State of California
AIR RESQURCES B0ARD

Resolution 83-14
June 29, 1983
Agenda [tem No.: 83-8-1

WHEREAS, Section 39601 of the Health and Safety Code authorizes the Air

Resources Board ("Board") to adopt standards, rules, and regulations necessary

for the proper execution of the powers and duties granted to and imposed upa
the Board by law;

WHEREAS, Section 39607(d) of the Health and Safety Code requires the Board t
adopt test procedures to measure compliance with its nonvehicular emission
standards and those of the air pollution control and management districts;

WHEREAS, the Board's staff has developed sixteen test methods for determinin
compliance with district nonvehicular (stationary source) emission standards

WHEREAS, the test methods have been thoroughly field tested by the Board's
staff;

WHEREAS, the California Environmental Quality Act and Board regulations
require that no project having significant adverse environmental impacts be
adopted as proposed if feasible alternatives or mitigation measures are
available which would substantially reduce such adverse impacts;

WHEREAS, a public¢ hearing and other administrative proceedings have been hel
in accordance with the provisions of the Administrative Procedure Act
(Government Code, Title 2, Division 3, Part 1, Chapter 3.5); and

WHEREAS, the Board finds that:

Adoption of the sixteen test methods set forth in Attachment A
and adoption of regulations incorporating the test methods, set for
in Attachment B, is necessary and appropriate to satisfy the
requirements of Section 39607(d)} of the Health and Safety Code and
may simplify the identification, adoption and enforcement of
nonvehicular emission standards;

Adoption of Section 94100, Title 17, California Administrative
Code, set forth in Attachment B, is necessary to assure that a
specified test method is applicabie to all situations covered by on
of the sixteen test methods, while providing the districts the
flexibility of using their own methods if they wish; and

The adoption of the test methods and reguiations set forth in
Attachments A and B will have no significant adverse environmental
impacts.
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NOW, THEREFORE, BE IT RESOLVED that the Board hereby adopts the sixteen te
methods for determining compliance with district nonvehicular (stationary
source) emission standards set forth in Attachment A.

BE IT FURTHER RESOLVED that the Board hereby adopts Sections 94100 through
ﬁ4116, Title 17, California Administrative Code, as set forth in Attachmen
ereto.

1 certify that the above is a true
correct copy of Resolution 83-14 as
adopted by the Air Resources Board.

wimes, Board Secretary
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. | .METHOD 1 - SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY SOURCES
1. Principle and Applicability

1.1 Principle: To aid in the representative measurement of pollutant

emissions and/or total volumetric flow rate from a

stationary source, a measurement sitevwhere.the

effluent stream is flowing in a known direction is

selected, and the cross-section of the stack is

divided into a number of eduaI areas. A traverse

point is then Tocated within each of these equal

. - areas.

1.2 Applicability: This method is applicable to flowing gas streams in
ducts, stacks, and flues. The method cannot be used _‘

on.

-y

.‘ , | when: (1) flow is cyclonic or swirling (see Sect
2.4). (2) a stack is smaller than about 0.30 meter

(12 in.) in diameter or 0.071 m® (113°in.2) in

~ cross-sectional area, or {3) the measurement site is

. less than two stack or duct diameters downstream or
less than a half diameter upstream from a flow

disturbance.

- | The requirements of this method must bé considered
before construction of a new facility from which
emissions will bg measured; failure to do so may
require subsequent alterations to the stack or

I | deviation from the standard procedure. Cases
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2.

Procedure

2.1

2.2

~ 2.2.1 Particulate Traverses. When the eight-and two-diameter

‘diameter upstream from any flow disturbance. For a rectangutar crogs

“following equation, to_determine the upstream and downstream

involving variants are subject to approval by the

Control Agency's authorized representative.

Selection of Measurement Site. Sampling or velocity measurement is é
performed at a site located at least eight stack or duct diameters
downstream and two diameters upstream from any flow disturbance suchg
as a bend, expansion, or contraction in the stack, or from a visib1ef
f1ame. If'necessany, an alternative location may be selected, at a

position at least two stack or duct diameters downstream and a half
section, an equivalent diameter (De) shall be calculated from the

distances: Dg = %Lg,w_where L = Tength and W = width.

Determining the Number of Traverse Points

criterion can be met, the minimum number of traverse points |
shall be: (1) twelve, for circular or rectangular stacks wifh
diameters (or equivalent diameters) greater than 0.61 meter
(24 in.); (2) éight, for circular stacks with diameters
between 0.30 and 0.61 meter {12-24 in.); (3) nine, for
rectangular stacks with equivalent diameters between 0.30 and

0.6} meter (12-24 in.).
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2.

Procedure

2.1

2.2

2.2.1 Particulate Traverses. When the eight-and two-diameter

distances: Do = 2L _ where L = length and W = width,

‘Determining the Number of Traverse Points

involving variants are subject to approval by the

Control Agency's authorized representative.

Selection of Measurement Site. Sampling or velocity measurement is |

performed at a site located at least eight stack or duct diameters

downstream and two diameters upstream from any flow disturbance suc

as a bend, expansion, or contraction in the stack, or from a visible

flame. If necessary, an alternative location may be selected, at a
position at least two stack or duct diameters downstream and a half
diameter upstream from any flow disturbance. For a rectangular cro
section, an equiva1eht diameter (De) shall be calculated from the

following equation, to determine the upstream and downstream

L+ W

criterion can be met, the minimum number of traverse points
shall be: (1) twelve, for circular or rectangular stacks wi
diameters (or equivaleht diameters) greater than 0.61 meter
(24 in.); (2) eight, for circular stacks with diameters
between 0.30 and 0.61 meter (12-24 in.); (3) nine, for
rectanguiar stacks with equivalent diameters between 0.30 an

0.61 meter (12-24 in.).
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When the eight-and two-diameter criterion cannot be met, the
minimum number of traverse points is determined from Figure

1-1. Before referring to the Figure, however, determine the

distances from the chosen meésurement site to the nearest
upstream and downstream disturbances, and dividé each dist
by the stack diameter or equivalent diametér,'to determine
distance in terms of the number of duct diameters. Then,

determine from Figure 1-1 the minimum number of traverse

points that corresponds: (1) to the number of duct diamet

upstream; and (2) to the number of diameters downstream.

Select the higher of the two minimum numbers of traverse

points, or a greater value, so that for circular stacks the

number is a multiple of 4, and for rectangular stacks, the

number is one of those shoﬁn in Table 1-1.

Subject to the approVa] of the Control Agency's'authorized

representative, the minimum number of traverse points may
less than that determined from Figure 1-1 to accommodate

specific test situations.

TABLE 1-1. Cross-sectional Layout for Rectangular Stacks

Number of Traverse Points Matrix layout

B L I x3
12 = - 4x3
16~ 4 x 4
20 —mmecmcmm e er e e 5x4
25 e i 5x5
30 meemcm e e 6 x5
36 o 6 x6
42 e 7x6
49 e e m 7 x7

tance

 the

ers

be
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MINIMUM NUMBEﬁ OF TRAVERSE POINTS

~ MINIMUM NUMBER OF YTRAVERSE POINTS
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Figure 1-1. Minimum number of traverse pcints for particulate traverses.
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Figure 1-2. Minimum number of trovbrse points for velocity (nonparticutate) traverses.
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Figure 1-2. Minimum number of traverse points for velocity {nonparticulate} traverses.
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2.2.2 Ve]ocity (Non-Particulate) Traverses. When velocity or
volumetric flow rate is to be determined (but not particulate

matter), the same procedure as that for particulate traverses

112

(Section 2.2.1) is followed, except that Figure 1-2 may be

- used instead of Figure 1-1.

Subject to the approval of the Control Agency's authorized
representative, the minimum number of traverse points may be
less than that determined from Figure 1-2 to accommodate

specific test situations.
2.3 Cross-Sectional Layout and Location of Traverse Points

2.3.1 Circular Stacks. Locate the traverse points on two
perpendicular diameters according to Table 1-2 and the example
shown in Figure 1-3. Any equation that gives the same'va*ués-
as those in Table 1-2 may be used in lieu of Table 1-2.
For particulate traverses, one of the diameters must be in a
plane containing the greatest expected concentration
variation, e.g., after bends, one diameter shall be in the
plane of the bend. This requirement becomesiless_criticaT as

the distance from the distufbanéé increases; therefore, other

13+

-diameter Jocations may be used, subject to approval of the

Control Agency's authorized representative.
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Table 1-2
{Percent of stack dismeter from inside wall to traverse painit)

Location pf traverse points in circular stacks

Traverse »

paint
r.::-:bgr o !eumaef_of tra\-er:;e'points 01 a di;{neiar )
diamater| 2 | & 6 | 8 | 0|92 |14 ] 6 | 38 | 20 [ 22 | 23
1 esy 67 eoal 330 2s] 2| 18] 1.s] el 1.3l 1] 1
2 85.4125.0}414.710.5] 8.2f 6.7 5.7 4.5 4.4{ 3.5 3.5( 2.2
3 75.0)25.5)19.41 1451 11,8 ) 9.9 B5| 7.5 5.7} c.0] 5.5
4 93,31 70.5132.3122.6117.7 a6 y12.5010.6) 9.7 8.7 4 7.9
5 £5.3 | 67,7 ) 20,2 | 5.0 |20.1 {16.2114.5]12.9 {11.56 {10.5
6 5:.6]80.61 65,8, 35.5 | 26,5 | 22,0 12,8 Te.s e a2
7 §9.5]77.4 1 68,5 [35.6 | 25.3 ] 23.60 2¢.4 113,06 {151
8 $6.7 [ 85.4] 75.0 163.4 137.5129.6| 25,0 21.8 |i%.4
g §1.8) €2.3 72,1 [ 62.5] 38.2] 30.5 | 26.7 } 23.0
10 §7.51e8.2)79.9)M.7161,6]338,8{31.5}z1.2
1 $3.3{85.4]73.0(70.4]61.2]39.3]32.3
12 97.9 1901 {03.1] 76,4} 63.4 | 656.7 | 39.8
13 94,3 | 87.5(81.2] 75.0 ! €8.5 [ 50,2
14 63,2 {31.5|85.4! 79.6 | 73.9 } 67.7
15 95,1 | 89.1{82.5|73.2 {72.8
15 93,41 52,51 87,0 fE2,0177.5
17 65,61 35,21 185.6 {82.53
18 98.4]95.3 | 52,4 [63.9
9 ; €51 fel,3 1858
ig 93,7 10:.01¢82.5
i 25,5 [ 52.1
72 95,9 194.5
22 95.8
24 23.9
6
5
TRAVERSE DISTANCE, 4 w
POINT % 0f dismeter ; )
1 4.4 I
2 . 14.7
3 295
L} 705 .
5 65.3
6 95 6 El . E
r 4

Figure 1.3. Example showing circutar stack cross section divided into
12 equal areas, with location of traverse paints indicated.
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Table 1-2 tocation of traverse points in circular stacis .
{Percent of ¢tack dizmetzr from inside wall to travarse point)

;
Traversc s

point
nzibgr : Hunber of trzverse points o1 a dianeter
dievater| 2 14 & [@ fic [z [ | 6|18 | 20 |22 |
| Vb 67| eel 330 2zl 20 ) el 1.8l 1. 3010 1
2 85.4) 25.G1%.7{10.5| B.2{ 6.7 5.7] 4.5 4.2] 3.0] 3.5 2.2
3 15.0l25.806.81065011.8) 9.9 g5 7.8! 6.7} 5.0 5.5
4 93.3(70.532.3122.6117.7 4.6 {12.5]10.53] 9.7} 8.7 7.9
5 853|677 12521 25,0 [20.1 { 16,51 14.6 | 129 (115 (10,5
& 55.6]£0.6 1 65,6 25.5 [ 26.5 | 22.9 1 128 16511406 13,2
7 §9.5 ] 77.4 | €4.5 |35.6 | 26.3 | 23.6( 20.4 113.0 { 16.1
8 6.7 | £5.4(75.0 [63.4137.5] 205} 25.0;2).8 |[i%.4
9 1.6 82,3172 (62,5 | 23,2 50.5 [ 2.1 [ 23,0
10 ¢7.5|e8.2 17,9 { .7 i18V.8]38.8131.5 27,2
i 3.3 {35.4 | 79.0{70.4{61.2139.3 |32.3
12 67.9 |93,Y {£3.1| 75,4} 63.4 1 65,7 | 35.8
13 4.3 {87.5)81.2(75.0 ' ea.5 | go.2
14 03,2 {31.5} 85.3 7‘3.6"/3.9 67.7
15 95.1)89.1)82.5]73.2|72.8
15 93.41 82,5187 g2 0 7.0
7 . $5.61 36,3 185.4 |53
18 98.5193.3 8.4 (82.9
13 _ ' ¢z.i %13 1835.8
20 , , 93,7 1 94,0 | 83.5
- %55 | 52,1
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6
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.

Figure 1-3. Example showing circular stack cross section dividad into
12 equal areas, with location of traverse points indicated.
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»In addition, for stacks haﬁing diameters‘greater than 0.61 m
{24 in.), no traverse points shall be Tocated within 2.5
centimeters (1.00 in.) of the stack walls; and fof.stack
diameters equal to or ]eSs than 0.61 m (24 in.) no travek.e
points shall be Tocated within 1.3 cm (0.50 in.) of the stack
walls. To meet these criteria, observe the procedures given

below.

2.3.1.1 Stacks with Diameters Greater Than 0.61 m (24 fn ).
When any of the traverse points as located in Se tioh
2.3.1 fall within 2.5 c¢cm (1.00 in.) of the staék
walls, relocate them away from the stack wails to:
(1) a distance of 2.5 cm (1.00 in.); or (2) a
distance equal to the nozzle inside diameter,
whichever is larger. These relocated traverée-p ints
(on each end of a diameter) shall be the "adjusted"

traverse points.

‘Nhenever two successive transverse points are
combined to form a single adjusted traverse point,
treat the adjusted point as two separate travers '
points, both in the sampling (or velocity

measurement) procedure, and in recording the data.
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2.3.1.2 Stacks with Diameters Equal to or Less Than 0.61 m

(24 in.). Follow the procedure in Section 2.3.1,

.noting only that any “"adjusted" points should be
relocated away from the stack walls to: (1) a
distance of 1.3 cm (0.50 in.); or (2) a distance -
equal to the nozzle inside diameter, whichever is.

1ar§er. | .

2.3.2 Rectangular Stacks. Determine the number of traverse points
as exp1a1ned in Sections 2.1 and 2.2 of this method. From

Table 1-1, determine the grid configuration. Divide the stack

cross-section into as many equal rectangular elemental areas f

as traverse points, and then locate a traverse point at the

Lo

centroid of each equal area according to the example in Figurg

1-4.

0 o 0 0
] ] 0 0
0 0 0 0 )
0 ) 0 0
Figure 1-4

‘Example Showing Rectangular Stack Cross
Section Divided into Twelve Equal Areas, with a Traverse
Point at Centroid of Each Area
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2.3.1.2 Stacks with Diameters Equal to or Less Than 0.61 m
(24 in.). Follow the procedure in Secfioﬁ 2.3.1,
noting only that any "adjusted" points should be

- relocated away from the stack walls to: {1) a
distance of 1.3 cm (0.50 in.); or (2) a distance .

equal to the'nozzle inside diameter, whichever is

1ar§er.

2.3.2 Rectangu]arEStacks. Determine the number of traverse points
as explained in Sections 2.1 and 2.2 of ‘thi’s method. From
Table 1-1, determine the grid configuration. Divide the stac
créss-section jnto as many equal rectangular elemental areas
as traverse points, and then locate a traverse point at the
centroid'of each equal area according to the example in Figur

1-4.

0 .0 o 0

0 0 0 0

0 0 0 0

0 0 0 0
Figure 1-4

Example Showing Rectangular Stack Cross
Section Divided into Twelve Equal Areas, with a Traverse
Point at Centroid of Each Area
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If the tester desires to use more than the minimum number of
traverse points, expand the "minimum number of traverse |
points” matrix (see Table 1-1) by adding the extra traverse
points along one or the othef or both 1egs.of the matrix; fhe
~ final matrix need not be balanced. For example, if a 4 x| 3
“minimum number of points" matrix were expanded to 36 points,
the final matrix could be 9 x 4 or 12 x 3, and would not
necessarily have to be 6 x 6. After constructing the final
matrix, divide the stack cross-sectibn into as many equal
rectangular, elemental areas as traverse points, and locate a

traverse point at the centroid of each equal area.

Subject to the approval of the Control Agency's authorized
representative, alternatives to the matrjx Tayout prescribed
in Table 1-1 may be used to accommodate specific test

situations.

The situation of traverse points being too close to the stack
walls is not expected to arise with rectangular stacks. If
this problem should ever arise, the Control Agency's
‘authorized representative must be contacted for reso1ution of

the matter.

2.4 Verification of Absence of Cyclonic Flow. In mdst stationary
sources, the direction of stack gas flow is essentia11y:para11e1 to
the stack walls. However, cyclonic flow may exist (1) after such

devices as cyclones and inertial demisters following venturi
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scrubbers, or (2} in stacks having tangential inlets or other duct
configurations which tend to induce swirling; in these instances, the
presence or absence of éyclonic flow at thé sampling location must be
determinéd. The following techniques are acteptable for this

determination.

Level and zero the manometer. Connect a Type S pitot tube to thg‘

manometer. Position the Type S pitot tube at each traverse point, 1

succession, so that the planes of the face openings of the pitot tub

LY

are perpendicular to the stack cross-éectional plane: - when the Type
S pitot tube is in this position it is at "0 reference;" Note the
‘differential pressure:(% p) reading at each traverse pdint. If a
null (zero) pitot reading is obtained at 0° reference at a given
.traverse point, an acceptable flow condition exists at that point.
If the pitot reading is not zero at 0° reference, rotate the pitot

tube (up to 7 90° yaw angle), until a null reading is obtained.

W

Carefully determine and record the value of the rotation angle (a)

the nearest dégree. After the null technique has been applied at
each.traverse point, calculate the average of the absolute values of
a; assign a value of 0° to those points for which no rotation was |
redufred, and include these in the overall average. If the aVerage
value of a is greater than 10° the overall flow condition in the
stéck is unacceptable and alternative methodology, subject to the
apprpval of the Control Agency's authorized representative;must be

used to perform accurate sample and velocity traverses.




scrubbérs, or (2) in stacks having tangenfial inlets or other duct
configurations ﬁhich tend to induce swirling; in these instances, the
presence or absence of'cyc1onic flow at the sémp]ing Tocation must be
determined. The following techniques are aCCeptab1é for this

determination.

