of the storage con-
tainer to & 100-ml volumetric flask and
dilute to exactly 100 ml with deionized, dis-
tilled water. Pipette a 20-ral aliquot of this
solution into a 230-ml Erlenmeyer {lask. add
80 ml of 100 percent isopropanol and two Lo
four drops of thorin indicator, and titrate to
a pink endpoint using 0.0100 N barium per-
chlorate. Repeat and average the titration
volumes. Run & blank with each series of
samples. Replicate titrations must agree
within 1 percent or 0.2 ml, whichever is
larger.

Norz: Protect the 0.0100 N barium per-
chlorate solution from evaporation at all
times.

4.4 Audit Sample Analysis. Concurrently
analyze the twe audit samples and a set of
compliance samples (Section 4.3) in the
same manner to evaiuate the technigue of
the analyst and the standards preparation.
(NOTE: It is recommended that knosn qual-
ity controi sampies be analyzed prior to the
compliance and audit sampie analysis to op-
timize the system accuracy and precision.
One source of these sampies is the Source
Branch listed in Section 3.3.8.) The same an-
alysts, analytical reagents, and analytical
system shall be used both for compliance
sampies and the EPA audit samples: if this
condition is met, auditing of subsegquent
compliance analyses for the same enforce-
ment agency within 30 days is not required.
An audit sample set may not be used to vali-
date different sets of compliance samples
under the jurisdiction of different enforce-
ment agencies, unless Dprior arrangements
are made with both enforcement agencies.

Calculate the concentrations in mg/dsem
using the specified sample volume in the
audit instructions. (Nortz: Indication of ae-
ceptable results may be obtained immediate-
1y by reporting the sudit resuits i.n mg/dsem
and compliance results in total mg SO./
sample by telephone to the responsibie en-

forcement agency.) Include the results of
both audit samples, their identification
numbers. and the analyst's name wiin the
results of the compliance determination
samples ln appropriate reports to the EPA
regional office or the appropniate enforce-
ment agency. Include this information with
subsequent complisnce analyses for the
same enforcement agency during the 30-day
period.

The concentrations of the audit sampies
obtained by the analyst shall agree within §
percent of the actual concentrations. 1{ the
S-percent specification is not met, reanaliyze
the compliance samples and audit samples,
and include initial and reanalysis values in
the test report (see NoT? 1n {irst paragraph
of this section).

Fallure to meet the 5-percent specification
may require retests until the audit problems
are resolved. However, if the audit results
do not affect the compliance or noncompli-
ance status of the sffected facility. the Ad-
ministrator may waive the reanalysis re-
quirement, further audits. or retests and
accept the results of the compliance test.
While steps are being taken to resolve audit
analysis problems. the Administrator may
als0 choose to use the data to determine the
compliance or noncompliance status of the
affected facility.

3. Calibration

5.1 Metering System.

5.1.1 Initial Calibration. Before its initial
use in the fiteld, first leak check the meter-
ing system (drying tube, needle valve, pump,
rolameter, and dry gas meter) as follows:
place a vacuum gauge at the inlet to the
drying tube and pull a vaccum of 250 mm
(10 in.) Hy: plug or pinch off the outlet of
the flow meter. and then turn off the pump.
The vaccum shall remain stable for at least
30 seconds. Carefully release the vaccum
gauge before releaszing the flow meter end.

Next, remove the drying tube and cali-
brate the metering system {(at the sampiing
Mow rate specified by the method) as foi-
lows: connect an sppropriately sized wet test
meter {(e.g.. 1 liter per revolution) to the
inlet. Make three independent calibration
runs, using at least five revolutions of the
dry gas meter per run. Calculate the calibra-
tion factor, ¥ (wet test meter calibration
volume divided by the dry gas meter
volume, both volumes adjusted to the same
reference temperature and pressure), for
each run, and average the results. If any Y
value deviates by more than 2 percent from
the average, the metering system is unac.
ceptable for use. Otherwise, use the average
as the calibration factor {or subsequent test
runs.

§5.1.2 Post-Test Calibration Check. After
each field test series. conduct & calibration
check as in Section 5.1.1 above, except for
the following variations: (a) the leak check
is not to be conducted, (b) three, or more
revolutions of the dry gas meter may be
used, and (c) only two independent runs
need be made. If the calibration factor does
not deviate by more than 5 percent from
the initial calibration factor {(determined in
Sectlon 5.1.1), then the dry gas meter vol-
urmes obtained during the test series are ac-
cepiable. if the calibration factor deviates
Dy more than § percent, recalibrate the me-
tering system as in Section 5.1.1, and for the
calculations, use the calibration factor (ini-
tial or recalibration) that yields the lower
ga3 volume for each test run.

5.2 Thermometers. Callbrate aguinst
mercury-in-glass thermometers.
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5.3 Rotameter. The rotameter need not
be calibrated but should be cleaned and
maintained according to the manufacty-
turer's instruction,

5.4 Barometer. Calibrate against s mer-
cury barometer.

5.5 Barium Perchlorate Solution. Stand-
ardize the barium perchlorate solution
against 23 mil of standard suifuric acid to
which 100 ml of 100 percent izsopropanol has
been added.

Run duplicate analyses. Calculate the nor-
mality using the average of a pair of dupli-
cate analyses where the titrations agree
within 1 percent or 0.2 ml, whichever is
larger.

6. Calculations

Carry out calculations. retaining atl least
one extra dectmal {igure beyond that of the
acquired data. Round off figures afler final
caleulation.

8.1 Nomenclature.

Cea=Concentration of sulfur dioxide. dry
basis corrected t6 standard conditions.
mg/dsem (lb/daef).

N=Normality of barium perchlorate titrant.
milllequivalents/ml.

P, =Barometric pressure at the exit orifice
of the dry gas meter. mm Hg (in. Hg).
P,=Standard absolute pressure, 760 mm

Hg ¢29.92 in. Hp).

Ta=Average dry gas meter absolute temper-
ature, ‘K (‘R).

Tws=Standard absolute temperature, 293° K
(528° R).

Ve = Volume of sample aliquot titrated, mi.

Ve=Dry gas volume as measured by the dry
£as meter, dem (def).

Vawg=Dry gas volume measured by the dry
gas meter. corrected to standard condi.
tions, dscm (dscf).

Vi =Total volume of solution tn which the
::llrur dioxide sample is contained. 100

V,=Volume of barlum perchlorate titrant
used for the sample. ml (average or rep-
licate titrations).

Ve=Volume of barium perchlorate titrant
used for the dlank. ml.

¥=Dry gas meter calibration factor.

32.03 = Equivalent weight of sulfur dioxide.

8.2 Dry sample gas volume, corrected to
standard conditions.

e =12 (T (B by Vo P

l‘l

Equation 6- |

where:
X, =0.3858" K/mm Hg {or metric units.
=17.84' R/in. Hg for English units,
8.3 Sulfur dioxide concentration.

(‘ —1'"'1 \( ull)
V

- e it

Cooy, =K
Equstion &2

where:
X:=32.02 mg/meq. for metric units.
=7.081 x 10-* Ib/meq. for Englisit units.



6.4 Relative Error (RE) {or QA Audit
Samples, Percent.

C.'C.
RE=C, x 100 Eq. 6-3
Where:
Cy=Determined audit sample concentra-
tion, mg/dsem.
C,=Actusl sudit sample concentration.
mg/dscm.

7. Alternative Procedures

7.1 Dry Gas Meter as a Calibration
Standard. A dry gas meter may be used as a
calibration standard for volume measure-
ments in piace of the wet test meter spect-
fied in Section 5.1, provided that it is cali-
brated (nitially and recalibrated periodically
according to the same procedures outlined
in Method 3, Section 7.1. with the following
exception: (1) the dry gas meter is calibrat-
ed against & wetl test meter having a capac-
ity of 1 liter/rev or 3 liters/rev and having
the capability of measuring volume to
within =1 percent; (1) the dry gas meter is
calibrated at 1 liter/min (2 cfh). and (3) the
meter box of the Method 8 sampling train is

. calibrated at the same {low rate.
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r.2 Crticai Onfices for Voiume and Rate
Measurements. A crihical onfice may be used
in place of the dry gas meter specified in
Section 2.1.10. provided that it is selected,
calibrated. and used as follows:

7.21 Preparation of Collection Train.
Prepare the sampling train as shown in Figure
6-2. The rotameter and surge tank are
optienal byt are recommended in order ta
detect changes tn the flow rate.

Note.--The critical orifices can be adapted
to a Method @ type sampling train as follows:
Inaert sieeve type, serum bottle stoppers into
'wa reducing unions. Insert the needle into
the stoppers as shown in Figure 8-3.

REDUCING UNION

Figure 6-3.

T -

EPA

PROMULGATED AMENDMENT/OCTOBER 26.

PROBE {END PACKED
WITH QUARTZ ON
PYREX WOOLI

1987

THERMOMETER
py STAEK WALL MIDGET IMPING ERS
MIDGET RUABLER
sLAsswaoL
e ) —
=
P,
VACUUM VACUUM
RATE MLV sAvGE GAUGE
OPTORAL) ey

— @ )

SILICAGEL
DRYING TUBE

CRITICAL
ORIFIEE

Figure 6-2. st‘lz sampling train using a critical orifice.

SERUM STOPPER

CRITICAL ORIFICE

Critical orifice adaptation for
Method 6 sampling train.
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722 Selectuon of Critical Orifices. The
procedure that follows descnbes the use of
hypodermic needles and stainless steel
needle tubings. which have been found
suutable for use as critical onfices. Other
matenals and critical orifica designs may ba
used provided the onfices act aa true critical
onfices. 1.e.. a critical vacuum can be
abtained. as descnibed in this secuon. Select
a critical onifice that is sized to operate at the
desired flow rate. The naedle s:zes and
tubing lengths shown below give the
followtng approximate flow rates.

Determine the suitability and the
appropriale opersting vaccum of the cntical
onfice as follows: I[ appiicable. temporaniy
attach a rotameter and surge tank to the
outiet of the sampling train. Turn on the
pump. and adjust the vaive 1o give a outiet
vacuum reading corresponding to about haif
of the atmospheric pressure. Observe the
rotameter reading. Slowly increase the
vacuum until a stable reading is oblained on
the rotameter. Record the critical vecuum.
which is the outlet vacuum when the
rotamater first reaches a stabis vaiue.
Orifices that do not reach a critical value
shall not be used.

7.23 Fieid Procedure.

7231 Leak-Check Procedure. A leuk-
check before the sampling run is
recommended, but is optional. The leak-
check procedure is as {ollows:

Temporanly attach & suitable (e.g.. 0~40 cef
min) rotemeter and surge tank. or & soap
bubbie meter and surge tank to the outlet of
the pump. Plug the probe inlet. pull an outlet

Phar

Tsta
' Pstd

amb

; Fiow Flow
Guage/cm ' rate, | Gauge/cm rate.
e/ mn cc/mm
211761 1100|  23/38 500
22729 1 1000 23/5. 450
22/3.8 900 24/3.2 400
Vsb(std) = Vsb
v
Q... = Sbistd)
std )
where:

Pu = Barometnc pressure. mm Hg {in. Hg).

P, =Slandard absoiute pressure. 760 mm Hg
(29.92 1n. Hg}.

Que= Volumetric flow rate through critical
onfice. scm/min {scf/min)|.

T e = Ambient absolute temnperature of air.

*K{"R).

Toq= Standard absolute temperalure. 'K

(528°R).

V.= Volume of gas as measured by the soap

bubble meter, m? [ft),

vacyum of at least 234 mm Hg {10 in. Hg). and
note the flow rate as indicated by the
rotameter or bubble meter. A leakage rate not
in axcess of 2 percent of the average
sampling rate (Quel is scceptable. Carefully
release the probe niet plug before turming off
the pumg.

7222 Moisture Determination. Al the
sampling location. prior to lesting. determine
the percent mowsture of the ambient awr using
the wet and dry bulb temperatures or. if
appropnate. & relative-humidity meter.

7233 Critical Orifice Calibrauon. Prior to
testing. at the sampling iocation. caiibrate the
entire sampling train using a 500-cc soap
bubble meter which is attached to the inlet of
the probe and an outiet vacuum of 25 10 50 -
mm Hg (1 to 2 in. Hg] above the critical
vacuum. Record the information listed in
Figure 6-4.

Calculate the standard volume of air
measured by the soap bubble meter and the
volumeinc flow rate. using the equations
below:

Eq. 6-4

Eq. 6-5

V iusss = Volume of gas as measured by the
so0ap bubble meter. corrected o standsrd

conditions. sem {scfl.
O =Time, min.
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Date

Critical orifice size

Soap bubble meter volume, Vgp cc

Time, 8

Barometric pressure, Ppar mm Hg (in. Hg)

Ambient temperature, Lamp

Inlet vacuum, P,

Jutlet vacuum

Ysb(sta)
flow rate, Qstd

Figure 6-4.

7.23.4 Sampling. Operate the sampiing
train for sampie collection at the same
vacuum used duning the cahibration run. Start
the watch and pump simullaneousiy. Take
readings (lemperature. rate meter, inlet

Vm(sta) * Tsea s (1-Ba)

where:

V miss = Ury gus volume measured with the
criical onfice, correctad to standard

_ conditions. dscm (decf).

Qe = Average flow rate of pretest and post-
test calibration runs. scm/min (scf/min).

B.,=Waler vapor i1n ambient air, propertion
by volume.

Train 1D

Pretest

~Critical vacuum _

Post -test

m (ft3)

r

sec

min

°C (°F)

mm Hg {in. Hg)

mm Hg (in. Hg)

m3 {ft3)

3 {3
min min

vacuum. and cutlet vacuum) at least every 5
minutes. At the end of the sampling run. stop
the watch and pump stmuitaneously.
Conduct a post-test caiibration run usming
the calibration procedure outlined 1n Section
7.2.3.3. If the Q,q obtained before and after

Poar +

Psr)
Fbar ¥ Fc

9, =Sampling time, min.
P. = Inlet vacuum reading obtained during the
calibration run, mm Hg [in. Hg).
P..=Inlet vacuum reading obtaincd during
the sampiing run. mm Hg (in. Hg).
If the percent difference between the
moiecutar weight of the ambient air at

Critical orifice calibration data.

the test differ by more than 5 pecent. void the
test run; 1f not. caiculate the volume of the
gas measured with the cntical onfice, Valueh
using Equanon 6-8 and the average of Qu, uf
both runs. as follows:

Eq. 6-6

staturated conditions and the sample gas 18
more than 3 percent, then the molecular
weight of the gas sample must be considered
in the calculations using the followmng
equation:

EPA STATIONARY SOURCE SAMPLING METHODS
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- . b )
Vm(sta) * Osta 8 (1-Bya) { iz- Kbaf‘ + sr)
- Pe

bar *

where:

M, = Molecular weight of the ambient air
paturated al impinger temperature, 8/8-
maole {Ib/Ib-mole).

M, = Molecular weight of the sample gas
saturated st impinger tamperature, s/s
mole (1b/lb-mois).

Note.—A post-test leak-check is not
necessary because the post-test calibration
run results will indicate whether thete 1s any
leskage.

Drain the ice bath. and purge the sampiing
train using the procedurs described in
Section 4.1.3.

EPA STATIONARY BOURCE SAMPLING METHODS
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METHOD 7

MrrHOD T—DETIRMINATION OF NITROGEN
OxIpE EMISSIONS FROM STATIONARY SOURCES

{. Principle and Applicadilily

1.1 Principle. A grab sample is collected
in an evacuated flask contanung a dilute
sulfuric acid-hydrogen peroxide absorbing
solution. and the mtrogen oxides, except -
srous oxide. are measured colorumeterically
using the phenoidisulforuc acid (PDS) pro-
cedure.

1.2 Applicability. This method is applica-
ble to the measurement of utrogen oxides
emitted from stationary sources. The range
of the method has been determuned te be 2
to 400 milligrams NO, (as NG,) per dry

standard cubic meter, without having (a
dilute the sampie.
2. Apparglus

2.1 Sampling (see Figure 7-1). Other grab
sampling systems or equipment. capabie of
measuring sample voiume to within =2.0
percent and coilecting a sufficient sample
volume to allow anaivtical reproducibility to
within =5 percent, wili be considered ac-
ceptable alternatives. subject to approval of
the Admunatrator. U.S. Envirorunental Pro-
tection Agency. The following equipment is
used {n sampiing:

RULES AND REGULATIONS/AUGUST

2.1.1 Probe. Borosuicate glass tubing, sui-
ficiently heated to prevent waler condensa-
tion and equipped snth an in-stack or out-
stack {ilter to remove particulate matter (a
plug of glass wool is satisfactory for this
purpose). Stainless steel or Teflon * tubing
may also be used for the probe. Heating 'is
not necessary if the probe remains dry
durnng the purging period.

2.1.2 Collection Flask, Two-liter horosii-
cate, round bottom flask. with short neck
and 24/40 standard taper opening. protected
against unplosion or breakage.

2.1.3 Flask Valve. T.bore stopcock con-
nected to a 24/40 standard taper jount.

2.1.4 Temperature Gauge. Dial-type ther-
mometer, or other temperature gauge. capa-
ble of measunng 1° C (2° F) intervais from
-5 to 50" C (25 to 125" F).

218 Vacuum Line. Tubing capable of
withswanding a vacuum of 75 mm Hg (3 in.
Hg) absoiute pressure, with “T" connection
and T-bare stopcock.

2.1.8 Vacuum Gauge. U-tube manometer,
1 meter (36 in.), with l-mm (0.1-in,) divi-
sions. or other gauge capable of measuring
par;lmre to within =2.5 mm Hg (0.10 in.

2.1.7 Pump. Capable of evacuating the
collection flask to a pressure equal Lo or less
than 75 mm Hg (3 in. Hg) absolute.

@ EVACUATE
&5 e

PROBE FLASK vnw:@ SAMPLE
~ O—@ —0
%5 l\:’/—\
FILTER é

GROUND-GLASS SOCXET,
§NO. 12/5

3-WAY STOPCOCK:
T-BORE, § PYREX.
2-mm BORE, §-mm QD

GROUND-GLASS CONE,

STANDARD TAPER. GROUND-GLASS
§ SLEEVE NO. 24/40 SOCKET. 3 NO. 128
PYREX

Figure 7-1. Sampling train, flask valve. and flask.

FLASKJ___.‘- |

FLASK SHIELD._L "
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2.1.8 Squeeze Bulh, One-way.

2.1.9 Volumetric Pipette. 25 ml.

2.1.10 Stopcock and Ground Joint
Grease. A high-vacuum. high-temperature
chlorofluorocarbon grease is required. Halo-
carbon 25-3S has been found to be effective.

2,1.11 Barometer. Mercury. aneroid, or
other barometer capable of measurning at-
mosphenc pressure to wnthin 2.5 mm Hg
(0.1 in. Hg). In many cases, Lhe Darometrc
reading may be obtaned {rom a nearby na-
tional weather service station. un which case
the station value (which is the absolute bar.
ometric pressure) shall be requested and an
adjustment for eievation differences be-
tween the weather station and sampling
pomnt shall be applied at a rate of munus 2.5
mm Hg (0.1 in. Hg) per 30 m (100 ft) eleva-
tlon increase, or vice versa for eievation de-
crease.

2.2 Samgple Recovery. The [ollowing
equipment 13 required for sampie recovery:

2.2.1 Graduated Cylinder. 50 mi wath 1.
ml divisions.

2.2.2 Storage Containers. Leak-free poly-
ethylene bottles. ’

2.2.3 Wash Bottle. Polyethylene or glass.

2.2.4 Glass Stirring Rod.

22,5 Test Paper for [ndicating pH. To
cover the pH range of T to 14.

SQUEEZE BULS

FOAM ENCASEMENT

<" “MBOILING FLASK -

2LITER. ROUND-BOTTOM, SHORT NECK
WITH § SLEEVE NO. 24/40



2.1 Analysis. For the analysis, the follow-
Ing equipment 18 needed:

2.1.1 Volumetri¢ Plpettes. Two 1 ml. two
2 ml, one 3 ml, one ¢ mi. two 10 ml. and one
25 ml for each sample and standard.

2.3.2 Porcelan Evaporating Dishes, 17S.
to 250-ml capacity with lip for pouyring. one
for easch sample and each standard. The
Coors No. 15008 (shallow-form, 185 mi) has
been found to be satisfactory. Alternacively,
polymethy! pentene beakers (Naige No.
1203. 150 ml}. or glass beakers (150 ml) may
be used. When glass bemkers are used. etch-
ing of the beakers may cause solid matter to
oe present in the analytical step; the solids
should be removed by filtration (see Section
4.3).

2.3.3 Steam Bath. Low-temperature
ovens or thermostatically conirolled hot
plates kept below 70° C (160" ¥) are accepta-
ble alternatives.

234 Droppung Pipette or Dropper. Three
required.

n3.5 Polyethylene Policeman. One for
each sampie and each standard.

238 Gradusted Cylinder. 100 ml with 1-
ml divisions.

1.3.7 Volumetric Flasks. 50 mi (one for
each sample and each standard), 100 mi
(gne for each sample and each standard,
and one for the working standard KNO, so-
(ution), and 1000 ml (one).

2318 Spectrophotometer. To measure ab-
sorbance at 410 nm.

2.3.9 Graduated Pipette. 10 mi with 0.1-
mi divisions.

2.3.10 Test Paper for Indicating pH. To
caver the pH range of 7 to 14.

2.3.11 Anaiytical Bajance. To measure to
withun 0.1 mg.

1. Reagents

Unless otherwise indicated, it is intended
that all reagents conform to the specifica-
tions estabiished by the Committee on Ana-
lytical Reagents of the Amencan Chemicsal
Society, where such specifications are avail-
able; otherwise, use the best availabje grade.

3.1 Sampling. To prepare the absorbing
solution. cautiousiy add 2.8 mi concentrated
H.S0. to L liter of deloruzed. distilled water.
Mix well and add 6 ml of 3 percent hydro-
gen peroxide, {reshly prepared f{rom 30 per-
cent hydrogen peroxide solution. The ab-
sorhing solution showid be used within 1
week of its preparation. Do not expose to
extreme heat or direct suniight.

3.2 Sampie Recovery. Two reagents are
required for sample recovery:

1.2.1 Sodium Hydroxide (1N). Dissolve 40
g NaOH in deloruzed. distilled water and
dilute to 1 liter.

3.2.2 Water. Deionized. distilled to con-
form to ASTM specification D1193-77. Type
3 (incorporated by reference-—see § 80.17).
At the option of the analyst, the KMnO,
test for oxidizable organic matter may be
omitted when high concentrations of organ-
ic matter are not expected to be present.

1.1 Analysis. For the anaiysis, the follow-
ing reagents are required:

1.3.1 Fuming Sulfuric Acid. 15 to 18 per-
cent by weight ([ree suifur Ctrioxide.
HANDLE WTITE CAUTION.

1.3.2 Phenol. White soiid.

3.3.3 Sulfunc Acid. Concentrated. 85 per-
cent minimum assay. HANDLE WITH CAU-
TION.

3.2.4 Potassium Nitrate. Dried at 103 to
110° € (220 to 230° F} for a munimum of 2

hours jusc prior to preparation of standard
50luLlon.

3.1.5 Stapndard KNO, Solution. Dissoive
exactly 2.198 g of dned potassium ntrate
(KNO.; 1n delomzed, distilled water and
dilute to 1 liter wnth deiomzed. distilled
water 11 a 1.000-ml volumetne flasic

3.3.6 Working Standard ENO. Solution.
Dllute 10 ml of the standard soiution to 100
ml with deionized distilled water. One mul-
liter of the working standard solution is
equivalent to 100 ug nitrogen dioxide (NO.).

1.3.7 Water. Deloruzed, distilled as 1n Sec-
tion 3.2.2.

1.3.8 Phenoldisulfonic Acid Solution. Dis-
solve 25 g of pure white phenol 1o 150 ml
concentrated sulfuric acid on a steam bath.
Cool, add 75 mi funung sulfuric acid, and
heat at 100° C (212° ™) for 2 hours, Store in
a dark. stoppered bottle.

339 Quality Assurance Audit Samples.
Nitrate sampies in glass vials prepared by
EPA’s Environmental Moniterning Systems
Laboratory, Quality Assurance Division,
Source Branch, Mail Drop 7TA. Research
Triangie Park, Nerth Caroiina 27711. Each
set will consist of two vials having soiutions
of unknown concentrations. Only when
making compliance determmnations. obtain
an audit sampie set from the quality assur-
ance managetment office at each EPA re-
gonal office or the responsible enforcement
agency. (Notz: The tester should notify the
quality assurance office or the responsible
enforecement agency at least 30 days prior
to the test date to allow sufficient time for
sampie delivery.)

4. Procedyres

1.l Sampiing.

4.1.1 Pipette 23 mi of absorbing solution
inte a sampie flask, retarning a sufficient
quantity for use in preparing the calibratton
standards. Insert the (lask valve stopper
into the flask with the valve in the “purge”
position. Assemble the sampling train as
shown in Plgure 7-1 and place the probe at
the sampling point. Make sure that all [ii-
ings are tight and leak-free, and that all
ground glass Jjoints have been properiy
gressed with a high-vacuum, high-tempera-
ture chlorofluorocarbon-based stopcock
gresase. Turn the {lask valve and the pump
valve to their “evacuate” positions. Evacu-
ate the {lask to 73 mun Hg (3 in. Hg) sbso-
lute pressure. or less. Evacuation to a pres-
sure approsching the vapor pressure of
water at the existing temperature is desira-
ble. Turn the pump vaive to its "‘vent” posi-
tion and turm the off the pump. Cheéek for
ieakage by observing the manometer for
any pressure fluctuation. (Any variation
greater than 10 mm Hg (0.4 ln. Hg) over a
period of 1 minute 18 not acceptable, and the
flask i3 not to be used until the ieakage
problem 1s corrected. Presadare in the (lask i3
not to exceed 75 mm Hg (3 in. Hg) absoiutrs
at the time sampling 1s commenced.) Record
the volume of the [lask and valve (), the
flask temperature (7T.). and the barovmetinc
pressure, Turn the flask valve counterclock-
wise to its “purge” position and do the same
with the pump vaive. Purge the probe and
the vacuum fube using the squeeze bulb. If
condensation cccurs in the probe and the
flazk vaive ares. heat the probe and purge
untl the condensation disappears. Next,
turn the pump vaive o its “vent” position.
Turn the flask valve clockwise to iLs “‘evacu-
ate” position and record the difference in
the mercury leveis in the manometer, The

absojute nternal pressure mn the flask ( 5} is
equal to the barometnc pressure less the
manometer reading. Immedistely turn the
flask valve to the “sampie’’ position and
permit the gas to enter the flask until pres-
sures un the flask and sample line ti.e., duet,
stack) are equal, This will usually require
about L5 seconds: a longer penod indicates a
“niug" in the probe. whicii must be correct-
ed before sampling is continued. After col-
lecting the sample, turn the flask vaive to
its “purge’ position and disconnect the flask
from the sampling train. Shake the (lask for
at least 5 munutes.

4.1.2 If the gas being sampied contans
insufficient oxygen for the convermion of
NQ te NO. (e.g.. an applicable subpart of
the standard may require taking a sampie of
a calibration gas mixture of NO In Ny, then
oxygen shall be introduced into the flask to
pernut this conversion. Oxygen may be in-
troduced into the (lask by one of three
methods; (1) Before evacuating the sam-
pling flask, flush with pure cylinder oxygen.
then evacuste flask to 75 mm Hg (3 In. Hg)
absolute pressurs or less: or (I) Inject
oxygen into the flask after sampling: or (3)
terminate sampling with a munimum of 50
mm Hg (2 ln, Hg) vacuum remaining tn the
flasi, record this final pressure. and then
vent the flask to the atmosphere until the
flask pressure 1s almost equal to atmospher-
i¢ preasure.

4.2 Sample Recovery. Let the flask set
for a minimum of 18 hours and then shake
the contents for 2 minutes. Conneet ‘the
flask to & mercury {lilled U-tube manometer.
Open the vaive (rom the flask to the ma-
nometer and record the flask temperature
{T}), the barometric pressure. and the differ-
ence between the mercury levels in the ma-
nometer. The absolute internal pressure In
the flask (P is the barometric pressure less
the manometer reading. Transfer the con-
tents of the flask to & leak-(ree polyethyl-
ene bottle. Rinse the flask twice with 3-ml
portions of deionized, distilled water and
add the rinse water to the bottle. Adjust the
pH to between 9 and 12 by adding sodium
hydroxide (1 N), dropwise (about 25 to 33
drops). Check the pH by dipping a stuming
rod INLo the solution and then touchung the

rod to the pH test psper. Remove as little
matenal as possible duning tins step. Mark
the height of the liquid level so that the
container can be checked for leskage after
iransport. Labei the contaner to clearly
identify its contents. Seai the container for
shipping.