Level and zero the manometer. Connect a Type S pitot tube to the
-

-

manometer. Poéitfon the Type S pitot-tube at each traverse point, 1
succession, so that the planes of the face openings of the pitot tube
are perpendicufar.fo the stack cross-sectional plane: - when the Type
S pitot tube is in this position it is at "0 reference;" Note the
differenti;l pressure -(% p) reading at each traverse point. If a
null (zero) pitot reading is obtained at 0° reference ét a given
traverse pofnt, an acceptable flow condition exists at that point.
If the pitot reading is not zero at 0° reference, rotate the pitot

tube (up to i 90° yaw angle), until a null reading is obtained.

[=]

Carefully determine and record the value of the rotation angle (a) t
the nearest dégree. After the null technique has been applied at
each traverse point, calculate the average of the absolute values of
a; assign a value of 0° to those points for which no rotation was
‘required, and include these in the overall average. If the avefage
~value of a is greater than 10° the overall flow condition in the
- stack is unacceptable and alternative methodology, subject to the
apprqvaf of‘the Control Agency's authorized representative_must be

used to perform accurate sample and velocity traverses.
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METHOD 2 - DETERMINATION OF STACK GAS VELOCITY AND VOLUMETRIC FLOW RATE
- (TYPE .S PITOT TUBE)

1. Principle and Applicability

1.1 Principle:

1.2 Applicability:

The average gas velocity in a stack is determined
from the gas density and from measurement of the
average velocity head with a Type S (Stausscheibe

reverse type) pitot tube.

This method is applicable for measurement of the
average velocity of a gas stream and for quantify

gas flow.

This procedure is not applicab1e at measurement s
which fail to meet the criteria of Method 1, Sect
2.1. Also, the method cannot be used for direct
measurement in cyclonic or swirling gas streams;
Section 2.4 of Method 1 shows how to determine
cyclonic or swirling flow conditions. When
unacceptable conditions exist, alternative

procedures, subject to the approval of the Contro

to make accurate flow rate determinations; exampl
of such alternative procedures are: (1) to insta
straightening vanes; (2) to calculate the total
volumetric flow rate stoichiometrically, or (3) t
move to another measurement site at which the flo

acceptable.

or

ing

ites

ion

—

" Agency's Authorized Representative, must be employed

es

1.

W is
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Apparatus

Specifications for the apparatus are given below. -Any other apparatus

that has been demonstrated (subject to apprdva] of the Control
Agency'srAuthorized Representative) to be capable of meeting the
specifications will be considered acceptable. 5
2.1 Type S Pitot Tube, The Type S pitot tube (Figure 2-1) shall beé
" made of metal tubing (e.g., stainless §teel). It is recommendeé .
that the éxternaT tubing diameter (dimension D, Figure 2-2b) :
be between 0.48 and 0.95 centimeters (3/16 and 3/8 inch). Theré

shall be an equal distance from the base of each leg of the pit't

tube to its face-opening plane (dimensions Pa and PB, Figure g
2-2b); it is recommended that this distance be between 1.05 andg
1.50 times the external tubing diameter. The face openings of |
the pitot tube sha11, preferably, be aligned as shown in

Figure 2-2; however, slight misalignments of the openings are

permissible (see Figure 2-3).

The Type S pitot tube shall have a known coefficient, determine|

pm—

as outlined in Section 4. An identification number shall be

assigned to the pitet tube; this number shall be permanently

marked or engraved on the body of the tube.

A standard pitot tube may be used instead of a Type S, provided; .
that it meets the specifications of Sections 2.7 and 4.2; note,
however, that the static and impact pressure holes of standard

pitot tubes are susceptible to plugging in particu1ate-1aden gas
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Apparatus

Sﬁecifications-for'the apparatus are given below. Any other apparatus

that has been demonstrated (subject to approval of the Control

Agency's Authorized Representative) to be capable of meeting the

specifications will be considered acceptable.

2.1 Type S Pitot Tube. The Type S pitot tube (Figure 2-1) shall be
~ made of metal tubing {(e.g., stainless steel). It is recommended

that the external tubing diameter (dimension Dy» Figure 2-2b)

be between 0.48 and 0.95 centimeters (3/16 and 3/8 inch).

There

shall be an equal distance from the base of each leg of the pitot

tube to its face-opening plane (dimensions PA and PB, Figure
2-2b); 1t is recommended that this distance be between 1.05 and

1.50‘times the external tubing diameter. The face bpenings of

the pitot tube shall, preferably, be a]igned‘as shown in

Figure 2-2; however, slight misalignments of the openings are

permissible (see Figure 2-3).

The Type S pitot tube shall have a known coefficient, determined
as outlined in Section 4. An identification number shall be

assigned to the pitot tube; this number shall be permanent1y

marked or engraved on the body of the tube,

A standard pitot tube may be used instead of a Type S, provided
that it meets the specifications of Sections 2.7 and 4.2; note,
however, that the static and impact pressure holes of standard

pitot tubes are'susceptib1e to plugging in particulate-laden gas
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streams. Therefore, whenever a standard pitot tube is used to

perfdrm 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 gné
static holes of the standard pitot tube by "back-purgingi witﬁ i
pressurized air, and then taking anotherap reading. If the pj
readings made before and after the air purge are the same (+5 |
peréent) the traverse is acceptable. Otherﬁise, reject the run;

Note that if p at the final traverse point is unsuitably low, .

another point may be selected. If "back-purging” at reguiak
intervals is part of the procedure, then comparative ap readings$
shall be taken, as above, for the last two back purges at which

suitably high p readings are observed.

Differential Pressure Gauge. An inclined manometer or equivalent

device is used. Most sampling trains are equipped with a 10-in}

(water column) inclined-vertical manometer, having 0.01-in. H,0

divisions on the 0- to 1-in, inclined scale, and 0.1-in, H20

divisions on the 1- to 10-in. vertical scale. This type of
manometer (or ofher gauge of equivalent sensitivity) is
satisfactory for the measurement ofiop values as low as 1.3 mm
(0.05 in.) HZO‘ However, a differential pressure gauge of
greater Sensitivity shall be used (subject to the approval of the
Control Agency's Authorized Representative), if any of the
following is found to be true: (1) the arithmetic average of

all ap readings at the traverse points in the stack is less than

2-6




2.2

readings made before and after the air purge are the same (+5

Can ap readings at the traverse points in the stack is less than

streams. Therefore, whenever a standard pitot tube is used to
perfbrm a traverse, adequate proof must be furnished that the
openings of thé pitot tube have not plugged up during the
traverse period; this can be done by taking a»ve1ocity head (ap)
reading at the final traverse point, cleaning out the impact and
static holes of the standard pitot tube by "back-purging” with

pressurized air, and then'taking,anotherlsp reading. If the p

percent) the traverse is acceptable. Otherﬁise, reject the run.
Note-that if pat fhe 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 takén, as above, for the last two back purges at which

suitably high p readings are observed.

Differential Pressure Gauge. An inclined manometer or equivalent
device is used. Most sampling trains are equipped with a 10-in.
(water column) inclined-vertical manometer, having 0.01-in. H,0
divisions on the 0- to 1-in. inclined sca1e; and 0.1-n. HZU
divisions on the 1- to 10-in. vertical scale. This type of
manometer (or other gauge of eqﬁiva1ent sensitivity) is
satisfactory for the measurement of ap values as low as 1.3 mm
(0.05‘in.) HZO' .However, a differential pressure gauge of
greater sensitiyity shall be'used (subject to the approval of thé
Control Agency's Authorized Representative), if any of the

fo]]owing is found to be true: (1) the arithmetic average of
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1.3 mm (0.05 in}) H20; (2) for traverses of 12 of more points, more than 10
percent of the individual Ap readings are below 1.3 mm (0.05 in.) H20; (3)
for traverses of fewer than 12 points, more than one ap reading is below 1.3

mm {0.05 in.) HZO'

As an alternative to criteria (1) through (3) above, the
following calculation may be performed to determine the necéssity

of using a more sensitive differential pressure gauge:

where: apj = Individual velocity head reading at a traverse
point, mm H20 (in. H20).

n = Total number of traverse points.

K =0.13 mm H20 when metric units are used and 0.005
in. Ho0 when English units are used.

If T is greater than 1.05, the velocity head data are
unacceptable and a more sensitive differential pressure gauge

must be used.

Note: If differential pressure gauges other than fnclined
manometers are used (e.g., magnehelié gauges), their calibration
"must be checked after each test series. To check the calibration
of a differential pressure gauge, compare Ap readings of the

gauge with those of a gauge-oil manometer at a minimum of three
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2.3

" considered to be in proper calibration. Otherwise, the test

points, approximately representing the range of Ap values in the

stack. If, at each point, the values of Ap as read by the
differential preésure gauge and gauge-oil manometer agree to

within 5 percent; the differential pressure gauge shall be

series shall either be voided, or procedures to adjust the

measured ap values and final results shall be used, subject to

Temperature Gauge. A thermocouple, liquid-filled bulb
thermometer, bimeta]]ic thermometer, mercury-in-glass
thermometer, or other gauge capable of measuring temperature to
within 1.5 percent of the minimum absolute stack temperature

shall be used. The temperature gauge shall be attached to the

pitot tube such that the sensor tip.does not touch any metal; the

gauge shall be in an interference-free arrangement with respect

to the pitot tube face openings (see Figure 2-1 and also Figure

2-7 in Section 4). Alternate positions may be used if the pitot

tube temperature'gauge system is calibrated according to the
proceddre of Section 4. Provided that a difference of hot more
than 1 pefcent in the average velocity measurement is introduced
the temperatufe gauge need not be attached to the pitot tube;
this a]térnative-is subject to the approval of the Control

Agency's Authorized Representative.

~ the approval of the Control Agency's Authorized Representative.




2.3

~considered to be in proper calibration. Otherwise, the test

‘the temperature gauge need not be attached to the pitot tube;

~ this a1ternative is subject to the approval -of the Control

points, approximately representing the range of Ap values in the
stack. 'If, at each point, the values of Ap as read by the |
differential pressure gauge and gauge-oil manometer agree to

within 5-peréent, the differential pressure gauge shall be

series shall either be voided, or procedures to adjust the
measured ap values and final results shall be used, subject to

the approval of the Control Agency's Authorized Representative.

Temperaturé Gauge.‘ A thefmocduﬁTe, liquid-filled bulb
thermometer, bimetallic thermometer, mercufy-in-g1ass
thermometer, or other gauge capable of measuring temperature to
within 1.5 percent of the minimum absolute stack temperature
shai1 be uéed. The temperature gauge shall be attached to the
pitot tube such that the sensor tip.does not touch any metal; tk
gauge 5ha11 be in an interfekence—fnee arrangement with respect
to the pitot tube face openings (see Fjgure 2-1 and also Figure
2-7 in Section 4). Alternate positions may be used if the pitot
tube témperature gauge system is ca11brated'according to the

procedure of Section 4. Provided that a difference of not more

than 1 percent in the average velocity measurement is introduced

Agency's Authori zed Representative,
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2.4

2.5

2.6

2.7

Pressure Probe and Gauge. A piezometer tube and mercury or
water-filled U-tube manometer capable of measuring stack pres
to within 2.5 mm (0.1 in.) Hg is used. The static tap of a

standard type pitot tube or one leg of a Type S pitot tube wi

the face opéning planes positioned parallel to the gas flow may

also be used as the pressure probe.

Barometer. A mercury, aneroid, or other barometer capable of

measuring atmospheric pressure to within 2.5 mm Hg (0.1 in. H

may be used.‘ In many cases, the barometric reading may be

sure

th

g)

obtained from a nearby national weather service station, in which

case the station va1ue (which is the absolute barometric
pressure) shall be requested and an adjustment for elevation
differences between the weather station and the sampling poin
shall be applied at a rate of minus 2.5 mm_(O.l in..) Hg per
30-meter (100 foot) elevation increase, or vfce-versa'for

elevation decrease.

Gas Density Determination Equipment. Method 3 equipment, if

needed (see Section 3.6), to determine the stack gas dry
molecular weight, and Method 4 or Method 5 equipment for mois
content determination; other methods may be used subject to

approval of the Control Agency's Authorized Representative.

Calibration Pitot Tube. When calibration of the Type S pitot .

tube is necessary (see Section 4), a standard pitot_tube is u

2-9
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as a reference. The standard pitot tube shall, preferably, have

a known coefficient, obtained either (1) directly from the

National Bureau of Standards, Route 270, Quince Orchard Road,
Gaithersburg, Maryland, or (2) by calibration against another
standard pitot tube with an NBS-traceable coefficient, »
Alternatively, a standard pitot tube designed according to tﬁé
criterion given in 2.7.1 through 2.7.5 below and 111ustrated 1m

Figure 2.4 (see also Citations 7, 8, and 17 in Section 6) may be

used. Pitot tubes designed accord1ng to these specifications

will have baseline coefficients of about 0.99 +0.01.

2.7.1 Hemispherical (shown in Figure 2-4), ellipsoidal, or

conical tip.

2.7.2 A minimum of six diameters straight fun (based upon D, the

external diameter of the tube) between the tip and the

static pressure holes.

2.7.3 A minimum of eight diameters straight run between the

static pressure holes and the centerline of the external

tube, following the 90 degree bend.

2.7.4 Static pressure holes of equal size (approximately 0.1 U)3

equally spaced in a piezometer ring configuration.




as a reference. The standard pitot tube shall, preferab1y,'have‘
| a known coefficient; obtained either (1) directly from the
National Bﬁréau of Standards, Route 270, Quince Orchard Road,
Gaithersburg, Maryland, or (2) by calibration against another
standard pitot tube with an NBS-traceable coefficient.

- Alternatively, a standard pitot tube designed according to the
criterion.given in.2.7.1"throu§h 2.7.5 below and illustrated in
Figure 2.4 (see also Citations 7, 8, and 17 in Section 6) mdj)be '
used. Pitot tubes designed according to these specifications

will have baseline coefficients of about 0.99 +0.01.

2.7.1 Hemispherical (shown in Figure 2-4), ellipsoidal, or

“conical tip.

2.7.2 A minimum of six diameters straight fun (based upon D, the
external diameter of the tube) between the tip and the

static pressure holes.
2.7.3 A minimum of eight diameters straight run between the
static pressure holes and the centerline of the externall

. tube, following the 90 degree bend.

2.7.4 Static pressure holes of equal size (approximately 0.1 D),

equally spaced in a piezometer ring configuration.
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2.7.5 Ninety degree bend, with curved or mitered junction."

2.8 Differential Pressure Gauge for Type S Pitot Tube Calibration
An inclined maﬁomefer or equivalent is used. If the
sing1e-9e1ocity calibration technique js employed {see Section
4.1.2.3), the calibration differential pressure gauge shall be

readable to-the nearest 0.13 mm H20 (0.005 in. HZO). For

multivelocity calibrations, the gauge shall be readable to the
nearest 0.13 mm H,0 (0.005 in. H20) for p values between 1.3
and 25 mm H,0 (0.05 and 1.0 in. H,0), and to the nearest 1.3

mm H,,0 (0.05 in. H,0) forap values above 25 mm H,0 (1.0

in, HZD)' A special, more sensitive gauge will be required to

read ap values below 1.3 mm H,0 (0.05 in. HZO) (see Citation

18 in Section 6).

3. Procedure' |
3.1 Set up tﬁe apparatus as shown in Figure 2-1. Capillary tubing g
surge tanks installed between the manometer and pitot tube may b?

used to dampén p fluctuations. Conduct a pretest 1eak-check as

follows: (1) blow through the pitot impact opening until at
Teast 7.6 ¢cm (3 in. HZO) velocity pressure registers on the

manometer; then, close off the impact opening. The pressure
shall remain stable for at 1eas£ 15 seconds; (2) do the same for

the static pressure side, except using suction to obtain the

‘minimum of 7.6 cm (3 in. H,0). Other leak-check procedures,
subject to the approval of the Control Agency's Authorized

Representative, may be used. é
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2.7.5 Ninety degree bend, with curved or mitered junction.

2.8 Differential Pressure Gauge for Type S Pitot Tube Calibration
An inclined manometer or equivaient is used. If the
single-velocity ca]ibration'techniﬁue is emptoyed (see Section
4.1.2.3), the-calibration differential pressure gauge shall be
readable to the nearest 0.13 mm H,0 {(0.005 in5 HZU). For

' mu]tfve]ocity calibrations, the gauge shall be readab]e to the
nearest 0.13 mm H,0 (0.005 in. H,0) for p values between 1.3
and 25 mm H,0 (0.05 and 1.0 in. H,0), and to the nearest 1.3
mm H,0 (0.05 in. H,0) for ap values above 25 mm H,0 (1.0
in. HZO). A special, more'sensitivelgauge will be required to
read Ap vaTUes_ﬁélow 1.3 mm H,0 (0.05 in. HZD) (see Citation

18 in Section 6).

3. Procedure 7
3.1 Set up therapparatus as shown in Figure 2-1. Capf11ary tubing or
surge tanks installed betweén the manometer_and pitot tube may be
used to dampen p f1uctuatioh5. Conduct a pretest leak-check as
follows: (1) blow through the pitot impact opening until at
least 7.6 cm (3 1h. H20) velocity pressure registers on the
manometer; then, close off the impact opening. The pressure
shall remain stable for at lTeast 15 seconds; (2) do the same for
the static pressure side, except using suction to obtain the
'minimum of 7.6 ¢m (3 in. HZO). Other 1eak—che;k prdcedures,
subject to the approval of the Contro] Agency's Authorized |

Representative, may be used.
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3.2

3.3

3.4

3.5

3.6

Level and zero the manometer. Because the manometer level -an
Zzero may drift due to vibrations and temperature changes, mak
periodic checks during the traverse. Record all necessary da

as shown in the example or similar data sheet {Figure 2-5).

Measure the velocity head and temperature at the traverse poi
specified by Method 1. Ensure that the proper differential
pressure gauge is being used for the range of »p valuee'
encountered (see Section 2.2). ‘if it is necessary\to change
more sensitive gauge, do so, and remeasure the .p and tempera
readings at each traverse point. Conduct a post-tesf leak-ch
(mandatohy), as described in Section 3.1 above to validate fh

traverse run.

Measure the static pressure in the stack. One reading is usu

adequate. .
Determine the atmospheric pressuhe.
Determine the stack gas dry molecular weight. For combustion

processes or processes that emit essentially COZ, 02, €0, and

Nz, use Method 3. For processes emitting essentially air, an

analysis need not be conducted; use a dry melecular weight of

29.0. For other processes, other methods, subject to the
approval of the Control Agency's Authoriied Representative, m

be used.
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3.7

3.8

Obtain the moisture content from Referénce Method 4 (or

equivalent) or from Method 5.

Determine the cross-sectional area of the stack or duct at th
sampling location. Whenever possible, physically measure the

stack dimensions rather than using blueprints.

Calibration

4.1

P, and P

Type S Pitot Tube. Before its initial use, carefully examine
Type § pitot.tube in top, side, and end views to verify tﬁat.
face opehings of the tube are aligned within the'speciffcatio
illustrated ih Figure 2-2 or 2-3. The pitot tube shall not b

used if it fails to meet these dTignment specifications.

After verifying the face opening alignment, measure and recor
the following dimensions of the pitot tube: (a) the external
tubing diameter {dimension Dt Figure 2-2b); and (b) the base-
opening plane distances (dimensions PA and PB Figure 2-2b).
If D, is between 0.48 and 0.95 cm (3/16 and 3/8 in.) and if
A B 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 (isolated tube) coefficient va

of 0.84 may be assigned to the pitot tube. Note, however, th

if the pitot tube is part of an assembly, calibration may sti

be required, despite knowledge of the baseline coefficient val

{see Section 4.1.1).
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If D

t’
pitot tube must be calibrated as outlined in 4.1.2 through 4.1.5

below.

4.1.1

" traverses, the isolated Type S pitot tube is not always

" combination with other source-sampling components

PA, and PB are outside the specified limits, the

Type S Pitot Tube Assemblies. During sample and velocity
used; in many instances, the pitot tube is used in

(thermocouple, sampling probe, nozzle) as part of an
"asseﬁb1y.“ The presence of other sampling components-ci
sometimes affect the baseline value of the Type S pitot |
tube coefficient (Citation 9 in Section 6); therefore, aj
assigned {or otherwise known) baseline coefficient value

may or may not be valid for a given assembly.

The baseline and assembly coefficient values will be
identical only when the relative placement of the
components in the assembly is such that aerodynamic

interference effects are eliminated. Figures 2-6 throug

2-8 illustrate interference-free component arrangements

for Type S pitot tubes having external tubing diameters

L=

between 0.48 and 0.95 cm (3/16 and 3/8 in.). Type S pit
tube assemblies that fail to meet any or all of the
specifications of Figures 2-6 through 2-8 shall be
calibrated according to the procedure outlined in Sections

4.1.2 through 4.1.5 below, and prior to calibration, the




If Df’

pitot tube must be calibrated as outlined in 4.1.2 through 4.1.5

below.

4.1.1

~ traverses, the isolated Type S pitot tube is not always

' combination with other éource-sampling components

Py» and Py are outside the specified 1imits, the

Type S Pitot Tube Assemblies. During sample and velocity
used; in many instances, the pitot tube is used in

(thermocouple, sampling probe, nozzle) as part of an
“assembly." The presence of other sampling components can
sometimes affect the baseline value of the Type S pitot
tube coefficient (Citation 9 in Section 6}; therefore, an

assigned (or otherwise known) baseline coefficient value

may or may not be valid for a given assembly.

The baseline and assembly coefficient values will be
identical only when the relative placement of the
components in the assembly is such that aerodynamic
interferénce effects are eliminated. Figures 2-6 through
2-8 i]luétrate interference-free component arrangements
for Type S pitot tubes having external tubing &iameters
between 0.48 and 0.95 cm (3/16 and 3/8 in.). Type S pitot
tube assemblies that fail to meet any or all of the
specifications of Figures 2-6 thrOUQh‘Z—B shall be
calibrated according to the procedure outlined in Sectians

4.1.2 through 4.1.5 below, and prior to calibration, the




. ~in a flow system having the following essential design

features:

Jo TYPE S FITOT TUBE é::)

K2 180 ¢er (3/9in) FOR Dy = 1.3 :m(ilj ind

SAKILENG HOZZLE

- LY. -
@ ‘
. :

A, BOTTOM VIEV: S OWING MIRINUM PITOT-ROZZLE SEPARATION,

" SAMPLING  STATIC PRESSURE
SAMPL G | NOZZLE ~ £ OPERIIG PLANE
PROBE }3 .. i
@ ] | —
]
]
_in . — MPAET FREASU T

PITOY YUBE

PLANE

0 C——

. ' : WOZILE EHYAY \

£ SINEVIEW: 7O PREVENT PITOT TURE '
. FAOM INTERFERING WITH GAS FLOW »
STREAISLINES ARPADACHIRG THE
- HOZZILE, THE I¥PACT PRESSURE
GPEMING FLAHE OF THE PITOT TURE .
SHALL BE SVEN WITH OR ADGVE THE
HOZZLE EHYNY PLAKE.

E"igum 9.6, Proper pitot tube - sampling nozzie configuration to prevent
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Figure 2-7. Proper thermacouple placement to prevent interference;
Dy batween 0.48 and 0.95 cm (3/16 and 3/8 in.).
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Figure 2-8. Minimum pitot-sample probe separatton needed to prevent mterferﬂmce;
Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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4.1

.2

values of the intercomponent spacings {(pitot-nozzle,

pitot-thermocouple, pitot—probe sheath) shall be measured

and recorded.

Note: Do not use any Type S pitot tube aséemb]y which is

constructed such that the impact pressure opening plane of

the pitot tube is below the entry plane of the nozzle

Figure 2-6b).

Calibration Setup. If the Type S pitot tube is to be

~ calibrated, one leg of the tube shall be permanently

marked A, and the other, B. Calibration shall be done in

a flow system having the following essential design

features:

4.1.2.1 The flowing gas stream must be confined to a

circular or rectangular. For circular

cross-sections, the minimum duct diameter shall

be 30.5 cm (12 in.); for rectangular

{see

duct

cross-sections, the width {shorter side) shall be

at least 25.4 cm (10 in.).

4.1.2.2 The cross-sectional area of the calibration duct

must be constant over a distance of 10 or more

duct diameters. For a rectangular cross-sect

use an equivalent diameter, calculated from t

rion,

he




4.1.2.3

" To -ensure the presence of stable, fully develope

following equation, to determine the number of

duct diameters:

Do = 2 LW
L+W
Equation 2-1
where: De = Equivalent diameter
= Length
Width

=
1

flow patterns at the calibration site, or "test ;

section," the site must be located eight

diameters downstream and two diameters upstream 5

from the nearest disturbances.

Note: The eight- and two-diameter criteria are

not absolute; other test section Tocations may be

used (subject to approval of the Control Agency'

Authorized Representative), provided that the

flow at the test site is stable and demonstrably

parallel to the duct axis.

The flow system shall have the capacity to

generate a test-section velocity around 915 m/mi

(3,000 ft/min). This velocity must be constant

with time to guarantee steady flow during

2-20 | :
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4.1.2.3

following equation, to determine the number of

duct diameters:

De = 2 LU
mw+w
Equation 2-1
where: De = Equivalent diameter
= Length
W=

Width

flow patterns at the calibration site, or "test
section," the site must be located eight
diameters downstream and two diameters upstream

from the nearest disturbances.

Note: The eight- and two-diameter criteria are

not absolute; other test section locations may be

used (subject to approval of the Control Agency
Authorized Representative), provided that the
flow at the test site is stable and demonstrably

parallel to the duct axis.

The flow system shall have the capacity to

generate a test-section velocity arcund 915 m/min

(3,000 ft/min). This velocity must be constant

with time to guarantee steady flow during

2-20
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4.1.2.4

~ calibration. To facilitate alignment of the

calibration. Note that Type S pitot tube
coefficients obtained by single-ve]ocify

calibration at 915 m/min (3,000 ft/min) will

generally be valid to within +3 percent for the

measurement of velocities aboﬁe 305 m/min (1,000

ft/min) and to within +5 to 6 percent for the

measurement of velocities between 180 and 305

m/min (600 and 1,000 ft/min). If a more precise

correlation between CP and velocity is desired,

the flow system shall have the capacity to

test-section velocities covering the velocity

range from 180 to 1,525 m/min (600 to 5,000

ft/min}, and calibration data shall be taken

regular velocity intervals over this range (see

Citations 9 and 14 in Section 6 for details),

Two entry ports, one each for the standard and

Type S pitot tubes, shall be cut in the test

section; the standard pitot entry port shall

located s1ight1y'downstream of the Type S port,

" generate at least four distinct, time-invariant

at

be

so that the standard and Type S impact openings'

will Tie in the same cross-sectional plane during

pitot tubes during calibration, it is advisat
that the test section be constructed of plexi

or some other transparent material.

2-21
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. 4,1.3 Calibration Procedure, Note that this procedure is a <
general one and must not be used without first referring %
to the special considerations presented in Section 4,1.5. |
Note also that this procedure applies only to .
single-velocity calibration. To obtain calibration data‘é

for the A and B sides of the Type S pitot tube,.proceed as

follows:

4.1.3.1

- 4.1.3.2

4.1.3.3

that the entry port surrounding the tube is

Make sure that the ménqmeter is properly filled
and that the oil is free from contamination and -
is of the proper density. Inspect and leak-chech

all pitot lines; repair or replace if necessary.

Level and zero the manometer. Turn on the fan

and allow the flow to stabilize. Seal the Type

entry port.

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 align the tube so that its
tip is'pointed directly into.the flow.
Particular care should be taken in aligning the

tube to avoid yaw and pitch angles. Make sure

properly sealed.
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4,1.3 Calibration Procedure. Note that this procedure is a
general one and must not be used without first referring
to the special considerations presented in Section 4.1.5.
Note also that this prbcedure applies oh1y to
single-velocity calibration. To obtain calibration data
for the A and B sides of the Type S pitot tube, proceed a

follows:

4,1.3.1 Make sure that the ménometer is properly filled
and that the oil is free from contamination and
is of the proper demsity. Inspect and leak-chec

all pitot lines; repair or replace if necessary.

4.1.3.2 Level and zero the manometer. Turn on the fan
and allow the flow to stabilize. Seal the Type

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 out]ined in
Section 4,1.5.1), and align the tube so that its
tip is pointed directly into the flow. '
Partjcular care should be taken in ajigning the
tube to ayoid yaw and pitch angles. Make sure
that the entry port surrounding the tube is

properly sealed.
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~4.1.3.4

4.1.3.5

4.1.3.6

4.1.3.7

4.1.3.8

Read AP id and record its value in data tabl
similar to the one shown in Figure 2-9. Rem
the standard pitot tube from the duct and |
disconnect it from the manometer. Seal the

standard entry port.

Connect the Type S pitot tube to the manomets

ve

er.

Open the Type S entry port. Check the manometer

level and zero insert and align the Type S pi
tube so that its A side impact opening is at
same point as was the standard pitot tube an
pointed directly into the flow. Make sure t!
the entry port surrounding the tube is propes

sealed.

Read &p, and enter its value in the data
table. Remove the Type S pitot tube from the

duct and disconnect it from the manometer.

Repeat steps 4.1.3.3 through 4.1.3.6 above ur

three pairs of p readings have been obtaine(

Repeat steps 4.1.3.2 through 4.1.3.7 above fi
the B side of the Type S pitot tube,
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Figure 2-8, Pitot tube calibration data.
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Figure 228, Pizot tube calibration diata.
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4.1.3.9 Perform calculations, as described in Settion

4.1.4 below.

4.1.4 Calculations

4.1.4.1 For each of the six pairs of p readings (i.e.,

4.1.4.2

in Section 4.1.3 above, calculate the value

the Type S pitot tube coefficient as follows:

\ /¢>P d
= Cp(std) _Agi_

Equation 2?2

Cp(s)

where:

Calculate Cp (side A), the_meah A}side
coefficient, and Cb (side B), the mean B-sic
coefficient; calculate the difference betwee

these two average values.

Cp(s)

Cp(std)

APstd

Apg
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Type S pitot tube
coefficient

Standard pitot tube

coefficient; use 0.99
the coefficient is unk
and the tube is design
according to the crite
of Sections 2.7.1 to ¢
of this method.

Velocity head measurec
the standard pitot tub
H20 (in. H20)

Velocity head measurec
the Type S pitot tube,
Ho0 (in. H20)

three from side A and three from side B) obtained
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4.1.4.3 Calculate the deviation of each of the three A-

side values of Cp(s) from Cp (side A), and

the deviation of each B-side value of Cp(g)
from Cb (side B). Use the following equation:
Deviation = Cp(s) - Cp(A or B)
Equation 2-3
4.1.4.4 Calculate a, the average deviation from the meam;'

for both the A and B sides of the pitot tube.

Use the following equation:

3
2; [Cp(s)-Cp(A or B)]
a(side A or B) = —7

Equation 2-4

4.1.4.5 Use the Type S pitot tube only if the values of

{side A) and {side B) are less than or equal to
0.01 and if the absolute value of the difference

between fb {A) and fb (B) is 0.01 or less.

4.1.5 Special Considerations

4.1.5.1 Selection of Calibration Point ;

4.1.5.1.1 When aniisolated Type S pitot tube is calibrateg,

select ; calibration point at or near the centey

of the Quct, and follow the procedures outlined
in'Sectfons 4.1.3 and 4.71.4 above. The Type S

pitot coefficients so obtained, i.e., Tp (side |

A) and ¢b (side B), will be valid, so long as .

either: (1) the isolated pitot tube is used; of

(2) the}pitot tube is used with other componentj
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4.1.4.3

4.1.4.4

4.1.4.5

4.1.5 Special Considerations

4.1.5.
4.1.5.1.1

Calculate the deviation of each of the three A--
side values of Cp(s) from Tp (side A), and |
the deviation of each B-side value of Cp(s)
from tb (side B). Use the following equation:
Deviation = Cp(s) - Cp(A or B)

' Equation 2-3
Calculate a, the average deviation from the mean,
for both the A and B sides of the pitot tube.

Use the following equation:

3
EF [Cp(s)-CplA or B)T
a(side A or B) = 3

, Equation'2-4
Use the Type S pitot tube only if the values of
(side A) and (side B) are less than or equal to
0.01 and if the ab§o1ute value of the difference

between fb (A} and Eb (B) is 0.01 or less.

Selection of Calibration Point
When an 1sd1ated Tyﬁé S pitot tube is calibrated,
select a calibration point at or near the center
of the duct, and follow the procedufes outlined
in Sections 4.1.3 and 4.1.4 above. The Type S
pitot coefficients so obtained, i.e., fb (side
A) and fb (side B), will be valid, so 1§ng as

either: (1) the isolated pitot tube is used; or

(2) the pitot tube is used with other components
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4.1.5.1.2

4.1.5.1.3

~should be located at or near the center of the duct;

(nozzle, thermocouple, sample probe) in an

arrangement that is free from aerodynamic

interference effects (see Figures 2-6'through

2-8).

For Type S pitot tube-thermocouple combinations (with

sample probe), select a calibration point at or near

out

the '

center of the duct;, and follow the procedures outlined in

Section 4.1.3 and 4.1.4 above. The coefficients so

obtained will be valid so long as the pitot

tube-thermocouple combination is used by itself or with

other .components in an interference-free arrangement

(Figures 2-6 and 2-8).

For assemblies with sample probes, the calibration po

int

however, insertion of the probe sheath into a small duct

may cause significant cross-sectional area blockage .and

yield incorrect coefficient values {(Citation 9).
Therefbre, to minimize the biockagé effect, the
calibration point may be a few inches off center if
necessary. The actual blockage effect will be heg]ig

when the theoretical blockage, as determined by a

ible

projected area model of the probe sheath, is two percent

or less of the duct cross-sectional area for assemblies

without external sheaths (Figure 2-10a), and three pertent.

or less for assemb]ies'with_external sheaths (Figure

2-10b).
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4.1.5.2

4.1.5.3

For those probe assemblies in which pitot tube nozzle

interference is a factor {i.e., those in which the
pitot-nozzle separation distance fails to meet the

specification illustrated in Figure 2-6a), the value

Cp(s) depends upon the amount of free-space between the

tube and nozzle, and therefore is a function of nozzl

size. In these instances, SEparate calibrations shal

of

e

1 be

performed with each of the commonly used nozzle sizes in

place. Note that the single-velocity calibration

technique is acceptable for this purpose, even though the

Targer nozzle sizes {(>0.635 cm or 1/4 in.) are not
ordinarily used for isokinetic sampling at velocities
around 915 m/min. (3,000' ft/min.), which is the
calibration velocity; note also that it is not necess
to draw an isokinetic sample during ca]ibratiqn. 

(Citation 9 in Section 6.}

For a probe assembly constructed such that its pitot
is always used in the same orientation, only one side
the pitot tube need be calibrated (the side which wil
face the flow). The pitot tube must still meet the
alignment specifications of Figure 2-2 or 2-3, howeve
and must have an average deviation (a) value of 0,01

less (see Section 4.1.4.4),

ary

tube
of
1

or
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4.1.6
4.1.6.1
4.1.6.1.1

4.1.6.1.2

Field Use and Recalibration
Field Use

When a Type S pitot tube (isolated tube or

assembly) is used in the field, the appropriate
coefficient value (whether assigned or obtained

by calibration)} shall be used to perform velocity

calculations. For calibrated Type S pitot tubes,
the A side coefficient shall be used when the A
side of the tube face; the flow, and the B side
coefficient shall be used when the B side faces‘]
the flow; alternatively, the arithmetic average I
of the A and B side coefficient values may be

used, irrespective of which side faces the flow.

When a probe assembly is used to sample a small
duct (12 to 36 in. in diameter), the probe sheatl|
sometimes blocks a significant part of the duct
cross-section, causing a reduction in the

effective value of C Conventional

p(s)°
pitot-sampling probe assemblies are not

recommended for use in ducts having inside

diameters smaller than 12 inches. (Citation 16 2

in Section 6.)
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4.1.6
4,1.6.1
4.1.6.1.1

4.1.6.1.2

- coefficient shall be used when the B side faces

Field Use and Recalibration

Field Use |

When a Type S pitot tube (isolated tube or
assembly) is used in the field, the appropriate
coefficient value (whether assigned or obtained
by calibration) shall be used to perform velocit
calculations. For ca]ibrafed Type S pitot tubes
the A side coefficient shall be used when the A

side of the tube faces the flow, and the B side

the flow; alternatively, the arithmetic average
of the A and B side coefficient values may be

used, irrespective of which side faces the flow.

When a probe assembly is used to sample a small

duct (12 to 36 in. in diameter), the probe sheat
sometimes blocks a significant part of the duct.,
cross-section, causing a reduction in the J

effective value of C Conventional

p(s)°
pitot-sampling probe assemblies are not
recommended for use in ducts having inside
diameters smaller than 12 inches. (Citation 16

in Section 6.)
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4.1.6.2

4.1.6.2.1

4.1.6.2.2

. pitot tube shall be carefully reexamined in

be assumed that the coefficient-of the assem

Recalibration
Isolated Pitot Tubes. After each field use,

side, and end views, 1If the pitot face oper
are still aligned within the specifications
illustrated in Figure 2-2 or 2-3, it can be
assumed that the baseline coefficient of the
pitot tube has not changed. If, however, th
tube has been Hamaged to the extent that it
longer meets the specifications of'Figure-Z-
2-3, the damage shall either be repaired to
restore proper alignment of the face opening

the tube shall be discarded.