4.3 Analysis. Note the level of the lguid
in container and confirm whether or not
any sample was lost dunng shipment; note
thus on the ansiyticsi data sheet. If a notice-
abie amount of leaksge has oocurred., either
void the sample or use methods, subject to
the approval of the Administrator, to cor-
rect the final resuits. Immediately prior to
analysis. (ranafer the contents of the ship-
ping container to a 50-ml volumetric {lasik.
and rinse the container twice with 5-ml por-
tions of deionized. distilled waier. Add the
rinse water to the flask and dilute to the
mark with deionized. distilled water: mix
thoroughly. Pipette & 25-m! aliquat into the
procelsin evaporating dish. Return any
unused portion of the sampie to the poiy-
ethylene storage bottie. Evaporste the 25-
ml aliquot to dryness on a stesm bath and
allow to cool. Add 2 mi phenoldisulfomc
acmd soiution to the dried rexidue and tritu-
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rate thoroughly with a poiyethylene police-
man. Make sure the soiution contacts ail
the residue. Add | mi deionized, distilled
water and four drops of concentrated sulfu-
¢ acid. Heat the solution on & steam bath
or 3 munutes ¥th occagonai stirring. Allow
he soiution to cool add 20 mi deionzed,
distilled water. oux well by stirring, and add
concentrated ammomum hydroxide, drop-
wise, with constant strrng, until the pH is
10 (as determined by pH paper). If the
sample contans solids, thess must be re-
moved by fiitration (centrifugation is an ac-
ceptable alternstive, subject to the approval
of the Admimstrator). as follows {llter
through Whatman No. 41 [ilter paper into a
100-ml voiumetne (lask; rinse the evaporat-
ihg dish with three 5-mi portions of deion-
izad, distilled water: fliter thesa three rinses.
Wash the fliter with at lesst three 15-ml
portions of deionized. distilled water. Add
the filter washing= to the contents of the
volumetric flask and dilute to the mari with
deionized. distilled water. If solids are
absent, the soiution csn be transierred di-
rectly to the 100-ml volumetric {lask and di-
[uted to the mark with deionized, distilled
water, Mix the contents of the flask thor-
oughiy. and measure the absorbance at the
optimum wavelength used for the standards
tSection 5.2.1), using the blank solution ss a
zero reference. Dilute the sampie and the
blank with equal voiumes of deionized, dis.
tilled water | the shsorbance exceeds 4,
Lthe absorbance of the 400 ug NO, standard
(see Section 5.2.2).

4.4 Audit Sampie Analysis. Concurrently
analyze the two audit samples and a set of
compliance samples (Section 4.3) in the
same manner to evaluate the technique of
the analyst and the standards preparation.
(Nore It is recommended that known qual-

*y controi samples be analyzed pnor to the

pmpliance and audit sample analysis to op-
¢imuze the system accuracy and precision.
One source of these sampies 18 the Source
Branch listed in Section 3.3.8.) The same an-
alysts, anaiytical resgents, and analytical
system shall be used both for the compii-
ance samples and the EFA audit samples; if
this condition 1$ met, auditing of subsequent
compliance analyses (or the same enforce-
ment agency within 30 days s not required.
AR audit sample set may not be used to vali-
date different sets of compliance sampies
under the jurisdiction of different enforce-
ment agencies. unless prior arrangements
are made with both enforcement agencies.

Calculate the concentrations in mg/dscm’

using the specified sampie volume tn the
audit instructiens. (Notz Indication of ac-
ceptable results may be obtamned immediate-
ly by reporting the audit resuits in mg/dscm
and compiiance reswits (o total ug NOs/
sample by telephone to the responsible en-
forcement agency.) Inociude the results of
both audit sampies. therr identification
numbers, and the analyst's name with the
resuits of the compilance determunation
samples 1o approptiate reports to the EPA
regiongl office or the appropriste enforce-
ment agency. [nciude thus information with
subsequent compliance analyses for the
same enforcemenst agency dunng the 30-day
period.

The concentrations of the audit samples
obtained by the analyst shall agree wathin
10 percent of the actual audit concentra-
tions. If the l0-percent specification is not
met, reanaiyze the compliance samples and

udit sampies and include initial and reanal-

sis vaiues in the test report (see NoTR in
the first oaraaraoh of this section).

Failure to meet the lO0-percent spectfica.
tion may require retestis uncil the audit
problems are resoived. However. it the audit
results do not affect the compilance or non-
compliance status of the affected facility,
the Administrator may walve the reanalysis
requirement. further audits, or retests and
accept the resulis of the compliance test.
While steps are being taken to resoive audit
analysis problems, the Administrator may
also choase to use the data to determiine the
compliance or noncompliance status of the
affected facillty.

5. Calibration

5.1 Flask Volume. The volume of the col-
lection Mask-flask vailve combination muac
be known prior to sampling. Assembie the
{lask and flask valve and fill with water, to
the stopcock. Measure the voiume of water
to 210 ml. Record this volume on the flask.

5.2 Spectrophotometer Calibration.

5.2.1 Optimum Wavelength Determina-
tion. Calibrate the wavelength scale of the
spectrophotometer every § months. The
calibration may be accompiished by using
an energy source with an \ntense line erais-
sion such as a mercury lamp, or by using a
series of giass filters spanmng the measur-
ing range of the specirophotometer. Call-
bration matenais are avalable commerciaily
and from the National Bureau of Standards.
Specific detalls on the use of such matenais
should be supplied by the vendor: general
information about calibration techniques
can be obtained f[rom general reference
books on anaiytical chemustry. The wave-
length scale of the spectrophnotometer must
read correctly within = 5 nm al all caiibra-
tion points; otherwise. the specrophoto-
meter shall be repawed and recalibrated.
Once the wavelength scale of the spectro-
photometer 15 1n proper calibration, use 410
mn as the optimum wavelength for the
measurement of the absorbance of the
standards and samples.

Alternatively, a scanning procedure may
be empioyed to deternune the proper meas-
uritng waveiength. If the instrument is a
double-beam spectrophotameter, scan the
spectrum between 400 and 415 nm using a
200 ug NO, standard solution in the sample
cell and a blank solution in the reference
cell. If a peak does not occur, the spectro-
photometer 18 probably maifunctioning and
should be repaired. When a peaic is obtauned
within the 400 to 415 nm range. Lhe wave-
length at which this pesik occurs shall be
the optimum wavelength for the measure-
ment of absorbance of both the standards
and the sampies. For a single-beam spectro-
photometer, foilow the scanning procedure
described above. except that the blank and
standard solutions shall be scanned sepa-
rately. The optimum wavelength shall be
the wavelength at which the maximum dif-
ference in absorbance between the standard
and the blank occurs.

5.2.2 Determination of Spectrophoto-
meter Calibration Factor K. Add 0.0 mi, 2
ml. 4 ml. 8 mi., and 8 mi of the ENO, work-
ing standard soiution (1 ml=100 ug NO,) to
a series of flve 50-ml volumetric {lasks. To
each flask add 25 mi of absorbing solution.
10 m! deiomzed. distilled water, and sodium
hydroxide (1 N) dropwise unti] the pH is be-
tween 9 and 12 (about 23 to 35 drops each).
DHute to the mark with deionized, distilled
water. Mix thoroughly anhd pipette a 25-mi
aliquot of each solution into a separate por-
celain evaporating dish. Beginning with the
evaporation step, follow the analysis proce-
dure of Section 4.3 until the solution has
been transferred to the 100 ml volumetnc
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flask and dijuted to the mark. Measure the
absorbance of eacn soiution. at the opt:-
mum wavelength. as determined in Section
3.2.1. This calibration procedure must be re-
peated on each day that sampies are ana-
lyzed. Calculate the spectrophotometer cali-
bration facior as follows:

A.-ZA.+3A.-'-4A-
K= 100

A Ayt Ay ie At

Equation 16-1
where:

K.=Calibration factor,ug

A, = Absorpance of the 100-ug NO, standard

Ay=Absorbance of the 200-ug NO, standard

A= Absorbance of the 3J00-ug NO, standard

A= Absorbance of the 400-ug NQ, standard

5.2.3 Spectrophotometer Calibration
Quality Controi. Multiply the absorbance
value obtained {or each standard by the K.
factor (least squares slope) to determine the
distance each calibration point lles {rom the
theoretical calibration line. These calculat-
ed concentration vajues showid not differ
from the actual concentrations (ie. 100.
200. 300, and 400 ug NOy) by more than 7
pereent for three of the four standards.

5.3 Barometer. Calibrate against a mer-
cury barometer,

5.4 Temperature Gauge, Calibrate dial
thermometers against [mercury-in-glass
thermomecers.

5.5 Vacuum Gauge. Callbrate mechanical
gauges. if used. agMnst 4 Mercury manome-
ter such as that specified in 2.1.8.

5.8 Anaiytical Balance. Calibrate against
standard weights.

4. Calcuiations

Carry out the calculations, retaining at
least one extra decimal figure beyond that
of the acquired data. Round off figures
after final caiculations.

§.1 Nomenciature.

A= Absorbance of sample.

C=Concentration of NO, as NO,, dry basis,
corrected to standard conditions. mg/
dsem (1b/dsef).

F=Dilution factor ti.e.. 25/5, 28/10, ete., re-
quired only |f sample dilution was
needed to reduce the absorbance into
the range of calibration).

K. =Spectrophotometer calibration factor.

maMass of NO: as NO, in gas sample, ug.

P,=Final absoiute pressure of Nask, mm Hg
tin. Hg).

Py =Initial absolute pressure of [lask, mm
Hg (in. Hg).

B =Standard absolute pressure. T8¢ mm
Hg (28.92 In. Hg).

T.=Final absolute temperature of fask, ‘K
('R

Ti=Initial absolute temperature of flask, "X
‘R

Tue=Standard absoiute temperature 293° K
(528° R)

V.=Sample volume at standard conditions
(dry basis), ml.



V+=Volume of flask and valve. ml

V, = Volume of absorbing soiuton. 23 mi

2 =50/25. the aliquot [actor. (If other than a
25.ml aliquot was used for analysis, the
corresponding [actor must be substitut-
ed)

5.2 Sampie voiume. dry basis, corrected O
standard conditions.

r T“-l . r -l?_l'_f..]
Iu='P'_.:‘(‘!—ta) [T{ T,

. . P: P
=K, (V=25 mi) [Fr_‘l—"

Fquation 7-2

AN - —‘L-- for metric units
min Hg

= |7.1H i\ for lZnglti~h units
=1 T for Rl

6.3 Total ug NO, Per Sample.
m=2 K, AF
Fquation 7-3

NoTr [f other than a 25-mi aliquot is used
for analysis, the {actor 2 must be replaced
by a corresponding factor. ]

6.4 Sampie concentration. dry basis. cor-
rected to standard conditions.

C= K: Vt":—.
Equation 7-4

4.5 Relative Error (RE)} for QA Audit
Samples, Percent.

C.-C.
RE= c » 100 7-5

Where:

C.=Determined sudit sampie concentra-
tion, mg/dacm.

C.~Actual audit sample concentration,
mg/dscm.

K2 =10% {mg/scm}/[pg/mi) for metnc units. -

=8.242X 107 (1b/scf){{#g/ ml] for English
units.

To convert from mg/dscm to g/dscm. divide
C by 1.000.
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METHOD 7A

METHOD TA—DETERMINATION OF NITROGEN
Oxipr EMISSIONS FROM  STATIONARY
SoURcES—ION CHROMATOGRAPHIC METHOD

1. Applicability and Principle

1.1 Applicability. This method applies to
the measurement of nitrogen oxides emitted
from startionary sources: it may be used as
an alternative to Method 7 (as defined in 40
CFR Part 60.8(b)) to determune compliance
if the stack concentration is within the ana-
lytical range. The analytical range of the
method is from 125 to 1.250 mg NO./m’ as
NO; (65 to 655 ppm), and higher concentra-
tions may be analyzed by diluting the
sample. The lower detection limit is ap-
proximately 19 mg/m’ (10 ppm), but may
vary among instriments.

1,2 Principle. A grab sample is coliected
in an evacuated flask containing a diluted
sulfurne acid-hydrogen p,sroxide absorbing
solution. The nitrogen oxides. except i+
trous oxide, are oxidized to nitrate and
measured by ion chromatography.

I, Apparalus

a1 Sampling. Same as in Method 7. See¢-
tion 2.1.

2o Sampling Recovery. Same as in
Method 7. Secuon 2.2. except the stirTing
rod and pE paper are not needed.

23 Analysis. For the analysis, the follow-
ing equipment is needed. Alternative instru-
mentation and procedures will be allowed
provided the calibration precision in Section
5.2 and acceptable audit accuracy can be
met.

23.1 Volumetric Pipets. Class A; 1-, 2-. 4-,
5.ml (two for the set of standards-and one
per sample), 6. 10-. and graduated 5-ml
sizes.

2132 Vojumetnic Flasks. 50-ml (two per
sample and one per standard), 200-ml. and
1-liter sizes.

233 Analytical Balance. To measure to
within 0.1 mg.

n=z4 lon Chromatograph. The ion chro-
matograpn should have at least the follow-
iNg components:

%3431 Columns. An anion separalion or
other coiumn capaple of resoiving the ru-
trate on lrom sulfate and other species
present and 3 stanaard anion SUppPressor
column optional). Suppressor columns are
Progucec as proprielary items. however, one
can be produced 1n the laboratory using the
resn avallable from BioRad Company, 32nd
and Griffin Streets. Richmond. California
Peak resolution can be optimized by varying the
eluent strength ot column fow rate. or by experi
menhng with sliemaitive columns that may offer
maore efficient separation. When using guard
columns wath the strooger reagent lo proied -
the separation column. the snalysi shauld
allow rest perinds belwsen injection inlervals
1o purge possible sulfate baildup in the guued
column.

23.4.2 Pump. Capable of maintaining a
steady flow as required by the sysiem.

n.3.4.3 Fow Gauges. Capable of measur-
ing the specified system flow rate.

2.3.4.4 Conductivity Detector.

2.3.4.5 Recorger. Compatible with the
oulput voltage range of the detector.

PRCPOSED

3. Reagents.

Unless othersise indicated. it is intended
that all reagents conform to the specifica-
tions established by the Commutiee on Ana-
lytical Reagents of the Amencan Chemicai
Society, where such specifications are avaul-
able: otherwise, use the best available grade.

3.1 Sampling. An absorbing solution con-
sisting of sulfuric acid (H.50.)and hydrogen
peroxide (Hz0x) is required for sempling. To
prepare the absorbing solution. cautiously add
2.8 mi concentrated H.50. to a 1-liter flask
containing water (same as § 3.2). Add 6 mi of
3 percent HaO: that has been freshiy
prepared from 30 percent solotion. Dilute to
volume with water, and mux well. This
absorbing solution should be used within 1
week of its preparation. Do not expose to
extreme heal or direct sunlight.

Note: Biased lesling resuhs have been
observed whan sampliag under sonditivas of
high sulfur diaxide concentrations (above
2000 ppm}. o

3.2 Sampie Recovery. Deionized distilled
water that coniorms to Amencan Sociely
for Tesung and Materiais specification D
1193-74. Type 3. is required for sampie re-
covery. At the option of the analyst, the
KMnO. test for oxidizable organic matter
may be omitted when high concentrations
of organic matter are not expected to be
present.

3.3 Analysis. For the analysis,
ing reagents are required: .

2.3.] Water. Same as in Section 3.2.

1.3.2 Stock Standard Solution, 1 mg NO»/
ml. Dry an acequate amount of sodium ni-
trate (MaNO,) at 105 to 110°C for & mini-
mum of 2 hours just before preparing the
siandard solution. Then dissolve exacLiy
1.847 g of dried NaNO, in water, and dilute
to 1 liter 1n a volumetric flask. Mix weil
This solution 5 stable for 1 month and
snould not be used beyond this time.

1.3.3 Working Standard Solution. 25 ug/
ml. Dilute 5 m] of the standard soiution Lo
200 m! with water 1n a volumetnc flask. and
mix well.

1.3.4 Eluent Solution. Weight 1.018 g of
sodium carponate {Na.CO,) and 1.008 g of
sodium bicarbonate (NaHCQ,). and dissoive
in 4 liters of water. This solution 15 0.0024 M
N2,C0:/0.003 M NaHCO, Other eluents ap-
oropriate to the column type and capable of
res0jVINg nitrate 1on {rom sulfate and other
species present may be used.

1.35 Quality Assurance Audit Samples.
Same as required in Method 7.

4. Procedure.

- 4.1 Samping. Same as 1n Method 1. Sec-
tion 4.1.
4.2 Sample.

the follow-

Recovery, Same as in
Method 7. Section 4.2, exceptl dejete the
sieps on adjusting and checking the pE of
the sample. Do not store the samples more
than 4 days between collection and recovery

4.3 Sample. Preparation. Note the level
of the liqud in the contawner and confirm
=nether any sample was lost dunng ship-
ment; note this on the analytical data sheet.
If a noticeable amount of leakage has oc-
curred. either void the sample or use meth-
ods, subject to the approval of the Adminmis-
trator. to correct the final results. Immedi-
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ately before analysis. transfer the contents
of the shupping container to 3 50-ml voiu-
metnic Nask. and nnse the container (wice
with 5-ml poruions of water. Add the rnse
xater to the flask. apd dilute to the mark
with water. Mix thoroughly.

Pipet a 5-mi aliquot of the sample into &
50-mal volumetnic flask, and dilute Lo the
mark with water. Mix thoroughly. Fer eacn
set of determnations, prepare a reagent
siank by diluling 5 ml of absorbing solution
to 50 mi with water. (Alternatively, eluent
solution may be used in all sample, stand-
ard, and blank dilutions.)

4.4 Analysis. Prepare a standard calibra-
tion curve according to Section 5.1. Analyze
the set of standards followed by the set of
sampies using the same injection volume for
both standards and samples. Repeat this
analysis sequence {ollowed by a final analy-
sis of the stanaard set. Average the resuits.
The two sampie values must agree within 5
percent of their mean [or the anlaysws Lo be
valid. Perform this duplicate analysis se-
quence on the same day. Dilute any sample
and the blank with equal volumes of water
if the concentration exceeds that of the
highest standard.

Document each sample chromalogram by
listing the following analytical parameLers.
injection point. injection volume. nitrate
and sulfate retention tumes, flow rate. detec-
tor sensitivity setting. and recorder chart
speed.

4.5 Audit Sampie. Analysis, Same as
required in Method 7.

5. Calibration

5.1 Flask Voiume. Same as in Method 7.
Section 5.1.

5.2 Standard Calibration Curve. Prepare
a series of five standards by adding 1.0. 2.0.
4.0. 6.0, and 10.0 ml of working standard so-
lution (25 ug/mil) to & series of five 50-ml
volumetric flasks. {The standard masses Wl
equal 25. 50, 100. 150, and 250 ug.) Dilute
each flask to voiume with water, and mux
well. Analyze with the samples as descnibed
i Section 4.4 and subtract the blank from
each value. Prepare or caiculate a linear re-
gression plot to the standard masses 1N ug
:x-ax1s) versus thewr peak height responses
in miliimeters y-axis). (Take peak height
measurements with symmetncal peaks: in
all other cases. calculate peak areas) From
this curve. or equation, determine the slope.
and calculate its reciprocal to denote as the
calibration factor, S. If any pownt deviates
from the line by more than 7 percent of the
concentration at that point. remake and re-
analyze that standard. This deviation can be
determuned by multiplying S times the peak
heignt response for each standard. The re-
sujtant concentrations must not differ by
more than 7 percent from each known
standard mass (ie.. 25, 50. 100, 150, and 250
sE

5.3 Conductivity Detector. Callbrate ac-
cording to manufacturer's specifications
prior to initial use.

5.4 Barometer, Calibrate againsi i mer-
cury barometer.

5.5 Temperature Gauge. Calibrate dial
thermometers against  mercury-in-glass
thermometers,



5.6 Vacuum Gauge, Calibrate mechanjcal
gauges. if used. against & mercury manome-
ter such as that specified in Section 2.1.6 of
Method 7.

5.7 Analytical Balance. Calibrate against
standard weights.

§. Calculations.

Carry out the caiculations. retaining at
least one extra decimal figure beyond that
of the acquired data Round off flgures
after final calcuiations.

8.1 Sampie Volume. Calculate the sample
volume V. (in ml) on a dry basis, corrected
to standard conditions. using Egquation 7-2
of Method 7.

8.2 Sampie Concentration of NO, as NO,.
Calculate the sample concentration C (in
mg/dscm) as follows:

HSF x 10*
Ve

C= Eq. TA-1

Where:

E =Sample peak height, mm
8§ =Calibration factor, ug/mm

F =Dilution factor (required only if sample
dilution was needed to reduce the con-
centration into the range of calibration)

10¢ -! 1:10 dilution times conversion factor
o

10°ml
X
10% ug m?

To convert EoTnu-fdsmm to g/dscm,
divide C by 1000. e ¢
If desired, the concentration of NO. may
be calculated 25 ppm NO, at standard condi-
tions as follows:

ppm NO. = 0.5228 C Eq. TA-2

Where:
0.5228 = ml/mg NO,.
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METHOD 8

METHOD B=DETERMINATION Or SULFURIC
ACID MIST anD SuLruz Dioxioz EMISSIONS
FroM STATIONARY SOURCES

1. Principie ana Applicability

1.1 Principie. A gas sample is extracted
isokinetically from the stack The sulfuric
acid must (inciuding sulfur trioxide) and the
sulfur dioxide are separated, and both frac-
tions are measured separstely by the
barium-thonn titration method.

1.2 Applicabiiity. This method is lppllc_l-
ble for the detemination of sulfuric acid
mist (ineluding sulfur tneoxide, and in the
absence of other particuiate rmatter) and
suifur dioxide emussions (rom stationary
sources, Collaborative tests have shown that
the mumumum detectable limits of the

method are 0.05 milligrams/cubic meter
(0.03>» 10°7 pounds/cubic foot) for sulfur tri-
oxide and 1.2 mg/m? {0.T4¢ 10~" Ib/ItD for
sulfur digxide. No upper limits have been es-
tablished. Based on theoretical caiculations
for 200 milliters of 3 percent hydrogen per-
oxide solution. the upper concentration
linut for sulfur dioxide in a 1.0 m?(35.3 110
gas sampie is about 12.500 mg/m? (T.Tx 10"
lb/1t%. The upper limit can be extended by
increasing the quantity of peroxide solution
in the impingers.

RULES AND REGULATIONS/AUGUST 18.

Poasibie interfering agents of this method
are fluondes. free ammomna, and dimethyl
aniline. If any of these interfering agents
are present (this can be determined by
knowiedge of the process), alternative meth-
ods, subject to the approval of the Adminis.
trator, U. S. E. P.A., are required.

Filterable particulate matter may be de-
termined along with SO, and S0, (subject
to the approval of the Adm:mstrator) by in-
serting a heated glass fiber filter between
the probe and isopronanol impinger (see
Section 2.1 of method 6.) If this option is
chosen. particuiate analysis is gravimetric
onl::g..so. acid mist is not determined sep-
arately.

2. Apparatus

2.1 Sampling. A schematic of the sam-
pling train used in this method is shown in
Figure 8-1: it is similiar to the Method 5
train except that the fliter position is differ-
ent and the filter nolder does not have to be
heated. Commercial models of this train are
aveiable. For those whao desire to build their
own, however, complete construction details
are described in APTD-0581. Changes from
the APTD-058]1 document and allowable
modifications to Figure 8-1 are discussed in
the following subsections.

TEMPERATURE SENSOR

Fl

= ¢
T Jr
PITOT TUBE

£ ]

1977

The operating and maintenance proce-
dures for the sampiing train are deseribed in
APTD-0578. Slnce corTect usage is impor-
tant in obtaining valid resuits, al] users
should read the APTD-0578 document and
adopt the operiting and maintenance proce-
dures autlined in it, unless otherwise speci-
fled hersin Further details and guidelines
on gbération and maintenance are given ui
Method 5 and should be read and followed
whenever they are applicabie.

2.1.1 Probe Nozzle. Same. a3 Method 5.
Section 2.1.1.

2.1.2 Probe Liner. Borosillcate or quartz
glams, with a heating system to prevent visi-
ble condensation during sampiling. Do not
use metal probe liners.

2.1.3 Pitot Tube, Same as Method 3. Sec-
tion 2.1.3.

2.1.4 Differential Pressure Gauge. Same
as Method 5. Section 2.1.4.

2.1.5 PFliter Holder. Borosilicate glass.
with a glaas frit fiiter support and a sillcone
rubber gasket. Other gasker materials, e.g.,
Teflon or Viton, may be used subject to the
approval of the Administrator. The hoider
design shall provide a pomtive seai aganst
leakage from the outside or around the
{iter. The filter holder shall be placed be-
tween the first and second impingers. Note:
Do not heat the filter hoider.

THERMOMETER

CHECK
VALVE

FILTER HOLDER
TEMPERATURE SENSOR
PROBE / -
iy - | - g—"j f f
7 g Gt (of
REVERSE TYPE 3
PITOT TUBE

L.
d
©

L
[}
09,

- -

H : VACULM
ey ! LINE
PITOT MANOMETER /
ICE BATH '
THERMOMETERS
BY-PASS VALVE
OMIFICE 0
— —— —ﬁ al VACULM
T () GAUGE
MAIN VALVE
m-mmr
/) \

DAY TEST METER

Figura 8-1. Sulfuric acid mist sampling train,
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2.1.6 Impingers—Four. a8 shown in
Mgure 8-1. The first and third shall be of
‘he Greenburg-Smith degign with standard
.ips. The second and fourth shall be of the
Sreenpburg-Smith demgn.. modified by re-
siacing the insert with an approximately 13
nillimeter (0.5 in.) ID glass tube. hlﬂnl‘ln
ineconstricted tip located 13 mm (0.3 in.)
rom the bottom of the flask. Similar collec-
ion systems. which have been approved by
he Administrator. may be used.

2.1.7 Metering System. Same as Method
i. Section 2.1.8.

2.1.8 Barometer. Same as Method 5, See-
ion 2.1.9. _ ]

2.1.9 Gas Density Determination Equip-
aent. Same as Method §, Section 2.1.10.

2.1.10 Temperature Gauge. Thermome-
er, Or equivalent, t0 measure the tempera-
ure of the gas ieaving the impinger tram to
nthin 1* C(2* M.

2.2 Sample Recovery,

2.2.1] Wash Bottles. Polyethylene or
iass, 500 ml (two).

2.2.2 Graduated Cylinders. 250 ml, 1 liter.
Volumetric {lasks may also be used.

2.2.3 Storage Bottles. Leak-iree polyeth-
:ne bottles, 1000 ml size (two for each sam-
dling run).

2.2.4 Trip Balance. 500-gram capacity, to
iexsure to =0.5 g (necessary only if a moeis-
ure’'content analysis is o be done).

2.3 Analysis.

2.3.1 Pipettes. Volumetrie 25 ml, 100 ml

2.3.2 Burette. 50 ml

2.3.3 Erlenmeyer Flask. 250 mi. (one for
ach sampie blank and standard).

2.3.4. Graduated Cylinder. 100 ml.

23.5 Trip Balance. 500 g capacity, to
ieasure to =0.5g.

2.3.8 Dropping Bottle. To add tndicator
2lution, 125-ml size.

3. Reagents

Unless otherwise indicated. all reagents
are to conform to the specifications estab-
lished by the Committee on Analytical Res-
gents of the Amencan Chemical Society.
where such specifications are available, Oth.
erwise, use the best available grade.

3.1 Sampiing.
3 illl..:l Filters. Same as Method 5. Section

3.1.2 Sllica Gel. Same a3 Method 5. See-
tion 3.1.2,

3.1.3 Water. Deionized. distilled to con-
form to ASTM specification D1193-77, Type
3 (incorporated by reference—see § 60.17).
At the option of the analyst, the EMnoO,
test for oxidizable orgamic matter may he
omitted when high concentrations of organ-
ic matter are not expected o be present.

3.1.4 Isopropanoi, 80 Percent. Mix 800 mi
of isopropanol with 200 mi of deicnized. dis-
tilled water,

Nore: Experience has shown that oniy
A.C.S. grade isopropanol is satisfactory.
Tests have shown that isopropanol cbtained
from commericsl sources occasionally has
peroxide impurities that will cause errone-
ously high sulfuric acid mist measurement.
Use the following test for detecting perox-
ides in each lot of isopropanecl: Shake 10 ml
of the isopropanol with 10 mi of freshly pre-
pared 10 percent potassium iodide solution.
Prepare a blank by similarly treating 10 ml
of distilled water. After 1 minute. read the
absorbance on a spectrophotometer at 153
nanometers. If the absorbance exceeds 0.1.
the isopropanocl shall not be used. Peroxides
may be removed from i1sopropanot by redis-
tilling, or by passage through a column of
activazad alumina. However. reagent- rade

FIGURE 8-2—FiELD DATA

Staiic presmrs, mm Mg (in. Hg)

isopropancl with suizably low peroxide
levels is readily availabie from commerecai
sources; therefore. rejection of contaminat-
ed lots may be more efficient than following
the peroxide removal procedure,

3.1.5 Hydrogen Peroxide., 3 Percent.
Dilute 100 mi of J0 pervent hydrogen perox-
ide to 1 liter with delonized, distilied water.
Prepare fresh daily.

3.1.8 Crushed ice.

3.2 Sampie Recovery.

3.2.1 Water. Same ax 3.1.3,

3.2.2 Isopropanol, 30 Percent. Same as
3.1.4.

3.3 Analysis.

3.3.1 Water. Same us 3.1.3.

3.3.2 Isopropanol. 100 Percent.

3.3.3 Thorin Indicator. 1-{p-
arsonophenylaze) 2-naphthol-3. 8-disulfonic
acid, disodium salt, or equivaient. Dissolve
0.20 g in 100 ml of deiontzed, distilled water.

3.3.4 Barium Perchiorate (0.0100
Normal), Dissolve 1.95 g of bartum perchle-
rate trihydrate (Ba(C190,)-3H,Q? in 200 mi
deionized, distilled water. and dilute to 1
liter with isopropanol: 1.22 g of barium chlo-
ride dihydrate (BaCl,-2H,0) may be used
instead of the barium perchlorate. Stand-
ardize with sulfuric acid as in Section 5.2.
This solution must de protected against
evaporation at all times.

3.3.5 Sulfuric Acid Standard (0.0100 N).
Purchase or standardize to =0.0002 N
aganst G.0100 N NaOH that has previousiy
been standardized aganst primary standard
potassium acid phthaiate,

138 Cuaifty Aswurance Audit Sampies.
Same a8 ta Method 6. Section 333,

4. Procedure

alura

Average calibraled nozzie caameder, cm (i)

Probed heater seteng
Leak rate, m3/men, (ctm)
Probe liner matenal
Filter No.
SCMEMATIC OF STACK CROSS SECTION
i . Gas sampis temperature sl dry Temparaiwe of
: Siack head Prasaure Gas sampie meter lag
raverse point numoer | Sampang wme Vacuum \emperaare (Ty v-ﬁ:h dtarentiai-across oie i orehEaTor At
i onfics meies et Qutiet npanger
Y @), mn mm Hg gn IR mmHO0Gn | mm DO Gn HO) mt (n?) € R ‘TR ‘CCR
HQ} HO)
= M A"
erage Avg
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4.1 Sampiing.

4.1.1 Pretest Preparation. Follow the
procedure outlined in Method 5. Section
¢.1.1: filters should be inspected. but need
not be desiceated. weighed. or identified If
the effluent gas can be considered dry, ie.
moisture [ree. the silica gel need not be
weighed.

4.1.2 Prelimipary Determinations. Follow
the procedure outlined in Method §, Section
4.1.2

4.1.3 Preparation of Collection Train.
Follow the proceaure outlined in Method 5.
Section 4.1.3 (except {or the second para-
graph and other obviously {nappiicable
parts) and use Pigure 8-1 instead of Figure
5-1. Replace the second paragraph with:
Place 100 ml of 80 percent isopropanoi in
the first impwnger. 100 ml of 3 percent hy-
drogen peroxide in both the second and
third impingers: retain a portion of each re-
agent for used as a blank solution. Place
about 200g of silica gel in the fourth im-
pinger.

Notr: If moisture content is to be deter-
mined by impinger analysis, weigh each of
the first three impingers (plus abserbing so-
lution) to the nearest 0.5 g and record these
weights. The weight of the silica gei (or
silica gei plus container) must aiso be deter-
muned to the nearest 0.5 ¢ and recorded.

4.1.4 Pretest Leak-Check Procedure.
Follow the basic procedure outlined in
Method 5. Section 4.1.4.1. noting that the

probe heater shall he adjusted to the mini-
mum temperature required to prevent con-
densation, and aiso that verbage such as.
«, .. plugging the inlet to the (filter
holder . . ..” shall be repiaced by, “. ..
plugging the inlet to the firat impinger. . .”
The pretest leak-check is optional.

4.1.5 Train Operaticn. Follow the basic
procedures outlined 1n Method 3, Section
4.1.5. in conjuncuion with the following spe-
cial instructions. Data shall be recorded on
a sheet similar to the one 1n Figure 8-2. The
sampling rate shail not exceed 0.030 m*/min
(1.0 efm} during the run. Periodically during
the test, observe the connecting line be-
tween the probe and first impinger for signs
of condensation. If it does oceur, adjust the
probe heater setting upward to the mini-
mum temperature required to prevent con-
densation. If component changes become
necessary during & run. a leak-check shall
be done immediately before each change,
according to the procedure outlined in Sec-
tion 4.1.4.2 of Method 5 (with appropriate
medifications. as mentioned in Section 4.1.4
of this method): record all leak rates. If the
leakage ratets) exceed the specified rate,
the tester shall either veid the run or shall
plan to correct the sample volume as out-
lined in section 8.3 of Method 5. Immediate-
ly after component changes, leak-checicy are
optional. If these leak-cheeks are done. the
procedure outlined in Section 4.1.4.1 of
Method 5 (with appropriate modifications)
shall be used.

After turnung off the pump and recording
the final readings at the conclusion of each
run, remove the probe [rom the stack. Con-
duct a post-test {mandatory) leak-check as
in Section 4.1.4.3 of Method § (with appro-
priate modification) and record the leak
rate. If the post-test leskage rate exceeds
the specified acceptable rate, the tester
shall either correct the sample volume, a3
outiined in Secuon 6.3 of Method 5, or shall

void the run.

EPA STATIONARY SOURCE SAMPLING METRODS

Drain the ice bath and, with the probe dis-
connected, purge the remaining part of the
train. by drawing clean ambient air through
the system for 15 minutes at the aversge
fow rate used for sampling.

Nore Clean ambient air can be provided
by pasming air through a charcoal filter. At
the option of the tester. ambient air (with-
out cieaning) may be used.

4.1,8 Calculation of Percent Isokinetic.
Follow the procedure outlined in Method 5,
Section 4.1.6.

4.2 Sample Recovery.

421 Contauner No. L. If a meisture con-
tent analyss is to be done. weigh the first
impinger pius contents to the nearest 0.5 ¢
and recerd this weight.

Transfer the contents of the first imping-
er to a 250-mi graduated cylinder. Rinse the
probe. first impinger. all connecting glass-
ware before the filter, and the front half of
the filter holder with B0 percent isopro-
panol. Add the rinse solution to the ¢ylin-
der. Dilute to 250 ml with 80 percent isopro-
panol. Add the filter to the soiution, mix,
and transfer to the storage container. Pro-
tect the solution against evaporation. Mark
the level of liguid on the container and
Identify the sample container.

4.2.32 Container No. 2. if a moisture con-
tent analysis is to be done, weigh the second
and third impingers (pius contents) to the
nearest 0.3 g and record these weights, Also,
weigh the spent silica gel (or silica gel plus
impinger) to the nesrest 0.5 4.

Transfer the solutions froem the second
and third impingers to & 1000-mi gradusted
cylinder. Rinse all connecting glassware (in.
cluding back haif of filtar holder) between
the fllter and silica gel impinger with deion-
ized, distilled water. and add thiz rinse
water to the cylinder. Dliute to a volume of
1000 mi with delonized. distilled water.
Transfer the solution Lo & storage container.
Mark the level of liquid on the container.
Seal and identily the sampie container.

4.3 Anaiysis,

Note the level of liquid in containers 1 and
2, and confirm whether or not any sample
was lost duning shipment; note this on the
anaiytical data sheet, If a noticeable
amount of leakage has occured, either void
the sample or use methods. subject to the
approval of the Administrator. Lo correct
the [inai resuits

4.3.1 Container No, 1. Shake the contain-
er hoiding the isopropanocl solution and the
filter. If the filter breaks up, allow the {frag-
ments to settle for and few minutes before
removing s sampie. Pipette & 100-mi aliquot
of this solution into & 250-ml Erienmeyer
flask, add 2 to 4 drops of thorin indicator.
and titrate to s pink endpoint using 0.0100
N barium perchlorate. Repeat the titration
with a second aliquot of sampie and average
the titration wvalues. Replicate titrations
must agree within 1 percent or 0.2 mlL
whichever is greater.

43.2 Centsiner No. 2. Thoroughly mix
the solution in the container holding the
contanta of the second and third impingers.
Pipette a 10-ml sliquot of ssmple into a 250~
ml Erlenmeyer flagk. Add 40 mi of isopro-
panol, 2 to 4 drops of thorin indicator, and
titrate t0 & DINK endpoint using 0.0100 N
barium perchiorate. Repeat the titration
with a second aliquot of sample and average
the titration values. Repiicate titrations
must agree within 1 percent or 0.2 mi,
whichever is greater.
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4.3.3 Blanks Prepare blanks by adding 2
to 4 drops of thorin indicator to 100 ml of 80
pereent isopropanol Titrate the blanks in
the same manner as the samples.

44 Quality Controi Procedures. Same as
in Mathod 5. Sscton 4.4

43 Andit Sempie Anslysis. Same as in
Mathod & Section 4.4-

5. Calibration

5.1 Calibrate equipment using the proce-
dures specified 1n the foliowing sections of
Method 5: Section 5.3 (metering systeml:
Section 5.5 (termperature gauges) Section
5.7 (barometer). Note that the recommena-
ed leak-check of the metermg system, de-
seribed in Section 5.8 of Method 5. also ap-
plies to this method.

5.2 Standardize the barium perchlorate
solution with 25 mi of standard sulfune
acid, to which 100 mi of 100 percent isopro-
panocl has been added.

8. Calculations

Notz Carry cut calculations retaining at
least one extra decimal figure beyond that
of the acquired dats. Round off figures
after final caiculation.

6.1 Nomenclature.

A= Cross-sectional ares of nozzie, m?({t%.

Bw=Water vapar in the gas stream, propor-
tion by volume.

C_-Bu.l.!urlc actd (ineluding S0O,) concen-
tration, g/dscm (lb/dsef).

Com=8ulfur dioxide concentration, g/dscm
(lb/dsecf).

I{=Percent of isokinetic sampling.

N=Normaiity of barium perchliorate titrant.
‘meq/ml”.

Po=Barometric pressure at the sampling
site, mm Hg (in. Hg).

P.-a'hlolul.e stack gas pressure, mm Hg (in.

N :

P =Standard absolute pressure, 760 mm

Hg (20.92 In. Hg).

T==Average absolute dry gas meter temper-
ature \see Figure 8-2), * X (" R).

T.=Aversge absolute stack gas temperature
(see Figure 8-2), "K ("R).

T.=Standard absolute temperature, 283" K
(528° R).

Vo=Volume of sample aliquot titrated. 100
mi for H.S0. and 10 ml for SO».

VieoTotal volume of liquud coilected in im-
pingers and silica gel, mi.

V.=Volume of gas sample as measured by
dry gas meter. dem (def).

Vetng=Volume of gas sample measured by
the dry gas meter corrected o standard
conditions. dscm (dscf).

7 =Average stack gas velocity, calculated by
Method 2, Equation 2-9. using data ob-
tained from method 8. m/sec ({t/sec).

V.wa=Total volume of solution in which the
sufuric amd or sulfur dioxide sample 1s
contained, 250 mi or 1.000 mi, respective-
iy.

Vi=Volume of barium perchlorate titrant
used for the sample. mL

Ve=Volume of barium perchlorate titrant
used for the blank. ml.

Y=Dry gas meter calibration factor.

AH=Average pressure drop across orifice
meter, mm (in.) H.O.

#="Total sampling time, min.

13.6=Specific gravity of mercury.

G0 msec/min.

100=Conversion to percent.



6.2 Average dry gas meter temperature
and average orifice pressure drop. Sees dara
sheet (Figure 8-2).

8.3 Dry Gas Volume. Correct the sampie
voiume messured by the dry gas meter to
standard conditions (20° C and 760 mm Hg
or 88* P and 29.92 in. Hg) by using Equation

8-1.
AH
. Pu-'f"(?*:)
V-(“q) - ‘l'-r (_TT'+|‘) %—
- ard
wi V. y Lraet (2H/13.6)
Ta
Lguation 8-1
where:

K,=0.3858 "K/mm Hg for metric units.
=17.84 “R/in.. Hg for English units.

NoTE If the leak rate observed during any
mandatory leak-checks exceeds the speci-
lied acceptable rate, the tester shail either
correct the value of Vo in Equation 8-1 (as

described in Section 6.3 of Method 5), or
shall invalidate the test run.

5.4 Volume of Water Vapor and Moisture
Content. Caiculate the volume of water
vapor using Equation $-2 of Method 5; the
weight of water collected in the impingers
and silies gel can be directly converted to
millfliters (the specific gravity of water is 1
g/mi). Caleulate the moisture content of
the stack gas, using Equation §-3 of Method
5. The “Note” in Section 8.5 of Method 3
also applies to this method. Note that if the
effluent gsa stream can be considered dry,
the volume of water vapor and mosture
content need not be calculated.

8.5 Sulfuric acid mist (including SO,)
concencration.

N(V,=V) (V",—')

c',lﬂ‘ - KI

V-inﬂ
Equation 8-2
where:
Hy=0.04904¢ g/milllequivalent for metric
uruts.

=1.081x 10" 1b/meq for English units.
8.8 Sulfur dioxide concentration.

VI. [ ]
¥vi~va) (5)
C.O‘ - K' V- {as)
Equation 8-3
where:

K.:=0.03203 g/meq for metric units.
=7.081 x 10™ lb/meq for Englizh units. .

8.7 Isokinetic Variation.

8.7.1 Calcuisation from raw date.

V-Y
100700 Ve +{ $ 7 TalPr+ &W12.8)]
B0SV.PAL

/m

Eguation 8-4

where:

K.=0.003¢464 mm Hg-m'/ml°K for mertric
unita.
=0.00287¢ in. Hg-ft*’ml-'R for English
units,

8.7.2 Calcuiation from intermediste vaiues.

I- B TIV- (oad) 4 sed 100
Travs8 AP, 80 (1-B.,)

T.V- {mad)
=K Bovedatd(1-Hoy)

Equation 8-3

where:
K,=4.320 for metric units.

=0,00450 for English units

8.8 Acceptable Resuits. If 30 percent <I
<110 percent. the resuits are acceptapie. If
the results are iow in comparison to the
standards and [ is beyond the acceptable
range. the Administrator may opt to accept
the results. Use Citation 4 in the Bibliogra-
phy of Method 5 to make judgments. Other-
wise, reject the results and repeat the test.

6.9 Stack Gas Velocity and Volumetpic
Flow Rate. Caiculate the sverage siack gus
velocity and voiumetnc flow eats. f nesded.
using data obtawed in this method and the
equations in Sections 5.2 and 5.3 of Method Z.

810 Ralative Error (RE) for QA Audit
Sampiss. Same g8 in Mathod 8, Section 4.4
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METHOD 9
&
METHOD S5A - ALTERNATE

MEtHop 9—Visval DETEAMINATION OF THE
OPACTTY OF EMISSIONS FROM STATIONARY

Sources

Many stationary sources discharge visible
emissions into the atmosphere; these emis-
sions are usually in the shape of a plume.
This method involves the determination of
plume opacity by qualified observers. The
method includes procedures for the training
and certification of observers, and proce-
dures to be used in the field for determina-
tion of plume opacity. The appearance of a
plume as viewed by an observer depends
upon a number of variables, some of which
may be controliabie and some of which may
not be controllable in the fleld. Variables
whish can be controlled to an extent to
which they ne longer exert a signiflcant in-
fluence upon plume appearance include:
Angle of the observer with respect to the
plume; angle of the observer with respecet to
the sun: point of observation of attached
and detached steam plume: and angle of the
observer with respect to a plume emitted
from a rectangular stack with a large length
to width ratio. The method includes specific
criteria applicable to these variables.

Other variables which may not be controi-
lable in the field are luminescence and color
contrast between the plume and the back-
ground against which the piume is viewed.
These vanables exert an influence upon the
appearance of a2 plume as viewed by an ob-
server. and can affect the ability of the ob-
server to accurately assign opacity values to
the observed plume. Studies of the theory
of plume opacity and field studies have
demonsttated that a plume is most visible
and presents the greatest apparent opacity
when viewed against a contrasting back-
ground. [t follows {rom this, and is con-
firrned by fleld trials, that the opacity of a
plume, viewed under conditions where a
contrasting background ia present can be as-
signed with the greatest degree of accuracy.
However, the potentia] for a positive error is
aiso the greatest when a plume {3 viewed
under such contrasting conditions. Under
conditions presenting a less contrasting
background, the apparent opacity of a
plume is less and approaches zero s the
color and luminescence contrast decrease
toward zero. As a resuit. significant negative
bias and negative errors can be made when
a2 plume is viewed under less contrasting
conditions. A negative biaa decreases rather
than increases the possibility that & plant
operator will be cited for a violation of opac.
ity standards due to observer error.

Studies have been undertaken to deter-
mine the magnitude of positive errors which
can be made by qualified observers while
reading plumes under contrasting condi-
tiona and using the procedures set forth in
this method. The results of these studies
(fieid trinls) which invoive a total of 789 sets
of 25 readings each are as follows:

(1) For black plumes (133 sets at a smoke
generator). 100 percent of the sets were read

RULES AND REGULATION/NOVEMBER 12,

RULES AND REGULATIONS /OCTOBER 28,

with a positive error' of less than 7.5 per-
cent opacity: 99 percent were read with a
positive errur of less than 5 percent opacity.

(2) For white plumes (170 sets at a smoke
generator. 168 sets at a2 coal-fired power
plant. 298 sets at a sulfuric acid plant). 99
percent of the sets were read with a poaitive
error of less than 7.5 percent opacity; 95
percent were read with a pesitive error of
less than § percent opacity.

The positive observational error associat-
ed with an average of twenty-five readings is
therefore established. The accuracy of the
method must be taken into account when
determining poasible vioiations of applicable
opacity standards.

1. Principie and applicability,

1.1 Principle. The opacity of emissions
from stationary sources is determined visu-
ally by a qualified observer.

1.2 Appliesbility. This method is applica-
ble for the determination of the opacity of
emissions from stationary sources pursuant
to § 60.11(b) and for qualifying observers for
visually determining epacity of emissions,

2. Procedures. The observer qualified in
accordance with paragraph 3 of this method
shall use the following procedures for visu-
ally determining the opacity of emissions:

2.1 Position. The qualified observer shaill
stand at a distance sufficient to provide a
clear visw of the emissions with the sun orj-
ented in the 140° sector to his back. Consist-
ent with mamntaining the above require.
ment, the observer shall, as much as poasi-
ble, make his observations from a position
such that his line of vision is approximately
perpendicular to the plume direction. and
when observing opacity of emissions from
rectangular outlets (e.g. roof monitors. open
baghouses. noncircular stacks), approxi-
mately perpendicular to the longer axig of
the outlet. The observer's line of sight
should not include more than one plume at
4 time when multiple stacks are involved,
and in any case the observer should make
his observations with his line of sight per-
pendicular to the longer axis of such a set of
multiple stacks (e.g. stub stacks on bag-
houses).

2.2 PFeld records. The observer shall
record the name of the plant, emission loca-
tion. type facility, observer's name and af-
[listiort* and the date on a fleid data sheet
(Plgure 9-1). The time, estimated distance
to the emission location. approxtmate wind
direction, estimated wind speed, description
of the sky condition (presence and celor of
clouds), and plume background are recorded
on & field data sheet at the time opacity
readings are initiated and compieted.
—_——

'For a set, positive error = average opaci-
Ly determined by observers’ 25 observa.
lions—average opacity determined (rom
transmissometer's 25 recordings.

# Section 2.2, by adding the words "a
skeich of the observer's position relativa
ta the source.” between the words
“affiliation.” and “and” to read
*. . . affiliation. a aketch of the
observer's position relative to the
sgurce, and . , .”

1974

23 Observations. Opacity observations
shall be made at the point of greatest obDac:-
ty in that portion of the plume where con-
densed wster vapor is not present. The ob-
server shall not look continuously at the
plume, but instead shall cbserve the plume
momentarily at 15-second intervais.

2.3.1 Attached steam plumes. When con-
densed water vapor is present within the
plume as it emerges f{rom the emission
outlet, opacity cbservations shall be made
peyond the point in the plume at which con-
densed water vapor is no longer visible. The
observer shall record the approximate dis-
tance from the emission outlet to the point
in the plums st which the observations are
reade,

2.3.2 Detached steam plume. When water
vapor in the piume condenses and becomes
visible at s distinct distance from the emis-
sion outlet, the opacity of emissions should
be evaluated at the emission outlet prior to
the condensation of water vapor and the
formation of the steam plume.

2.3.3 PFugitive emissions. The guidelines
for positioning of the observer in relation to
the stack found in paragraph 2.1 ean be ap-
plied to determination of visible opacity
from fugitive emission sourcea. That is, the
observer should have a clear view of the
source and the potential emissions with the
sun or other light source at his back A posi-
tion at least 15 feet from the source, but
permitting a clear, unobstructed view of the
source, is recommended. To the extent feasi-
ble, the line of sight should be approximate-
1y perpendicuiar to the flow of potential fu-
gitive emissions, and, aiso, to the longer axis
to the potential fugitive emissions. Readings
of opacity should be made for the pointis)
of higheat opacity within the visible fugitive
emission. The highest opacity usually
oceurs immediately sbove or immediately
downwind of the source, so observers should
concentrate on the area(s) close to the
source.

2.4 Recording cbservations. Opacity obser-
vations shall be recorded to the nearest 5
percent at 15-second intervals on an obser-
vational record sheet. (See Figure 8-2 for an
exampie.) A minimum of 24 observations
shall be recorded. Each momentary observa.
tion recorded shall be deemed to represent
the average opacity of emissions for & 15-
second period.

2.5 Data Reduction. Opacity shall be de-
termined as an average of 24 consecutive ob-
servations recorded at 15.second intervals,
Divide the observationa recorded on the
recard sheet into sets of 24 consecutive ob-
servations. A set is composed of any 24 con-
secutive observations. Sets need not be con-
secutive in time and in no case shall two seus
overiap. For each set of 24 observations. cal-
culate the average by summing the opacity
of the 24 observations and dividing this sum
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by 24. If an applicable standard specifies an
averaqing tme requinng more than 24 ob-
servations. calculate the average for all ob-
servations made dunng the specified time
pertod. Record the average Opacily on a
record sheet. (See Plgure 9-1 {or an exam-
ple.)

3. Qualifications and testing.

1.1 Certification requirements. To receive
certification as a qualified observer, a candi-
date must be tested and demonstrate the
ability to assign opacity readings in § per-
cent increments to 25 different black
plumes and 25 different white plumes, with
an error not to exceed 15 percent opacity on
any one reading and an average error not to
exceed 7.5 percent opacity in each category.
Candidates shall be tested according to the
procedures described in paragraph 3.2.
Smoke generators used pursuant to Dara-
graph 3.2 shail be equipped with a smoke
meter which meeis the requirements of
paragraph 3.3.

The certification shall be valid for a
period of 6 months, at which time the quali-
fication procedure must be repeated by any
observer in order to retain certification.

3.2 Certification procedure. The certifica-
tion test consists of showing the candidate a
complete run of 50 piumes—25 black plumes
and 25 white plumes—generated by & smoke
generator. Plumes within each sst of 25
black and 25 white runs shall be presented
in random order. The candidate assigns an
opacity vaiue to each plume and records his
observation on a suitable form. A¢ the com-
pletion of each run of 50 readings, the score
of the candidate is determined. If a candi.
date falls to qualify, the complete run of 30
readings must be repeated in any retest.
The smoke test may be administered as part
of & smoke school or training program, and
may be preceded by training or familiariza-
tion runs of the smoke generutor during
which candidates are shown black and white
plumes of known opacity.

3.3 Smoke generator specifications. Any
smoke generstor used for the purposes of
paragraph 3.2 shall be equipped with &
smoke meter installed to measure opacity
across the diameter of the smoie generator
stack. The smoke meter cutput shall dispiay
instack opacity based upon a pathlengih
equal to the stack exit diameter, on & full 0
to 100 percent chart recorder scaie. The
smoke meter optical design and perform-
ance shall meet the specifications shown in
Table 9-1. The amoke meter shall be call-
brated as prescribed in paragraph 3.3.1 prior
Lo the conduet of each smoke reading teat.
At the compietion of sach test, the zero and
span drift shail he checked and if the drift
excesds =1 percent opacity, the condition
shall be corrected prior to conducting any
subsequent test runs. The smoke meter
shall be demonstrated. at the time of instal-
lation. to meet the specifications listed in
Tabie 9=1. This demonstration shall be re-
peated following any subsequent repair or
replacement of the photocell or associated
electronic eireuitry ineluding the chart re-
corder or output meter, or every § months,
whichever oceurs first.

TABLE 9-1-~—SMOKE METER DESIGN AND

PERFORMANGE SPECIFICATIONS
Paramener | Specticavon
& gt source. incandescent lamp operaied

b. Spectral responae of Photosec  {daylignt specral re-

gnsEErl soonss of the human eye—
refersnca 4.3).

c. Angie of view. 15° maxmum towsl angle.

d. Angia of prosecon ... 15° mmomum iotel angle.

». Cakbrawon emor ... 3% Opecry, MEXMUM.

t. Zery and span
it 1% opatty, 30
e,

g Foegonss ome ... 5 MCOnds,

. " FIGURE 9-1
RECON® w)im DETERNINATION OF OPACITY

HOURS OF OBSERVATION

3.3:1 Calibration. The smoke meter is cali-
brated after allowing 3 minimum of 30 mun-
utes warmup by alternately producing simu-
lated opacity of 0 percent and 100 percent,
When stable response at 0 percent or 100
percent is noted. the smoke meter is adjust-
ed to produce an output of 0 percent or 100
percent, as apRropriate. This calibration
shall be repeated until stable-0 percent and
100 percent readings are produced without
adjustment. Simulated 0 percent and 100
percent opacity values may be produced by
alternately switching the power to the light
source on and off while the amoke generataor
{s not producing smoke.

1.3.2 Smoke meter evaluation. The smoke
meter design and performance are L0 be
evalusted as follows:

3.3.2.1 Light source. Verify from manufac-
turer's data and {rom voltage messurements
madeumelamp.uimul.led.thnma
lamgp is operated within =5 percent of the
nominal rated voltage.

3.3.2.2 Spectral response of photocell
Verify from manufscturer's dats that the
photocell has & photopic response; Le., the
apectral sensitivity of the ceil shall closely
approximate the standard spectral-luminosi-
ty curve {or photopic vision which is refer-
enced in (b) of Tabie 8-1.

PAGE__ of

COPANY
LOCATION DBSERVER
TEST NUMBER OOSERVER CERTIFICATION OATE
DATE QBSERVER AFFTLIATION
TYPE FACILITY POINT OF EMISSIONS
CONTROL DEYICE HEIGHT OF DISCHARGE POINT
——
Initial Final
cLoCK TINE § SUMMARY OF AVERAGE OPACITY
"0BSEAVER LOCATION Set Tims Opacit
Distance to Discharge unber Start--End Sum | bverage
Qirection from Discharge
Height of Observation Point
BACKGROUND DESCRIPTION
MEATHER CCHOITIONS
Yind Direction 4
Wind Speed
Ambient Temperature
SKY CONDITIONS {clesr,
overcast, 3 clouds, atc.) Readings ranged froa to 1 opacity
PLUME DESCRIP
cﬂ"“: 1PTION The source was/was not in compliance with it
the time evaluation was made.
Distance ¥istble
CTULR VHFORFATION
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3.2.2.3 Angle of view. Cheek construction
geometry to ensure that the total angie of
view of the smoke plume, as seen by the
photocell, does not exceed 15°. The total
angle of view may be caiculated from: ®=2
tan-'d/2L. where d=total angle of view;
d=the sum of the photocell diameter+the
diameter of the limiting aperture: and
L=the distance from the photocell to the
limiting aperture. The limiting aperture is
the point in the path between the photoceil
and the smoke plume where the angle of
view is most restricted. In smoke generator
smoke meters this is normally an onfice
plate.

3.3.2.4 Angie of projection. Check con-
struction geometry to ensure that the total
angle of projection of the lamp on the
smoke plume does not exceed 15°. The total
angle of projection may be calculated from:
=2 tan- 'd/2L. where 6= total angle of pro-
jection; d= the sum of the length of the
lamp filament + the diameter of the limit-
ing aperture; and L= the distance from the
lamp to the limiting aperture.

3.3.2.5§ Calibration error. Using neutral-
density {ilters of known opacity, check the
error between the actual response and the
thearetical linear response of the smoke
meter. This check is accomplished by first
calibrating the smoke meter according to
1.3.1 and then inserting a series of three
neutral-density filters of nominal opacity of
20, 50. and 75 percent in the smoke metsr
pathlength. Filters calibrated within =2
percent shall be used. Care should be taken
when inserting the filters to prevent SUray
light from affecting the meter. Make a total
of five nonconsecutive resdings for each
filter. The maximum error on any one read-
ing shall be 3 percent opacity.

3.3.2.6 Zero and span drift. Determine the
zero and span drift by calibrating and oper-
ating the smoke generator in a
manner over a l-hour period. The drift is
measured by checking the zero and span at
the end of this period.

3.3.2.7 Response time. Determine the re-
sponse time by producing the series of five
simulated 0 percent and 100 percent ocpacity
values and observing the time required to
reach stable response, Opacity values of 0
percent and 100 percent may be simutated
by alternately switching the power to the
light source off and on while the smoke gen-
erator is not operating.

4. References.

4.1 Air Pollution Control District Rules
and Reguiations., Los Angeles County Air
Pollution Control District, Regulation IV.
Prohibitions. Rule 50.

4.2 Weisburd, Melvin I.. Fileld Operations
and Enforcement Manual for Alr, U.S. Envi-
ronmental Protection Agency, Research Tri-
angle Park. N.C.. APTD-1100, August 1572,
pp. 4.1-4.36.

4.3 Condon. E.U., and Odishaw. H., Hand-
book of Physics, McGraw-HIll Co. N.Y.,
N.Y.. 1958, Table 3.1, p. 6-52.

ALTERNATE MrTHOD 1—DETERMINATION OF
TME OPacITY oF EMIssiONs FROM STATION-
ARY SOURCES REMOTELY BY LIDAR

This aiternate method provides the quan-
titative determination of the opacity of an
emissions plume remotely by a mobile lidar
system {laser radar; Light Detection and
Ranging). The method inciudes procedures
for the calibration of the lidar and proce-
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dures to be used in the field for the lidar de-
termnation of piume opacity. The lidar is
used to measure piume opacity during
aither day or mghttime hours pecause it
contains its own pulsed light source or
transmutter. The operation of the lidar is
not dependent upon ambient lighting condi-
tions (light. dark, sunny or cloudy).

The lidar mechamsm Or technique is ap-
plicable to measurng plume opacity at nu-
merous wavelengths of laser radiation. How.
aver, the performance evaluation and cali-
braLion test resuits given in support of this
method apply only to a lidar that employs a
ruby tred light) laser (Reference 5.11.