Pitot Tube Assemblies. After each field use
check the face opening alignment of the bito
tube, as in Section 4;1.6.2.1; also, remeasu
the intercomponent spacings of the assembly.
the intercomponent spacings have not changed

the face opening alignment is acceptable, it

has not changed. If the face opening alignm
is no tonger within the spécifications of Fi
2-2 or 2-3, either repair the damage or repl

the pitot tube (calibrating the new assembly
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4.2

4,3

necessary)., If the intercomponent spacings have
changed, restore the original spacings or

recalibrate the assembly,

Standard pitot tube (if applicable). If a standard pitot tubg i

used for the velocity traverse, the tube shall be constructed

according to the criteria of Section 2.7 and shall be assigned a|

baseline coefficient value of 0.99. If the standard pitot tube :

is used as part of an assembly, the tube’ shall be in an
interference-free arrangement (subject to the approval of the

Control Agency's Authorized Representative).

Temperature Gauges. After each field use, calibrate dial
thermometers, 1iquid;filled bulb thermometers,
thermocouple-potentiometer systems, and other gauges at a
temperature within 10 percent of the average absolute stack

temperature. For temperatures up to 405°C (761%F), use an

NBS-calibrated reference thermocouple-potentiometer system or an|

“alternate reference, subject to the approval of the Control

Agency's Authorized Representative.

If, during calibration, the absolute temperatures measured with

the gauge being calibrated and the reference gauge agree within ?

1.5_percent, the temperature data taken in the field shall be

considered valid. Otherwise, the pollutant emission test shall

either be considered invalid or adjustments (if appropriate) of |
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4.2

4.3

baseline coefficient value of 0.99. If the standard pitot tube

“alternate reference, subject to the approval of the Control

the gauge being calibrated and the reference gauge agree within

necessary). If the intercomponent spacings have
changed, restore the original spacings or

recalibrate the assembly.

Standard pitot tube (if applicable). If a standard pitot tube 1
used for the velocity traverse, the tube shall be conStructed

according to the criteria of Section 2.7 and shall be assigned 3

is used as part of an assembly, the tube shall be in an
interference-free arrangement (subject to the approval of the

Control Agency's Authorized Representative).

Temperature Gauges. After each field use, calibrate dial
thermometers, 1iquid;fi11ed bulb thermometers,
thermocoup1e-potentiometer systems, and other gauges at a
temperature within 10 percent of the average absolute stack
temberature. For temperatures up to 405°C (761°F), use an

NBS-calibrated reference thermocoup]e—potentiometgr system or an
Agency's Authorized Representative.

If,rdﬁring ca1ibra£ion, the absolute temperatures measured with
1.5 percent, the temperature data taken in the field ;ha11 be

considered valid. Otherwise, the pollutant emission test shall

either be considered invalid or adjustments (if appropriate) of
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the test results shall be made; subject to the approval of t

Control Agency's Authorized Representative,

4.4 Barometer. Calibrate the barometer used against a mercury

barometer.

Calculations

Carry out calculations, retaining at least one extra decimal figu

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

calculation.

5.1 Nomenclature
A = Cross-sectional area of stack, m2 (ftz).
Bws = Water vapor in the gas stream (from Method 5 or
| Reference Method 4), proportion by volume.
Cp = Pitot tube coefficient, dimensionless.
Kp_ = Pitot tube constant.
34,97 m __ [{g/g-mole) (mm Hg)71/2
sec ) {mm H0)

for the.metric system and

85.49 ft_ r(1b/ib-mole) (in. Hg)}71/2
sec (YR) (in.‘Hz%TJ :

for the English system.
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Md = Molecular weight of stack gas, dry basis
(see Section 3.6) g/g-mole (1b/1b-mole).
Mg = Molecular weight of stack gas, wet basis, g/g-
mole (1b/1b-mole).
= Mq (1-Bws) + 18.0 Bws
' Equation 2-5
Pbar - = Barometric pressure at measuremenf site, mm
Hg {in. Hg).
Pg = Stack static pressure, mm Hg (in. Hg).
PS = Absolute stack gas pressure, mm Hg (in. Hg).
= Ppbar * Pg | | i
Equation 2-6 i
Pstq = Standard absolute pressure, 760 mm Hg
{29.92 in. Hg). '
Qsd = 'Dry volumetric stack gas flow rate corrected
to standard conditions, dscm/hr (dscf/hr). |
ts = Stack temperature °C (OF). | |
T = Absolute stack temperature, %K (CR). !
= 273 + tg for metric |
Equation 2-7
= 460 + tg for English
Equation 2-8
Tstd = Standard absolute temperature, 293°K (528°R)
Vg = Average stack gas velocity, m/sec (ft/sec).
p = Velocity head of stack gas, mm H0 (in. HgO).
3,600 = Conversion factor, sec/hr.
18,0 = Mdiecu1ar weight of water, g/g-mole (1b-Tb-mole).
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Md = Molecular weight of stack gas, dry basis
~ (see Section 3.6) g/g-mole (1b/1b-mole).

Ms = Molecular weight of stack gas, wet basis, g/g-
mole (1b/1b-mole).

= Mg (1-Bws) + 18,0 Bws

Equation 2-5

Phar = Barometric pressure at measureﬁent site, mm
Hg (in. Hg).
Pq = Stack static pressure, mm Hg (in. Hg).
PS = Absolute stack gas pressure, mm Hg (in. Hg}.
= Ppar + Pyg |
Equation 2-6
Pstq = Standard absolute pressure, 760 mm Hg
(29.92 in. Hg). '
Qsd = ' Dry volumetric stack gas flow rate corrected
to standard conditions, dscm/hr (dscf/hr).
tg = Stack temperature oC (OF). |
Ts = Absolute.stack temperature, %K (OR).
= 273 + tg for metric
Equation 2-7
= 460 + tg for English | |
'Equation 2-8
Tgtd = Standard absolute temperature, 293°K (528°R)
Ve = Avefage stack gas velocity, m/sec (ft/sec).
P = Velocity head of stack gas, mm Hp0 {in. HZO).
3,600 = Conversion facfor, sec/hr.
18,0 = Mb]ecu]ar weight of water, g/g-mole (1b-1b-mole).
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METHOD 3 - GAS ANALYSIS FOR CARBON DIOXIDE, OXYGEN, EXCESS AIR, AND DRY
MOLECULAR WEIGHT

1. Principle and Applicability

1.1 Principle:

1.2 Applicability:

1/ Mention of trade-names or specific products does not constitute
endorsement by the Air Resources Board. :

A gas sample is extracted from a stack, by one of

 sufficient to affect the results.

following methods: (1) single-point, grab sampli
(2) single-point, integrated samp]ihg; or {3)
multi-point, integrated sampling. The gas saﬁp1e
analyzed for percent carbon dioxide (COZ), percen
oxygen (02), and, if neceésary, percent carbon

monoxide (CO). If a dry molecular weight

determination is to be made, e{ther'an Orsat or a/

1/

Fyrite—" analyzer or other analyzers specified‘in
Method 100 may be used for the ana]ysis; for exce

air or emission rate correction factor determinat

an Orsat analyzer or analyzers specified in Method

100 must be used.

This method is app]icab]e for determining CO2 and
0, concentrations, excess air, and dry molecular
weight of a sample from a gas stream of a fossil-
combustion process. The method may also be

app1icab1e to other processes where it has been

determined that compounds other than coz, 02,.C0,

and nitrogen (Nz) are not present in concentratio
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Other methods, as well as modifications to the -

procedure described herein, are also applicable for

some or all of the above determinations. Examples of
specific methods and modifications include: (1) a |
multi-point sampling method using an Orsat ana1yzer§'
to analyze individual grab samples obtained at eaché
point; (2) a method using C0, or 0, and |
stoichiometric calculations to determine dry

molecular weight and excess air; (3) assigning a

value of 30.0 for dry molecular weight, in lieu of

actual measurements, for processes burning natural
gas, coal, or oil. These methods and modifications
may be used, but are subject to the approval of the

Control Agency's Authorized Representative.

Apparatus

As an alternative to the sampling apparatus and systems described herein

other sampling systems (e.g., liquid displacement) may be used provided |

such systems are capable of obtaining a representative sample and

maintaining a constant sampling rate, and are otherwise capable of
yielding acceptable results. Use of such systems is subject to the
approval of the Control Agency's Authorized Representative.

2.1 Grab Sampling (Figure 3-1)

2.1.1 - Probe. The probe should be made of stainless steel or
borosilicate glass tubing and should be equipped with an

in-stack or out-stack filter to remove particulate matter (a|




. Apparatus

As an_é]ternative to the sampling apparatus and systems described herein,
other sampling systems {e.g., liquid displacement) may be used provided
such systems are cépab]e of obtaining a representative sample and
maintaining a constant sampling rate, and are otherwise capable of
yielding accebtab]e results. Use of such systems is subject to the
apbroval of the Control Agency's Authorized Representative.

2.1 Grab Sampling (Figure 3-1)

2.1.1 Probe. The probe should be made of stainless steel or

" Other methods, as well as modifications to the

borosilicate g1ass'tubing and shouid be equipped with an

in-stack or out-stack filter to remove particulate matter (a

procedure described herein, are also applicable for
some or all of the above determinations. Examples o
specific methods and modifications include:. (1} a
multi-point sampling method using an Orsat analyzer
to analyze individual grab samples obtained at each
point; (2) a method using_CO2 or 0, and
stoichiometric calculations to determine dry -
molecular weight and excess air; (3) assigning a
value of 30.0 for dry molecular weight, in lieu of
actual méasurements, for processes burning natural
gas, coal, or oil. These methods .and modifications |
may be used, but are subject te the approval of the

Control Agency's Authorized Representative.
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2.2

2.1.2

plug of glass wool is satisfactory for this purpose}. Any

other material inert io 02, COZ‘ C0, and N2 and

resistant to témperature at sampling conditions may be used

for the probe; examples of such material are aluminum, co
quartz glass and Teflon. | '
Pump. A one-way squeezé bulb, or equivalent, 15 used to

transport the gas sample to the ana1yzer.

Integrated Sampling (Figure 3.2)

2.2.1

2.2.2

2.2.3

2.2.4

Probe. A probe such as that described in Section 2.1.1 i

suitable.

Condenser. An air-cooled or water-cooled condenser, or o
condenser that will not remove 02, COZ’ €0, and M2 may

be used to remove excess moisture which would interfere w

‘the operation of the pump and flow meter.

Valve. A needle valve is used to adjust sample gas flow

rate.

Pump.' A leak-free, diaphragm-type pump, or equivalent, i
used to transport sample gas to the flexible bag. Instal

small surge tank between the pump and rate meter to elimi

the pulsation effect of the diaphragm pump on the rotameter.
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2.2.5 Rate Meter. The rotameter, or equivalent rate meter, used*

should be capable of measuring flow rate to within + 2 percent

of the selected flow rate. A flow rate range of 500 to 1000'

cm3/m1n is ‘suggested.

2.2.6 Flexible Bag. Any leak-free plastic (e.g., Ted1ar; Mylar, é
| Teflon) or plastic-coated aluminum (e.g., a]umin%zed Myiar) i

bag, or equivalent, having a capacity consistent with the N
selected flow rate and time length of the test run, may be

used. A capacity in the range of 55 to 90 liters is

suggested.

To leak-check the bag, connect it to a water manometer and
pressurize the bag to 5 to 10 cm H,0 (2 to 4 in HZO) and

allow to stand overnight. A deflated bag indicates a leak. |

2.2.7 Pressure Gauge. A water-filled U-tube manometer, or

equivalent, of about 30 cm (12 in) is used for the flexible

bag leak-check.

2.2.8 Vacuum Gauge. A mercury manometer, or equivalent, of at Teakt
760 mm Hg (30 in Hg) is used for the sampling train

. leak-check.

Ana1ysis. For Orsat and Fyrite analyzer maintenance and operation|
-procedures, follow the instructions recommended by the manufacturer,

unless otherwise specified herein.
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2.3

2.2.5

2.2.6

2.2.7

2.2.8

AnaTysis. .For Orsat and Fyrite analyzer maintenance and operation
procedures, follow the instructions recommended by the manufacturen,

unless otherwise specified herein.

‘bag, or equivalent, having a capacity consistent with the

To leak-check the bag, connect it to a water manometer and

equivalent, of about 30 cm (12 fn) is used for the flexible

- leak-check.

Raté Meter. The rotameter, or equivalent rate meter, used™”
should be capable of measuring flow rate to within + 2 percen
of the selected flow rate. A flow rate range of 500 to 1000

cm3/m1n is suggested.

Flexible Bag. Any leak-free plastic (e.g., Ted1ar; Mylar,

Tefion) or plastic-coated aluminum (e.g., aluminized Mylar)
selected flow rate and time length of the test run, may be

used. A capacity in the range of 55 to 90 liters is

suggested.

pressurize the hag to 5 to 10 ¢m H20 (2 to 4 in HZO) and
allow to stand overnight. A deflated bag indicates a leak.
Pressure Gauge. A water-filled U-tube manometer, or

bag 1eak-check.

Yacuum Gauge. A mercury manometer, or . equivalent, of at least

760 mm Hg (30 in Hg) is used for the sampling train
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‘2.3.1 Dry Molecular Weight Determination. An Orsat analyzer or

Fyrite type combustion gas analyzer may be used.

2.3.2 Eﬁission Rate Correction Factor or Excess Air Determination.
An Orsat analyzer must be used. For low 602'(1ess than 4,0
percent}) orvhigh 0, (greater than 15.0 percent)
concentrations, the measuring burette of the Orsat must have

at least 0.1 percent subdivisions.
Dry Molecular Weight Determination

"Any of the three sampling and analytical procedures describéd'below may ber
used for determining the dry molecular weight.

3.1 Single-Point, Grab Sampling and Analytical Procedure

3.1.1 The sampling point in the duct shall either be at the centroid

of the cross section or at a point no closer to the walls than

1.00>m.(3.3 ft), unless otherwise specified by the Control

Agency's Authorized Representative.

3.1.2 Set up the equipment as shown in Figure 3.1, making sure a)l
connections ahead of the analyzer are tight and 1éak-free. If
an Orsat analyzer is used, it is recommended that the analyzer

be leak-checked by following the procedure in Section 5.
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3.1.3 Place the probe in the stack, with the tip of the probe

positioned at the sampling point; purge the sampling line. .

Draw a sample into the analyzer and immediately analyze it for
‘percent 002 and percent‘oz. Determine the percentage of
the gas that is N2 and CO by subtracting the sum of the
percent CO2 and percent 02 from 100 percent. Calculate

“the dry molecular weight as indicated in Section 6.3. 7

3.1.4 Repeat the sampling, analysis, and calculation procedures,

until the dry mo]ecuTar weights of any three grab samples

differ from their mean by no more than 0.3 g/g-mole (0.3
1b/1b-mole).
Average these three molecular weights, and report the results

~ to the nearest 0.1 g/g-mole (1b/1b-mole).

3.2 Single-Point, Integrated Sampling and Analytical Procedure
3.2.1 The sampling point in the duct shall be located as specified|

in Section 3,1.1.

3.2.2 Leak-check (optional) the flexible bag as in Section 2.2.6.
Set up the equipment as shown in Figure 3-2. Just prior.to
sampling, leak-check (optional) the train by placing a vacuuf
gauge at the condenser inlet, pulling a vacuum of dt least 210
mm Hg {10 in Hg), plugging the outlet at the quick disconnecﬁ,
aﬁd then turnihg 6ff the pump. The vacuum should remain

stable for at least 0.5 minute. Evacuate the flexible bag.
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3.1.3 Place the probe in the stack, with the tip of the probe
positioned at the samp]ihg point; purge the sampling line.
Draw a sample into the analyzer and immediately ana1yzé it for
percent CO2 and percent 02. Determine the percentage of
the gas that is N2 and CO by subtracting the sum of the
percent co, and percent 02 from 100 percent. Calculate

‘the dry molecular weight as indicated in Section 6.3.

3.1.4 Repeat the sampling, analysis, and calculation procedurés,
until the dry'm01e¢u1ar‘wefghts'Qf‘any three grab samples
'differ from their mean by no_more'than 0.3 g/g-mole (0.3
1b/1b-mole}.

Average these three-mo1ecu1ar weights, and report the results

to the nearest 0.1 g/g-mole (1b/1b-mole).

3.2 Single-Point, Integrated Sampling and Analytical Procedure
3.2.1 The sampling point in the duct shall be located as specified

in Section 3.1.1.

3.2.2 Leak-check (optional) the flexible bag as in Section’2.2.6.
Set up the equipment as shown in Figure 3-2. Just prior to
'samp]ing, leak-check (optional) the train by placing a vacuum
gauge at the condenser inlet, ph]]ing a vacuum of dt least 250
mm Hg (10 in Hg), plugging the outlet at the quick disconnect,
and then turning off the pump; The vacuum should remain |

stable for at least 0.5 minute., Evacuate the flexible bag.
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Connect the probe and place it in the stack, with the tip of

the probe positioned at the sampling point; purge the sampling

line. Next, connect the bag and make sure that all

connections are tight and leak-free.

3.2.3 Sample at a constant rate. The sampling run should be

simultaneous with, and for the same tbta] length of time as,%
the pollutant emission rate determination. Collection of atg
least 30 Titers (1.00 ft3) of sample gas is recommended;

however, smaller volumes may be collected, if desired.

3.2.4 Obtain one integrated flue gas sample during each pollutant :
~ emission rate determination. Within 8 hours after the sampl
is taken, analyze it for percent 002 and percent 02 using

either an Orsat analyzer or a Fyrite-type combustion gas

analyzer. If an Orsat ana]jzer is used, it is recommended

that the Orsat leak-check described in Section 5 be perfqrmem

before this determination; however, the check is optional.

Determine the percentage of the gas that is Nz and CO by

subtracting the sum of the percent CO, and percent 0, from
100 percent. Calculate the dry molecular weight as indicateﬂ

in Section 6.3.

3.2.5 Repeat the analysis and calculation procedures unti] the
1ndi§idua1 dry molecular weights for any three analyses differ
from their mean by no more than 0.3 g/g-mole (0.3 |
1b/1b-mole).
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Connect the probe and place it in the stack, with the tip of
the probe positioned at the sampling point; purge the sampling
Tine. Next, connect the bag and make sure that all |

connections are tight and leak-free.