A Principie and Applicability

1.1 Principie. The opacity of visible emis-
sions from stationary sources (stacks. roof
vents. ete.) is measured remotely By a
mobile lidar (laser radar). .

1.2 Applicability. This method is applica-
ple for the remote measurement of the
opacity of visible emissions {rom stationary
sources during both nighttime and daylight
conditions. pursuant to 40 CFR §60.11(b). It
15 also applicable for the calibration and
periormance verification of the mobile lidar
for the measurement of the opacity of emis.
sions. A performance/design specification
for a basic lidar system is alsp incorporated
into this method.

1.3 Definutions.

Azimuth angle: The angle in the horizon-
tal plane that designates where the laser
beam is pointed. It is mesasured from an ar-
bitrary fixed reference line in that plane.

Backscatter: The scattering of laser light
in a direction opposite to that of the inci-
dent laser beam due Lo reflection from par-
ticulates along the beam'’s atmospheric path
which may include a smoke plume.

Backscatter signal: The general term for
the lidar return signal whien resuits from
jaser light being backscattered by aumos-
pheric and smoke plume particuistes.

Convergence distance: The distance from
the lidar te the point of overiap of the ligar
recewver's fieid-of-view and the laser beam.

Flevation: angle: The angle of Inclination
af the laser beam referenced to the horizon-
tal plane.

Far region: The region of the atmos-
phers's path along the lidar line-of-sight
neyond or behind the plume being meas-
ured.

Licar: Acronym for Light Detection and
Ranging.

Lidar range: The range or distance from
the lidar to 3 pont of interest along the
lidar line-oi-sight.

Near region: The region of the atmospher-
ic path along the lidar line-of-sight between
the lidar's convergence distance and the
plume being measured.

Opacity: One munus the optical transmit-
tance of a smoke plume, screen target, etc.
Pick interval: The time or range intervals
in the lidar backscatter signal whose mini-
mum average amplitude is used to calculate
opacity. Two pick intervals are required. one
in the near region and one in the far region
Plume: The piume being measured by

lidar.

Plume signal: The backscatter signal re-
sulting from the laser light puise passing
through a plume.

1/R1 correction: The correction made for
the systematic decrease in lidar baciscatter
signal amplitude with range.

Reference signal The backscatter signal
resuiting from the laser light pulse passing
through ambient air.

Sampie interval: The time period between
successive sampiles for a digital signal or be-
tween successivé measurements for an
analog signal.

Signal spke: An abrupt. momentary in-
crease and decrease in signal amplitude.

Source: The source being tested by lidar.

Time reference: The time (t,) when the
laser puise emerges from the laser. used as
the reference in all lidar time or range
measurements.

2, Procedures.

The mobile lidar calibrated in accordance
with Paragraph 3 of this method shall use
the {ollowing procedures for remotely meas-
uring the opacity of statlonary source emis-
sions:

21 Lidsr Position. The lidar shall be po-
sitioned at a distance from the plume suffi-
cient to provide an unabstructed view of the
source emissions. The plume must be at a
range of at least 50 meters or three consecu-
tive pick intervals (whichever is greater)
from the lidar's transmitter/receiver con-
vergence distance along the line-of-sight.
The maximum effective opacity measure-
ment distance of the lidar is a function of
local atmospheric conditions, laser beam di-
ameter, and plume diameter. The test posi-
tion of the lidar shall be selected so that the
diameter of the laser beam at the measure-
ment point within the plume shall be no
larger than three-fourths the plume diame-
ter. The beam diameter is caiculated by
Equation (AMI1-1)

Dilidar)= A + Rd<0.75 D(Plume} (AMI1-1)
where:

D{Plume)=diameter of the plume (¢m),
¢=laser beam divergence measured in radi-

ans

R=range from the lidar to the spurce (cm}

D(Lidar)=diameter of the laser beam at
range R (cm)

A=diameter of the laser beam or pulse
where it leaves the laser.

The lidar range, R. is odbtained by aiming
and firing the laser at the emissions source

structure immediately betow the outlet. The
range value is then determined from the
backsestter signal which consists of a signal
spike (return {rom source structure) and the
atmospheric backscatter signal [Reference
§.1]. This backscatter signal should be re-
corded.

When there is more than one source of
emissions in the immediate ncmity of ihe
plume. the lidar shall be positioned s0 that
the laser peam passes through only a singie
piume, free from any interference of the
other piumes for a minimum of 50 meters or
three consecutive pick intervals twhichever
is greater) in each region pefore and beyond
the piume along the line-of-sight {(deter-
mined from the backscatier signals). The
lidar shall initially be positioned s0 that its
|ine-of-sight is approximately perpendicular
to the plume.

When measuring the opacity of emissions
from rectangular cutlets (e.g.. roof moni-
tors. open bhaghouses, nonci stacks.
etc.). the lidar shall be placed in a position
so that its line-of-sight is approximately
perpendicular to the longer (major) axis of
the outlet.

2.2 Lidar Operational Restrictions. The
lidar receiver shall not be aimed within an
angle of = 15° (cone angle) of the sun.

This method shall not he used to make
opacity measurements if thunderstorms.
spowstormas, hail storms, high sand. high-
ambient dust levels. fog or other atmospher-
ic conditions cause the reference signals (o
consistently exceed the limits specified in
Section 2.2.

2.3 Reference Signal Requirements.
Once placed in its proper position for opacl-
ty mesasurement. the laser is amed and
tired with the line-of-sight near the outlet
height and rotated horzontally to a posi-
tion clear of the source structure and the
associated plume. The backscatter signal ob-
tained from this position is called the ambi-
ent-air or reference signal. The lidar ocpera-
tor shall inspect this signal (Section V of
Reafersnce 5.11 to: (1) deterrmune if the lidar
line-of-sight s free from interference from
other piumes and from physical obstruc-
tions such as cables. power lines, etc.. for a
minimum of 50 meters or three consecutive
pick intervals (whichever is greater) in each
region before and beyond the plume. and (2)
obtain a qualitative messure of the homoge-
neity of the ambient air by poting any
signal spikes.

Should there be anhy signal spikes on the
reference signal within & minimum of 50
meters or three consecutive pick intervals
(whichever is greater) in each region before
and Yeyond the plume, the laser shall be
fired three more times and the operstor
shall inspect the reference signals on the
dispiay. If the spike(s) remains, the azimuth
angile shall be changed and the above proce-
dures conducted again. If the spikets) disap-
pears in all three reference signals, the lidar
line-of-sight is acceptabie if there is shot-to-
shot consistency and there is no interfer-
ence from aother plumes.

Shot-to-shot consistency of a series of ref-
erence signals over a period of twenty sec-
onds is verified in either of two Ways. (1)
The lidar operator shall observe the refer-
ence signal ampiitudes, For shot-to-shot
consistency the ratio of Ry to R, [ampli-
tudes of the near and far region pick inter-
vals (Section 2.6.1)} shall vary by not more
than = 6% between shots: or (2) the lidar
operstor shall accept any one of the refer-
ence signals and treat the other two as
piume signals: then the opacity for each of
the subsequent reference signals is calculat-
ed (Equation AM1-2}. For shot-to-shot con-
sistency. the opacity values shall be within
= 39 of 0% opacity and the associated S,
values less than or equal to 8% (full scaie}
[Section 2.51.

If a set of reference signals fails to meet
the requirements of this section, then all
plume signals [Section 2.4] from the last set
of acceptable reference signals (o the failed
set shall be discarded.

23.1 Initial and Firal Reference Signals.
Three reference signals shall be obtained
within a §0-second time period prior to any
data run. A final set of three reference sig-
nals shall be obtained within three (3) min-
utes after the compietion of the ssme data

run.

232 Temporal Criterion for Additional
Reference Signals. An additional set of ref-
erence signals shall be obtained during a
data run if there is a change in wind direc-
tion or plume drift of 30" or more from the
direction that was prevalent when the last
set of reference signais was obtained. An ad-
ditional set of reference signais shall also be
obtained If there i3 an increase in value of
8, (near region standard deviation. Equa-
tion AM1-8) or S, (far region standard devi-
ation. Equation AM1-8) that is greater than
4% (full scale) over the respective values
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calculated from the' immediately previous
plume signal, and this increase in vaiue re-
maina {or 30 seconds or longer.An additional
sst of reference signalis shall alzo be ob-
tained if there is a change In amplitude In
either the near or the far region of the
plume signal, that is grester than 6% of the
near signal amplitude and this change in
amplitude remains for 30 seconds or more,

2.4 Plume Signal Requirements. Once
properiy aimed. the lidar is piaced in oper-
ation with the nominal puise or firing rate
of six puises/minute (1 pulse/l0 seconcs),
The lidar operator shall observe the plume
backscatter signais to determine the need
for additional reference signals as required
by Section 2.3.2. The plume signals are re-
corded from lidar start to stop and are
called a data run. The length of a dats run
is determined by operator discretion. Short-
term stops of the lidar to record additional
reference signals do not constitute the end
of a data run if plume signals are resumed
within 20 seconds after the reference signals
have been recorded, and the total stop or in-
terrupt time does not exceed 3 minutes.

2.4.1 Non-hydrated Plumes. The laser
shall be aimed st the region of the plume
which displays the greatest opacity. The
lidar operator must visually verify that the
laser is aimed clearly above the source exit
structure.

2.4.2 Hydrated Plumes. The lidar will be
used to measure the opacity of hydrsted or
so-called steam pilumes. As listed in the ref-
erence method. there are two types, L.e.. at-
tached and detached steam plumes.

LiB4R Lot (ONTROL NV WBER TABILATHN

Leg Bask “embrr-

|4ssige o CONTABL NUMBER W0 each individusi sonree vodes Losl}

2.4.2.1 Attached Steam Plumes. When
condensed Water VapOr is present within a
plume, lider opacity messurements shall be
made af & point within the residual plume
where the condensed water vapor is no
longer visible. The laser shall be aimed into
the most dense region (region of highes:
opacity) of the residusl piume.

ar a decrease in the size of the stesm plume
(air temperature higher and/or relstive hu-
mudity decresses; so that regions within the
residusl plume whose opacity is higher than
the one being monitored, are present.

2.4.2.2 Detached Steam Plumes. When
the water vapor in s hydrated plume con-
denses and Decomes visible at & [inite dis-
tance from the stack or source emissions
outlet. the opacity of the emissions shall be
measured in the region of the plume clearly
above the emismions outlet and below con-
densation of the water vapar.

During dayiight hours the lidar operators
can visually determine if the steam pitme is
detached from the stack outlet. During
nighttime hours a high-intensity spotlight,
night vision scope, low light level TV, etc.
can be used as an aid in determining if the
steam plume is detached. If visual determi-
nation is ineffective. the Udar may be used
to determine if the steam plume is detached
by repeatedly messuring piume opacity
from the outlet to the steam plume along
the plume’s longitudinal axis or center line.
The lidar operator should also observe coior
differences and plume reflectivity to detect
a detached piume. If the operator does not
obtain a clear indication of the location of
the detached plume, this method shall not
be used to make opacity measurements be-
tween the outlet and the detached piume.

Once the determination of a detached
steam plume has been confirmed, the laser
shall be aimed into the region of highest
opacity in the plume between the outlet and
the formation of the steam plume. Aiming
adjustments shail be made to the lidar's
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line-of-sight within the plume to correct for
changes in the location of the most dense
region of the plume due to changes in wind
direction and speed or if the detached steam
plume moves cioser to the source outlet en-
croaching on the most dense region of the
plume. If the detached steam piume shouid
move too clase to the source outlet for the
lidar to make interference-free opacity
measurements, this method shall not be

used,

2.5 Field Records. In addition to the re-
cording recommendstions listed in other
sections of this method the (following
records should be maintained. Each piume
measured should be uniquely identified,
The name of the facility. type of Iacility,
emission source type, geographic location of
the lidar with respect to the piume, and
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plume characteristics should be recorded.
The dace of the test. the time period that &
source was monitored. the time (to the near.
est second) of each opacity measurement,
and the sample interval should aiso be re-
corded. The wind speed, wind direction, air
temperature. relative humidity, visibility
(measured at the lidar's position), and cloud
cover should be recorded at the beginning
and end of each time period for & given
source. A smail sketch depicting the loca-
tion of the laser beam within the plume
should be recorced.

If a detached or attached steam plume is
present at the emissions source, this faet
should be recorded Figures AMI1-1 and
AM]1-II are examples of logbook forms that
may be used to record this type of data.
Magnetic tape or paper tipe may also be
used to record data.
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2.8 Opacity Calcuiation and Data Analy-
sis. Referring to the reference signal and
plume signal in Figure AMI1-II1, the meas-

ured opacity (O,) in percent for each lidar
measurement is calculated using Equation
AM1-2. (Q,=1-T, T, is the plume trans-
mittance.)

I, R

%)

=
R

)

OP = (lo0%) | 1 - (

(AM1-2)

where:

1,=near-region pick interval signal ampii-
tude. plume signal. 1/R? corrected,

L=far-region pick interval signal amplitude,
plume signal. 1/R? corrected,

R,=near-region pick interval signal ampii-
tude, reference signal. 1/R? corrected,

and
R;={ar-region pick interval signsl ampil-
tude, reference signal, 1/R* corrected.

The L/R* correction to the plume and ref-
erence signal amplitudes is made by multi-
plying the amplitude {or each successive
sample interval {rom the time reference, by
the square of the lidar time (or range) asso-
ciated with that sample interval (Reference
5.11.

The first step in selecting the pick inter-
vals for Equation AMI1-2 is to divide the
plume signal amplitude by the reference
signal ampilitude at the same respective
ranges to obtain a “normalized” signal, The
pick intervals selected using this normalized
signai, are & mmnimum of 15 m (100 nanose-
conds) in length and consist of at least §
contiguous sample intervals. In addition,
the following criteria. listed In order of im-
portance, govern pick interval selection. (1)
The intervals shall be in & region of the nor-
malized signal where the reference signal
meets the requirements of Section 3.3 and is
everywhere greater than zero, (2) The inter-
vals (near and far) with the minimum aver-
age amplitude are chosen (3) If more than
ohe interval with the same minimum aver-
age amplitude is found. the interval closest
to the plume 13 chosen. (4) The standard de-
viation. S,, for the caiculated opscity shall
he 8% or less. (S, is calculated by Equation
AM1-T).
~ If 8, is greater than 8%, then the far pick
interval shall be changed to the next inter-
val of minimal average ampiitude. If S, Is
still greater than 8%, then this procedure is
repeated for the far pick interval. This pro-
cedure may be repeated once again for the
_near pick interval, but if 8, remains greater
than 8%. the plume signai shall be discard-
ed.

The reference signal pick intervals, R, and
R,, must be chosen over the same time inter-
val as the piume signal pick wntervals. I, and
I, respectively (Pigure AMIL-III]. Other
methods of selecting pick intervals may be
used if they give equivalent resuits. Fleld.
oriented examples of picik interval selection
are available in Reference 5.1.

te Coanvergence Point

Amplitude —.

—

(Naar Regron}

(n) Reterence Signai, 1/m* Corrected

.(Far Ragion)

Ra Ry

Y ST SRV SR

ts

L—_’/\

Amplitude e

Time or Range

(b) Pluma Signal. 1/R® Carrectad

/F'lum. Spike

Time or Range ——e

(a) PReference signal, 1/8%%-corrected. This reference signal is for
plume signal (b). R,» Re are chosen fo coincide with [, 1.

(b} Plume signal, IIRZ-cnrrected. The plume spike and the decrease
in the backscatter signal amplitude in the far region are due to

the opacity of the piume.
Section 2.56.

Figure AMI-III.

The average amplitudes for each of the
pick intervals, L., L. R, Ry shall be caleulat-
ed by averaging the respective individual
amplitudes of the sample intervals from the
plume signal and the associsted reference
signal each corrected for 1/R®%. The ampil.
tude of I, shall be calculated according to
Equation (AM-3).

1 m
I = = : I.. . -3
n m j=1 ni .(AM1=3)
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In. If are chosen as indicated in

Plots of Lidar Backscatter Signals

where: :

I,=the amplitide of the ith sampie interval
{near-region).

I=sum of the individual amplitudes for the
sample intervals,

m=number of sample intervals in the pick
interval, and

I, =average amplitude of the near-region
pick interval.

Similarly, the ampiltudes for [ R,, and R,
are calculated with the three expressions in
Equation (AM1-4),



1 13 R 1 ¢ 1 3
= = 3 I,., = = R., R,== £ R
f m ozl fi n m ozp 0 f m =1 fi
(AMi-4)

The standard deviation. S, of the set of
ampiftudes for the near-regicn pick interval,
I. shall be caiculsted using Equation

(AM1-8).
m (I .~T1 )2|%
SIn = [ b3 M ] .
i=1 (m=1)

(AM1-5)

Similarly, the standard deviations Sy. Spa.
and Sy, ate calculated with the three expres-
sions in Equation (AM1-§).

" m (1, - 1,)2
S po=| 3 "
L i=1 {m-1)
" m (R, -R )2
SRn = | z ni n) % ,
| i=1 {m1)
"m (R, -R,)?|%
See = | % 4 £ ] 1
| =1 (m=1)

{AM1-6)

The standard deviation S,, for each associated opacity vaiue, O,. shall be calculated using

Eguation (AMI-N,

2
sIn

) [

The calculated values of I, L, Ry Ry Swm.
S Saxe Sen Oy and S, should be recorded.
Any piume signal with an S, greater than
8% shall be discarded.

2.8.1 Azmuth Angle Correction. If the
azimuth angie correction to opacity speci-
fied in this section is performed. then the
elevation angle correction specified in Sec-
tion 2.6.2 shall not be performed. When
opacity is measured in the residual region of
an attached steam plume, and the lidar line-
ot-sight is not perpendicuiar to the plume, it
may be necessary to correct the opacity
measured by the lidar to obtain the opacity
that would be measured on & path perpen-
dicular to the plume. The following method.
or any other method which produces equiv-

¢ = glOOX)(IfR_

fon
o 2 RfIn

pec

= (100%)[1 -(1-0.01 Op)

0 _ = (100%) [1 -(1-0.01 Op)

2 2
St Spnc . Ser %
+* I—-z- + R—-! +* -R—z
f n f

(AM1-7)

alent results, shail be used to determine the
need for a correction. 1o calculate the cor-
rection. and to document the point within
the plume at which the opscity was meas-
ured

Figure AMI1-IV(b) shows the geometry of
the opscity correction. L' is the path
through the plume along which the opacity
measurement is made, P is the path perpen-
dicular to the plume at the same point. The
angle ¢ is the angle between L’ and the
plume center iine. The angie (w/3-¢), is the
angle between the L' and . The measured
opacity, O, measured along the path L’
shall be corrected to abtain the corrected
opacity, O, for the path P, using Equation
(AM]1-8).

Cos (n/Z-e)]

Sin e] {AM1-8)
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The correction in Equation {AMI1-8) shall be performed If the inequality in Equation
(AM1-9) is true,

.1 Tn (101 ~ Q) (AM1-9)

€ 2 Sin Ta (100 - 0,)

Figure AM1-IVia) shows the geometry of the lidar from the horizontal plane. and
used to calculate ¢« and the position in the the azimuth angle of the lidar from an arbi-
Plume at which the lidar measurement ts trary {ixed reference in the horizontal plane
Mmade. This analysis assumes that for a can ail be obtained directly.
fIven lidar messurement. the range from
the lidar to the ptume. the elevation angie

Projection of Pp onto the yz-plane, Pp" Plume measuresent position

Py (R, #' B))

Plume drift angle position
P (R, ¥ +a', B)

|
|
|
|
|
|
|

: |

. I I
Lidar Position — = - i ' v y
a . i //

| i p

| | . /
e xy-plane, P V4
t -] 7/
i /
i /
| 7
i /
t - /

/
! ’
| /
i /
7’
. ~xV
Lidar Line-of-Sight, Projection of F‘ onto the xy-plane, P.'

Position PP
()

Figure AMI - IV. Correction in Opacity for Orift of the
Residual Region of an Attached Steas Plume.

R, =range from lidar to source*® R’,=projection of R, in the hornzontal plane

d,=elevation angle of R,* R, =projection of R, in the horizontal plane

R,=range from lidar to piume at the opaci- R',=projection of R, in the horizontal plane
Ly messurement point* ' v =angle between R', and R’,"

3, =elevation angle of R,* o' mangie between R’, and R",*

R,=range irom lidar to piume at some arbi-

L comnt. P., so the drift angle of the RS =distance from the source to the upaci-

ty measurement point projected in the

plume can be determined®
8.=elevation angle of R,* . h:i:imnul lt’m ”
amangle between R, and R, =distance from opacity measurement

point P, to the point in the piume P,.
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Ope =1-(-0)

The correction angle ¢« shall be determined
using Equation AMI1-10.
where:
a=Cos"' (Cosg, Cosg, Cosa’' -Sing, Sina,).

and

= 2 2 . [
Ré (RS + Rp ZRS

where:
R',=R, Cos 3,. and
R'.=R, Cos 8,.
In the special case where the plume cen-
terline at the opacity measurement point is

Cos (n/2-¢)

o )S‘in E

=1-(1-
p (AMI-8)

Ré#=(R,'+R,*~2 R, R, Cosa)"?

R=. the distance from the source to the
opacity messurement point projected in the
horizontai plane. shall be determined using
Equation AM1-11.

RBCos¢')5 . (AM1-11)

horizontal, parallel to the ground, Equation
AMI1-12 may be used to determine ¢ instead
of Equation AM1-10.

Rg? (AM1-12)

R 2 + R 2 -

e = Cos™! TR

p 6

‘Obtained directly from lldar. These

values should be recorded.

where:
R, =(R'Y+R,*SIn?38,)"¢,

If the angle « is such that ¢«< 30" or ¢ >
150°, the azmmuth angle correction shall not
be performed and the associated opacity
value shal] be discarded.

Bp > Cos —?

2.6.2 Elevation Angle Correction. An In-
dividual lidar-measured opacity, Q,. shall be
corrected for elevation angie if the laser ele-
vation or inclination angle, 8, [Figure AMI1-
V1. is greater than or equal to the value cal-
culated in Equation AM1-13.

1n (101 - 03
In (100 - Op)

(AM1-13)

The measured opacity, O,. along the lidar path L. is adjusted to obtain the corrected
opacity, O, for the actual plume (horizontal) path, P, by using Equation (AM1-14).

0

where:

8, =lidar elevation or inclination angle,

O, =measured opacity along path L. and

O =corrected opacity for the actual plume
thickness P.

(100%) [1.- (1 - 0.01 op)°°sﬁp].

(AM1-14)

The values for 8,, O, and O,, should be re-
corded.
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} Veriical Smoke Plume

Stack's vertical Axis

sp. Lidar Elevation or
Inclination Angie

Horizontal Plane — —  — e —

— P —n L = Effective Plume Thickness

P = Actual Plume Thickness

p o= LCosuP

C. = Opacity measured along path L

" = Dpacity value corrected to the
p actual plume thickness, P

Lidar Line-of-Sight
geferenced to Level Ground
{Horizonta] Plane}

Smoke Stack

-—“'-__“n_h___,,-__r

Figure AMI-¥. Elevation Angle Correction for Vertical Plumes.

2.6.3 Determination of Actual Plume =aversge opacil
Opacity. Actual opacity of the piume sihall O u:e “.n:g"u:m“ calculsted aver
be determined by Equation AM1-15. 3. Lidar Performance Verification. The

lidar shall be subjected to two types of per-

o = g - [2 5 + 5%]. formance verifications that ahall be pe-

pa pc o formed ia the tield The annual calibration.
(AM1-15) conducted at least once & year, shail be used
to directly verily operation sand perform-

ance of the entire lidar system. The routine
verification, conducted for each emission

2.6.4 Calculstion of Aversye Actual
Plume Opacity. The aversge of the actual source messyred. shall be used to insure

plume opacity, O, shall be calculated as
the average of the consecutive individual u';dlmmuut:ld ele‘c:tnnlawm
actual opacity values, O, by Equation Either & pi . Procedures.
AM1-18. ume from a smoke generator or
screen targets shall be used to conduct this
callibration.
- 1 n If the screen target method is aselected.
0 = = I (0.) , five screens shall be fabricated by placing
pa n k=1 pa‘k an opaque mesh material over a narrow
(AM1-16) frame (wood., metal extrusion. ete.). The
screen shall have a surface ares of at least
one square meter. The screen material
shouid be chosen {or precise optical opac-
where: ities i“ about 10, 20, 40, 60, and 80%. Opaci-
(Og)u=the kth actual opacity value in an ty of each target shali be opticaily deter-
averaging interval containing n opacity mined and abould be recorded. If a smoke
vajues: k is a summing index. generator plume is selected, It shull meet
I=the sum of the individual actual opacity the requirements of Section 3.3 of Refer-
values. ence Method §. This calibration shall be
n=the number of individual actunl opacity performed in the field during caim (as prac-
values contained in the averaging inter-

val,
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tical) atmospheric conditions. The lidar
shall be positioned in accordance with Sec-
tion 2.1.

The screen targets must be placed perpen-
dicular to and coincident with the lidar line-
of-sight at sufficient height above the
ground _(suggest about 30 ft} to avoid
ground-level dust contamination. Reference
signals shall be obtained just prior to con-
ducting the calibration test.

The lidar shall be aimed through the
center of the piume within 1 stack diameter
of the exit, or through the geometric center
of the screen target seiected. The lidar shall
be set in operation for a é-minute dats run
at a nominal puise rats of 1 pulse every 10
seconds. Each backscatter return signal and
each respective opacity value cbtained from
the smoke generator transmissometer. shall
be obtained in temporal coincidence. The
data shall be snalyzed and reduced in sc-
cordance with Section 2.4 of this method.
This calibration shall be performed for 0%
{clean air), and at least five other opacities
(nominally 10, 20, 40, 80. and 80%).

The average of the lidar opacity values ob-
tained during a @-minute calibration run
shall be calculated and should be recorded.
Also the average of the opacity values ob-
tained from the smoke generaior trAnNSmis-
someter for the same 6-minute run shall be
caiculated and should be recorded.

Alternate calibration procedures that do
not meet the above requirements but
produce equivalent results may be used.

1.2 Routine Verification Procedures.
Either one of two techniques shall be used
to conduct this verification. It shall be per-
formed at least once every 4 hours for each
emussion source measured. The following
parameters shall be directly verified.

1) The cpacity value of 0% plus s mini.
mum of § (nominally 10, 20, 40, 60, and 80%)
opacity values shall be verified through the
PMT detector and data processing electron-
fca.

2} The zerc-signal level (receiver signal
with no optical signal from the source
present) shail be inspected to insure that no
spurious noise is present in the signal. With
the entire lidar receiver and analog/digital
electronics turned on and adjusted for
normal operating performance, the follow-
ing procedures shail be used [or Techniques
1 and 2, respectively.

3.2.1 Procecure for Technique 1. This
test shall be performed with no ambient or
stray light reaching the PMT detector. The
narrow band filter (694.3 nanometers peak)
shall be removed from its position in front
of the PMT detector. Neutral density filters
of nominal opacities of 10. 20. 40. 80, and
80% shall be used. The recommended test
conflguration is depicted tn Plgure AM1-VL.

The zero-signal level shall be measured
and shouwld be recorded., as indicated in
Flgure AM)-VI(a). This simulated clear.air
or 09 opacity value shall be tested in uxing
the selected light source depicted in Figure
AMI1-VI(b).

The light source either shall be a continu-
cus wave (CW) laser with the beam me-
chaniecally chopped or a light emjiting diode
contrelied with a pulse generator (rectangu-
lar puise). (A laser beam may have to be at-
tenuated 30 as not to saturate the PMT de-
tector). This signal level shall be messured
and should be recorded. The opacity value is
caleulated by taking two pick intervals [Sec-
tion 2.8) sbout 1 microsecond apart in time
and- using Equation (AM1-2) setting the
ratio R,./Ry=1. This calcutated vaiue should
be recorded.

_PMT Entrance —pa| = Lidar Receiver i'

Window Completely Photomultiplier |
Covered — Cetector |

{a) Zero-Signal Level Test

 CW Laser or - A Lidar Receiver .
Light-Emitting Diode e 1-‘ Photomultipliier ’

(Light Source) Tight path ! Detector
{b) Clear-Air or 0% Opacity Test
Neutral-density

optical filter

CW Laser or
Light-Emitting Diode

-
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(c) Optical Filter Test (simuiated opacity values)

*Tests shall be performed with no ambient or stray light reaching the

detector.

Tigure AM1-VI.
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Test Configuration for Technique 1.

ters are in use and the calibrated values
should be recorded.

3.2.2 Procedure for Technique 3. An opti-
cal generator (built-in calibration mechs-
nism) that contains a light-emitting dicde
(red light for a lidar containing a ruby
laser) is used. By injecting an optical signal
into the lidar receiver immediately ahead of
the PMT detector, a backscatter signai is
simulsted. With the entire lidar receiver
electronics twrned on and adjusted for

generator

signal (corrected for 1/R®) is selected with
no plume spike signal and with the opacity
value equal to 0%. This simulated clesr-air
atmospheric return signal is displayed on
the systam’s video dispiay. The lidar opera-
tor then makes any fine adjustments that



wunmwmﬂnuinthem'l
normal o

The optical generator used for Technique
2lhﬂibennbrlbed!ormul.lomts'mm
mmo!::l%nrbuur.mm
uonsmnbednnemthlywnﬂethemer-
mummmduuhnmmuemouldbe

recorded.
Alternate verification procedures that do
requirementa but

tion are:
3.3.1 Annual Calibration Deviation.
3311 Smoke Generator. If the lidar-
average opscity for each dats run
Is pot within =5% (full scale) of the respec-
tive smoke generaior’s average opacity over
memeotmmmu%.mmeum
shall be considered out of calibration.