3.2.3 Sample at a constant rate. The sampling run should be
simul taneous with, and for the same total 1ength of time as,
the pollutant emission rate determination. Cb]]ection of ;t
least 30 liters {1.00 ft3) of samp]é gas is recommended;

however, smaller volumes may be collected, if desired.

3.2.4 Obtain one integrated flue gas sample during each pollutant
emission rate determfnation. Within 8‘hours after the sample
is taken, analyze it for percent 602 and percent 02 using
either an Orsat analyzer or a Fyrite-type combustion gas
-analyzer. If an Orsat analyzer is used, it is recommended
that the Orsat leak-check described in Section 5 be performed
béfore this determination; however, the Check is optional.
Determine the percentage of the gas that is N2 and CO by
subtracting the sum of the percent COé and percent 02 from
100 percent. Calculate the dry molecular weight as indicated

_ in Section 6.3.

3.2.5 Repeat the analysis and calculation procedures until the
individua1 dry molecular weights for any three analyses differ
from their mean by no more than 0.3 g/g-mole (0.3

1b/1b-mole).
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Average these three molecular weights, and report the results

to the nearest 0.1 g/g-mole (0.1 1b/1b-mole).

3.3 Multi-Point, Integrated Sampling and Analytical Procedure
3.3.1 Unless otherwise specified by the Control Agency's Authorized

Representative, a minimum of eight traverse poihts shall be

used for circular stacks having diameters less than 0.61 (24
in), a minimum of nine shall be used for rectangular stacjs

having equivalent diameters less than 0.61 m (24 in), and a
minimum of twelve traverse points shall be used for all other
cases. The traverse points shall be located according to
Method 1. The use of fewer points is subject to approval of

the Control Agency's Authorized Representative.

3.3.2 Follow the procedures outlined in Sections 3.2.2 through
3.2.5, except for the following; traverse all sampling poipts
and sample at each point for an equal length of time. Record

sampling data as shown in Figure 3-3,

4, Emission Rate Correction Factor or Excess Air Determination

-

Note: A Fyrite-type combustion gas analyzer is not acceﬁtable fo
excess air or emission rate correction factor determination, unless
approved by the Control Agency's Authorized Representative. If both
percent CO, and percent 0, are measured, the ana]jtical results
of any of the three procedures given below may also be used for

calculating the dry molecular weight.




4.1

Each of the three procedures below shall be used only when specifie
in an applicable subpart of the standards. The use of these
procedures for other purposes must have specific prior approval of '

the Control Agency's Authorized Representative.

Single Point, Grab Sampling and Analytical Procedure

4.1.1

4.1.2

4,1.3

-1.00 m (3.3 ft), unless otherwise specified by the

percentage of the gas that is N, by subtracting the sum of

The sampling point in the duct shall either be at the centro

of the cross-section or at a point no closer to the walls than

administrator.

Set up the equipment as shown in Figure 3-1, making sure all
connections ahead of the analyzer are tight and leak-free.
Leak-check the Orsat analyzer according to the procedure

described in Section 3. This leak-check is mandatory.

Place the probe in the stack, with the tip of the probe

positioned at the sampliing point; purge the sampling line.

Draw a sample into the analyzer. For emission rate correcti

factor determination, immediately analyze the samp]e, as
outlined in Sections 4.1.4 and 4.1.5, for percent CD2 or
percent 02. If excess air is desired, proceed as follows:
(1) immediately analyze the sample, as in Sections 4.1.4 énd

4,1.5, for percent €0,, 0,, and CO; (2) determine the

the percent COZ’ percent 02, and percent CO from 100
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4.1

Each of the three procedures below shall be used only when specified

in an applicable subpart of the standards. The use of these

procedures for other purposes must have specific prior approval of

the Control Agency's Authorized Representative.

Single Point, Grab Samp]ing and Analytical Procedure

4.1.1 The sampling point in the duct shall either be at the-centfo1d

of the cross-section or at a point no closer to the walls thﬁn

1.00 m (3.3 ft), unless otherwise specified by the

administrator.

4,1.2 Set up the equipment as shown in Figure 3-1, making sure all
connections ahead of the analyzer are tight and leak-free.

Leak-check the Orsat ahaIyzer according to the procedure

described in Section 3. This leak-check is mandatory.

4.1.3 Place the probe in the stack, with the tip of the probe

| positioned at the sampling point; purge the sampling Tine.
Draw a sample into the analyzer. For emission rate correcti
factor'determination, immediately analyze the sample, as
outlined in Sections 4.1.4 and 4.1.5, for percent 002 or
percent 02. If excess air is desired, proceed as follows:

(1) immediately analyze the sample, as in Sections 4.1.4 and

4.1.5, for percent coz,'oz, and CO; (2) determine the

percentage of the gas that 1's'N2 by subtratting the sum of

the percent 002, percent 02, and percent CO from 100

on




4.1.4

4.1.5

| 4.2 Single-Point, Integrated Sampling and Analytical Procedure

4.2.1

percent; and (3) calculate percent excess air as outlined

Section 6.2.

To ensure complete absorption of thé‘COz, 02, or if

abplicab]e, C0, make fepeatedvpasses through each absorbi
solution until two consecutive readihgs are the same. Se
passes (three oE four) should be made between readings.
constant readings cannot be obtained after three consecut

readings, replace the absorbing solution.)

After the analysis is completed, leak-check (mandatony) t
Orsat analyzer once again, as described in Section 5. Fo
results of the analysis to be valid, the Orsat analyzer m
pass this leak test before aﬁd after the analysis., Note:
Since this single-point, grab'samp1ing and analytical
procedure is normally conducted in conjunction with a
sing1e-point, grab samp]ihg and analytical procedure for
pollutant, only one analysis is ordinarily conducted.
Therefore, great care must be taken to obtain a valid sam
and analysis. Although in most cases only CO2 or 02 is
required, it is retommended that both 002 and 02 be
measured, and that Citation 5 in the Bibliography be used

validate the analytical data.

The sampling point in the duct shall be Tocated as specif]

in Section 4.1.1.
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4.2.2

4.2.3

4.2.4

" Sections 4.2.5 through 4.2.7). The Orsat analyzer must be

~air is desired, proceed as follows: (1) within 4 hours afteﬁ

Leak-check (mandatory) the flexible bag as in Section 2.236.‘

Set up the equipment as shown in Figure 3-2. Just prior to

sampling, leak-check (mandatory) the train by placing a vacuum
gauge at the condenser inlet, pulling a vacuum of at least 250

mm Hg (10 in Hg), plugging the outlet at the quick disconnect,

and then turning off the pump. The vacuum shall remain stabé
for at least 0.5 minute. Evacuate the flexible bag. Conh§¢ i‘
the probe and place it'in the stack, with the tip of the pfsﬂe-
positioned at the sampling point; purge the sampling Tine. .
Next; connect the bag and make sure that all connections are'

tight and leak free.

Sample at a constant rate, or as specified by the Control
Agency's Authorized Representative. The sampling run must be
simultaneous with, and for the $ame total length of time as,
the pollution emission rate determination. Collect at least

30 Titers (1.00 ft3) of sample gas. Smaller volumes may be

collected, subject to approval of the Control Agency's

Authorized Representative.

Obtain one integrated flue gas sample during each pollutant

emission rate determination. For emission rate correction

T e e e e

factor determination, analyze the sample within 4 hours afte

it is taken for percent CO, or percent 0, (as outlined in

leak-checked (see Section 5) before the analysis. If excess|

3-12




4,2.2

4.2.3

4,2.4

Sample at a constant rate, or as specified by the Control

air is desired, proceed as follows: (1) within 4 hours after

Leak-check (mandatony)'the flexible bag as in Section 2.2.5.
Set up the equipment as shown in Figure 3-2. Just prior to
sampling, leak-check (mandatory) the train by placing a vacuu
gauge at the cpndenser inlet, pulling a vacuum of at least 25
mm Hg (10 in Hg}, plugging the outlet at the quick disconnect

and then turning off the pump. The vacuum shall remain stabl

(1

[=]

for at least 0.5 minute. Evacuate the flexible bag. Connect

the probe and place it in the stack, with the tip of the pro%e

positioned at the sampling point; purge the sampling line.
Next, connect the bag and make sure that all connections are

tight and leak free.

Agency's Authorized Representative. The sampling run must be
simultaneous with, and for the same total length of time as,
the pollution emission rate determination. Collect at least
30 titers (1.00 £3) of sample gas. Smaller volumes may be
col]ectgd, subject to‘approva1 of the Control Agency's

Authorized Representétive.

Obtain one integrated flue gas samp1e_during each pollutant
emission rate determination. For emission rate correction
factor determination, ana1yzerthe sample within 4 hours after
it is taken for percent 002 or percent 02 {as outlined in
Sections 4.2.5 through 4.2.7). The Orsat.ana1yzer must be

Teak-checked {see Section 5) before the analysis. If excess
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4.2.5

4.2.6

the sample is taken, analyze it (as in Sections 4.2.5 through

4,2.7) for percent C02, 02, and CO; (2) determine the

_ percentage of the gas that is N2 by subtracting the sum o

the percent C0,, percent O and percent CO from 100
2 2 .
percent; (3) calculate percent excess air, as outlined in

Section 6,2,

To ensure complete absorption of the C02, 02, or if

applicable, CO, make repeated passes through each absorbi
solution until two consecutive readings are the same. Se
passes (three or four) should be made between readings.
constant readings cannot be obtained after three consecut

readings, replace the absorbing solution.)

Repeat the analysis until the following criteria are met:

4,2.6.1 For percent 602, repeat the analytical procedure

(If

ng

veral

ive

until the results of any three analyses differ by no

more than {a) 0.3 percent by volume when 002 is

greater than 4.0 percent or (b} 0.2 percent by volume

when 602 is less than or equa1 to 4.0 percent.

-Average the three acceptable values of percent C0,

and report the results to the nearest 0.1 percent.

4.2.6.2 For percent 02, repeat the analytical procedure

until the results of any three analyses differ by no

more than (a) 0.3 percent by volume when 02 is less
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4.2.7 After the analysis is completed, leak-check (mandatory) the

4.3 Multi-Point, Integrated Sampling and Analytical Procedure

4.3.1

Note: Although in most instances only CO, or 0,; is

than 15.0 percent or (b) 0.2 percent by volume when
02'15 greater than or equal to 15.0 percent.
Average the three acceptable values of percent 02_

and report the results to the nearest 0.1 percent.

4.2.6.3 For percent CO, repeat the analytical procedure untif
the results of any three analyses differ by no more 5
ﬁhan'Q.3 percent. Average the three acceptable
values of percent CO and'report the results to the

nearest 0.1 percent,

Orsat analyzer once again, as described in Section 5. For thg
results of the analysis to be valid, the Orsat analyzer must

pass this leak test before and after the analysis.

required; it is recommended that both CO, and 0, be
measured, and that Citation 5 in the Bibliography be used to %

validate the analytical data.

Both the minimum number of sampling points and the sampling
point 1dcation shall be as specified in Section 3.3.1 of this
method. The use of fewer points than specified is subject ta
the approVa] of the Control Agency's Authorized

Representative.




than 15.0 percent or (b) 0.2 percent by vo]umé when -
02 is greater than or equal to 15.0 percent.
Average the three acceptable values of percent 0,

and report the results to the nearest 0.1 percent.'

4;2.6.3 For percent CO, repeat the analytical procedure until
the results of any three analyses differ by no‘more '
fhan 0.3 percent. Average the three acceptable
vﬁlues oflpercent CO and report the results to the

nearest 0.1 percent.

4.2.7 After the analysis is completed, leak-check (mandatory} the
Orsat analyzer once again, as described in Section 5. For the
results of the anaiysis to be valid, the Orsat analyzer must
pass this leak test before and after the analysis.

| Note: A1though in most instances only COZ or 02; fs
required; it is recommended that both CO2 and 02 be
measured, and that Citation 5 in the Bib]iqgraphy be used to

validate the analytical data.

4.3 Multi-Point, Integrated Sampling and Analytical Procedure
4,.3.1 Both the minimum number of sampling points and the'éamp}ing
point lacation shall be as specified in Section 3.3.1 of thisg
method. The use of fewer points than specified is subject to
the approval of the Control Agency's Authorized -

Representative.




'4.3.2 Follow the procedures outlined in Section 4.2.2 through 4.2.7,
except for the following: Traverse all sampling points and
sample at each point for an equal length of time. Record

sampling data as shown in Figure 3-3.

. ‘Leak-Check Procedure for Orsat Ana]yzefs

Moving an Orsat dnalyzer frequently causes it to leak. Thefefore, an
Orsat analyzer should be thorough]y leak-checked on site before the flue
gas sampie is introduced into it. The procedure for leak-checking an

Orsat analyzer’is:

5.1.1 Bring the 1iquid 1eve1 in each pipette up to the reference mark'

on the capillary tubing and then close the pipette stopcock

-

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

5.1.3 Record the meniscus position.

5.1.4 Observe the meniscus in the burette and the liquid level in|the

pipette for movement over the next 4 minutes.

5.1.5  For the Orsat analyzer to pass the leak-check, two conditions

must be met,
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5.1.5.1 The Tiquid level in each pipette must not fall below
the bottom of the capillary tubing during this

4-minute interval.

5.1.5.2 The meniscus in the burette must not change by more
than 0.2 m during this 4-minute interval.
5.1.6 If the analyzer fails the leak-check procedure, all rubber
connections and stopcdcks should be checked until the cause of

the leak is identified. Leaking stopcocks must be

disassembled, cleaned, and regreased. Leaking rubber
connections must be replaced. After the analyzer is

reassembled, the leak-check procedure must be repeated.

6. Calculations

6.1 MNomenclature.

Mg = Dry molecular weight, g/g-mole {1b/1b-mole)
Percent EA =  Percent excess air.

Percent COZ =  Percent CO2 by volume {dry basis).
| Percent 02 = Percent 02 by volume {dry basis).

Percent CO = Percent CO by volume (dry basis).

Pércént N, = Percent N, by volume (dry basis).

0.264 7' =  Ratio of 02 to N2 in air, v/v,

0.280 = Molecular weight of N2 or CO, divided by 100.
0.320 = Molecular weight of 0, divided by 100.

0.440 = Molecular weight of CO, divided by 100




5.1.5.1 The 1iquid level in each pipette must not fall below
the bottom of the capillary tubing during this

4-minute interval.

5.1.5.2 The meniscus in the burette must not change by more

than 0.2 m1 during this 4-minute interval.

5.1.6 If the analyzer fails the leak-check prdcedure, all rubber
connections and stopcdcks should be checkéd until the cause of
the leak is identified. Leaking stopcocks must be
disassembled, cleaned, and regreased. Leaking rubber
connections must be replaced. After the analyzer is

reassembled, the leak-check procedure must be repeated.

6. Calculations
6.1 Nomenclature,

M | = Dry molecular weight, g/g-mole (1b/1b-mole)

Percent EA Percent excess air,

Percent CO,  Percent C0, by volume (dry basis).

Percent 0, = Percent 0, by volume (dry basis).

Percent CO = Percent CO by volume (dry basis).

Pércént N, - = Percent N, by volume {dry basis).

0.264 =  Ratio of 02 to N2 in air, v/v.

0.280 = Molecular weight of N2 or CO, divided by 100.
0.320 = Molecular weight of 0, divided by 100.

0.440 = Molecular weight of CO2 divided by 100




6.2

6.3

Percent Excess Air. Calculate the percent excess air {if
applicable), by substituting the appropriate values of percent 0
C0, and N, (obtained from Section 4.1.3 or 4.2.4) into Equation
3-1.

o - percent 02 - 0.5 percent CO
percent. EA [é.264 percent N2 - percent Oz + 0.5 percent

Equation 3-1
Note: The equation above assumes that ambient air is used as thi

source of 02 and that the fuel does not contain appreciable amou

of M2 {as do coke or blast furnace gases). For those cases when

appreciable amounts of N, are present {coal, oil, and natural ga

do not contain appreciable amounts of Nz) or when aoxygen enricthnt

is used, alternate methods, subject to approval of the Control

Agency's Authorized Representative, are required.

Dry Molecular Weight. Use Equation 3-2 to calculate the dry

molecular weight of the stack gas.
My = 0.440 (percent COZ) + 0.320 (percent 02) +
0.280 (percent N, + percent C0)

Equation 3-2 -

Note: The above equation does not consider argon in air (about

percent, molecular weight of 37.7). A negative error of about O,

percent is introduced. The tester may opt to include argon in the

,é:] 100

nts

5

analysis using procedures subject to approval of the Control Agency's

Authorized Representative.
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METHOD 4 - DETERMINATION OF MOISTURE CONTENT IN STACK GASES

1.

Principle énd Applicability

1.1 Principle:

1.2 Applicability:

~ A gas sample is extracted at a constant rate from

'source; moisture is removed from the sample stream

~moisture content of stack gas.

and determined either volumetrically or

gravimetrically.

This method is applicable for determining the

Two procedures are giveh. Thé first is a réferenc
method, for accurate determinations of moisture
content (such as are needed io calculate emission
data). The second is an approximation method, whj
provides estimates of percent moisture to aid in
setting isokinetic samp1ing rates prior to a
pollutant emission measurement run. The
approximation method described herein is only a
suggested approach; alternative means for
approximating the moisture content, e.g., drying
tubes, wet bulb-dry bulb techniques, condensation
techniques, stoichidmetric calculations, previous

experience, etc., are also acceptable.

The reference method fs often conducted

simultaneously with a pollutant emission measurement

run; when it is, calculation of percent isokinetic

4-1
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pollutant emissidn rate, etc., for the run shall be
based upon the results of the reference method or its
equivalent; these ca1cu1&tions shall not be based.. |

upon results of the approximation method, unless the

the Control Agency's Authorized Representative, to Qe
capable of yielding results within 1 percent H20 off

the reference method.

Note -

 determine the moisture percentage, either

| making appropriate

i
H

The reference method may yield questionab]ﬁ
results when applied to saturated gas
streams or to streams thaf contain water |
droplets. Therefore, when these conditioni
exist or are suspected, a second
determination of the moisture content shall
be made simultaneously with the reference |
method, as follows: Assume that the gas é
stream is saturated. Attach a temperatuke?
sensor [capable of measuring to +1%
(2°F)] to the reference method probe.
Measure the stack gas temperature at‘each

traverse point (see Section 2.2.1) during

the reference method traverse; calculate the

average stack gas temperature. Next,

by: (1) using a psychrometric chart and
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pollutant emissidn rate, etc.,, for the run shall be
based dpon the results of the reference method or its
equiva?ent; these calculations shall not be based.
upon results of the approximation method, unless the
approximation method is shown, to'the.satisfaction“of
the Control Agency's Authorized Representative, to be
capable of yielding results within 1 percent HZD of

the reference method.

Note - - The reference method may yield questionable
results when applied to saturated gas
streams or to streams that contain water
droplets. Therefore, when these conditions
exist or are suspected, a second
determination of the moisture content shall
be made simultaneously with the reference
method, asrfo1ldws: Assume that the gas
stream is saturated. Attach a temperature
sensor [capab1e of measuring to + 1%
(2°F)] to the reference method probe.
Measure the stack gas temperature at each
traverse paint (see Section 2.2.1) during
the reference method traverse; calculate the
average stack gas temperature. Next,
determine the moisture percentage, either
by: (1) usiﬁg a psychrometric chart and

making appropriate




corrections if stack pressure is different
from that of the chart, or (2) using
saturation vapor pressure tables. In cases
where the psychrometric chart or the
saturation vapor pressure tables are not
applicable (based on evaluation of the
process), alternate methods, subject to the
approval of the Control Agency's Authorized

Representative, shall be used.

Reference Method
The procedure described in Method § for determining moisture content is

acceptable as a reference method.

2.1 Apparatus
A schematic of the sampling train used in this reference method is
shown in Figure 4-1. Al1l components shall be maintained and

calibrated according to the procedure outlined in Methad 5.

2.1.1 Probe. The probe is construcfed of stainless steel or g1asé
tubing, sufficiently heated_to prevent water condensation, and
is equipped with a filter eithéf in-stack {e.g., a plug of| -
glass wool inserted into the end of the probe) or heated
out-stack (e.g., as described in Method 5) to remove

particulate matter.
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When stack conditions permit, other metals or plastic fubing
may be used for the probe, subject to the approval of the

Control Agency's Authorized Representative.

Condenser. The condenser conﬁists of four impingérs connected
'in series with ground glass, leak-free fittings or any
similarly leak-free non-contaminating fittings. Therfirst}
third, and fourth impingers shall be of the Greenburg-Smi th

design, modified by replacing the tip with a 1.3 centimeter
{(1/2 inch) ID glass tube ektending to about 1.3 cm (1/2 in,)
from the bottom of the flask. The second iﬁpinger shall be of
the Greenburg-Smith design with the standard tip.

Modifications (e.g., using flexible connections between the

L1

impingers, using materials other than glass, or using flexible
vacuum lines to connect the filter holder to the condenser)
may be used, subject to the approval of the Control Agency

Authorized Representative.

The first two impingers shall contain known volumes of water,

the third shall be empty, and the fourth shall contain a kpown
weight of 6 to 16 mesh indicating type silica gel, or
eqdiva]ent desiccant. If the silica gel has been previoUsly

used, dry at 175°C (350%F) for 2 hours. New silica gel |
may be used as received. A fhermometer, capable of measuring
- temperature to within 1% (2°F), shall be piaced at the

outlet of the fourth impinger, for monitoring purposes.




—

Alternatively, any system may be used (subject to the approva

of the Control Agency's Authorized Representative) that cools

the sample gas stream and allows measurement of both the water .
that has been condensed and the moisture leaving the :
condenser, each to within 1 ml or 1 g. Acceptable weans are
to measure the condensed water, either gravimetrically or
vd]uhetrical]y, and to measure the moisture Teaving the

| condenser by: (1) monitoring the temperature and pressure at
the exit of the condenser and using Dalton's law of partia1'é
pressures, or'(Z)lpassing the sample gas stream through a |

tared silica gel {or equivalent desiccant) trap, with exit

gases kept below 20°C (68%F), and determining the weight

gain.

1f means other than silica gel are used to determine the

amount of moisture leaving the condenser, it is recommended

that silica gel {or equivalent) still be used between the

condenser system and pump, to prevent moisture condensation in

the pump and metering devices and to avoid the need to make

corrections for moisture in the metered volume.

2.1.3 Cooling System.. An ice bath container and crushed ice (or

equivalent) are used to aid in condensing moisture.

2.1.4 Metering System. This system includes a vacuum gauge, _
" leak-free pump, thermometers capable of measuring temperatur?

to within 3°C (5.4°F), dry gas meter capable of measuring

4-6




2.1.3

2.1.4

the sample gas stream and allows measurement of both the wate

Alternatively, any system may be used (subject to the approva

of the Control Agency's Authorized Representative} that cool s

that has been condensed and the moisture leaving the
condenser, each to within 1 ml or 1‘g. Acceptable means are
to measure the condensed water, either gravimetrically or
vo1umetric&11y, and to measure the moisture leaving the
condenser by: (1) monitoring the temperature and pressure at
the exit of the condenser and using Dalton's law of partial
pressures, or (2) passing the sgﬁp1e gas stream through a
tared silica gel {or equivalent desiccant) trap, with exit
gases kept below 20°C (68°F), and determining the weight

gain.

If means other than silica gel are used to determine the
amount of moisture leaving the condenser, it is recommended
that silica gel (or equivalent) still be used between the
condenser system and pump, to prevent moisture condensation i
the pump and meterfng devices and to avoid the need to make

corrections for moisture in the metered volume.

Cooling System.. An ice bath container and crushed ice {or

equivalent) are used to aid in condensing moisture.
Metering System. This system includes.a vacuum gauge,

leak-free pump, thermometers capable of measuring temperature

to within 3°C (5.4°F), dry gas meter capable of measuring
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2.1

2.1

2.2 Procedure.
(such as the impinger system described in Section 2.1.2)

incorporating volumetric analysis to measure the condensed moistu

.5

.6

vofume to within 2 percent, and related equipment as shown
Figure 4-1. Other metering systems; capable of maintainin
constant sampling rate and determining sample gas volume,
be used,‘subject to the_approva]»of the Contro1'Agency's

Authorized Representative,

Barometer.  Mercury, aneroid, or other barometer capable o

measuring atmospheric pressure to within 2.5 mm Hg (0.1 in.

Hg) may be used.
obtained from a nearby national weather service station, i

which case the station value (which is the absolute barome

pressure) shall be requested and an adjustment for elevation

differences between the weather station and the sampling p

shall be applied at a rate of minus 2.5 mm Hg (0.1 in. Hg)

30 m {100 ft) elevation increase or vice versa for elevation

decrease,

Graduated Cylinder and/or Balance. These items are used t
measure condensed water and moisture caught in the silica
to within 1 m] or 0.5 g. Graduated cylinders shall have
subdivisions no greater than 2 ml, Most laboratory balanc
are capable of weighing to the nearest 0.5 g or less. The

balances are suitable for use here.

The following procedure is written for a condenser sy

in

ga

may

In many cases, the barometric readihg may be

n

tric

oint

per

stem
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and silica gel and gravimetric analysis to measure the moisture

leaving the condenser.

-

2.2.1 \Unless otherwise specified by the Control Agency's Authorized
‘Represenfative, a minimum of eight traverse points shall be |
) used for,circh1ar stacks having diameters less than 0.61 m I
(24'in), a minimum of nine points shall be used for
rectangular stacks having equivalent diameters less than
O.Gi m (24 in), and a minimum of fweTve traverse points shali

be used in all other cases. The traverse points shall be é

located according to Method 1. The use of fewer points is
subject to the approval of the Control Agency's Authorized
Representative. Select a suitable probe and probe Tength such

that all traverse points can be sampled. Consider sampling

from opposite sides of the stack (four total sampling ports),
for 1afge stacks, to permit use of shorter probe lengths.

Mark the probe with heat resistant tape or by some other

method to denote the proper distance into the stack or duct f

for each samp11ng point. Place known volumes of water in thé

first two impingers. Weigh and record the weight of the
silica gel to the nearest 0.5 g, and transfer the silica gel
to the fourth impinger; alternatively, the silica gel may

first be transferred to the impinger, and the weight of the .

silica gel plus impinger recorded. .

2.2.2 Select a total sampling time such that a minimum total gas

volume of 0.60 scm (21 scf) will be collected, at a rate no
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and silica gel and gravimetric analysis to measure the moisture

Teaving the condenser.

2.2.1

2,2.2

. used for circu]af stacks having diameters less than 0.61 m

0.61 m (24 in), and a minimum of twelve traverse points shall

first two impingers. Weigh and record the weight of the

‘silica géT plus impinger recorded.

Select a total sampling time such that a minimum total gas

Unless otherwise specified by the Control Agency's Authorized

Represéntative, a minimum of eight traverse points shall be

(24 in), a minimum of nine points shall be used for

rectangular stacks having equivdlent diameters less than

be used in all other cases. The traverse points shall be
located according to Method 1. The use of fewer points is
subject to the approval of the Control Agency's Authorized
Representative. Select a suitable probe and probe length.su:h
that all traverse points can be sampled. Consider sampling
from opposite sides of the stack (four total sampling ports)
for large stacks, to permit use of shorter probe lengths.
Mark the probe with heat resistant tape or by some other

method to denote the proper distance into the stack or duct

O

for each sampling point. Place known volumes of water in the

silica gel to the nearest 0.5 Q, and transfer the silica gel
to the fourth impinger; alternatively, the silica gel may

first be transferred to the impinger, and the weight of the

volume of 0.60 scm (21 scf) will be collected, at a rate no
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2.2.3

2.2.4

holder. Plug the inlet to the first impinger (or filter

percent of constant rate, or as specified by the Control

greater than 0.02] m3/min (0.75.cfm). When both moisture

content and pollutant emission rate are to be determined,

the

moisture determination shall be simultaneous with, and for the

same totai length of time as, the pollutant emis;ion rate

unless otherwise specified in an applicable subpart of the

standards.

Set up the sampling train as shown in Figure 4-1. Turn of

run,

the

probe heater and (if applicable) the filter heating system to

temperatures of about 120% (248°F), to prevent water
condensation ahead of the condenser; allow time for the

temperature to stabilize. Place crushed ice in the ice ba

container. It is required that a leak check be performed
before and after each test as follows: Disconnect the pr

from the first impinger or (if applicable) from the filter

holder) and pull a 380 mm (15 in} Hg vacuum; a 1ower‘vacuup

may be used, provided that it is not exceeded during the

test. A leakage rate in excess of 4 percent of the‘averagF

sampling rate or 0.00057 m3/m1n (0.02 cfm), whichever is

less, is unacceptable. Following the leak check, reconnect

the probe to the sampling train.
During the sampling run, maintain a sampling rate within 1]

Agency's Authorized Representative. For each run, record

th

be

or

the
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Example Data Sheet for Moisturé Determination

State of California
AIR RESOURCES BOARD
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2.2.5

2.2.6

gel {or silica gel plus impinger) to the nearest 0.5 g.

data required on the example data sheet shown in Figure 4-
Be sure to record the dry gas meter reading at the beginnij

and end of each sampling time increment and whenever samp]

is halted. Take other appropriate readings at each sample

point, at least once during each time increment.

To begin sampling, position the probe tip at the first
traverse point. Immediately start the pump and adjust thy

flow to the desired rate. Traverse the cross section,

L1

2.
ng
ing

sampling at each traverse point for an equal length of time.

Add more ice and, if necessary, salt to maintain a tempera

of less than 20°C (68°F) at the silica gel outlet.

After collecting the sample, disconnect the probe from the

L34

filter holder (or from the first impinger) and conduct a |

ture

eak

check (mandatory) as described in Section 2.2.3. Record the

L4

leak rate. If the leakage rate exceeds the allowable rate
the tester shall either reject the test results or shalil

correct the sample volume as in Section 6.3 of Method 5.

Next, measure the volume of the moisture condensed to the| -

nearest ml. Determine the increase in weight of the silic

Record this information and calculate the moisture percent

as described in 2.3 below.

a

age,



2.3 Calculations. Carry out the following calculations, retaining at

least one extra decimal figure beyond that of the acquired data. -

Round off figures after final calculation.

2.3.1 Nomenclature.

Bys . = Proportion of water vapor, by volume, in the gas

stream. :
"Mw =  Molecular weight of water, 18.0 g/g mole (18.0

1b/1b-mole). |

P =  Absolute pressure (for this method, same as 'i
barometric pressure) at the dry gas meter, mm Hg
(in Hg).

Pstd =  Standard abso1ute pressure, 760 mm Hg (29.92 in
Hg)

R = Ideal gas constant, 0.06236 {mm Hg) (m3)/

(g—mo]e% (K9) for metric units and 21.85 (in

Hg) (ft)/(1b-mole) (OR) for English units.
Tm = Absolute temperatdre at meter. OK (OR).
" Tstd = Standard absolute temperature, 2939 K
(5280R). :
Vm . = Dry gas volume measured by the dry gas meter, dgm
{dcf). :
A Vn = Incremental dry gas volume measured by dry gaé
meter at each traverse point, dcm (dcf).
Vm(std) = Dry gas volume measured by the dry gas meter,
corrected to standard conditions, dscm (dscf).
Vwc(std) =  VYolume of water vapor condensed corrected to.
standard conditions, scm (scf).
szg(std) = Volume of water vapor collected in silica gel
' “corrected to standard conditions, scm (scf).
V¢ = Final volume of condenser water, ml.
Vi = Initial vo1dme, if any, of condenser water, ml. |
We =  Final weight of silica gel plus impinger, g.




2.3 Calculations. Carry out the following calculations, retaining at

Teast one extra deci

Round off figures after final calculation.

2.3.1 Nomenclature.

'3

. Pstd =

AVn =
Vm(std) =
Vwc(std) ‘=

szg(std) 7 =

"~ . corrected to standard conditions, scm (scf).

mal figure beyond that of the acquired data.

Proportion of water vapor, by volume, in the gas
stream.

Molecular weight of water, 18.0 g/g mole (18.0
1b/1b-mole).

Absolute pressure (for this method, same as

barometric pressure) at the dry gas meter, mm Hg

{(in Hg).

Standard absolute pressure, 760 mm Hg (29.92 in
Hg) '

Ideal gas constant, 0.06236 (mm Hg) (m3)/
(g-mo]e& (K9) for metric units and 21.85 (in
Hg) (ft2)/(1b-mole} (OR). for English units.
Absolute temperatdre at meter. OK (OR).

Standard absolute temperature, 2930 K
(5280R}..

?ry gas volume measured by the dry gas meter, dc¢
dcf).

Incremental dry gas volume measured by dry gas
meter at each traverse point, dcm (dcf).

Dry gas volume measured by the dry gas meter,
corrected to standard conditions, dscm (dscf).

Volume of water vapor condensed corrected to
standard conditions, scm (scf).

Volume of water vapor collected in silica gel

Final volume of condenser water, ml.
Initial vo1dme, if any, of condenser water,'ml.

Final weight of silica gel hlus impinger, g.

4-12
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W3 = Initial weight of silica gel or silica gel plus
' impinger, g. '

y = Dry gas meter calibration factor.
Py = Density of water, 0.9982 g/ml1 (0.002201 1b/m1).
2.3.2 Volume of water vapor condensed.

- (Ve - Vi) pyw RTgtq
Vwe (std)

Pstd My
= Ky (V& = V§)
, 7 Equation |4-1
where: Kj = 0.001333 m3/m1 for metric units

0.04707 ft3/m! for English units
2.3.3 Volume of water vapor collected in silica gel.

{Wg - Wi) RTgeq

Vwsg(std) ~ Pstd My
= Ko (Hf - W)
. Equation #-2
where: Kz =  0.001335 m3/g for metric units

0.04715 ft3/g for English units

2.3.4 Sample gas volume.
Vin Y {Pr) (Tgtq)

= K3Y' (!hﬂh; |

Vm(std) =

T
Equation 4-3
where: K3 = 0.3858 OK/mm Hg for metric units
17.65 OR/in. Hg for English units
NOTE: If the post-test leak rate (Section 2.2.6)
exceeds the allowable rate, correct the vélue-

of Vm in Equation 4-3 as described in

Section 6.3 of Method 5.
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2.3.5 Moisture Content

Vwe(std) + Vwsg(std)
Vwc({std) * Vwsg(std) * Vm(std)

Bys =

Equation 4-4

NOTE: In saturated or moisture droplet-laden gas streams, tw
calculations of the moisture content of the stack gas

| shall be made, one using a value based upon the | __
saturated conditions (see Section 1.2); and another |
based upon the results of the impfnger analysis. The |
lower of these two values of B shall be considered .

correct.

2.3.6 Verification of constant sampling rate. For each time
increment, determine the AVm. Ca?culéte the average. If
the value for any time increment differs from the average by

more than 10 percent, reject the results and repeat the run.

Approximation Method 7
The approximation method described below is presented only as a suggesteé
method (see Section 1.2).
3.1 Apparatus _
3.1.1 Probe. Stainless steel or glass tubing, sufficiently heated§

to prevent water condensation and equipped wjth a filter
(either in-stack or heated out-stack) to remove particulate
matter. A plug of glass wool, inserted into the end of the

probe, is a satisfactory filter.

4-14




2.3.5 Moisture Content

Ywe(std) * Ywsg(std)
Ywc(std) * Vwsg(std) * Vm(std)

Bys =

Equation 4-4
NOTE: In saturated or moisture droplet-laden gas streams, two
calculations of the moisture content of the stack gas
- shall be made, one using a §a1ue based upon the N
saturated'conditions (see Sectioh.l.z); and another
based upon the results of the impiﬁger ana]ysis.‘ The
Tower of these two values of'Bws shall be considered

correct.

2.3.6 VYerification of constant sampling rate. For each time
increment, determine the av . Ca1qu1&te the average. If
the value for any time increment differs from the average by

more than 10 percent, reject the results and repeat'the run.

Approximation Method
The approximation method described below is presented only as a suggested
method (see Section 1.2). o
3;1 Apparatus
3.1.1 Probe. Stainless steel or glass tubing, sufficiently heated
to prevent water condensation and equipped gith a filter
(eithér in-stack or heated out-stack) to remove particulate
matter. A plug of glass wool, inserted into the end of the

probe, is a satisfactory filter.
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3.1.2 Impingers. Two midget impingers, each with 30 ml. cqpacity,
or equivalent.

~3.1.3 Ice Bath. Container and ice, to aid in condensing moisture in
impingers. |

3.].4 Drying Tube. Tube packed with new or regenerated 6-to 16-mesh
indicating-type silica gel {or equiVa]ent desiccant), to dry

'the sample gas and to protect the meter and pump.

3.1.

o

Valve. Needle valve, to reQu]ate the sample gas flow rate.

3.1.

(4]

Pump. Leak-free,'diaphragm type, or equivalent to pull the
gas.sample through the train. ‘
3.1.7 Volume meter. Dry gas meter, sufficiently accurate to measure

the sample volume within 2 percent and calibrated over thg

L1

range of flow rates and conditions actually encountered dyring
sampling.