3.3.1.2 Screens. If the lidar-measured av-
emeamwtormhmnmhm
within =3% (full scale) of the laboratory-de-
termined opacity for each respective simula-
uonsu'eenumtovermennnotoqs
through 80%. then the lidar shall be consid-
ered out of callbration.

132 Routine Verifiestion Error. If the
lidar-measured Average opacity far each
neutral density filter (Technique 1) or opti-
cal generator seiection (Technique 2) is not
within =3% (full scale) of the resbective
laborstory calibration value then the lidar
shall be considered non-operational.

4. Performance/Design Specification for
Basic Lidar System.

4.1 Lidar Design Specification. The es-
sential components of the basic lidar system
are s pulsed laser (transmitter), optical re-
ceiver, detector. signal processor. s
and an alming device that is used In aiming
the lidar transmutter and receiver. Figure
AM1-VII shows & functional block diagram
of » basic lidar system.

4.2 Performance Evalustion Tests The
owner of a lidar system shall subject such a
Hdar system to the performance verification
testa described in Section 3. prior to first use
of this method. The annual calibration shail
be performed for three separate. complete
runs and the resuits of each should be re-
corded. The requirements of Section 3.3.1
must be fulfilled for each of the three runs.

Once the conditions of the annual calibra-
tion are fulfllied the lidar ahall be subjected
to the routine verification for three sepa-
rate complete runs. The requirements of
Section 3.3.2 must be fulfilled for each of
the three runs and the resuits shouid be re-
corded. The Administrator may request that
the results of the Derformance evaluation
be submitted for review.

5. References.

§1 The Use of Lidar for Emissions
Source Opacity Determination, U.S, Envi-
ronmental Protection Agency, National En-
foreement Investgations Center., Denver,
CO. EPA-330/1-70-003-R. Arthur W, Dyb-
dahl, current edition (NTIS No., PBS1-
2488821,

5.2 Field Evaluation of Mobile Lidar for
the Measurement of Stnoke Plume Opacity,
11.8. Environmental Protection Agency, Na-
tonal Enforcement Investigations Center,
Denver, CO, EPA/NEIC-TS-128, February

Plume Transmittance Using Lidar, C. 3.
Cook. G. W. Bethke, W. D. Conner (EP.
i!.";!r';"!. Applied Optica 11, pg 1742, August
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5.8 U.8. Deparunent of Health. Educa-
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METHOD 10

MrrHOD 10—DETERMINATION or Canson
MonoxXIDE EMISSIONS From BSTATIONARY
SoURcEs
1. Principle and Applicabilfty.

1.1 Principle. An integrated or continuous
zﬁsmplebexwmad!rmampm
point and analyzed
(CO) content using a Luft-type nondisper-
sive infrared analyzer (NDIR) or equivalent.

1.2 Applicability. This method iz applica-
ble for the determunation of carbon monox:
ide emissions {rom siAtiODAry sources only
when specified by the test procedures [oF
determining compliance with new source

tegrated sampie is Lo be used.

2. Range and sensitivily.

2.1 Range. 0 to 1,000 ppm.

22 Sensitivity. Minimum detectable con-
centration is 20 ppm for a 0 to 1,000 ppx

Span.

3. Interferences. Any substance maving &
strong sbsorption of infrared energy will
interfere to some extent. For example, dis-
crimipation ratios for water (H,O) and
carbon dioxide {(CO,) are 3.5 percent H.Q
pu'tpmeOmdmpueentCO.pﬂ'm
ppm CO. respectively, for devices measuring
in the 1.500 to 3.000 ppm range. For devices
measuring in the 0 to 100 ppm range. inter-
ferepce retios can be as high as 3.5 percent
H.Operzsppmcommpmtco.per
50 ppm CO. The use of silica gel and ascar-
ite traps will alleviate the major interfer-
ence problems. The measured gas volume
must be corrected if these traps are used.

4 Precivion ond accuracy.

4.1 Precision. The precision of most NDIR
analyzers is approximately =2 percent of
Span.

4.2 Accuracy. The accuracy of most NDIR
analyzers is approximately =5 percent of
span sfter calibration.

5. Apparaius

5.1 Continuous sampie (Figure 10-1).

5.1.1 Probe Stainless steel or sheatbed
Pyrex: glass, equipped with a fiiter wo
remove particulate matter.

5.1.2 Air-cooled condenser OT equivclent
To remove ANy EXCEsE moisture.

5.2 Integrated sample (Figure 10-2)

5§21 Probe Stainless steel or shesthed
Pyrex glass, equpped with a fliter to
remove particulaie matter.

522 Air-cooled condenser OoT eguivalent
To remove ANy €XCERS MO

523 Volve Needie valve. o equivalent. to
to adjust flow rate.

5.2.4 Pump. Leak-free diaphragm type. Or
equivalent, {0 FENSpOrt FAs--

5.2.5 Rate meter. Rotameter, or equivae-
lt.mmelsuresnownnn.tmﬂ to 1.0
iiter per min. (0.035 efm).

5.2.8 Flerible bag. Tedlar, or equivalent,
with a capacity of 60 to 90 liters (2to 3 1%
M—mmebummewrybdou
using by evecuating bag with a pump foi-
lowed by a dry gas meter. When evaruation
is complete, there should be no [flow
through the meter.

5.2.7 Pitot tube Type 8, or equivalent, at-
tached to the probe so that the sampling
rate can be regulated proportional to the
stack gas velocity when veiocity is varying
with the time or & sample traverse is con-
ducted. i

Mention of trade names or specific prod-
ucts does not constitute endorsement by the
Environmental Protection Agency-
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5.3 Anelysia (Figure 10-3).
§.3.1 Carbon monozide enalyzer. Nondis-
persive spectrometer. or equivalent.
This instrument should be demonstrated.
preferably by the manufacturer, to meet o
exceed manpufacturer's specifications and

those described in this method.
53.2 Drying tube. To contain approxi-

matety 200 g of silica gel. o
5,33 Calibrotion pax Refer to section §.1.
5,34 Filter. As recommended by NDIR

manufacturer.

Figure 104, Sammmnn sumpling biiS.

Figaa ML Sdeyrasrs pit-aEapling IR,

535 O, removal tube To contain ap-
proximately 500 g of ascarite.

5.3.6 Jce water bath. For ascarite and silica
gel tubes,

5.3.7 Valve Needle valve, or equivaient. to
agdjust flow rate

5.3.8 Rate meter. Rotameter or eguivalent
to measure gas {low rate of 0 to 1.0 liter per
run. (0.035 efm) through NDIR.

5.3.9 Recorder toptional). To provide per-
manent record of NDIR readings.

6. Recgenis.

6.1 Calibrution gases. Known concentra-
tion of CO In nitrogen (N,) for instrument
span, prepurified grade of N, for zero. and
two sdditional concentrations corresponding
approximately to 60 percent and 30 percent
span. The span concentration shall net
exceed 1.5 times the applicable source per-
formance standard. The calibration gases
shall be certified by the manufacturer to be
within =2 percent of the specified concen-
Lration.

8.2 Silica pel
meah, dried at 175° C (347" F) for 2 hours.

§3 Ascarite. Commercially svailable,

7. Procedure

7.1 Sampling.

EPA STATIONARY SOURCE SAMPLING METHODS
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Indicating type. 6 to 16

1979

= Nl ]
= o T

Figmn 0. Amtywon) susiemmm.

17.1.1 Continucus sampling. Set up the
equipment as shown in Figure 10-1 making
sure all connections are jeak free. Place the
probe in the stack at & sampling point angd
purge the sampling kine. Connect the ana-
1yzer angd begin drawing sampie into the an-
alyzer. Allow § minutes for the system Lo
stabilise, then record the snaiyzer reading
qmwmmmmuec-
tion7.2 and 8). CO, content of the gas MAY be
determined by using the Method 3
integrated sample or by
weighing the ascarite CO, removal tube and
computing CO. conceniTation from the gas
::lb:memhdmdthewei:htmu the

712 Inteproted sampling. Evacuate the
flexible bag. Set up the equipment as shown
in Figure 10-2 with the bag disconnected.
Place the probe in the stack and purge the
sampling line, Connect the bag. making sure
that all connections are leak free. Sampie at
a rate nal to the stack veloeity.
CO, content of the gas may be determined
by using the Method 3 integrated sampie
procedures or by weighing
the ascarite CO, removai tube and comput-
ing CO. concentration from the gus volume
sampiled and the weight gnin of the tube.

7.2 CO Analyris. Asmembie the apparatus
as shown in Figure 10-3. calibrate the in-
strument., and perform other required oper-
ations as described in section 8. Puree
anaiyzer with N, prior to introguction of
each sample. Direct the sample piream
through the instrument for the test period.
recording the readings. Cheek the zero and
span again after the test to assure Lthat any
drift or matfunction is detected. Record the
sample data on Table 10-1.

8. Calibration. Assemble the apparstus ac-
cording to Figure 10-3. Generally an instru-
ment reguires s warm-up period before sta-
bility is obtained Follow the manufactur-
er's instructions for specific procedure.
Allow l_m.in!mum time of 1 hour for warm-
up.Dl_mnlth.ht.Imecheﬁthe sample con-
ditioning apparatus, ie. fllter, condenser.
drying tube, and CO, removal tube. to
ensure that esch component is in good oper-
ating condition. Zero and calibrate the in-
strument according to the manufacturer's
procedures using, respectively, nitrogen and
the calibration gases.

TaABLE 310-1—FIELD DATA
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o2 Aliernative Proceaures

101 Interference Trap. The sampie
.ong:lioning system described in Method
10A. sections 2.1.2 and 4.2. may be used es an
alternatrve to the silica gei and ascarte traps.
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ADDENDA—A. PERFORMANCE SPECIFICATIONS
ror NDIR CARBON MONOXIDE ANALYZERS.

lelmvll'll_..__—-lo-mmm
wm-m;____._-lu-mw.

w. i
R-m.yu'llmnwﬂm
musml. !
dewmlmlmm
4

. 10% i § houre.

inlet tion.

Fall Time (90 percent)—The interval be-
t.weeninlul-lresponlenmemdumeww
pmen:mponsedmsmdecrwelnthe
inlet concentration

Zero Drifti—The change in instrument
output over a stated time period. ususlly 24
hours, of unadjusted continuous operation
when the input concentration is zero: usual-
ly expressed a5 percent full scale.

Spaa Drift—The change in instrument
output over & stated time period. usually 24
hours. of unsdjusted sontinuous operstion
when the input concentration is & S
upscale value; usually &x as percent

tion changes.

Linearity—The maximum deviation be-
tween an sctual instrument reading and the
reading predicted by & straight line drawm
between upper and lower calibration points.
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METHOD 12

METHOD 12--DETERMINATION OF INORGANTIC
LeAD EmrssioNs FROM STATIONARY SOURCES

1. Applicability and Principle.

1.1 Applicability. This method applies to
the determination of inorganie lead (Ph)
emissions from specified stationary sources
only.

1.2 Principle. Particulate and gaseous Pb
emissions are withdrawn isokinetically from
the source and collected on a filter and in
diiute nitric acid. The collected samples are
digested in acid solution and analyzed by
atomic ahsorption spectrometry using an air
acetylene flame. .

2. Range, Sensitivity, Precision, and Inter-
ferences.

2.1 Range. For a minimum analytical ac-
curacy of =10 percent, the lower limit of
the range is 100 4g. The upper limit can be
considerably extended by dilution.

2.2 Analytical Sensitivity. Typical sensi-
tivities for a l-percent change in absorption
(0.0044 absorbance units} are 0.2 and 0.5 pg
Pb/ml for the 217.0 and 283.3 nm lines, re-
spectively.

2.3 Precision. The within-laboratory pre-
cision, as measured by the coefficient of var-
jation ranges from 0.2 to 9.5 percent relative
to a run-mean concentration. These values
were based on tests conducted at a gray iron
foundry, a lead storage battery manufactur-
ing plant, a secondary lead smelter, and a
lead recovery furnace of an alkyl lead man-
ufacturing plant. The concentrations en-
countered during these tests ranged from
0.61 to 123.3 mg Pb/m?

2.4 Interferences. Sample matrix effects
may interfere with the analysis for Pb by
flame atomic absorption. If this interfer-
ence is suspected, the analyst may confirm
the presence of these matrix effects and fre-
quently eliminate the interference by using
the Method of Standard Additions.

High concentrations of copper may inter-
fere with the analysis of Pb at 217.0 nm.
This interference can be avoided by analyz-
ing the samples at 283.3 nm.

3. Apparatus.

3.1 Sampiing Train. A schematic of the
sampling train is shown in Pigure 12-1; it is
similar to the Method 5 train. The sampling
train consists of the following components:

3.1.1 Probe Nozzle, Probe Liner, Pitot
Tube, Differential Pressure Gauge, Filter
Holder, Filter Heating System, Metering
System, Barometer, and Gas Density Deter-
mihation Equipment. Same as Method 5,
Sections 2.1.1 to 2.1.6 and 2.1.8 to 2.1.10, re-
spectively.

3.1.2 Impingers. Four impingers connect-
ed in series with leak-free ground glass fit-
tings or any similar leak-free noncontamin-
ating fittings. For the first. third, and
fourth impingers, use the Greenburg-Smith
design, modified by replacing the tip with a
1.3 cm (% in.) ID glass tube extending to
about 1.3 cm (% in.) from the bottom of the
flask. For the second impinger, use the

RULES AND REGULATIONS/APRIL 16,
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“Figure 121, Inorganic lead sampling train.

Greenburg-Smith design with the standard
tip. Place a thermometer, capable of meas-
uring temperature to within 1°C (2°F) at the
outlet of the fourth impinger for monitor-

ing purposes,

3.2 Sample Recovery. The following
items are needed:
3.2.1 Probe-Liner and Probe-Nozzle

Brushes, Petri Dishes, Plastic Storage Con-
tainers, and Punnel and Rubber Policeman.
Same as Method §, Sections 2.2.1, 2.24,
2.2.6, and 2.2.7, respectively.

3.2.2 Wash Bottles. Glass (2).

3.2.3 Sample Storage Containers. Chemi-
cally resistant, borosilicate glasg bottles, for
0.1 nitric acid (HNO,) impinger and probe
solutions and washes, 1000-ml Use screw-
cap liners that are either rubber-backed
Teflon® or leak-free and resistant to chemi-
cal attack by 0.1 N HNO,. (Narrow mouth
glase bottles have been found to be less
prone to leakage.)

3.2.4 Graduated Cylinder and/or Bal-
ance. To measure condensed water to within
2 ml or 1 g. Use a graduated cylinder that
has & minimum capacity of 500 ml, and sub-
divisions no greater than 5 ml. (Most labora-
tory balances are capable of weighing to the
nearest 0.5 g or less.)

3.2.5 PFunnel. Glass, to aid in sample re-

covery. .
3.3 Analysis. The following equipment is
needed:

3.3.1 Atomic Absorption Specirophoto-
meter. With lead hollow cathode lamp and
burner for air/acetylene flame.

EPA STATIONARY SOURCE SAMPLING METHODS
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3.3.2 " Hot Plate.

3.3.3 Erlenmeyer Flasks, 125-ml, 24/40 8.

3.3.4 Membrane PFilters. Millipore
SCWPO 4700 or equivalent,

3.3.5 Piltration Apparatus. Millipore
vacuum fiitretion unit, or equivalent, for
use with the above membrane filter.

3.3.6 Volumetric Flasks. 100-ml, 250-ml,
and 1000-ml.

4. Reagents.

4.1 Sampling. The reagents used in sam-
pling are as follows:

4.1.1 PFilter. Gelman Spectro Grade,
Reeve Angel 934 AH, MSA 1106 BH, all with
lot assay for Pb, or other high-purity glass
fiber filters, without organic binder, exhibit-
ing at least 99.95 percent efficiency (<0.08
percent penetration) on 0.3 micron dioctyl
phthalate smoke particles. Conduct the
fllter efficiency test using ASTM Standard
Method D2086-71 (incorporated by refer-
ence—see § 60,17) or use test data from the
supplier's quality control program.

4.1.2 Slllca Gel, Crushed Ice, and Stop-
cock Grease. Same as Method 5, Section
3.1.2, 3.1.4, and 3.1.5, respectively.

4.1.3 Water. Delonized distilled, to con-
form to ASTM Specification D1193-77 (in-
corporated by reference—see §60.17), Type
3. If high concentrations of organic matter

*Mention of trade names or specific prod-
ucts does not constitute endorsement by the
17.8. Environmental Protection Agency.



are not expected to be present, the analyst
may delete the potassium permanganate
test for oxidizable organic matter.

4.1.4 Nitric Acid, 0.1 N. Dilute 6.5 mi of
concentrated HNQ, to 1 liter with deionized
distilled water. (It may be desirable to run
blanks before field use to eliminate a high
blank on test samples.)

4.2 Pretest Preparation. 8 N HNO, is
needed. Dilute 390 mil of concentrated HNO,
to 1 liter with deionized distilled water.

4.3 Sample Recovery. 0.1 N HNQ, (same
as 4.1.4 above) is needed for sample recov-
ery.

4.4 Analysis. The following reagents are
needed for analysis (use ACS reagent grade
chemicals or equivalent, unless otherwise
specified).

4.4.1 Water. Same as 4.1.3 above.

4.4.2 Nitric Acid. Concentrated.

4.4.3 Nitric Acid, 50 percent (V/V). Dilute
500 ml of concentrated HNO, to 1 liter with
deionized distilled water.

4.4.4 Stock Lead Standard Solution, 1000
ug Pb/mi. Dizsoive 0.1598 g of lead nitrate
[Pb(NO,;)] in about 60 ml of deionized dis-
tilled water, add 2 m! concentrated HNO,,
and dilute to 100 ml with deionized distilled
water.

4.4.5 Working Lead Standards. Pipet 0.0,
1.0, 2.0, 3.0, 4.0, and 5.0 mi of the stock lead
standard sclution (4.4.4) into 250-ml volu-
metric flasks. Add 5 mil of concentrated
HENO, to each flask and dilute to volume
with deionized distilled water. These work-
ing standards contain 0.0, 4.0, 8.0, 12.0, 18.0,
and 20.0 pg Pb/ml, respectively. Prepare, a8
needed, additional standards at other con-
centrations in a similar manner.

4.4.6 Aflr. Suitable quality for atomic ab-

sorption analysis.
4.4.7 Acetylene. Suitable quality for
atomic absorption analysis.

4.4.8 Hydrogen Peroxide, 3 percent (V/
V). Dilute 10 ml of 30 percent H,O. to 100
ml with deionized distilled water.

§. Procedure.

5.1 Sampling. The complexity of this
method is such that, In order to obtain reli-
able results, testers should be trained and
experienced with the test procedures,

5.1.1 Pretest Preparation. Follow the
same general procedure given in Method 5,
Section 4.1.1, except the filter need not be
weighed.

5.1.2 Preliminary Determinations, Follow
the same general procedure given in Method
§, Section 4.1.2.

5.1.3 Preparation of Coilection Train.
Follow the same general procedure given in
Method §, Section 4.1.3, except place 100 ml
of 0.1 HNQ, in each of the first two im-
pingers, leave the third impinger empty.
and transfer approximately 200 to 300 g of
preweighed silica gel from its container to
the fourth impinger. Set up the train as
shown in Figure 12-1.

5.1.4 Leak-Check Procedures. Follow the
general leak-check procedures given in
Method 5, Sections 4.1.4.1. (Pretest Leak-
Check), 4.1.4.2 (Leak-Checks During the
Sampie Run), and 4.1.4.3 (Post-Test Leak-
Check).

5.1.5 Sampling Train Operation. Follow
the same general procedure given i Method
5, Section 4.1.5. For each run, record the
data required on a data sheet such as the
one shown in EPA Method 5. Figure 5-2.

§.1.6 Calculation of Percent Isokinetic.
Same as Method 5, Section 4.1.6.

5.2 Sample Recovery. Begin proper clean-
up procedure as soon as the probe is re-
moved from the stack at the end of the sam-
pling pericd.

Allow the probe to cool. When it can be
safely handled, wipe off all external particu-
late matter near the tip of the probe nozzle
and place a cap over it. Do not cap off the
probe tip tightly while the sampling train is
cooling down as this would create a vacuum
in the filter holder., thus drawing liquid
from the impingers into the filter.

Before maving the sampling train to the
cleanup site, remove the probe from the
sapling train, wipe off the silicone grease,
and cap the open outlet of the probe. Be
careful not to lose any condensate that
might be present. Wipe off the silicone
grease from the glassware inlet where the
probe was fastened and cap the inlet.
Remove the umbilical cord from the last im-
pinger and cap the impinger. The tester
may use ground-glass stoppers, plastic caps,
or serum caps to close these openings.

Transfer the probe and filter-impinger as-
sembly to a cleanup area, which is clean and
protected from the wind so0 that the chances
of contaminating or losing the sample are
minimized,

Inspect the train prior to end during dis-
asgembly and note any abnormal conditions,
Treat the samples as follows:

$.2.! Container No. I (Filter), Carefully
remove the filter from the filter holder and
plece it in its identified petri dish container.
If it i3 necessary to fold the filter, do so
such that the sample-exposed side is inside
the fold. Carefully transfer to the petri dish
any visible aample matter and/or filter
fibers that adhere to the flter holder
Basket by using a dry Nylon bristle brush
andleor a sharp-edged biade. Seal the con.

T.

5.2.2 Container No. 2 (Probe). Taking
care that dust on the outside of the probe or
other exterior surfaces does not get Into the
sample, quantitatively recover sample
matter or any condensate from the probe
nozzle, probe fitting, probe liner, and front
half of the filter holder by washing these
components with 0.1 N HNQ, and placing
the wash into a glass sample storage con-
tainer. Measure and record (to the nearest
2-ml) the total amount of 0.1 N HNO, used
for each rinse. Perform the 0.1 N HNO?
rinses as follows:

Carefully remove the probe nozzle and
rinse the inside surfaces with 0.1 N HNO*
from a wash bottle while brushing with a
stainless steel, Nylon-bristle brush. Brush
until the 0.1 N HNO, rinse shows no visible
particles, then make a final rinse of the
ingide surface.

Brush and rinse with 0.1 N HNO, the
Ingide parts of the Swagelok fitting in a
similar way until no visible particles remain.

Rinse the probe liner with 0.1 N HNO,.
While rotating the probe 50 that all insicde
surfaces will be rinsed with 0.1 N HNO,, tilt
the probe and squirt 0.1 N HNO, into its
upper end, Let the 0.1 N HNO, drain from
the lower end into the sampie container.
The tester may use a glass funnel to aid in
transferring liquid washes to the container.
Follow the rinse with a probe brush. Hold
the probe in an inclined position, squirt 0.1
N HNO, into the upper end of the probe as
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the probe brush is being pushed with a
twisting action through the probe; hold the
sample container underneath the lower end
of the probe and catch any 0.1 N HNQO, and
gample matter that is brushed from the
probe. Run the brush through the probe
three times or more until no visible sample
matter is carried out with the 0.1 N HNO,
and none remains on the probe liner on
visual inspection. With stainless steel or
other metal probes, run the brush through
in the above prescribed manner at least six
times, since metal probes have small crev-
jces in which sample matter can be en-
trapped. Rinse the brush with 0.1 N HNO,
and quantitatively collect these washings in
the sample container. After the brushing
make a final rinse of the probe as described
above,

It is recommended that two pecple clean
the probe to minimize loss of sample, Be-
tween sampling runs, keep brushes clean
and protected from contamination.

After insuring that all joints are wiped
clean of silicone grease, brush and rinse
with 0.1 N HNO, the inside of the front half
of the filter holder. Brush and rinse each
suface three tlmes or more, if needed, to
remove visible sample matter. Make a final
rinse of the brush and fllter holder. After
all 0.1 N HNO, washings and sample matter
are collected in the sample container, tight-
en the lid on the sample container so that
the fluid will not leak out when It is shipped
to the laboratory. Mark the height of the
fluld level to determine whether leakage
oceurs during transport. Label the container
to clearly identify its contents.

5.2.3 Container No. 3 (Sllica Gel). Check
the color of the indicating silica gel to deter-
mine If it has been compietely spent and

make a notetion of its condition. Transfer
the silica gel! from the fourth impinger to
the original container and seal. The tester
may use a funnel to pour the silica gel and a
rubber policeman to remove the sflica gel
from the impinger. It is not necessary to
remove the small amount of 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 & balance is available in the
field, the tester may follow procedure for
Container No. 3 under Section 5.4 (Analy-
sis).

5.24 Container No. 4 (Impingers). Due to
the large quantity of liquid invoilved, the
tester may place the impinger solutions in
several containers. Clean each of the first
three impingers and connecting glassware in
the following manner:

1. Wipe the impinger ball joints free of sil-
icone grease and cap the joints.

2. Rotate and agitate each impinger, s0
that the impinger contents might serve as a
rinse solution.

3. Transfer the contents of the impingers
to a 500-ml graduated cylinder. Remove the
outlet ball joint cap and drain the contents
through this opening. Do not separate the
Impinger parts (Inner and outer tubes) while
transferring their contents to the cylinder.
Measure the liquid volume to within =2 ml.
Alternatively, determine the weight of the
liquid to within +0.5 g. Record in the log
the volume or weight of the liquid present,
along with a notation of any color or film
observed in the impinger catch. The liquid
volume or weight is needed, along with the
gilica gel data, to calculate the stack gas
moisture content (see Method 5, Figure 5-
3.

. 4, Transfer the contents to Container No.



5. Note: In steps 5 and 6 below, meastre
and record the total amount of 0.1 N HNO,
used for rinsing. Pour approximately 30 ml
of 0.1 N HNO, Into each of the first three
impingers and agitate the impingers. Drain
the 0.1 N HNO, through the outlet arm of
each Impinger into Container No. 4. Repeat
this operation a second time; inspect the im-
pingers for any abnormal conditions.

8. Wipe the ball joints of the glassware
connecting the impingers free of silicone
grease and rinse each plece of glessware
twice with 0.1 N HNO,; transfer this rinse
into Container No. 4. {Do not rinse or brush
the glass-fritted filter support) Mark the
height of the fluld level to determine
whether leakage occurs during transport.
Label the contalner to clearly identify its
contents.

5.2.5 Blanks. Save 200 mi of the 0.1 N
HNO, used for sampling and cleanup as a
blank. Take the solution directly from the
bottle being used and place into a glass
sample container labeled “0.1 N HNO,
blank.,”

5.3 Sample Preparation.

5.3.1 Container No. 1 (Filter). Cut the

filter into strips and transfer the strips and

all loose particulate matter into a 125-mi Er-
lenmeyer flask. Rinse the petri dish with 10

ml of 50 percent HNO; to insure a quantita-
tive transfer and add to the flask. (Note: If
the total volume required in Section 5.3.3 is
expected to exceed 80 ml, use a 250-ml Er-
lenmeyer flask in place of the 125-ml flask.)

5.3.2 Containers No. 2 and No. 4 (Probe
and Impingers). (Check the liquid level in

5.3.5 0.1 N HNO, Blank. Take the entire
200 ml of 0.1 N HNO, to dryness on a steam
bath, add 15 ml of 50 percent HNO., and
treat as described in Section 5.3.3 using 10
ml of 3 percent H,Qu and 50 ml of hot,
deionized distilled water. Dilute to a total
volume of 100 ml using deionized distilled

water.
5.4 Analysis.
5.4.1 Lead Determination. Calibrate the

spectrophotometer as described in Section
4.2 and determine the absorbance for each
source sample, the fflter blank, and 0.1 N
HNO, blank. Analyze each sample three
times in this manner. Make appropriate di-
lutions, as required, to bring all sample Fb
concentrations into the linear absorbance
range of the spectrophotometer.

If the Pb concentration of a sample is at
the low end of the caiibration curve and
high accuracy is required, the sample be
taken to dryness on a hot plate and the resi-
due dissolved in the appropriate volume of
water to bring it into the optimum range of

5.4.2 Mandatory Check for Matrix BEf-
fects on the Lead Resuits. The analysis for
Pb by atomic absorption is sensitive to the
chemical compositon and to the physical
properties (viscosity. pH) of the sample
(matrix etfects). Since the Pb procedure de-
scribed here will be applied to many differ-
ent sources, many sample matrices will be
encountered. Thus, check (mandatory) at
least one sample from each source using the
Method of Additions to ascertain that the
chemical composition and physical proper-
ties of the sample did not cause erroneous

.the callbration curve.

Containers No. 2 and/or No. 4 and confirm ansaiytical results.

as to whether or not leakage occurred
during transport; note observation on the
analysis sheet. If a noticeable amount of

leskage had occurred, either void the

sample or take steps, subject to the approv-
al of the Administrator, to adjust the final
results.) Combine the contents of Contain-
ers No. 2 and No, 4 and take to drynesson a

hot plate.

5.3.3 Sample Extraction for lead. Based
on the approximate stack gas particulate
concentration and the total volume of stack
gas sampled, estimate the total welght of
particulate sampie collected. Then transfer
the residue from Containers No. 2 and No. 4
to the 125-ml Erlenmeyer flask that con-
tains the filter using rubber policeman and
10 ml of 50 percent HNO, for every 100 mg
of sample collected in the train or & mini-
mum of 30 ml of 50 percent ENO, whichev-

er is larger.

Place the Erlenmeyer flask on a hot plate
and heat with periodic stirring for 30 min at
a temperature just below boiling. If the
sample volume falls below 15 ml, add more
50 percent HNO, Add 10 mi of 3 percent
H.O, and continue heating for 10 min. Add
50 m! of hot (80°C} deionized distilled water
and heat for 20 min. Remove the flask from
the hot plate and allow to cool. Filter the
sample through & Millipore membrane filter
or equivalent and transfer the filirate to a
250-ml volumetric flask. Dilute to volume

with deionized distilled water.

5.3.4 Filter Blank. Determine a filter
blank using two filters from each lot of fil-
ters used in the sampling train. Cut each
filter into strips and place each filter in a
separate 125-ml Erlenmeyer flask. Add 15
ml of 50 percent BENO, and treat as de-
scribed in Sectlon 5.3.3 uging 10 ml of 3 per-
cent H,O: and 50 ml of hot. deionized dis-
tilled water. Filter and dilute to a toal
volume of 100 ml using deionized distilled

water.

Three acceptable “Method of Additions”
procedures are described in the General
Procedure Section of the Perkin Elmer Cor-
poration Manual (see Citation 8.1). If the
results of the Method of Additions proce-
dure on the source sample do not agree
within 5 percent of the value obtained by
the conventional atomic absorption analy-
sis, then the tester must reanalyze all sam-
ples from the source using the Method of
Additions precedure.

5.4.3 Container No. 3 (Silica Gel). The
tester may conduct this step in the field.
‘Weigh the spent silica gel (or silica gel plus
Impinger) to the nearest 0.5 g record this
weight.

8. Calibration.
ummm a laboratory log of all calibra-

ons,

6.1 Sampling Train Calibration, Cali-
brate the sampling train components ac-
cording to the indicated sections of Method
5: Probe Nozzle (Section 5:1); Pitot Tube
{Section 5.2); Metering System (Section 5.3);
Probe Heater (Section 5.4); Temperature
Ganges (Sectlon 5.5); Leak-Cheek of the Me-
tering System (Section 5.8); and Barometer
{Section 5.7}

6.2 Spectrophotometer. Measure the ab-
sorbance of the standard solutions using the
instrument settings recommended by the
spectrophotometer manufacturer. Repeat
until good agreement (+3 percent) is ob-
tained between two consecutive readings.

Plot the absorbance {(¥-axis) versus concen-
tration in pg Pb/ml (x-axis). Draw or com-
pute a straight line through the linear por-
tion of the curve. Do not force the calibra-
tion curve through zero, but if the curve
does not pass through the origin or at least
lie closer to the origin than +0.003 absor-
bance units, check for incorrectly prepared
standards and for curvature in the calibra-
tion curve.
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To determine stability of the calibration
curve, run a blank and a standard after
every flve samples and recalibrate, as neces-
Sary.

1. Calculations.

7.1 Dry Gas Volume. Using the data from
this test, calculate Vg, the fotal volume
of dry gas metered corrected to standard
conditions (20°C and 780 mm Eg), by using
Equation 5-1 of Method 5. If necessary,
adjust V.wae for leakages as outlined in See-
tion 6.3 of Method 5. See the field data
sheet for the average dry gas meter temper-
ature and average orifice pressure drop.

7.2 Volume of Water Vapor and Moisture
Content. Using data obtained In this test
and Equations 5-2 and 5-3 of Method 5. cal-
culate the volume of water vapor V. and
the moisture content B,, of the stack gas.

7.3 Total Lead in Source Sample. For
each source sample correct the average Ab-
sorbance for the contribution of the filter
blank and the 0.1 N HNO, blank. Use the
calibration curve and this corrected absor-
bance to determine the pg Pb concentration
in the sample aspirated into the spectropho-
tometer. Calculate the total Pb content C'w
(in ug} In the original source sample; correct
for all the dilutions that were made to bring
the Pb concentration of the sample into the
linear range of the spectrophotometer.

7.4 Lead Concentration. Calculate the
stack gas Pb concentration Cp In mg/dsem
as follows:

Cn
Cn= K

Ve

‘Where:
K=0.001 mg/ug for metric units.

=2,205 1b/ug for English units.

7.5 Isokinetic Varlation and Acceptable
Results. Same as Method 5, Sections 6.11
and 6.12, respectively. To calculate v,, the
average stack gas velocity, use Equation 2-9
g:s Method 2 and the data from this fleld

1

8. Alternative Test Methods for Inoroganic

Lead.

8.1 Simultaneous Determination of Par-
ticulate and Lead Emissions. The tester may
use Method 5 to simultaneously determine
Ph provided that (1) he uses acetone to
remove particulate from the probe and
inside of the filter hoider as specified by
Method 5, (2) he uses 0.1 N HNO, in the im-
pingers, (3) he uses a glass fiber filter with a
low Pb background, and (4) he treats and
analyzes the entire trein contents, including
the impingers, for Pb as described in Sec-
tion 5 of this method.

8.2 Filter Location. The tester may use a
filter between the third and fourth imping-
er provided that he includes the filter in the
analysis for Pb.

8.3 In-stack Filter. The tester may use an
in-stack filter provided that (1) he uses a
glass-lined probe and at least two impingers,
each containing 100 ml of 0.1 N HNQ., after
the in-stack filter and (2) he recovers and
analyzes the probe and impinger contents
for Pb. Recover sample from the nozzle with
:::;:ne if a particulate analysis is to be
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9.5 Same as Method B, Cltations 2 to 5
and 7 of Section 7.

PROPOSED RULE DECEMBER 12,

1983

. 1, By revising Section 5.4.2 to read as

follows:

.54.2 Check for Matrix Effects on the Lead
Results. Since the analysis for Pb by atomic
absorption is sensitive to the chemical
composition and to the physical properties
(viscosity, pH) of the sample {matrix effects),
the analyst shall check at least one sample
from each source using the method of
additions as follows:

Add or spike an equal volume of standard
solution to an aliguot of the sample solution,
then measure the absorbance of the resulting
solution and the absorbance of an aliguot of
unspiked sample.

Nexl, calculate the Pb concentration C, in
ug/ml of the sample solution by using the
following equation:

c.—C.A'— Eq. 12-1
A-A, '

Where:

C,=Pb concentration of the standard
solution, pg/ml.
,A;=Absorbance of the semple solution.
A;=Absorbance of the spiked sample
solution.
Volume corrections will not be required If the
solutions as analyzed have been made to the
same final volume. Therefore, C, and C,
represent lead concentration before dilutions.
Method of additions propedures described
on pages 84 and 8-5 of the section entitled
“General Information” of the Perkin Elmer
Corporation Atemic Absorption
Spectrophotometry Manual, Number 303-0152
{see Section 8.1) may also be used. In any
event, if the results of the method of
additions procedure used on the source
sample do not agree to within 5 percent of the
value obtained by the routine atomic
absorption analysis, then reanalyze all
samples from the source using a method of
additions procedure. '

2. By correcting the symbol “Vu(ua)”
10 “V,(sa)” in Section 7.2, line 3.

3. By adding “Eqg. 12-2" to the right of
the equation in Section 7.4. .

4. By inserting " x20~%' immediately
after the number “2.205" in the last line
of Section 74

EPA STATIONARY SCURCE SAMPLING METHODS



METHOD 38

\irrrop L3B—DITIRMINATION OF TotaL FLU-
oRiDE EmIssioxs From  STATIONARY
SOTRCEI—SPECIFIC [ON ELEZCTRODE MgTHOD

1. Appircabnlity and Principle

1.1 Appiicadility. This method applies
*o the deterpunacion of fluonge (F) emus-
510ns {rom stagionary sources as speciiied (n
-he reguiations. It does not measurs fluoro-
carpons. such as freons.

1.2 Principle. (Gaseous and particulate F
are withdrawn isoiinetically from the
source and collected (n wacer sad on & [liter.
The total P la then detenuned by the spe-
cufte lon electrode method.

2. Range and Senntivity

The range of this method I8 0.02 to 2.000
af F/ml however, messurementa of less
than 0.1 ug F/ml require extra care. Senats
rivity Nas not been determined

J. Interrerences

Gresse on sample-exposed suriaces may
cause low F resuits because of adsorption

4. Precinion and Accuracy

4.1 Prectsion. The [ollownng estimates
are Dased on a collaberative test dons ‘at &
primsty aluminum smeiter. In the test, ;X
|aboratories escil sampled the Jcack stmuitas
nenualy using two sampitng trane for a

af 12 sumpies per sampiing run. Fluo-
Jncentrations encountered during the
.anged from 0.1 to .4 mg F/m4 The
within-laboratory and Dbetwesn-laboratory
standard deviations. ¥hich include sampiing
ang analysis errora, are 0.037 mg F/m* with
50 degreea of {reedom and 0.036 mg F/m?
with five degrees of {reedom. respectively.

4.2 Accuracy. The coilsborstive test did

not [ind any cias in the anaiytical method

5. Apparaiul

5.1 Sampling Train and Sampie Recov-
»ry. Same as Method 13A. Sections 5.1 and
5.2, reapectively.

5.2 Analysis. The (following ilems Are
needed:

$.2.1 Distllation Apparsius. Bunsen
Bummner. Eleciric Muffle Furnace, Crucibles,
Beakers, Volumetne Flasks. Erlenmeyer
Flaaks or Plastic Bottles, Consiant Temper:
ature Bath. and Balance. Same as Method
13A. Sections 5.3.1 to 5.3.5, respectively.
axcept Include also 100-ml poiyethyiene
beakers.

5.2.2 Fluonde lon Activity Sensing Elec-
trode.

5.2.3 Reference Electrode. Single junc-
tion. sieeve type.

5.2.4 Electrometer. A pH meter with
millivoit-scale capable of =0.1-mv resolu-
tion, or a specific lon meter made specifical
ly for speciiic jon use.

1.2.5 Magnetic Stirrer and TFE * Fluoro-
carbon-Coated Stirring Barw

6. Regoenis

1 Sampling and Sample Recovery.
as Method 13A. Sections 6.1 and 6.2
tively.

Anslysis. Use ACS resgent grade
.aemicals (or equivalent). uniess otherwiss
specified. ‘The reagents neeced for anslysis
are as followx

RULES AND REGULATIONS/JUNE 20,

6.2.1 Caletum Oxide (CaQ). Certitled
grade containing 0.005 percent F or ies.

§.2.2 Phenoipbthaleln [ndicator. Dis-
solve (.1 £ af phenolphthalein in & mixture
of 50 ml of 0 percent ethanol snd 50 mi
detonized distilied water.

6.2.3 Sodium Hydroxide (NaOH). Pel-

lets.
6.2.4 Sulfuric Acid (H.S0.), Concentras-

ed.

6.2.5 Fiters. Whatman No. 34l. or
eguivalent.

628 Water. From sames container A8
4.1.2 of Method 13A.

6.27 Sodium Hydroxide, § M. Dimsolve
20 g of NaOH in 100 ml of deiontzed distilled
water.

8.2.8 Sulfuric Acid. 25 percent (V/V).
Mix 1 part of concentrated H.SO, with 3
parts of deionized distilled watar.

6.2.9 Total lonic Strengih Adjustment
Buffer (TISAB). Place approximacely 800
ml of deionized distilled wutar in & i-liter
beaker. Add 57 mi of giacial scetie acid. 58 €
of sodium chioride, and 4 g of cyclohexyiens
dinitrilc tetrascesic acid, Stir to dusolve.
Place the Denker in & water bath to eool it
Siowly add § M NaOH to the solution. meas-
uring the pH continuousiy with & calibrated
pH/reference eiectroae paswr. untll the pH iz
5.3. Cool to room temperature. Pour tnto a
l-ilter volumetne {lask, and dilute to
volume with delonized distilled water. Com-
mercially prepared TISAB may de substitut.
ed for the above,

4.2.10 Fluoride Standard Solution. 0.1 M.
Oven dry some sodium (luoride (NaF) for a
mmimum of 2 hours at 110°C. and swore in s
demiceator. Then sdd 4.2 g of NaF to & L-liter
volumetric flask. and add enough deionized
distilled water to dissoive. Dilute to volume
with deionized dustilled water.

7. Procedure

7.1 Sampling, Sambie Recovery, and
Sampia Preparation and Distillation. Same
i3 Method 13A. Sections 7.1. 7.2, and 1.3 re-
spectively, except the nowes concerning
chloride and suifale interferences are not
applicable.

7.2 Analysis.

7.2.1 Cantaners No. ) sad No. 2. Distill
suitable sliquots from Contaners No. 1 and
No. 2. Dllute the distiliste in the volumetric
flasks to exactly 250 mi with deiontzed dis-
tilled water and mix thoroughly. Pipet & 15-
ml sliquot from each of the distillste and
separata bDeakers. Add an equal volume of
TISAB. and mix. The sampie should be at
the sams tempersture as the calibration
standards when messurements are made. If
ambient laborstory temperature fluctusces
more than =2°C from the temperstuie at
which the calibration standards were meas-
ured. condition sampiss and standsrds in &
constant-temperaturs bath before measure-
ment. Stir the sampie with 8 magnetic stir-
rer during measurmment L0 minumizs elec
trode response tme. 1f the stirrer Jensrates
enough heat to change solution (empers-
ture, place a piece of tempersiure insulsting
matenal such as cori. between the stirrer
and the beaksr. Hold dilute sampies (below
10~* M fluoride ion content) in polyethylens
beakers during measurement.
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Insert the fluoride and refevence elec-
trodes into the solution, When a steasdy mil-
livolt resding is obtained recors . This
may take several minnutes. Deterssing con-
centration from the calibration curve. Be-
tween electrode measurements. rinse the
eiectrode with deionited distilled water,

T7.22 Container No. 3 (S0ica GelL Same
as Method 13A. Section 7.4.2

8. Caltbrasion
Maintain s laboratory log of all calibrs-
tions.

13‘1‘{. Sampling Train Same as Method
8.2 Fluoride Electrode. Prepare fluoride
standardizing solutiona by serwal dbution of
the 0.1 M fluonde standard solution. Pipet
10 ml of 0.1 M fluoride standard solution

inets a 100-mi volumetric flask and maks up
to the mark with deionized distilled water
tor a 10" M standard solution. Use 10 mi of
16~ M solution to make s 10" M sosmtion 111
the same manner. Repsat the dilgbon pro-
cedure and maxe 10°*and 10°* solations.

Pipet 50 mi of each standard into & seDa~
rate beaksr. Add 30 mi of TISAB to each
beaxer. Placs the eiectiods in the most
dilute standard soiution. When & stasdy oul-
liveit reading 1s odtainad, plot tha value on
the inear axs of semiog STap@ paper
versus concentration on the log axis, Plot
the nomunal vaiue for concsntration of the
standard on the iog axis. &.g. Then $0 mi of
10°" M standard is diuted with 58 mi of
TISAB. the concentratian is still demgnated
PR L

Between messuremanta sosk the fluonde
sensing electrode in dejonited distiiled watar
for 30 seconds. and then remove and blot
dry. Analyze the scandards gowms§ from
dilute to concentrated standards. A straght.
line calibration curve will be obtamed. with
nomunal concentrations of 10°¢% 19°% 10°%
and 10*' fluoride maiarity on the i0€ AXIS
plotted versus eiectrode potential (in mvy) on
the linesr scale. Soma eiectrodes may be
slightly nonlinear between 10-* ana 10°* M,
If this occurs. use additionai stanaards be-
tween these Lwo concentrationi.

Calibrate tne fluorice siectrode anly, and
check It hourly. Preparse [resh fluonde
standardizing sotutions dally (197' M or
less). Store fluonde standardising salutions
\n peolyetnylens or polypropyiens contain-
ers.

Note: Cerain specific lon meters have
been desigmed speciflicaliy for fluaride elec-
trode usa and give s direet resdout of fluo-
ride lon concentration. These Meters mAy be
used In lleu of calibration curves for [luo-
rnde MeASUremMents Over DAITOW CODORNLIR-
tions ranges. Calibrate the metaf according
to the manufacturer’y IASTRCLOOR)




9. Caleulations

Carry out caiculations. retaining at least
one extra decimal figure beyond that of the
acquired daca. Round off figures after tinal
caleulation.

9.1 Nomenciature. Same a8 Method
13A. Section 9.5. In addition:

Ma=F concentration {rom calibration ¢urve.
molarity.

9.2 Average Dry Gas Meter Temperature
and Average Orifice Pressure Drop. Dry Ges
Volume, Voiume of Water Vapor and Mols-
ture Content. Fluonde Concentration n
Stack Gas. and [sokinetic Vanation snd Ac-
ceptable Resuits. Same as Method 1A,
Section 9.2 to 9.4, 9.5.2, and 9.6. respectively.

9.3 Fluonde wn Sample. Calculate the
amount of F (n the sample using the follow-

ing:
Y
Fomk =¥, M Ecmeon 138=1
T

Where:
K=id ma/sullimols

10, References

1. Same a3 Method 13A. Citations L and 2
of Section 10.

7, Macleod, Ksthryn E and Howard L.
Crist. Comparuon ot tha SPADNS—Zlrcom-
um Lake and Specitic lon Electrode Meth-
ods of Fluonde Determunation o Stack
Emission Sampies. Analytical Chenustry.
45:1272-1273. 1973.
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METHOD Z3IA

MezHod 25A—DETIRMINATION OF TOTAL GaAs-
508 ORGANIC CowcrwTRaTION Using a
Fraume JONTIZATION ANALYIER

1. Applicabdilily and Principle.

1.1 Applicatnlity. This method appiles to
the measurement of total Faseous organic
concentration of vapors conasting primartly
of alkanes, alkenes, and/or arenes (ATOI/BALIC
hydrocarbons). The concentration Is ex-
pressed in terms of propans (or other sppro-
priste orgumuc calibrazion gas) or in terms of
carbon.

1.2 Principie A gas sample is extracted
from the source through s heated sampie

reported as volume concentration #quive-
lents of the calibration gas or as carbon
equivaients.

2. Derinitions.

sists of the following major subsystems

211 Sampis Interface. That portion of
the system that is used for one or more of
the following: sampie acquisition, sample
transportation, sample conditioning, or pro-
tection of the anaiyzer from the effects of
the stack effluent.

21.2 Organmc Anglyzsy. That portion of
the system that senses organic concentra-
tion and generstes an output proportional
to the gas concentration.

2.2 Span Velue The upper limit of a gas
concentration measurement range that is
specified for aifected source categories in
the applicabie part of the regulations. The
span value is established in the applicsble
regulacion and is usually 1.5 to 2.5 times the
applicable emussion limit, If no span value is
provided. uss & i1pan value equivalent to 1.3
to 2.5 times the expected concentration. For
convenience. the span value should corre-
spond to 100 percent of the recordsr scale.

2.3 Calibration Gas. A known concentra-
tion of & gas (0 an appropriats diluent gas.

24 Zero Dt The difference in the

measurement SVSIAM reapOnss - to & 3ET0--

level calibration gas before and after s
stated penod of operstion during which ne
unscheduied maintenance, repair, or adjust-
ment ook place.

2.5 Calidration Dri/t The difference in
the measurement system response to & mid-
level calibration gus before and after s
stated penod of operation during which no
unscheduled maintenance, repair or adjust-
ment took piace.

2.8 Response Time. The time interval
{from & step change in pollutant concentri-
tion st the inlet to the emission measure-
mer.t system (0 the time at which 5 per-
cent -of the corresponding final wvalus is
reached as dispiayed on the recorder.

27 Calibration Krror. The diffevence be-

concentrazion of the cailbration gas.

). Apparatus.

A schematic of an acceptable measure-
ment system is shown in Figure 23A-1. The
essential components of the measurement
system are described below:
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5.1 Zaevo Drist Lass ttwm =3 percent of
ths span valus.

5.2 Calidbration Drift. Less than =3 per-
cent of span vaiue.



3i.] Calidration Error. Less than =35 per-
cent of the calibration gus value.

8. Pretest Preparations

&1 Selection of Sampling Sile The loca-
tion of the sampling site is generally speet-
fied by the sppiicabis reguiation or purposa
of the test; La., exDAUSE stack, iniet line. ete.
The sampis port shall be located at least 1.5
meters or 2 equivalent diamete™s (whichever

' is less) upstream of the gas discharge %0 the
atmosphers.

8.2 Location of Sampie Probe. Install the
sample probe 50 that the probe is centrally
located Ln the stack. pipe. or duct and is
sealed tightly at the stack port connection.

8.0 Mecsurement System Preparation
Prior to the emission (est. assemble the
measurement system following the manu-
facturer's written instructions in preparing
the sample interface and the orgamic ans-
lyzer. Make the system opersble.

FIA equipment can be calibrated for
almost any range of total organics concen-
trations. For high concentrations of organ-
les (>1.0 percent by volums as propans)
modifications to most commonly avalable
anaiyzers are necessary. One accepted
method of equipment modification ls to de-
crease the sizs of the sampie to the analyser
through the uss of s smalier diameter
sampie capillary. Direct and continuous

1. Emunon Messurement Test

7.1 Orpanic Megsurement DBegin sam-
pling at the start of the test period. record-
ing time and any requured process informa.
tion as appropriate. In particular. note on
the recording chart periods of process inter-
ruption or cyclic operation. .

7.2 Dmft Determination Immediately
follomng the compietion of the test penod
and hourty during the test period. remntro-
duce the zero and mid-level calibration
gases. one &t & time, to the measurement

tion drift cheeks are made.) Record the ans-
lyzer response. If the drift valyes exceed the
Specified limits. invelidate the test resuits
Dreceding the check and repeat the test fol-
lowing corrections to the messurement
system. Alternatively. recalibrate the test
measurement systam as in Seetion 8.4 and

8. Organie Concentration Caleulations,

Determine the sverage organic concentra.
tion in terms of ppmv As propans or other
caubration gas. The average shall be deter-
mined by the integration of the outout re-

cording over the period specified In the ap-
plicable regulation.
If results are required in terms of ppmv as

K= for ethane,
‘K=3 for propane.

Ew=4 for butans,

K = Appropriats response {actor for other

organic calibration guses.

9.1 Measurement of Volatile Organic
Compounds—Gujdeling Series. U.S. Envi-
ronmental Tri-

Protection Agency. Ressarch
angie Park, N.C. Publication No. EPA=-450/
2-78=041. Juns 1978. p. 46-34.

9.2 Traceability Protocol for Establishing
‘Trus Concentrations of Gases Used for Call-
bration and Audits of Continuous Source
Emission Monitory (Protocol Neo. 1). U8,
Environmental Protection Agency. Environ-
mental Monitoring and Support Laboratory.
Rassarch Triangle Parke, N.C. Juns 1978,

8.3 Gusoline Vapor Emission Laboratory
Evalmation-Part 2. US Euavironmental
Protecuion Agency, Office of Alr Quality
Planning and Standards. Ressarch Trangle
Park. N.C. EMB Report No. 75-GAS-8.
August 1978,
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METHOD 101A

MEeTHOD 101A—DETERMINATION OF PARTICU-
LATE AND GaszoUs MERCURY EMISSIONS
FroM SEWAGE SLUDGE INCINERATORS

INTRODUCTION

This method is similar to Method 101,
except acidic potassium permangante solu.
tion is used instead of acidic iodine monoch-
loride for ecliection.

1. Applicability end Principle—1.1 Appli-
cability. This method applies to the deter-
mination of particulate and gaseous mercu-
ry {Hg) emissfons from sewage sludge incin-
erators and other sources as specified in the
regulations.

1.2 Principle. Particulate and gaseous Hg
emissions are withdrawn isckinetically from
the source and collected in acidic potassium
permanganate (KMno0,) solution. The Hg
collected (in the mereuric form) is reduced
to elemental Hg, which is then aerated from
the solution into an optical cell and meas-
ured by atomic absorption spectrophoto-
metry.

2. Range and Sensitivity—2.1 Range.
After initial dilution, the range of this
method is 20 to 800 ng Hg/ml. The upper
limit can be extended by further dflution of
the sample.

2.2 Sensitivity. The sensitivity of the
method depends on the recorder/spectro-
photometer combination selected.

3. Interfering Agents—3.1 Sampling. Ex-
cessive oxidizable organic matter in the
stack gas prematurely depletes the KMno0,
solution and thereby prevents further col.
lection of Hg.

3.2 Analysis. Condensation of water
vapor on the optical cell windows causes a
positive interference.

4. Precision—Based on eight pajred-train
tests. the within-laboratory standard devi-
ation was estimated to be 4.8 ug Hg/ml in
the concentration range of 50 to 130 pg Hg/
m?.

5. Apparatus—5.1 Sampling Train and
Sample Recovery. Same as Method 101, Sec-
tions 5.1 and 5.2, respectively, except for the
following variations:

5.1.1 Probe Liner. Same as Method 101,
Section 5.1.2. except that if a filter is used
‘ahead of the impingers, the tester must use
the probe heating system to0 minimize the
condensation of gaseous Hg.

5.1.2 Filter Holder (Optional). Borosil-
cate glass with a rigid stainless-steel wire-
screen filter support (do not use glass frit
supports) and a silicone rubber of Teflon
gasket, designed to provide a positive seal
against lenkage from outside or around the
filter. The filter holder must be equipped
with a filter heating system capable of
maintaining a temperature around the filter

holder of 120 = 14°C (248 =~ 258 F) during
sampling t0 minimize both water and gase-
ous Hg condensation. The tester may use a
filter 1n cases where the stream contains
large quantities of particulate matter,

3.2 Analysis. The apparatus needed for
analysis is the same as Method 101, Sections
5.3 and 5.4, except as follows;

5.2.1 UVolumetric Pipets. Class A; 1-, 2-, 3-
, 4=, 5=, 10-, and 20-m).

5.2.2 Graduated Cylinder. 25-ml.

5.2.3 Steem Bath.
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6. Reagents—Use ACS reageni-grade
chemicals or equivalent, unless olherpise
specified.

6.1 Sempling and Recovery. The rea-
gents used in sampling and recovery are as
follows:

6.1.1 Water. Deionized distilled, meeting
ASTM Specifications for Type I Reagent
Water—ASTM Test Method DI1183-77 (in-
corporated by reference—see §61.18). If
high concentrations of organic matter are
not expected to be present, the analyst may
eliminate the KMnO, test for oxidizable or-
ganic matter. Use this water in all dilutions
and solution preparations.

8.1.2 Nitric Acid (HNQ,), 50 Percent (V/
). Mix equal volumes of concentrated
HNO, and deionized distilied water, being
careful to slowly add the acid to the water.

8.1.3 Silica Gel Indicating type, 8- to 18-
mesh. If previcusly used, dry at 175" C (350"
F) for 2 hr. The tester may use new silica
gel as received.

8.1.4 Filler (Optional). Glass tiber filter,
without organic binder, exhibiting at least
§9.95 percent efficiency on 0.3 pm dioctyl
phthalate smoke particles. The tester may
use the filter in cases where the gas stream
contains large quantities of particulate
matter, but he should analyze blank filters.
for Hg content.

6.1.5 Sulfuric Acid (H.S0.), 10 Percent
(V/V). Add and mix 100 ml of concentrated
H.80, with 800 ml of deionized distilled
wWater.

6.1.6 Absording Solution, ¢ Percent
KMnO, (W/V). Prepare fresh daily. Dissolve
40 g of KMnO, in sufficient 10 percent
H,S0, to make 1 liter. Prepare and store in
glass bottles to prevent degradation.

6.2 Analysis. The reagents needed for
analysis are listed below:

8.2.1 Tin (I Solution. Prepare fresh
daily and keep sealed when not being used.
Competely dissolve 20 g of tin (I1) chloride
[or 25 g of tin (II) sulfate) crystals (Baker
Analyzed reagent grade or any other brand
that will give & clear solution) in 23 ml of
concentrated HCl. Dilute to 250 ml] with
deionized distilied water. Do not substitute
HNO,. H:80., or other strong acids for the
HCL

8.2.2 Sodium Chloride—Hydrozylamine
Solution. Dissolve 12 g of sodium chloride
and 12 g of hydroxylamine suifate (or 12 g
of hydroxylamine hydrochloride) in deion-
ized distilled water and dilute to 100 ml.

6.2.3 Hydrochloric Acid (HCD, & N.
Dilute 87 ml of concentrated HNO, to 100
ml with deionzed distilled water (slowly add
the HC] to the water).

6.24 Nitric Acid, 15 Percent (V/V).
Dilute 15 ml of concentrated HNO, to 100
ml with detonized distilled water.

6.2.5 Mercury Stock Solution, I mg Hg/
ml Prepare and store ali mercury standard
solutions in borosilicate glass containers.
Completely dissolve 0.1354 g of mercury (II)
chloride in 75 ml of deionized distilled
water. Add 100 ml of concentrated HNO.,
and adjust the volume to exactly 100 ml
with deionized distilled water. Mix thor-
oughly. This solution is stable {or at Jeast 1
month.

6.2.6 Intermediate Mercury Standard So-
lution, 10 pg Ho/ml Prepare fresh weekly.
Pipet 5.0 ml of the mercury stock sojution
(Section 8.2.5) into a 500-ml volumetric flask
and add 20 ml of 15 percent HNQ, solution,
Adjust the volume to exactly 500 ml with
deionized distilled water. Thoroughly mix
the soluttan.

EPA STATIONARY BOURCE SAMPLING METHODS
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' Bection 7.1.5,

8.2.7 Working Mercury Standard Soiu-
tion, 200 ng Ho/ml Prepare fresh daily.
Pipet 5.0 ml from the “Intermediate Mercu-
ry Standard Solution” (Section 6.2.6) into a
250-m1 volumetric flask. Add 5 ml of 4 per-
cent KMnO, absorbing solution and 5 ml of
15 percent ENO,. Adjust the volume to ex-
actly 250 ml with deionized distilled water.
Mix thoroughly.