3.1.8 Rate Meter. Rotameter to measure the flow range from O to 3
Tpm (0 to 0.11 cfm). |

3.1.9 Graduated cylinder, 25 ml. _

3.1.10 Barometer.- Mercury, aneroid, or othef barometer, as described
in Section 2.1.5. above. |

3.1.11 VYacuum Gauge. At least 760 mm Hg (30 in. Hg) gauge, to be
used for the sampling leak check.

3.2 Procedure

3.2.1 Place exactly 5 ml distilled water in‘each impinger,
Leak-check the sampling train as follows: Temporarily insert
a vacuum gauge at or near the probe inlet; then, plug the

probe inlét and pull a vacuum of at least 250 mm Hg (10 in

4-15



3.3

3.2.3 After collecting the sample, combine the contents of the two?

Hg). Note the time rate of change of the dry gas meter dié]i
alternatively, a rotameter (0-40 cc/min.) may be temporarily
attached to the dry gas meter outlet to determine the leakage
rate. A Teak rate not in excess of 2 percent of the average§

sampling rate is acceptable.

Note - Carefully release the probe inlet plug before turnjpgg

off the pump.

3.2.2 Connect the probe, insert it into the stack, and sample at a
constant rate of 2 Tpm (0.071 cfm). Continue sampling until

the dry gas meter registers about 30 liters (1.1 ft3) or

until visible 1iquid droplets are carried over from the first
impinger to the second. Record temperature, pressure, and di&

gas meter readings as required by Figure 4-4.

impingers and measure the volume to the nearest 0.5 ml.

Calculations. The calculation method presented is designed to-
estimate the moisture in the stack gas; therefore, other data, whicﬁ
are only necessary for accurate moisture determinetions, are not i
collected. The following equations adequately estimate the moistur%
content;.for the. purpose of determinihg isokinetic sampling rate _E

settings.




3.3

3.2.2

3.2.3

Hg). Note the time rate of change of the dry gas meter dial;

alternatively, a rotameter (0-40 cc/min.) may‘be temporarily

attached to the dry gas meter outlet to determine the Teakag

rate. A leak rate not in excess of 2 percent of the avérage

sampling rate is acceptable.

Note ~ Carefully release the probe inlet plug before turning

off the pump.

Connect the probe, insert it into the stack, and sample at a
constant rate of 2 Tpm (0.071 cfm). Continue sampling until
the dry gas meter régisteﬁs about 30 liters (1.1 ft3)-or

until visfb1e liquid droplets are carried over from the firs
impinger to.the second. Record temperature, pressure, and d

gas meter readings as required by Figure 4-4.

After collecting the sample, combine the contents of the two

impingers and measure the volume to the nearest 0.5 ml.

Calculations. The calculation method presented is designed to-

estimate the moisture in the stack gas; therefare, other data, whic

are only necessary for accurate moisture determinations, are not

collected. The following equations adequaté1y estimate the moistur

content, for the-purpose of determining isokinetic sampling rate N

settings.

o

o
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3.3.1

Nomenclature.

Bym

_standard conditions, scm (scf).

Approximate proport1on by volume, of water
vapor in the gas stream leaving the second
impinger, 0.025.

Water vapor in the gas stream, proportion by |

volune.

Molecular weight of water, 18. 0 g/g-mole (18 0

1b/1b-mole).

Absolute pressure (for this method, same as |

barometric pressure} at the dry gas meter.

Standard absolute pressure, 760 mm Hg (29.92

in Hg).
Idea1 gas constant, 0.06236 (mm Hg)

(m3)/(g-mole) (°K%)for metric units and %

21.85 (in Hg) (ft9)/1b-mole (9R) for

English units
Absolute temperéture at meter, 0 (OR),

Standard absolute temperature, 293%K
(528OR).

Final volume of impinger contents, ml.
Initial volume of impinger contents, ml,

Dry gas volume measured by dry gas meter, dc“
(dcf).

Dry gas volume measured by dry gas meter,

corrected to standard conditions, dscm (dscf).

Volume of water vapor condensed, corrected to

Density of water, 0.9982 g/m1 (0.002201 1b/m1§.

Dry gas meter calibration factor.




3.3.1

Nomenclature.

Bym

Vm(std)

Vwc(std)

Pw

v

y

_ vapor in the gas stream leaving the second

~Standard absolute pressure, 760 mm Hg (29.92

_ Absolute temperature at meter, O (OR).

Approximate proportion, by volume, of water
impinger, 0.025,

Water vapor in the gas stream, proportion by
volume. '

Molecular weight of water, 18.0 g/g-mole (18.
1b/1b-mole).

Absolute pressure (for this method, same as
barometric pressure) at the dry gas meter.

in Hg).

Ideal gas constant, 0.06236 {mm Hg)

(m3)/(g-mole) (OK% for metric units and
)

21.85 (in Hg) (ft?)/1b-mole (OR) for
English units

Standard absolute temperature, 2939K
(5280R). ' ‘

Final volume of impinger contents, ml.
Initial volume of impinger contents, ml.

Dry gas voTumé measured by dry gas meter, dcm
(dcf).. B

Dry gas volume measured by dry gas meter,
corrected to standard conditions, dscm (dscf).

Volume of water vapor condensed, corrected to
standard conditions, scm (scf).

Density of water, 0.9982 g/m1 (0.002201 1b/m]}.

Dry gas meter calibration factor.




3.3.2 Volume of water vapor collected. -

(Vf - Vilpw RT(std)
Pstd Mw

Vwe(std)

Equation 4-5

where: K.l 0.001333 m3/m1 for metric units
0.04707 ft3/m1 for English units

3.3.3 Gas Yolume

' - Pm T
Vp {std) = vm(Pstd) ( g;d)
= KoY Ym P
Tm
Equation 4-6
where: Kz = 0.3858 OK/mm Hg for metric units

17.64 OR/in. Hg for English units

3.3.4 Approximate moisture content.

Vwe + By

Vwc(std) * Vm(std)

Bws

- Vwe + (0.025)
Vwe(std) * ¥m({std)

Equation 4-7

| Galibration

4.1 For the reference method, calibrate equipment as sbecified in the

following sections of Method 5; Seétion 5-3 (metering system);
Section 5.5 (temperature gauges); and Section 5.7 (barometer). T
recommended leak check of the metering system (Section 5.6 of

Method 5) also applies to the reference method. For the

4-19
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METHOD 5 - DETERMINATION OF PARTICULATE MATTER -EMISSIONS FROM STATIONARY

SOURCES

1. Frinciple and Applicability

1.1 Principle:

~Catch, (2) Probe Catch, (3) Impinger Catch, and (4)

1.2 Applicability:

particular mass, which inciudes any material that

Particulate matter is withdrawn isokinetica]]y‘from |

the source and collected on a glass fiber filter
maintained at a temperature in the range of 120 +

14°C (248 + 25%F) or such other temperature as

specified by an applicable subpart of the sténdards

or approved by the Control Agency's Authorized

Representative for a particuléte application. . The

condenses at or above the filtratﬁon temperature,
determined gravimetrically after removal of

uncombined water.

Since the definition of particulate matter is not

is

consistent in all rules, the particulate matter gatch

should be itemized by weight as follows: (1) Filter

Solvent Extract to allow adjustment of the
particulate matter determination to be consistent

with the applicable regulation.

This method is applicable for the determination of

particulate emissions from stationary sources.
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2.

Apparatus

2.1

Samp]fng Train. A schematic of the sampling train used in this

method is shown in Figure 5-1. Complete construction details are
given in APTD-0581 (Citation 2 in Section 7); commercial models ofé
this train are also available. For changes from APTD-0581 and for;
allowable modifications of the train shown in Figure 5-1, see the

following subsections.

The operating and maintenance procedures fpr the sampling train are
described in APTD-0576 (Citatfon 3 in Section 7). Since correct
usage is important in obtaining valid results, all users should redd
APTD-0576 and adopt the operating and maintenance procedures |
outlined in it, unless otherwise specified herein. The sampling
train consists of.the-fo11owing components:
2;1.1 Probe Nozzle. Stainless steel (316) or glass with sharpy
| tépered leading edgé. The angle 6f taper shall be 5300
and the-téper shall be on the outside to preserve a-
COnétant internal diameter. The pfobe nozzle shall be of
the button-hook or elbow design, unless dtherwise
- specified by the Control Agency's Authorized
Representative. If made of stainless steel, the nozz]é
shall be constructed from seamless tubing; other materials
of construction may be used, subject to the approval of ;.

the Control Agency's Authorized Representative.

5-2




Apparatus

2.1 Sampling Train. A schematic of the sampling train used in thié_
method is shown in Figure 5-1. Complete construction details are
given in APTD-0581 (Citation 2 in Section 7); commercial models of
this trafn are also available. For changes from APTD-058] and for
“allowable modifications of the train shown in Figure 5-1, see the

following subsections.

The operating and maintenance procedures for the sampling train are

described fn APTD-0576 (Citatfon 3 in-Section 7). Since correct

usage is important in obtaining valid results, all users should read

- APTD-0576 and adopt the operating and maintenance procedures

outlined in it, unless otherwise spécified herein. The sampling

train consists of,the‘fo110wing components:‘

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp,
tapered leading edge. The angle 6f taper shall bekfsoo
and the taper shall be on the outside to preserve a
COnétant iﬁternal,diameter. The probe nozzle shall be of
the button-hook or elbow design, unless otherwise
specified by the Control Agency's Authorized
Representative. If made of stainless sfee], the nozzle
shall be constructed from seamless tubing; other materials
of cqnstruction may be used, subject to the approval of

the Control Agency's Authorized Representative,




TEMPERATURE SERSOR

- ‘Figure 5-1 Particulate Samg]_‘!ng Train
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2.1

.2

_heating system capable of maintaining a gas. temperature g

subpart of the standards or approved by the Control

-actual temperature at the-out1et.of the probe 1is not

“usually monitored during sampling, probes constructed

A range of nozzle sizes suitable for isokinetic samplhg

should be available, e.g., 0.32 to 1.27 cm (1/8 to 1/2

in.) or larger if higher volume sampling trains are used|

inside diameter (ID) nozzles in increments of 0.16 cm

(1/16 in). Each nozzle shall be calibrated accordingwgo?

the procedures outlined in Section 5.

Probe Liner. Borosilicate or quartz glass tubing with aé

the exit end during sampling of 120+14°C (248+25%F),

or such other temperature as specified by an applicable

Agency's Authorized Representative for a particular

application. (The tester may opt to operate the equipment .

at a temperature lower than that specified.) Since the

according to APTD-0581 and utilizing the calibration
curves of-APTD-0576 {or calibrated according to the
procedure outlined in APTD-0576) will be considered

acceptable.

Either borosilicate or quartz glass probe liners may be

it

used for stack temperatures up to about 480°C (900°F);

quartz 1iners shall be used for temperatures between 480|
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A range of nozzle sizes su1£ab1e for isokinetic sampling
should be available, e.g., 0.32 to 1.27 cm (1/8 to 1/2
in.) or 1hrger if higher volume sampling trains are used
inside diameter-(ID) nozzles in increments of 0.16 cm
(1/16 in). Each nozzle shall be calibrated accdrdingupg

the procedures outlined in Section 5.

2.1.2  Probe Liner. Borosilicate or quartz giass tubing with a
he;ting system capable of maintainihg é gas température at
the exit end during sampTing of 120i14°C (243i250F)’
or such other temperature as specified‘by an applicable
subpart of the standards or approved by the Controi.
Agency's Authorized Representative for a particular
application. (The tester may opt to operate the equipmext
at a temperature lower than that specified.) Since the
-actual temperature at the outlet of the‘probe is not
usually monitored during samp11ng, probes constructed -
according to APTD-0581 and utilizing the calibration
‘curves of APTD-0576 (or calibrated according to the
procedure outlined in APTD-0576) will be considered

acceptable.
Either borosilicate or quartz glass probe liners may be

used for stack temperatures up to about 480°C (900°F);

- quartz liners shall be used for temperatures between 480

o-4




1/

2.1

.3

Mention of trade names or specific products does not constitute
endorsement by the Air Resources Board.

~and 900°C (900 and 1,650°F). Both types of liners may

.or other corrosion res1stant metals) made of seamless

be used at higher temperatures than specified for shont
periods of timé, subject to the approval of the Control
Agency's Authorized'Representétive. The softening
temperature for borosilicate is\ézooc (1,508%F), and

for quartz it is 1,500°C (2,732°F).

Whenever practical, every effort should be made to use

borosilicate or quartz glass probe liners. Alternatively,

metal Tiners (e.g., 316 stainless steel, Incoloy 825,lj

tubing may be used, subject to the approval of the Control

Agency's Authorized Representative.

Pitot Tube. Type S, as described in Section 2.1 of Method

2, or other device approved by the Control Agency's

Authorized Representative. The pitot tube shall be

attached to the probe (as shown in Figure 5-1) to allow

constant monitoring of the stack gas velocity. The impact

(high pressure) opening plane of the pitot.tube shall |be
even with or above the nozzle entry-plane (see Method 2,
Figure 2-6b) during sampling. The Type S pitot tube
assembly shall have a known coefficient, determined as

outlined in Section 4 of Method 2.
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2.1.4 Differential Pressure Gauge. Inclined manometer or

equivalent device (two), as described in Section 2.2 of

Method 2. One manometer shall be used for velocity head
( P) readings, and the other, for orifice differential

pressure readings.

2.1.5 Filter Holder. Borosilicate glass, with a glass frit _“é
filter support and a silicone rubber gasket. Other
materials of construction (e.g. stainless steel, Tef]oﬁ,'

" Yiton) may be used, subject to approval of the Control

| Agency's'Authorized Representative. The holder design
shall provide a positive seal against leakage from the
outside or around the filter. The holder shall be
attached immediately at the outlet of the probe {or

cyclone, if used).

2.1.6 ©~ Filter Heating System. Any heating system capable of !
maintaining a temperature around the filter holder durinj

sampling of 120 * 14%¢C {248_1'25°F), or such other

temperature as spetified by an applicable subpart of the|
standards or approved by the Control Agency's AuthoriZed;
Representative for a particular appiication. I
Alternatively, the tester may opt to operate the equipmeﬁt '
at a temperature Tower than that specified. A temperatuie

gauge capable of measuring temperature to within 3%

5-6-




2.1.4

2.1

2.1

.5

.6

Differential Pressure Gauge. Inclined manometer or

equivalent device (two), as described in Section 2.2 of

Method 2. One manometer shall be used for velocity head|

( P) readings, and the other, for orifice differential

pressure readings.

Filter Holder. Borosi]icdte glass, with a glass frit

filter support and a silicone rubber gasket. Other

materials of construction (e.g. stainless steel, Teflon,

" Viton) may be used, subject to approval of the Control

Agency‘s'Authorized Representative. - The holder design
shall provide a positive seal against leakage from the>
outside or around the filter. The holder sHa]] be
attached immediately at the outlet of the probe (or

cyclone, if used).

Filter Heating System. Any heating system capable of
maintaining a temperature around the filter hoider durin
sampling of 120 + 14°C (248 + 25°F), or such other
temperature as specified by an app]icab]e subpart of the
standards or approved;by the Contro]rAgency‘s Authorized

Representative for a partfcuTar application.

‘Alternatively, the tester may opt to operate the equipme

at a temperature lower than that specified. A temperatu

gauge capable of measuring temperature to within 3%¢
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2.1.7

" (5.4%F) shall be installed so that the temperature

around the filter holder can be
regulated and moni tored during sampling. Heatihg syst

other than the one shown in APTD-0581 may be used.

Impinger train. The following system shall be used to -

determine the stack gas moisture content and
condensibles: Four impingers connected in series with
leak-free ground glass fittings or any similar leak-fr
non-contaminating fittings. The first, third, and fou
impingers shall be of the Greenburg-Smith design, mod;
by replacing the tip with 1.3 cm (1/2 in) ID glass tub
extending to about 1.3 cm (1/2 in) from the boftom of
flask. The second impinger shall be of the
Greenburg-Smith design with the standard tip.
Modifications {e.g., using flexible eonnections betwee
the impingers, using materia]s other than glass, or us
flexible vacuum 1ines to connect the filter holder to
impinger train) may be used, subject ot the approval ¢
the Control Agency's Authorized Representative. The f
and second impingers shall contain known quantities of
water (Section 4.1.3), the third shall be empty, and t
fourth shall contain a known weight of silica gel, or
equivalent desiccant. A thermometer, capable of measu

temperature to within 1°C {2°F) shall be placed at. the

outlet of the fourth impinger for monitoring purposes.
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Alternatively, any system that cools the sample gas strgam

and allows measurement of the water condensed and moisture .

leaving the impinger train, each to within 1 ml of 1 g may
-be used, subject to the approval of the Control Agency's%
Authorized Representative, Acceptable means are to R
' measure the condensed water either gravimetrical or
-volumetrically and to measure the moisture leaving the

impinger train by: (1) monitorihg the temperature and

pfessure at the exit of the impinger train and using

Dalton's law of partial pressures; or (2) passing the

sample gas stream through a tared silica gel {or

equivalent desiccant) trap with exit gases kept below

20°C (68°F) and determining the weight gain.

If means other than silica gé] are used to determine the

~ amount of moisture leaving the impinger train, it is
recommended that silica gel (or equivalent) still be used

between the impinger system and pump to prevent moisture

condensation-in the pump and metering devices and to avoid .
the need to make corrections for moisture in the metered

volume.

NOTE: If a determination of particulate matter collected

in the impingers is desired in addition to moisture

‘content, the impinger system described above shall be
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Alternétive1y, any system that cools the sample gas stream
and allows measureﬁent of the water condensed and moisture
leaving the impinger train, each to within 1 m1 or 1 g may
be used, subject to the approval of the Control Agency's
Authorized Representative. Acceptable means are to

- measure the condensed watef either gravimetrical or
-vo1umetrica11y and to measure the moisture leaving the
.1mpinger trainlby: (1) monitoring the temperature and
péessure at the exit of the impinger train and using
Dalton's law of partial pressures; or (2) passing the
sample gas étream through a tared silica gel (or
equivalent desiccaht) trap with exit gases kept below'

20°C (68°F) and determining the weight gain.