§.2.8 Potassium Permanganate, 5 Percent
(W, V). Dissolve 5 g of KMnO, in deionized
distilled water and dilute to 100 ml.

. 6.'3.9 Filter. Whatman No. 40 or equiva-
en

7. Procedure—17.1 Saempling. The sam-
pling procedure is the same as Method 101,
except for changes due to the use of KXMnO,
instead of IC] absorbing solution and the
possible use of a f{lter. These changes are 85
follows:

7.1.1 Preliminary Determinations. The
preliminary determinations are the same as
those given in Method 101, Section 7.1.2,
except for the absorbing solution depletion
sign. In this method, high oxidizable organ-
fc content may make it impossible to sample
for the desired minimum time. This prob-
lem i indicated by the complete bleaching
of the purple color of the KXMnQ, solution.
In these cases, the tester may divide the
sampie run into two or more subruns to
insure that the absorbing solution wouild
not be depleted. In cases where an excess of
water condensation is encountered, collect
two runs to make one sample.

7.1.2 Preparation of Sampling Train.
The preparation of the sampling train is the
same as that given in Method 101, Section
7.1.3, except for the cleaning of the glass.

ware [probe, filter holder tif used), im-
pingers, and connectors] and the charging
of the first three impingers. In this method,
clean all the glass components by rinsing
with 50 percent HNQ,, tap water, 8 N HCI.
tap water, and finally deionized distilled
water. Then place 50 mi of 4 percent
KMnO, in the first impinger and 100 m! in
each of the second and third impingers.

If a filter is used, use a pair of tweezers to
place the filter in the filter holder. Be sure
to center the filter and place the gasket in
proper position to prevent the sample gas
stream from by-passing the filter. Check the
filter for tears after assembly is compieted.
Be sure also to set the filter heating system
at the desired operating temperature after
the sampling train has been assembled.

1.1.3 Sempling Train Operation. In addi-
tion to the procedure given in Method 101,
maintain a temperature
around the filter (if applicable) of 120°+14"
C (248" 25" F).

7.2 Sample Recovery. Begin proper clean-
up procedure as soon as the probe is re-
moved from the stack at the end of the sam-
pling period. Allow the probe to cool. When
it can be safely handled, wipe off any exier-
nal particulate matter near the tip of the
probe nozzle and place a cap over it. Do not
cap off the probe tip tightly while the sam-
pling train is cocling because the resultant
vacuum would draw liquid out from the im-
pingers.

Before moving the sample train to the
cleanup site, remove the probe from the
train, wipe off the silicone grease, and cap
the open outlet of the probe, Be careful not
to lose any condensate that might be
prezent. Wipe off the silicone grease from
the impinger. Use either ground-glass stop-
pers, plastic caps. or serum caps to close
these openings.



Transfer the probe, impinger assembly.

and (if applicable) filter assembly to a clean-

up ares that is clean, protected from the
wind, and free of Hg contamination. The
embient air in laboratories located in the
{mmediate vicinity of Hg-using facilities is
not normally free of Hg contamination.

Inspect the train before and during assem-
bly, and note any abnormal conditions.
Treat the sample as follows:

7.2.1 Container No. I (Impinger, Probe,
and Filter Holder). Use a graduated cylin-
der; measure the liquid in the first three im-
pingers to within =1 ml. Record the volume
of liquid present (e.g., see Figure 5-3 of
Method § in Part 60 of 40 CFR). This infor-
mation iz needed to calculate the moisture
content of the effiluent gas. {Use only grad-
uated cylinder and glass storage bottles that
have been precleaned as in Section 7.1.2.)
Place the contents of the first three im-
pingers into a 1000-ml glass sample bottle.

NotE: If a filter is used. remove the filter
rom its holder. as outlined under "Contain-
'r No. 3" below.)

Taking care that dust on the outside of
he probe or other exterior surfaces does
10t get into the sample. quantitatively re-
over the Hg (and any condensate) from the
orobe nozzle, probe fitting, probe liner and
‘ront half of the filter holder (if applicable)
x5 follows: Rinse these components with a
otal of 250 to 400 ml of fresh 4 percent
XMnO. solution; add all washings to the
1000-m1 glass sample bottle. remove any re-
:zidual brown deposits on the glassware
1sing the minimum amount of 8 N HC! re-
nuired; and add this HCl1 rinse to this
:ample container. .

After all washings have been collected in
he sample container. tighten the lid on t_he
-ontainer to prevent leakage during ship-
nent to the laboratory. Mark the height of
:he fluid level to determine whether leakage
aeeurs during transport. Label the container
.0 clearly identify its contents.

7.2.2. Container No. 2 (Silieca Gel). Note
the color of the indicating silica gel to deter-
nine whether it has been completely spent
und make a notation of its condition. Trans-
ler the sillca gel from its impinger to its
wriginal container and seal. The tester may
ise as aids a funne! to pour the silica gel
und a rubber policeman to remove the silica
irel from the impinger. It IS not necessary to
remove the small amount of particles that
nay adhere to the impinger wal] and are
difficult to remove. Since the gain in weight
s to be used for moisture calculations, do
10t use any water or other liquids to trans-
fer the silica gel. If a balance s avallable in
he field, weigh the spent silica gel (or silica
el plus tmpinger) to the nearest 0.5 g
record this weight,

7.23 Container No. 3 (Filter). If a filter
vas used, carefully remove it from the filter
holder, place it in a 100-ml glass sampie
sottle, and add 20 to 40 ml of 4 percent
KXMnQ,. If it is necessary to fold the filter,
ne sure that the particulate cake is inside
:he fold. Carefully transfer to the 150-ml
:ample bottle any particulate matter and
‘iiter fibers that adhere to the filter holder
pasket by using a dry Nylon bristle brush
snd 4 sharp-edged biade. Seal the container.
Label the container to clearly identify its
contents. Mark the height of the fluid level
Lo determine whether leakage occurs during
iransport.

7.24 Container No. 4 (Fllter Blank). If a
filter was used, treat an unused filter from
the same filter lot used {for sampling in the
iame manner as Container No, 3.

7.2.5 Container No. 5 (Absorbing Solu-
tion Blank). For a blank, place 500 ml of 4
percent KMnO, absorbing solution in »
1000-ml sample bottle. Seal the container.

1.3 Sample Preparction. Check liquid
level In each container to see if liquid was

lost during transport. If "a noticeable
amount of leakage occurred, either void the
sample or use methods subject to the ap-
proval of the Administrator to aeccount for
the losses. Then follow the procedures
below,

7.3.1 Containers No. 3 and No. 4 (Filter
and Filter Blank). If a filter was used, place
the contents, including the filter, of Con-
tainers No, 3 and No. 4 in separate 250.m!
beakers and heat the beakers on & steam
bath until most of the liquid has evaporat-
ed. Do not take to dryness. Add 20 ml of
concentrated HNO, t¢ the beakers, cover
them with a glass. and heat on a hot plate
at 70° C for 2 hours. Remove from the hot
plate and filter the solution through What-
man No. 40 filter paper. Save the filtrate for
Hg analysis. Discard the filter.

7.3.2 Container No. 1 (Impingers, Probe,
and Filter Holder). Filter the contents of
Container No. 1 through Whatman 40 filter
paper to remove the brown MnQO. precipi-
tate. Wash the filter with 50 ml of 4 percent
KMnO, absorbing solution and add this
wash to the filtrate. Discard the filter. Com-
bine the filtrates from Containers N¢. 1 and
No. 3 (if applicable;, and dilute to a known
volume with deionized distilled water. Mix
thoroughly.

7.3.3 Conteiner No, 5§ (Absorbing Solu.
tion Blank). Treat this container as de-
scribed In Section 7.3.2. Combine this fi)-
trate with the filtrate with Container No. 4
and dflute to s known volume with deion-
ized cdistilled water. Mix thoroughly.

74 Anglysis. Calibrate the spectrophoto-
meter and recorder and prepare the calibra-
tion curve as described In Sections 8,1 end 8.2
Then repeat the procedure used to establish
the calibration curve with appropriately
sized aliquots (1 to 10 ml) of the samples
(from Sections 7.3.2 and 7.3.3) uritll two con-
secutive peak heights agree within =3 per-
cent of thelr average value. If the 10-ml
sample Is below the detectable limit, use a
larger aliquot (up to 20 ml), but decresse
the volume of water added to the aeration
cell accordingly tc prevent the solution
volume from exceeding the capacity of the
aeration botile. If the peak maximum of a
1.0-nl aliquot is off scale, further dflute the
original sample to bring the Hg concentra-
tion into the calibration range of the spec-
trophotometer. If the Hg content of the ab-
sorbing sclution and filter blank is below
the working range of the analytical methed,
use zero for the blank.

Run a blank and standard at least after

every five samples to check the spectropho-
tometer calibration; recallbrate as neces-
BArY.
It i5 alsc recommended that at least one
sample from each stack test be checked by
the Method of Standard Additions to con-
firm that matrix effects have not interfered
in the analysis.

8. Cdtbfs:mm end Standards—The cali-
bration and standards are the same as
Method 101, Section 8, except for the fol-
lowing variations: ;

81 'opﬁca! Cell Heating System Calibra-
tion. Sasme as method 101, Section 8.2,
except use & 25-ml graduated cylinder to
add 25 ml of deionized distilled water to the
bottle section of the aeration cell

8.2 Spectropholometer and Recorder
Calibration. The mercury response may be
measured by either peak height or peak
area. {NoTz: the temperature of the solution
affects the rate at which elemental Hy is re-
leased from a solution and, consequently, it

affects the shape of the absorption curve
(area) and the point of maximum absor-
bance (peak height). To obtain reproducible
results, all solutions must be brought to
Io0m temperature before use.) Set the spec-
trophotometer wave length at 253.7 nm and
make certain the optical cell i &t the mini-
mum temperature that will prevent water
eu'i.lgemtlon. .

en set the recorder scale as follows:
Using & 23-m! graduated cylinder, add 25 ml
of delonized distilled water to the aeration
cell bottle and pipet 5.0 ml of the working
mercury standard solution into the aeration
cell. (Note: Always add the Hg-containing
solution to the aeration cell after the 25 m)
of deionized distilled water.) Place s Teflon-
coated stirring bar in the bottle. Add § m! of
the 4 percent KMnO, absorbing solution fol-
lowed by 5 ml of 15 percent HNO, and 5 ml
of § percent KMnO, to the aeration bottle
arid mix well. Now, attach the bottle section
to the bubbler section of the seration eell
and make certain that (1) the aeration cell
exit arm stopeock (Figure 101-3 of Method
lonhclued(nmatncwmnotprm
turely enter the optical cel! when the reduc.

_hulxmthbelncldded)mdtz)therenno

flow through the bubbler. Add
sodium chloride hydroxylamine in 1-ml in-

absorbance nf'the standard and set t
value to read 90 percent of the reeoMer!hull:

9. Caleulations—9.1 Dry Gas volu
Volume of Water Vapor and Motsture C'om:
teni, Stack Gas Velocity, Isokinetic Varig-
tion and Acceptable Results, and Determing-
tion of Compliance Same as Method 101,
Sections 9.1, 9.2, 0.3, 9.8, and 9.7, respective-
ly, except use data obtained from this test.

8.2 Total Mercury. For each source
sample, correct the average maximum ab-
sorbance of the two consecutive samples
whose peak heights agreed within =3 per-
cent of their average for the contribution of
the field blank. Then calculate the total Hg
content in ug in each sample. Correct for
any dilutions made to bring the sample into
the working range of the spectrophoto-
meter,

8.3 Mercury Emission Ratfe. Calculate
the Hg einission rate R in g/day for contin-
uous operations using Equation 101A-1. For
cyclic operations, use only the time per day
each stack iz in operation. The total Hg
emission rate from & source will be the sum-
mation of results from all stacks.

MgV, Ag(86,400 X 10~9
[v-hll"" VM](TI" P}

Eq. 101A-1
Where:

my, = Total Hg content in each sample, ug.

v, = Average stack gas velocity, m/sec (fps).

A, = Stack cross-sectional area, m? (ft?.

88,400 = Conversion factor, sec/day.

10~* = Conversion factor, g/ug.

Vewo = Dry gas sample volume at standard
conditions, corrected for leakage (if
any). m*(ftn.
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Vewe = Volume of water vapor st standard
conditions, m?*(ft".

T, = Absolute aversge stack gas tempera-
ture, 'K ("R).

P, = Absolute stack gas pressure, mm Hg
{in. Hg).

K = 0.3858 “K/mm Hg for metric units.
= 17.64 "R/in. Hg for English units.

10. Bidliography. 1. Same as Method 101,
Section 10.

2. Mitchell, W. J.. M. R. Midgett, J. C.
Suggs. and D. Albrinek.

Test Methods to Determine the Mercury
Emissions from Sludge Incineration Plants.
U.8. Environmental Protection Agency. Re-
search Triangle Park, North Carolina. Pub-
lication No. EPA-800/4-79-068. September
1978. )

EPA STATIONARY SQURCE SAMPLING METHOOS
Page 101A-3 REV 1 11/058






METHOD 101A

METHOD 101A—DETERMINATION OF PARTICU-
LATE AND GasEovs MERcURY EMISSIONS
FroW SEWAGE SLUDGE INCINERATORS

INTRODUCTION

This method is similar to Method 101,
excepl! acidic potassium permangante solu-
tion is used instead of acidic iodine monoch-
loride for collection.

1. Applicability and Principle—1.1 Appli-
cability. This method applies to the deter-
mination of particulate and gaseous mercu-
ry (Hg) emissipns from sewage sludge incin-
erators and other sources as specified in the
regulations.

1.2 Principle. Particulate and gaseous Hg
emissions are withdrawn isokinetically from
the source and collected in acidic potassium
permanganate (EMn0,) solution. The Hg
coliected (in the mercuric form) is reduced
to elemental Hg, which is then aerated from
the solution into an optical cell and meas-
ured by atomic absorption spectrophoto-
metry.

2. Renge and Sensilivity—2.1 Ranpe
After initial dilution, the range of this
method is 20 to 800 ng Hg/ml. The upper
limit can be extended by further dilution of
the sample.

2.2 Sensitivily. The sensitivity of the
method depends on the recorder/spectro-
photometer combination selected.

3. Inlerfering Agenits—3.1 Sampling. Ex-
cessive oxidizable organic matter in the
stack gas prematyrely depletes the KMno,
solution and thereby prevents further eol-
lection of Hg.

3.2 Analysis. Condensation of water
vaper onh the optical cel] windows causes a
positive interference.

4. Precision—Based on eight palred-train
tests, the within-laboratory standard devi.
ation was estimated to be 4.8 ug Hg/ml in
the concentration range of 50 to 130 ug Hg/
m

5. Apparatus—$.1 Sampling Train and
Sample Recovery. Same as Method 101, Sec-
tions 5.1 and $.2, respectively, except for the
following varjations:

5.1.1 Probe Liner. Same a3 Method 101,
Section 5.1.2, except that if a filter i3 used
ahead of the impingers, the tester must use
the probe hesting system to minimize the
condensation of gaseous Hg.

5.1.2 Filter Hoider (Optional). Borosili-
cate glass with a rigid stainless-steel wire-
screen filter support (do not use glass frit
supports) and a silicone rubber of Teflon
gasket, designed to provide a positive seal
against leakage from outside or around the
filter. The filter holder must be equipped
with a filter heating system capable of
maintaining & temperature around the filter
holder of 120 = 14°C (248 = 25° F) during
sampling 1¢ minimize both water and gase-
ous Hg condensation. The tester may use a
filter in cases where the stream contains
large quantities of particulate matter.

5.2 Analysis. The apparatus needed for
analysis is the same as Method 101, Sections
5.3 and 5.4. except as follows:

5.2.1 Volumeiric Pipets. Class A; 1-, 2-, 3-
. 4-, 5-, 10-, and 20-ml.

53.2.2 Gradualed Cylinder. 25-m).

5.2.3 Stleam Bath.
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6. Reagents—Use ACS reageni-grade
chemicals or equivalent, unless otherwise
specified.

6.1 Sampling and Recovery. The rea-
gents used in sampling and recovery are as
{follows:

6.1.1 Water. Delonized distilled, meeting
ASTM Specifications for Type I Reagent
Water—ASTM Test Method D1193-77 (in-
corporated by reference—see §61.18). If
high concentrations of organic matter are
not expected to be present, the analyst may
eliminate the KMnO, test for oxidizable or-
ganic matter. Use this water in all dilutions
angd solution preparations.

8.1.2 Nilric Acid (HNO.), 50 Percent (V/
). Mix equal volumes of concentrated
HNO, and deionized distilled water, being
careful to slowly add the acid to the water.

8.1.3 Silica Gel Indicating type. 6 to 18-
mesh., If previously used, dry at 175" C (350"
F) for 2 hr. The tester may use new silica
gel as received.

6.1.4 Filter (Optional). Glass fiber filter,
without organic binder, exhibiting at least
90.95 percent efficiency on 0.3 um diocty]
phthalate smoke patticles. The tester may
use the filter in cases where the gas stream
contains large gquantities of particuiate
matter, but he should analyze blank filters
for Hg content.

6.1.5 Sulfuric Acid (H.SO,), 10 Percent
(V/V). Add and mix 100 ml of concentrated
H,SO, with 800 ml of delonized distilled
water.

8.1.80 Absording Solution, 4 Percent
KMnO, (W/V), Prepare freszh dally. Dissolve
40 g of KMnO, in sufficient 10 percent
H,80. to make 1 liter. Prepare and store in
glass bottles to prevent degradation.

8.2 Analysis. The reagents needed for
analysis are listed below:

8.2.1 Tin (ID Solution. Prepare fresh
daily and keep sealed when not being used.
Competely dissolve 20 g of tin (II) chloride
for 25 g of tin (II) sulfate] crystals (Baker
Analyred reagent grade or any other hrand
that will give a clear solution) in 25 ml of
concentrated HCl. Dilute to 250 m] with
dejonized distilled water. Do not substitute
HNO,, H,80,, or other strong acids for the
HCL

8.2.2 Sodium Chloride—Hydrozylamine
Solution. Dissolve 12 g of sodium chloride
and 12 g of hydroxylamine sulfate (or 12 g
of hydroxylamine hydrochloride) in deion-
{zed distilled water and dilute to 100 ml.

6.23 Hydrochloric Acid (HCD, & N.
Dilute 67 ml of concentrated HNO, to 100
ml with deionzed distilled water (slowly add
the HCI to the water).

6.24 Nitric Acid, 15 Percent (V/V.
Dilute 15 mi of concentrated ENO, to 100
m) with delonized distilled water.

8.2.5 Mercury Stock Solution, 1 mg Hp/
ml Prepare and store all mercury standard
solutions in borosilicate glass containers.
Completely dissolve 0.1354 g of mercury (1)
chloride in 75 ml of deionized distilled
water. Add 100 ml of concentrated HNO,,
and adjust the volume to exactly 100 ml
with deionized distilled water. Mix thor-
oughly. This solution is stable for at least 1
month.

8.2.8 Intermediale Mercury Sitendard So-
lution, 10 pg MHg/mli Prepare fresh weekly.
Pipet 5.0 ml of the mercury stock solution
(8Section 6.2.5) into a 500-ml volumetric flask
and add 20 ml of 15 percent HNO, solution.
Adjust the volume to exactly 500 ml with
deionized distilled water. Thoroughly mix
the solution.
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6.2.7 Working Mercury Standard Solu-
lion, 200 ng Hg/ml Prepare fresh daily.
Pipet 3.0 ml from the “Intermediate Mercu-
ry Standarg Solution” (Section 6.2.6) into a
250-ml volumetric flask. Add 5 ml of 4 per-
cent KMnOQ. absorbing solution and 5 m] of
15 percent HNO,. Adjust the volume to ex-
actly 250 ml with deionized distilled water.
Mix thoroughly.

6.2.8 Polassium Permanganate, § Percent
(W/V). Dissclve 5§ g of KMnO, in deionized
distilled water and dilute to 100 ml.

. 8."2.9 Filter. Whatman No. 40 or equiva-
ent, .

7. Procedure—1.1 Sampling. The sam-
pling procedure s the same as Method 101.
except for changes due to the use of KMnO,
instead of IC] absorbing solution and the
possible use of a filter. These changes are as
follows:

7.1.1 Preliminary Determinations. The
preliminary determinations are the same as
those given in Method 101, Section 7.1.2.
except for the absorbing solution depletion
sign. In this method, high oxidizable organ-
ic content may make it impossibie to sample
for the desfred minimum time, This prob-
lem is indicated by the complete bleaching
of the purple color of the KMnQ, solution.
In these cases, the tester may divide the
sample run into two or more subruns to
insure that the absorbing solution would
not be depleted. In cases where an excess of
water condensation is encountered, collect
two runs to make one sample.

7.1.2 Preparation of Sempling Train.
The preparation of the sampling train is the
same as that given in Method 101. Section
7.1.3, except for the cleaning of the glass-

ware [probe, filter holder (if used}, im-
pingers, and connectors) and the charging
of the first three impingers. In this method,
clean all the glass components by rinsing
with 50 percent HNO,, tap water, 8 N HCL.
tap water. and finally deionized distilled
water. Then place 50 ml of 4 percent
KMnO. in the first impinger and 100 m) in
each of the second and third impingers.

If a filter is used, use a pair of tweezers 1o
place the filter in the filter holder. Be sure
to center the filter and place the gasket in
proper position to prevent the sample gas
stream from by-passing the filter. Cheek the
filter for tears after assembly is completed.
Be sure also to set the filter heating system
at the desired operating temperature after
the sampling train has been assembied.

7.1.3 Sampling Train Operation. In addi-
tion to the procedure given in Method 101,
Section 7.1.5, maintain a temperature
around the filter (if applicable) of 120" =14*
C(248° 25" P).

7.2 Sample Recovery. Begin proper clean-
up procedure as soon as the probe is re-
moved from the stack at the end of the sam-
pling period. Allow the probe to cool. When
it can be safely handled, wipe off any exter.
nal particulate matter near the tip of theo
probe nozzle and place a cap over it. Do not
cap off the probe tip tightly while the sam-
pling train is cooling because the resultant
vacuum would draw liquid out from the im-
pingers.

Before moving the sample train to the
cleanup site, remove the probe from the
train, wipe off the silicone grease, and cap
the open outlet of the probe. Be careful not
to lose any condensate that might be
present. Wipe off the silicone grease from
the impinger. Use either ground-glass stop-
pers, plastic caps, or serum caps to close
these openings.



Transfer the probe, Impinger zssembly.
and (if applicable) filter assembly to a clean-
up area that is clean, protected from the
wind, and {ree of Hg contamination. The
ambient air in laboratories located in the
immediate vicinity of Hg-using facilities is
not nermally free of Hg contaminatjon.

Inspect the train before and during assem-
bly, and note any abnormal conditiens.
Treat the sample as follows:

7.2.1 Container No. I (Impinger, Probe,
and Filter Holder). Use & graduated cylin-
der: measure the liquid in the first three im-
pingers to within =1 m). Record the volume
of liguid present (e.g.. see Figure 5-3 of
Method § in Part 60 of 40 CFR). This infor-
mation is needed to calculate the moisture
content of the effluent gas. (Use only grad-
uated cylinder and glass storage bottles that
have been precleaned as In Section 7.1.2.)
Place the contents of the first three im-
pingers into a 1000-ml glass sample bottle.
Nore: If a filter is used. remove the filter
‘rom its holder, as cutlined under “Contain-
:r No. 3" below.)

Taking care that dust on the outside of
.he probe or other exterior surfaces does
1ot get into the sample. quantitatively re-
-over the Hg (and any condensate) from the
srobe nozzle, probe fitting, probe liner and
‘ront Lialf of the filter hoider (if applicable)
is follows: Rinse these components with a
otal of 250 to 400 ml of {resh 4 percent
KMnO, solution; add all washings to the
1000-rnl glass sample bottle; remove any re-
sidual brown deposits on the glassware
1sing the minimum amount of 8 N HCI re-
juirrd: and add this HC] rinse to this
;ample container.

After all washings have been collected in
:he sample container, tighten the lid on the
:ontainer to prevent leakage during ship-
ment to the laboratory. Mark the height of
.he fluid leve] to determine whether leakage
aceurs during transport. Label the container
.0 clearly identify its contents.

17.2.2. Contginer No. 2 (Silica Gel). Note
:he color of the indicating silica gel to deter-
mine whether it has been completely spent
and make a notation of its condition. Trans-
fer the silica gel from its impinger to its
ariginal container and seal. The tester may
use as aids a funnel to pour the silica gel
and a rubber policeman to remove the silica
gel from the impinger. It is not necessary to
remove the small amount of particles that
may adhere to the impinger wall and are
difficult to remove. Since the gain in weight
is to be used for moisture caiculations. do
not use any water or other liguids to trans-
{er the silica gel. If a balance iz avallable in
the field, weigh the spent silica ge! (or silica
gel plus impinger) to the nearest 0.5 g;
record this weight.

7.2.3 Contlaginer No. 3 (Filter). If a fliter
was used. carefully remove it {rom the filter
holder, place it in a 100-ml glass sample
bottie, and add 20 to 40 ml of 4 percent
KMnO.. If it is necessary to fcld the filter,
be sure that the particulate cake ia inside
the fold. Carefully transfer to the 150-ml
;ample bottle any particulate matter and
filter fibers that adhere to the fllter holder
zasket by using a dry Nylon bristle brush
and a sharp-edged biade. Seal the container.
Label the container to clearly identify iis
contents. Mark the height of the fluld level
i0 determine whether leakage occurs during
iransport.

7.24 Container No. 4 (Filter Blank). If &
filter was used, treat an unused filter from
the same filter lot used for sampling in the
jame manner As Container No. 3.

7.2.5 Container No. 5 (Absorbing Solu-
tion Blank). For a blank. place 500 ml of 4
percent KMnO, absorbing solution in »
1000-ml sample bottle. Seal the container,

1.3 Sample Prepargtion. Check liquid
level in each container to see If lquid was

lost  during transport. If "a npoticeable
amount of leakage occurred, either void the
sampile or use methods subject to the ap-
proval of the Administrator to account for
the losses. Then follow the procedures
below.

7.3.1 Containers No. 3 and No. 4 (Filter
and Filter Blank). If a filter was used, place
the contents, including the filter, of Con-
tainers No. 3 and No. 4 in separate 250-ml
beakerz and heat the beakers on a steam
bath until most of the liquid has evaporat-
ed. Do not take to dryness. Add 20 ml! of
concentrated HNO, to the beakers, cover
them with a glass, and heat on a hot plate
at 70° C for 2 hours, Remove from the hot
plate and filter the solution through What-
man No. 40 fiiter paper. Save the filtrate for
Hg analysis. Discard the filter.

7.3.2 Container No. I (Impingers, Probe,
and Filter Holder). Filter the contents of
Container No. 1 through Whatman 40 filter
paper to remove the brown MnO, precipi-
tate. Wash the filter with 50 ml of 4 percent
KMnO. absorbing solution and add this
wash to the filtrate. Discard the filter. Com-
bine the {iltrates from Containers No. 1 and
No. 3 (if applicable), and dlilute to a known
volume with deionized distilled water, Mix
thoroughly.

7.3.3 Container No. 5 (Absorbing Solu-
tion Blank). Treat this container as de-
scribed in Section 7.3.2. Combine this fi)-
trate with the flitrate with Container No. ¢
and dilute to a known volume with defon-
ized distilled water. Mix thoroughly.

74 Anclysis. Calibrate the spectrophoto-
meter and recorder and prepare the calibra.
tion curve as described in Sections 8.1 and 82
Then repeat the procedure used to establizsh
the calibrition curve with appropriately
sized aliguots (I to 10 ml) of the samples
(from Sections 7.3.2 and 7.3.3) until two con-
secutive peak heights agree within +3 per-
cent of their average value. If the 10-ml
sample iz below the detectable limit, use a
larger aligquoet (up to 20 ml), but decrease
the volume of water ndded to the aeration
cell sccordingly to prevent the solution
volume from exceeding the capacity of the
aeration bottle. If the peak maximum of a
1.0-ml aliquot is off scale, further dilute the
original sample to bring the Hg concentra-
tion into the calibration range of the spec.
trophotometer. If the Hg content of the ab-
sorbing sclution and fi{lter blank iz below
the working range of the analytical method,
use zero for the blank.

Run a blank and standard at least after
every {ive samples to check the spectropho-
tometer calibration; recalibrate as neces-
sary.
it is also recommended that at least one
sample from each stack test be checked by
the Methad of Standard Additions to con-
firm that matrix effects have not interfered
in the analysis.

8. Calibration and Standarda—The cali-
bration snd standards are the same as
Method 101, Sectlon 8, except for the fol-
lowing variations:

8.1 Optical Cell Heating System Calibra-
tion, Same as method 101, Section 8.2,
except use a 25-ml graduated cylinder to
add 25 ml of dejonized distilled water to the
bottle section of the aeration cell.

8.2 Spectrophotometer and Recorder
Calibration. The mercury response may be
messured by either pesk height or peak
area. (Notr: the temperature of the solution
affects the rate at which elemental Hg is re-
leased from a solution and, conseguently, it

affects the shape of the absorption curve
(area) and the point of maximum absor-
bance (peak height). To obtain reprodycible
results, all solutions must be brought to
room temperature before use.} Set the spec-
trophotometer wave length at 253.7 nm and
make certain the aptical cell is at the mini-
mum temperature that will prevent water
condensation. -

Then set the recorder scale as follows:
Using a 25-ml graduated cylinder, adgd 25 m]
of defonized distilled water to the aeration
cell bottle and pipet 5.0 ml of the working
mercury standard solution into the aeration
cell. (NoTe: Always add the Hg-containing
solution to the seration cell after the 25 ml
of defonized distilled water.) Place g Teflon-
coated stirring bar in the bottle. Add 5 mi of
the 4 percent KMnO, absorbing sclution fo).
loweéd by 5 m) of 15 percent HNO, and § m!
of 5 percent KMnO. to the seration bottle
arid mix well. Now. attach the bottle section
to the bubbler section of the seration cell
and make certain that (1) the aeration cell
exit arm (Figure 101-3 of Method
101) is closed (so that Hg will not prema-
turely enter the optical cell when the redue-

. Ing agent is being added) and (2) there is no

flow through the bubbler. Add § ml of
sodium chloride hydroxylamine in 1-mil in-
crements until the solution is colorless. Now
add § ml of tin (IT) solution to the asration
bottle through the side arm. Stir the solu-

open the seration cell exit arm sto ock,
and immediately initiate asration wlthpcoo:.
tinued stirring. Determine the maximum
lhlorblnuofthelh.ndlrdlndletthh
ﬂ:mm”mtoﬂmmrdermn

9. Calculations—9.1 Dry Gas Volxu
Volume of Water Vapor and Moisture C'omr:‘
tenl, Stack Ges Velocity, Isokinetic Varia-
tion and Acceptabdle Results, and Determina-
tion of Complignce. Bame as Method 101,
Sections 9.1, 0.3, 5.3, 9.8, and 9.7, respective-
ly, except use data obtained from this test.

9.2 Total Mercury. For each source
sample, correct the average maximum ab-
sorbance of the two consecutive samples
whose peak heights agreed within =3 per-
cent of their average for the contribution of
the field blank. Then calculate the total Hg
content in ug in each sample. Correct for
any dilutions made to bring the sampie into
the working range of the spectrophoto-
meter.

9.3 Mercury Emission Rele. Calculate
the Hg einission rate R in g/day for contin-
uous operations using Equation 101A-1. For
cyclic operations, use only the time per day
each stack is in operation. The total Hg
emission rate from a source wil be the sum-
mation of results from all stacks.

. My VoA (86,400 109

Vot + Veiaa3(T,/P)

Eq. 101A-1
Where:

my, = Total Hg content in each sample, pe.

v, = Average stack gas velocity, m/sec (fps).

A, = Stack cross-sectional area, m? {ft",

86,400 = Conversion factor, sec/day,

10-* = Conversion factor, g/ug.

Vameo = Dry gas sample volume at standard
conditions, corrected for leakage (if
any), m*(ftn.
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Voo = Volume of water vapor at standard
conditions, m? (fL9.

T, = Absolute average stack gas tempern-
ture, ‘K ("R).

P, = Absolute stack gas pressure, mm Hg
tin. Hg).

K = 0.3858 “K/mm Hg for metric units.
= 17.64 "R/In. Hg for English unita.

10. Bidliogrephy. 1. Same as Method 101,
Sectien 10.

2, Mitchell, W. J.. M. R. Midgett, J. C.
Suggs. and D. Albrinek.

Test Methods to Determine the Mercury
Emissions from Sludge Incinerstion Plants.
U.B. Environmental Protection Agency. Re-
search Triangle Park, North Carolina. Pub-
uea:ion No. EPA-800/4-79-058. Beptember
1979, )
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METHOD 104

MerHOD 104—REFIRENCE METROD FOR
DETERMINATION oF BERYLLIUM EMISSIONS
FroM STATIONARY SOURCES

1. Applicabilily and Principle

1.1 Applicability. This method is applica-
ble for the determination of beryllium (Be}
emissions in ducts or stacks at stationary
sources. Unless otherwise specified. this
method is not intended to apply to gas
streams other than those emitted directly to
the stmosphere without further processing.

1.2 Principle. Be emissions are isokineti-
cally sampled from the source, and the col-
lected sample is digested in an acid solution
and analyzed by atomic absorpticn spectro-
photometry.

2. Apparatus.

2.1 Sampling Trein. The sampling train
is identical to the Method § train as shown
in Figure 5-1 (mention of Methed 5 refers
to 40 CFR Part 60). The sampling train con-
sists of the following components:

2.1.1 Probe Nozzle, Pitot Tube, Differen-
tial Pressure Gauge, Metering System, Ba-
rometer, and Gas Density Determination
Equipment. Same as Method 5, Sections
2.1.1, 2.1.3, 2.1.4, 2.1.8, 21,9, and 2.1.10, re-
spectively.

2.1.2 Probe Liner. Borosilicate or quartz
glass tubing. The tester may use & heating
system capable of maintaining a gas temper-
ature of 120=14'C (248:=25'F) at the probe
exit during sampling to prevent water con-
densation. Noiee Do not use metal probe
liners.

2.1.3 Filter Hclder. Borosilicate glass,
with a glass frit filter support ang a silicone
rubber gasket. Other materials of construec.
tion (e.g.. stainless steel, Teflon. Viton) may
be used. subject to the approval of the Ad-
ministrator. (Note: Mention of trade names
of specific produets does not constitute en-
dorsement by the Environmental Protection
Agency.) The holder design shall provide a
positive sesl aguinst leakage from the out-
side or around the filter. The holder shall
be attached immediately at the outlet of the
probe. A heating system capable of main-
taining the filter at s minimum temperature
in the range of the stack temperature may
be used to prevent condensation from ocetr-
ring.

2.1.4 Impingers. Four QGreenburg-Smith
impingers connnected In series with leak-
free ground glass fittings or any similar
leak-free noncontaminating fittings. For the
{irat, third, and fourth impingers, the tester
may use impingers that are modified by re-
placing the tip with a 13-mm-ID (0.5-in.)
glasz tube extending to 13 mm (0.5 in.) {rom

the bottom of the flask.

2.2 Sample Recovery. The {ollowing
{tems are needed:

2.2.1 Probe Cleaning Rod. At least as
long as probe.

2.2.2 Gilass Sample Bottles. Leakless.
with Teflon-lined capas, 500-ml.

2.2.3 Graduated Cylinder. 250-ml.

224 Funnel and Rubber Policeman. To
aid {n transfer of aflica gel to container; not
necessary If sllica gel ia weighed in the fleld.

2.2.5 Funnel. Glasg, to aid in sample re-

avery.
2.2.6 Plastic Jar. Approximately 300-ml.
2.3 Analysis. The following equipment iz
needed:
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2.3.1 Atomic Absorption Spectrophoto-
meter. Perkin-Elmer 303, or equivalent. with
nitrous oxide/scetylene burner.

2.3.2 Hot Plate.

2.3.3 Perchloric Acid Fume Hood.

3. Reagenta.

Use ACS resgent-grade chemicals or
equivalent, uniess otherwise specified.

3.1 Sampling and Recovery. The reagents
used in sampling and recovery are as fol-
lows:

3.1.1 PFliter. Millipore AA, or equivalent.
It is suggested that s Whatman 41 filter or
equivalent be piaced immediately against
the back side of the Millipore filter as a
guard aguinst bresking the Millipore filter.
To be equivalent, other filters shall exhibit
at least 90.895 percent eificiency (0.05 per-
cent penetration) on 0.3 micron dioctyl
phthaiate smoke particles. The filter effi-
ciency tests shall be conducted in accord-
ance with ASTM Standard Method D 2988~
71 (reapproved 1978) (incorporated by refer-
ence—see §61.18). Test data from the sup-
plier's quality control program are sulfi-
cient for this purpose.

3.1.2 Water. Deionized dhtuled. meeting
ASTM Specifications for Type 3 Reagent
Water—ASTM Test Method D 1193-77 (in-
corporated by reference=—see §861.18). If
high concentrations of organic matter are
not expected to be present. the analyst may
eliminate the KMnO, test for oxidizable or-

ganic matter.
3.1.3 Silica Gel. Indicating type, é- to 18-
previously used,

mesh. If dry at 175°C
(350° F} for 2 hours. The tester may use new
silica gel as received.

3.14 Acetons.

3.1.5 Wash Acid. 50 Percent (V/V) Hy-
drochloric Acid (HCI).

Mix equal volumes of concentrated HCI
and water, being careful to add the acid
siowly to the water.

3.2 Sample Preparation and Analysis.
The reagents needed are listed below:

3.2.1 Water. Same as Section 3.1.2.

3.22. Perchloric Acid (HCIO,). Cr.meen
trated (70 percent),

3.2.3 Nitric Actd (HNO,). Concentrated.

':.2.4 Beryllium Powder. Minimum purity
9

325 Sulmrle Acld (H.50.) Solution, 12
N. Dilute 33 mil of concentrated H,80, to 1
liter with water.

3.2.8 Hydrochloric Acid Solution, 25 per-
cent HC1(V/V).

3.2.7 Standard Berylllun Solution, 1 ug

12NH,80, solution, and dilute to 1000 ml
with water, Dilute a 10-mi a.llqm 100 mu
with 28 percent HCl solutlon to give & eon-

4.1 Sampling. Because of the complexity
of this method testers should be trained and
experieniced with the test procedures to
assure reiiable resuilts. As Be ia hazardous.
testers should take precautions to minimize
expasure. The amount of Be that is colleet-
ed iz generally amall, therefore, it iz neces-
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sary to exercise particular care Lo prevent
contamination or loss of sample.

4.1.1 Pretest Preparation. Follow the
generai procedure given in Method 5, Sec-
tion 4.1.1. Omit the directions of filters,
except check them visually against lght for
irregularities and faws such as pinholes.

4.1.2 Preliminary Determinations. Follow
the general procedure given in Method 3.
Section 4.1.2, except as follows: Select a
nozzie size based on the range of veiocity
heads to assure that it is not necessary to
change the nozzle size in order to maintain
isokinetic sampling rates below 28 liters/
min (1.0 efm).

QObtain samples over a period or periods of
time that accurately determine the maxi-
mum emissions that occur in & 24-hour
period. In the case of cyclic operstions, per-
form sufficient sampile runs for the accurate
determination of the emissions that occur
over the duration of the cycle. A minimum
sample time of 2 hours per run is recom-
mended.

413 Prior to aszembly, clean all glass-
ware (probe, impingers, and connectors) by
first soaking in wash acid for 2 hours. fol-
lowed by rinsing with water. Place 100 m! of
water in each of the first two impingers, and
leave the third impinger empty. Save 3 por-
tion of the water for a blank analysis. Place

approximately 200 g of preweighted silica
ulinthe!onrt.hlmpm The tester may
use more silica gel, but should be careful to
ensure that it is not entrained and carried

place for later use in the sample recovery.
As an alternative, determine and record the
weight of the stlica gel plus impinger to the
nearest 0.5 g.

Install the selected nozzel using a Viton A
O-ring when stack temperatures are leas the
280°C (500°F). Uss a fibergiass string gasket
if temperatures are higher. See APTD-0578
(Citation 9 in Section 10 of Method 101) for
detalls. Other using

connecting systems
either 318 stainiess steel or Teflon ferrules
may be used.

If condensation (n the probe or filter is &
problem., probe and fliter heaters will be re-
quired. Adjust the hesters to provide a tem-
perature at or above the stack temperature.
However, membrane filters such as the Mi-
lipare AA are limited to about 225°F. If the
stack gas is in excess of about 200°F, conxid-
eration should be given to an aiternaie pro-
cedure such as moving the filter hnlder
downstream of the first impinger to insure
that the fllter does not exceed its tempers-
ture limit. Mark the probe with heat-resist-
ant tzpe or by some other method o denote
the proper distance into the stack or duct
for each sampling point. Assemble the train
as shown in Pigure 5-1 of Method 8, using
{if necessary) a very light coat of silicone
grease on all ground glass joints. Grease
only the outer portion (see APTD-0576) to
avoid possibility of contamination by the sil-
icon grease. Note: An empty impinger may
be inserted between the third impinger and
the silicsa gel to remove excess maoisture
from the sample stream.




After the sampling train has been assem-
sled, turn on and set the probe. 1f applica-
sle, at the desired operatng temperature.
3liow time for the temperatures to stabilize.
Jlace crushed ice around the impmngers.

i.1.4. Leak-Check Procedures. Follow the
‘aak-check procedures outlined in Method 5.
Sections 4.1.4.1 (Pretest Leak Check), 4.1.4.2
Leak Checks During Sample Run) and
1.1.4.3 (Post-Test Leak Check).

3.1.5 Beryllium Train Operation, Follow
:he general procedure given in Method 5.
Section 4.1.5. For each run. record the data
-equired on & data sheet such as the one
shewn in Figure 5-2 of Method 8.

4.1.8 Calculation of Percent Isokinetic.
Same as Method 5. Section 4.1.6.

4.2 Sample Recovery. Begin proper clean-
1p procedure a3 soon as the probe is re-
moved from the stack at the end of the sam-
oling period.

Allow the prabe to cool. When it can be
safely handled. wipe off any external partic-
ulate matter near the tip of the probe
nozzle, and place n cap over it. Do not cap
+f{ the probe tip tightly while the sampling
-ain is cooling. Capping would create &

-cuum and draw liquid out from the im-
JINngers. 3

Before moving the sampilng train to the
-lesniup site, remove the probe from the
-rain, wipe off the silicone grease. and cap
‘he open outlet of the probe. Be careful not
-0 lose any condensate that might be
sresent. Wipe off the silicone grease from
‘he impinger. Use either ground-glass stop-
sers, plastic caps, of serum caps to close
:hese openings.

Transfer the probe and impinger assembly
ta & cleanup ares that is clean, protected
irom the wind, and free of Be contamina-

Lo,

Inspect the train before and during this
issembly, and note any abnormal condi-
:jons, Treat the sampie as [ollows:

Disconnect the probe f{rom the impinger
:rain. Remove the filter and any loose par-
ticulate matter from the filter holder, and
alace in & sample bottle. Place the contenta
.measured to =1 ml) of the first three im-
singers into another sample bottle. Rinse
:he probe and all glassware between it and
-he back half of the third impinger with
vater and acetone, and add this to the
_atter sample bottle, Clean the probe with a
-rush or a long siender rod and cotton balls.
se acetone while cleaning. Add these to
-ne sample bottle. Retain a sample of the
vater and acetone as a blank. The total
imount of water and acetone used should be
neasured for accurate blank correction.
S1aee the silica gel in the plastic jar. Seal
1nd secure all sample containers for ship-
nent. If an additional test is desired. the
:lassware can be carefully double rinsed
ith water and reassembled. However. if the
;lassware is out of use more than 2 days,
-epeat the initial acid wash procedure.

4.1 Analysis.

4.3.1 Apparatus Preparation. Before use,
-iean all glassware according Lo the proce-
iure of Section ¢.1.3. Adjust the instrument
:ettings according to the instrument
nanual, using an absorption wavelength of
134.8 nm.

4.3.2 Sample Preparation. The digestion
-{ Be samvles is accomplished tn part in
-oncentrated HCIO. Caution: The analyst
must insure that the sampie is heated to
‘ight brown fumes aiter the initial HNO, ad-
jition: otherwise, dangerous perchloTates
may result from the subsequent HCIO. di-
zestion. HCIO. should be used only under &
neod.

4.3.2.1 Ffiter Preparation. Transfer the
filter and any loose particulate matter from
the sampie container to a 150-mi beaker.
Add 35 ml concentrated HNO,. Heat on 2
hotplate until light browmn fumes are evident
to destroy all organic matter, Cool to room
temperature, and add § ml concentrated
H.50. and 5 mi concentrated HCIO.. ‘Then
praceed with step 4.3.24.

4.3.2.2 Water Preparation. Place & por-
tion of the water and acetone sample into a
150-mi besker, and put on a hotplate. Add
portions of the remainder as evaporation
proceeds and evaporate to dryness. Coel the
residue. and add 35 ml concentrated HNO.
Heat on a hotplate untll light brown fumes
are evident to destroy any organic matter.
Cooltoroomt.empenmre.mdlddsml
concentrated H.SO, and 5 mt concentrated
HCIO.. Then proceed with step 4.3.2.4.

43.2.3 Sllica Gel Preparsticn Anaiyses.
Weigh the spent silica gel. and report to the
nearest gram.

4.3 2.4 Final Sample Preparation. Sam-
ples from 4.3.2.1 and 4.3.2.2 may be com-
bined here for ease of analysis. Replaceon s
hotplate, and evaporste to dryness in &
HCIO. hood. Cool and dissclve the residue
in 10.0 mi of 25 percent V/V HCL Samples
are now ready for the atomic absorption
unit, It is neceassry for the Be concentra-
tion of the sampile to be within the calibra-
tion range of the unit. If necesssry. perform
further dilution of sample with 25 percent
VsV HC! to bring the sample within the
calibration range.

4.3.3 Berylilum Determination. Analyze
the samples prepared in 4.3.2 at 2348 nm
using = nitrous oxide/scetylene flame. Alu-
minum, silicon and other elements can
interfere with this method If present in
large quantities. S methods are
available, however, that may be used to ef:
fectively eliminate these interferences (see
Citation 2 in Section 8

5. Calibration.

5.1 Sampling Train. Calibrate the sam-
pling train compenents according to the
procedures outlined in the following sec
tions of Method 5: Section 5.1 (Probe
Nozzle), Section 5.2 (Pitot Tube). Section 5.3
(Metering System), Section 5.4 (Probe
Heater), Section 5.5 (Temperature Gauges).
Section 5.7 (Baromster}. Note that the leak
check described in Section 5.6 of Method 5
applies to this method.

8. Calculations.

6.1 Dry Gas Volume. Using the data from
each sample run, calculate the dry gas
sample volume at standard conditions Veew
(corrected for leakage, if necessary) as out-
lined in Section 8.3 of Method 5. .

82 Volume of Water Vapor in Sample
and Moisture Content of Stack Gas. Using
the data obtained {rom each sample run,
caleniate the volume of water vapor Ve LD
the sample, and the moisture content Be of
the stack gas. Use Equations 5-2 and 5-3 of
Method 5.

6.3 Stack Gas Velocity. Using the data
from each sample run and Equation 2-9 of
Method 2. caiculate the average stack gas
velocity Veiey-

6.4 Beryiliium Emission Rate. Calculate
the Be emission rate R In g/dsy for each
stack using Equation 104-1. For cyclic oper-
ations, use only the time per day each stack
is in operation. The total Be emission rate
from a source will be the summation of re-
sults from all stacks.

Eq. 104-1

WVserw AB6.400% 1079
Vawe+ Veima X T/Po)
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Where:

W,=Total weight of Be collected, ug.

A, =Stack cross-sectional area. M? ({t').

86.400=Conversion factor. sec/day.

10-* = Canversion factor, g/ug.

T.-Absc;,luu average stack gas temperature,
KAP).

P= liil:ummt.e stack gas pressure, mm Hg (in.

(43
K =0.3858 ‘K/mm Hg for metric unita.
=17.84 *P/in. Hg for English units.

6.5 Isokinetic Variation and Acceptable
Results. Same as Method 5, Sections 8.11
and 6.12. respectively. .

7. Determination of Compliance. Each
performance test consists of three sampie
runs of the applicable test method. For the
purpose of determining compliance with an
applicable national emission standard. use
the aversge of the resuits of all sampie
runs.
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High-Temperature Pre-Mixed Flames in
Atomic Absorption Spectroscopy. Spectro-
chim. Acta. 22:1325. 1966.

2. Fleet. B.. K. V. Liberty, and T. S. West.
A Study of Some Matrix Effects in the De-
termination of Beryllium by Atomic Absorp-
tion Spectroscopy in the Nitrous Oxide-
Acetyiene Flame. Talanta I7.203. 1970.
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EXAMPLE TEST CALCULATIONS

UNIT NO. 1 SDA INLET

RUN NUMBER: I-M26-1

VYOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS

(Pbar + Delta E/13.6)
Vm({std) = 17.64 * ¥ * ¥Ym * .

(460 + tm)
(29.5 + 2.52/13.6)
Vm(std) = 17.64 * 1.0114 * 117.510 * = 118.318 DSL
{460 + 66)

DRY VOLUMETRIC FLOW RATE AT STANDARD CONDITIONS, CUBIC METERS PER MINUTE
Qmed = Qad * 0.02832

Omad = 99,570 * 0.02832 = 2,820

CONCENTRATION, HYDROGEN CHLORIDE, MG/DSCM

ng
mg/DSCK =
Vmstd * 0.03531 * 0.02832
51.3
mg/DSCM = = 434 mg/DSCM

118.318 * 0.03531 * 0.02832

CONCENTRATION, HYDROGEN CHLORIDE, MG/DSCM AT 12% CO2

12
mg/DSCM@12% = —---- * mg/DSCM
$C02
12
mg/DSCM@12% = ==ww * 434 = 520 mg/DSCM @ 12% CO2
10.0

CONCENTRATION, HYDROGEN CHLORIDE, MG/DSCM AT 7% O2

21 - 7
mg/DSCHRTS = —=mmac—— * mg/DSCM
21 - %02
21 - 7
mg/DSCM@T% = ————-=e= * 434 = 542 mg/DSCM € 7% 02
21 - 9.8
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CONCENTRATION, HYDROGEN CHLORIDE, PPMVD

24.056 * mg/10?

ppavd = * 10¢
Vmstd * fwt

24.056 * 51.3/10?
proavd = * 10¢ = 286 ppmd
118.318 * 36.46

CON ROGEN CHLORID PPMVD AT 12% CO2
12
ppmvd@l2s = —--- * ppmvd
2C0O2
12
ppavd@12% = ———— * 286 = 343 ppmvd @ 12% CO2
10.0

CONCENTRATION, EYDROGEN CHLORIDE, PPMVD AT 7% O2

21 - 7

pruvd@7?$ = —————=== * ppmvd
21 - %02

21 - 7

Praivd@7% = ——————-= * 286 = 358 ppmvd @ 7% 02
21 - 9.8

EMISSION RATE, HYDROGEN CELORIDE, LB/HR

60 * mg/10® * Qed

1b/hr =
453.592 * (Vmstd * .03531!

60 * 51.3/10% * 99,570
i1b/hr = = 162 1b/hr
453.592 * (118.318 * 0.03531)

EMISSION RATE, HYDROGEN CHLORIDE, LB/MMBTU

6 1bs Fd DSCF at 12% CO,
1b/10°Btu = --—- x _—
DSCF MMBtu

ENTROPY
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EXAMPLE TEST CALCULATIONS RUN O-M5&MMTL-1 SE
Unit No. 1 ESP Outlet

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS

Pbar + (Delta H/13.6)
vmstd = 17.64 * ¥ * Vm * -~ - —_———

(460 + tm)
29.40 + (2.560/13.6)
Vmstd = 17.64 * 1.0011 * 111.545 * =——————————mooo————n = 111.228 DSCF
(460 + 64)

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS

0.04707 * Vlc
0.04707 * 535.0 =25.182 SCF

vwstad
Vwstd

PERCENT MOISTURE, BY VOLUME, AS MEASURED IN FLUE GAS

$H,0 100 * Vwstd / (Vwstd + Vmstd)

25.182
: -——= * 100 = 18.5 %
25.182 + 111.228

$H,0

ABSOLUTE FLUE GAS PRESSURE

Ps Pbar + (Pg / 13.6)

29.40 + (-4.80/13.6) = 29.05 inches Hg

Ps

DRY MOLE FRACTION OF FLUE GAS

Mfd

1 - %H,0 / 100

Mfd = 1 - 18.5/100 = 0.815

DRY MOLECULAR WEIGHT OF FLUE GAS

Md = (%C0,/100 * 44) + (%0,/100 * 32) + ((100 - %CO, - %0,)/100 * 28)
Md = (10.0/100 * 44) + (10.8/100 * 32) + ((100 - 10.0 - 10.8)/100 * 28)
Md = 30.03 1b/lb-Mole

WET MOLECULAR WEIGHT OF FLUE GAS

Ms

(Md * Mfd) + (0.18 * 3H,0)
(30.03 * 0.815) + (0.18 * 18.5) = 27.80 lb/lb-Mole

Ms
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AVERAGE FLUE GAS VELOCITY [Note: (Delta p)avg is square of average square root]

(Delta P)avg * (460 + ts)
85.49 * Cp * SQUARE ROOT| —-——————————"—em e

ve

0.4774 * (460 +  268)
85.49 * 0.840 * SQUARE ROOT| ———mmmmmm——————————m e = 47.11 ft/sec
29.05 * 27.80

ve

DRY VOLUMETRIC FLUE GAS FLOW RATE AT STANDARD CONDITIONS

60 Tstd Ps
Qsd = =———— * Mfd * v8 * A * ————m——- ¥ e
144 460 + ts Pstd
60 528 29.05
Qsd = ————-— * 0.B1l5 * 47.11 * 9,216.0 * ——————we—-- * ————
144 460 + 268 29.92

Qsd = 103,822 DSCFM

DRY VOLUMETRIC FLUE GAS FLOW RATE AT STANDARD CONDITIONS

Osd * 0.02832
103,822 * 0.02832 = 2,940 DSCMM

Omsd
Omsd

WET VOLUMETRIC FLUE GAS FLOW RATE AT ACTUAL CONDITIONS

60 / 144 * yvs * A
60 / 144 * 47.11 * 9,216.0 = 180,902 ACFM

Qaw

Qaw

PERCENT ISOKINETIC OF SAMPLING RATE

Pstd 100 (ts + 460) * Vmstd
$] = wme= * mem K e e e e — e e —— e ——— e
Tstd 60 Ps * vs * Mfd * Theta * (m * (NozzleDia/2)2/144)
29.92 100 (268 + 460) * 111.228
%I P P —— W mmwmmemr T e e o e S L S S e o . R . S S A A AR S o e e s
528 60 29,05 * 47.11 * 0.815 * 125.00 * (m * (0.316/2)2/144)

%I = 100.7 %

PERCENT EXCESS AIR

%0, ~ (0.5 * %CO)
$ER = ~—m—— e e * 100

SEA = e e e e e e e e e e e e e e e e e * 100 = 107.0 %
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APPROXIMATE HEAT INPUT RATE

Qsd  20.9 - %0,

106Btu/hr = 60 * ——= * ——mc———m-Z
F 20.9
103,822  20.9 - 10.8

108Btu/hr = 60 * R —— = 311.0 Million Btu/hr
9,685 20.9

CONCENTRATION, MILLIGRAMS PER DRY STANDARD CUBIC METER, FILTERABLE PARTICULATE

(mg / 10) .
mg/DSCM = * 10
Vmstd * 0.02832
(25.3/103) .
mg/DSCM = * 10° = 8.03 mg/DSCM

111.228 * 0.02832

CONCENTRATION, MILLIGRAMS PER DSCM CORRECTED TO 12% CO,, FILTERABLE PARTICULATE

mgDSCM@12%
mgDSCME12%

mg/DSCM * (12 / %CO5)
8.03 * (12 / 10.0) = 9.64 mg/DSCM @ 12% CO,

CONCENTRATION, MILLIGRAMS PER DSCM CORRECTED TO 7% O5, FILTERAELE PARTICULATE

21.0 - 7
mgDSCM@7% = mg/DSCHM * —————————m
21.0 - 30,
21.¢ - 7
ngSCM@?% = 8-03 * emmm—————— = 11,0 mg/DSCM @ 7% 02
21.0 - 10.8

CONCENTRATION, GRAINS PER DRY STANDARD CUBIC FOOT, FILTERABLE PARTICULATE

7,000 (mg / 103)
*

gr /DSCF = -
453.592 Vmstd
7,000 (25.3/103)
gr/DSCF = - % - ———- = 0.00351 gr/DSCF
453.592 111.228

CONCENTRATIOR, GRAINS PER DSCF CORRECTED TO 12% CO,, FILTERABLE PARTICULATE

gr@l2s
gr@lag

gr/DSCF * (12 / %CO,)

0.00351 * (12 / 10.0) = 0.00421 gr/DSCF @ 12% CO,
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CONCENTRATION, GRAINS PER DSCF CORRECTED TO 7% O, FILTERAELE PARTICULATE

21.0 - 7
gr@7% = gr/DSCF * —=——————==
21-0 - %02
21.0 - 7
gr@7% = 0.00351 #* =—r—w—————- = 0.00482 gr/DSCF @ 7% O,
21.0 - 10.8

EMISSION RATE, POUNDS PER HOUR, FILTERABLE PARTICULATE

60 (mg / 103)
1b/hr = —— * * Qsd
453.592 Vmstd
60 (25.3/103)
1b/hr = * * 103,822 = 3.12 1b/hr
453.592 111.228

EMISSION TE, POUNDS PER MILLION BTU, FILTERABLE PARTICULATE

lbs Fd DSCF at 12% CO,
1b/10%Bty = —=== x
DSCF MMBtu

CONCENTRATION, MICRCGRAMS PER DRY STANDARD CUBIC METER, ANTIMONY

(ug / 105) g
ug/DSCM = - * 10
Vvmstd * 0.02832
(86.0/106) 5
UG/DSCH = =c—mem—mee e » 10% = 27.3 ug/DscM

111.228 * 0.02832

CONCENTRATION, MICROGRAMS PER DSCM CORRECTED TO 12% CO,, ANTIMONY

ugDSCHM@12%
ugDsSCM@l2%

ug/DSCH * (12 / %CO,)
27.3 * (12 / 10.0) = 32.8 ug/DSCM @ 12% CO,
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CONCENTRATION, MICROGRAMS PER DSCM CORRECTED TO 7% O,, ANTIMONY

21.0 - 7
ugDSCME7% = ug/DSCM * wec—e————-
21.0 - %0,
21.0 - 7

ugDSCM@?% = 27.3 * —m——m—————— = 37.5 ug/DScM g 7% 02
21.0 - 10.8

EMTDNDY
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