If means other than silica gé] are used to determine the
amount of moisture leaving the impinger train, it is
recommended that silica gel (or equivalent) sti11'be used
between the impingér system and pump to prevent moisture
condensatibn.jn the pump and metering devices and to avoid
the need to make corrections fdr moisture in the metered

volume,
NOTE: If a determination of particulate matter collected

in the impingers is desired in addition to moisture

- content, the impinger system described above shall be
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2.1.8

2.1.9

~ this method are met.

used, without modification. Individual control agencies
requiring this information shall be contacted as to the

sample recovery and analysis of the impinger contents,

Metering System. Vacuum gauge, 1eak-free puﬁp;
thermometers capable of measuring temperature to wfthfn

3% (5.4°F), dry gas meter capab]é.of measuring volume
to within 2 percent, and related equiment, as shown in
Figure 5-1, Other metering systems capable of‘maintaining
sampling rates within 10 percent of isokinetic and of
determining sample volumes to within.z percent may be

used, subjéct to the approval of the Control Agency's

‘Authori zed Representative. When the metering system is

used in conjunction with a pitot tube, the system shall

enable checks of isokinetic rates.

Sampling trains utilizing metering systems designed for
higher flow rates than that described in APTD-0581 or
APTD-0576 may be used provided that the specifications of

Barometer. Mercury, aneroid, or othér barometer capable
of measuring atmospheric pressure to within 2.5 mm Hg| (0.1
in Hg). In many cases, the barometric reading may be

obtained from a nearby national weather service station,




2.1.10

| extends beyond the leading edge of the probe sheath and

in which case the station value (which is the absolute
barbmetric pressure) shall be requested and an adjustmenf
for elevation differences between the weather station and
sampling point shall be applied at a rate of minus 2.5 mnj
Hg (0.1 in‘Hg) per 30 m (100 ft) elevation increase or

vice versa for elevation decrease.

Gas Density Détermination Equipment. Temperature sensor

and pressure gauge, as described in Sections 2.3 and 2.4:
of Method 2, and gas analyzer, if necessary, as describeq
in Method 3. The temperature sensor shall, préferab]y, de
permanently attached to the pitot tube or sampling probe

i
in a fixed configuration, such that the tip of the senson

does not touch any metal. Alternatively, the sensor mayé
be attached just prior to use in the field. Note, I
however, that if the temperature sensor is attached in tﬁe
fie)d, the sensor must be placed in an 1nterference-free§
arrangement with respect to the Type S pitot tube openinés
(see Method 2, Figure 2-7). As a second alternative, if;é

difference of not more than 1 percent in the average |

velocity measurement is to be introduced, the temperatur
gauge need not be attached to the probe or pitot tube.
(This alternative is subject to the approval of the %

Control Agency's Authorized Representative, )
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2.1.10

'fie}d; the sensor must be placed in an interference-fre

in which case the station value (which is ‘the absolute-
barometric pressure) shall be requested and an adjustmen
for elevation differences between the weather station an
sampling point shall be applied at a rate of minus 2.5
Hg (0.1 in'Hg) per 30 m (100 ft) elevation increase or

vice versa for elevation decrease.

Gas Density Determination Equipment. Temperature sensor
and pressure gauge, as described iﬁ Sections 2.3 and 2.4
of Method 2, and gas ana1yzér, if nécessary, as describe
in Method 3. The temperature sensor shall, preferably,

permanently attached to the pitot tube or sampling prdbe

~ in a fixed configuration, such that the tip of the sensor

extends beyond the,]éading edge of the probe sheath and
does not touch any metal. Alternatively, the sensor ma
be attached just prior to use in the field. Note,

however, that if the temperature sensor is attached in the

arrangement with respect to the Type S pitot tube openings
(see Method 2, Figure 2-7). As a second a1térnat1ve, i
difference of not more than 1 percent in the average
vejocity measurement is to be introduced, the‘temperatu e
gauge need not be attached to the probe or pitot tUbe;
(This alternative is subject to the approval of the

Control Agency's Authorized Representative.)



| 2.2 Sample Recovery. The following items are needed:

2.2.1  Probe-Liner and Probe-Nozzle Brushes. Nylon bristle
brushes with stainless steel wire handles. The praobe
brush shall have extensions (at least as long és‘thé.
probe) of stainless steel, Nylon, Téf1on, or similarly
inert materfa1. The brushes shall be properly sized and

shaped to brush out the probe Tiner ahd nozzle.

2.2.2 Wash Bottles - Two. Glass wash bottles are recommended;
polyethylene wash bottles may be used at the option ot
tester. it is recommended that acetone not be stored

polyethylene bottles for longer thah a month.

2.2.3 Glass Sample Storage Containers. Chemically resistant

y

F the

in

borosilicate glass bottles, for acetone washes, 500 ml or

1000 m1. Screw cap liners shall either be rubber-backed

Teflon or shall be constructed so as to be leak-free and

resistant to chemical attack by acetone.
'glass bottles have been found to be less prone td

leakage.) Alternatively, polyethylene bottles may be

{Narrow mouth

used,

2.2.4 Petri Dishes. For filter samples, glass or polyethylene,

unless otherwise specified by the Control Agency's

Authorized Representatfve;




2.2.5 Graduated Cylinder and/or Balance. To measure condensed

water to within 1 ml or 1g. Graduated cylinders shall

have subdivisions no greater than 2 ml. Most laboratory|
balances are capable of weighing to the nearest 0.5 g or
less. Any of these balances is suitable for use here ang

in Section 2.3.4.

3

2.2.6 Plastic Storage Containers. Air-tight containers to stofe

sitica gel.

2.2.7 Funnel and Rubber Policeman. To aid in transfer of siliga
gel to container; not necessary if silica gel is weighed

in the field.

2.2.8 Funnel. . Glass or polyethlene, to aid in sample recovery

2.3 Analysis. For analysis, the following equipment is needed.

2.3.1 Glass Weighing Dishes.

2.3.2 Desiccator.
2.3.3 Analytical Balance. To measure to within 0.1 mg.'
2.3.4  Balance. To measure to within 0.5 g.




2.2.5 Graduated Cylinder and/or Balance. To measure condensed
water to within 1 ml or ig, Graduated cylinders Shé]1
have subdivisions no greater than 2 ml. Most 1aboratory
balances aré capable of weighing to the nearest 0.5 g or
less. Any of these balances is suitable for use.here and

in Section 2.3.4.

2.2.6 Plastic Storage Containers. Air-tight containers to store

silica gel.
2.2.7  Funnel and Rubber Policeman. To aid in transfer of siltica
gel to container; not necessary if silica gel is weighed
in the field.
2.2.8 Funnel. Glass or polyethlene, to aid in sample recovery.

2.3 Analysis. For analysis, the following equipment is needed.

2.3.1 Glass Weighing Dishes.

- 2.3.2 Desiccator.
2.3.3 Analytical Balance. To measure to within 0.1 mg.
2.3.4 -Balance. To measure to within 0.5 g.
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3,

Reagents

3.1

2.3.5

2.3.6

2.3.7

Sampling.
3.1.

3.1

1

.2

~ sufficient for this purpose.

Beakers. 250 ml.

Hygrometer. To measure the relative humidity of the

laboratory environment.

Temperature Gauge. To measure the temperature of the

laboratory environment.

The reagents used in sampling are as follows:
Filters. Glass fiber filters, without organic binder,

exhibiting at least 99.95 percent efficiency (<0.05

percent penetration) on 0.3-micron'diocty1 phthalate smoke

particles. The filter efficiency test shall be conducted

in accordance with ASTM standard method D2986-71. Test

data from the supplier's quality control program are

used, dry at 175°C (350°F) for 2 hours. New silica

'_Si1ica Gel. Indicating type, 6 to 16 mesh. If previously

gel may be used as received. Alternatively, other types

of desiccants {equivalent or better) may be used, subj
to the approval of the Control Agency's Authorized

Representative.

5-13

'gct



3.2

 Sometimes, suppliers transfer acetone to glass bottles from metal

3.3

3.1.5 Stopcock Grease. Acetone-insoluble, heat-stable silicone

3.1.3 Water. When analysis of the material caught in the

impingers is requ1red dlstiIIed water shall be used. RUn
blanks prior to field use to e]im1nate a h1gh blank on

test samples.

3.1.4  Crushed Ice.

‘grease. This is not necessary if screw-on connectors with
Teflon sleeves, or similar, are used. Alternatively,
other types of stopcock grease may be use, subject to thé

approval of the Control Agency's Authorized Representative.

Sample Recovery. Acetone - reagent grade, € 0.001 percent residueé
in glass bottles - is required. Acetone from metal containers

generally has a high residue blank and should not be used.

containers; thus, acetone blanks shall be run prior to field use add
only acetone with Tow values (<0.001 percent) shall be used. In ng
case shall.a blank value of greater than 0.001 percent of the weight

of acetone used be subtracted from the sample weight.

Analysis. Two reagents are required for the analysis:

3.3.1 Acetone. - Same as 3.2.




3.1.3  Water. When analysis of the material caught in the
impingers is required, distilled water shall be used. "Run
blanks prior to field use to eliminate a high blank on

test samples.
3.1.4  Crushed Ice.
3.1.5 Stopcock Grease. Acetone-insoluble, heat-stable silicone

‘grease. This is not necessary if screw-on connectors with

- Teflon sleeves; or similar, are used. Alternatively,

L1°

other types of stopcock grease may be use, subject to thy

approval of the Control Agency's Authorized Representative.

3.2 Sample Recovery.r Acetone - reagent grade, € 0.001 percent residue,
in glas§ bottles - is required. Acetone from metal containers
generally has a high residue blank and should not be used.
Sometimes, suppliers transfer acetone to glass bottles from metal
containeré; thus, acetone blanks shall be run prior to field use and
only acétone with Tow values (<0.001 percent) shall be used. In no
case shall a blank value of greater. than 0.00i percent of the weight

of acetone used be subtracted from the sample weight.

3.3 Analysis. Two reagents are required for the analysis:

3.3;1 Acetone. Same as 3.Z.




3.3.2 Desiccant. Anhydrous calcium sulfate, indicating type. -
Alternatively, other types of desiccants may be used,
subject to the approval of the Control Agency's Authorized

Representative.

4.  Procedure
4.1 Sampling. The complexity of this method is such that, in order to
obtain reliable results, testors should be trained and experienced

with the test procedures.

4.1.1  Pretest Preparation. All the components shall be
| maintained and calibrated according to the procedure

described in APTD-0576, unless otherwise specified herein.

Weigh several 200 to 300 g portions of silica gel in
air-tight containers to the nearest 0.5 g. Record the
total weight of the silica gel plus container, on each
container. As an alternative, the silica gel need not be

preweighed, but may be weighed directly in its impinger or

sampling holder just prior to train assembly.

Check filters visually dgainst light for irregularities-
and flaws or pinhole leaks, Label filters of the proper
diameter on the back side near the edge using numbering

machine ink. As an alternative, label the shipping
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4.1

.2

" containers (glass or plastic petri dishes) and keep the

ambient pressure for at least 24 hours and weigh at

intervals of at least 6 hours to a constant weight,

weighed. Procedures other than those described, which

filters in these containers at all times except during

sampling and weighing.

Desiccate the filters at 20 + 5.6°C (68 + 10°F) and

i.e., 0.5 mg change from previous weighing; record
results to the nearest 0.1 mg. During each weighing the |
filter must not be exposed to the laboratory atmosphere
for'a period greater than 2 minutes and a relative

humidity above 50 percent. Alternatively, (unless

othefwise specified by the Control Agency's Authorized
Representative), the filters may be oven dried at 105°C

(220°F) for 2 to 3 hours, desiccated for 2 hours, and

account for relative humidity effects, may be used,
subject to the approval of the Control Agency's Authorized

Representative.

Preliminary Determinations. Select the sampling site and
the minimum number of sampling points according to Method
1 or as specified by the Control Agency's Authorized
Representatfve.' Determine the stack pressure,

temperature, and the range of velocity heads using Methoq

2; it is recommended that a leak-check of the pitot 1ine§

5-16




4.1

.2

~ containers (glass or plastic petri dishes) and keep the

sampling and weighing.

“ambient pressure for at least 24 hours and weigh at

intervals of at least 6 hours to a constant weight,

‘ subject to the appfovaT of the Control Agency's Authorized

filters in these containers at all times except during

Desiccate the filters at 20 + 5.6°C (68 + 10°F) and

i.e., 0.5 mg change from previous weighing; record
results to the nearest 0.1 mg. During each weighing the
filter must not be exposed to the laboratory atmosphere
for a period greater than 2 minutes and a relative

humidity above 50 percent. Alternatively, (unless

otherwise specified by the Contral Agency's Authoriied
Representétive). the filters may be oven dried at 105°¢C
(220%F) for 2 to 3 hours, desiccated for 2 hours, and
weighed. Procedures‘other than those described, which

account for relative humidity effects, may be used,
Representative,

Preliminary Determinations. Select the sampling site and
the minimum number of sampling peints according to Method
1 or as specified by the Control Agency's_Authorized
Representative. Determine the stéck pressure,

temperature, and the range of velocity heads using Method

2; it is recommended that a leak-check of the pitot lines




(see Method 2, Section 3.1) be performed. Determine the
moisture content using‘Approximation Method 4 or its
alternative for the purpose of making isokinetic sampling
rate settings. Determine the stack gas dry molecular
weight, as described in Method 2, Section 3}6; if
integrated Method 3 sampling is used for molecular we th
determination, the integrated bag sample shall be taken
simultaneously with, and for the same total iength of time

as, the particulate sample run.

Select a nozzle size based on the range of velocity heads,
such that it is not necessary to change the nozzle si e in
order to maintain isokinetié_samp]ing rates. During the
run, do not change the nozzle size. Ensure that the.
proper differential pressure gauge is chosen for the range
of velocity heads encountered (see Section 2.2 of -

Method 2).

Select a suitable probe liner and probe length such that
all traverse points can be sampled. For large stacks,
consider sampling from opposite sides of the stack to

reduce the length of probes.

Select a total sampling time greater than or equal to|the

‘minimum total sampling time specified in the test
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4.1

.3

‘greater time interval as specified by the Control Ageﬁcy

assembly or until sampling is about to begin.

procedures for the specific industry such that (1) the

sampling time per point is not less than 2 min. (or some

Authorized Representative), and (2) the sample volume

taken (corrected to standard conditions) will exceed theé

required minimum total gas sample volume. The latter is|

based on an approximately average sampling rate.

It is recommended that the number of minutes sampled at
each point be an integer or an integer plus one-half
minute, in order to avoid timekeeping errors. The

sampling time at each point shall be the same.

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

necessary to sample for shorter times at the traverse
points and to obtain smaller gas sample volumes. In thes
cases, the Control Agency's Authorized Representative's

approval must first be obtained.

Preparation of Collection Train. During preparation and|

assembly of the sampling train, keep all openings where

contamination can occur covered until just prior to

5-18




4.1

.3

~minute, in order.to avoid timekeeping errors. The

. contamination can occur covered until just prior to

assembly or until sampling is about to begin.

procedures for the specific industry such that (1) the

sampling time per point is not less than 2 min. (or some

L7

greater time interval as specified by the Control Agencyf
Authorized Representative), and (2) the sample volume |
taken (corrected to standard conditions) will exceed the
reqdired minimum total gas sample volume. The Tatter is

based on an approximately éverage sampling rate.

It is recommended that the number of minutes sampled at

each point be an integer or an integer plus one-half
sampling time at each point shall be the same.

In some circumstances, e,g., batch cycles, it may be
necessary to sample for shorter times at the traverse
points and to obtain smaller gas samp1é volumes. In these
cases, the Control Agency's Authorized Representative's

approval must first be obtained.

Preparation of Collection Train. During preparation and

assembly of the sampling train, keep all openings where




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

leave the third 1mpinger empty, and transfer approximately
200 to 300 g of preweighed silica gel from its cohtainer
to the fourth impinger. More silica gel may be usgd, but
care should be taken to ensure that it is not entrained
and carried out from the impinger dufing sampling. Place
the container in a clean place for 1ater use in the sample
recovery. Alternatively, the weight of the silica gel
plus impinger may be determined to the nearest 0.5 g and

recorded.

Using a tweezer or clean diSposab]e surgica1 g]dvés; place
a labeled (identified) and weighed mter, in the filter
ho1der. Be sure that the filter is properly centered and

the gasket properly p]éced so as to prevent the sample gas
stream from circumventing the filter. Check the filter

for tears after assembly is completed.

When glass 1iners are used, install the selected nozzle
using a Viton A 0-ring when stack temperaturés are less
than 260°C (500°F) and an asbestos string gasket ﬁhen
temperatures are higher. See APTD-0576 for details.

Other connecting systems using either 316 stainless steel .
or Teflon ferrules may be used. When metal liners are

used, install the nozzle as above or by a leak-free direct
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4.1.4

" Leak-Check Procedures.

4,1.4.1 Pretest Leak-Check. A pretest leak-check is

mechanical connection. Mark the probe with heat resista
tape or by some other method to denote the proper distan

into the stack or duct for each sampling point.

Set up the train as in Figure 5-1, using (if necessary)

very light coat of silicone grease on all ground glass

joint;, greasing only the outer portion (see APTD—OS?S)
avoid possibility of contamination by the silicone. '
grease. _Subject'to the approval of the Control Agency's
Authorized Representative, a glass cyclone may be used |
between the probe and filter holder when the total

particulate catch is expected to exceed 100 mg or when

water droplets are present in the stack gas.

Place crushed ice around the impingers.

required. The following procedure shall be used.

After the sampling train has been assembled, turn ¢

and set the filter and probe heating systems at thq
desired operating temperatures. Allow time for thé
temperatures to stabilize. If a Viton A O-ring or
other leak-free connection is used in.assembling th

probe nozzle to the probe liner, leak-check the tri
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4.1.4

mechanical connection. Mark the probe with heat resista
tape or by some other method to denote the proper distan

into the stack or duct for each sampling point.

Set up the train ag in Figure 5-1, using (if necessary)
vefy light coat of silicone grease on all ground glass
joints, greasing only the outer portion (see APTD-0576)
avoid possibility of contamination by the silicone. |
grease. ‘Subjeét'to'the appraoval of the Control Agéncy's
Authorized Representative, a glass cyclone may be used
between the probe and filter holder when the total
particulate catch is expected to exceed 100 mg or when

water droplets are present in the stack gas.
Place crushed ice around the impingers.

ALeak—Check Procedures. _
4.1.4.1 Pretest Leak-Check. A pretest leak-check is

required. The following procedure shall be used.

After the samp]ihg train has been assembled, turn o
and set the filter and prcbe heating systems at the
desired operating temperatures, Allow time for the
temperatures t0 stab11ize. If a Viton A O-ring or

other leak-free connection is used in assembiing th

probe nozzle to the probe liner, leak-check the trai
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at the sampling site by plugging the nozzle and
pulling a 380 mm Hg (15 in. Hg) vacuum.

Note: A lower vacuum may be used, provided that ji

is not exceeded during the test.

If an asbestos string is used, do not connect the
probe to the train during the leak-check. Instea
leak-check the train by first plugging the inlet
the filter holder (cyc]one, if applicable) and
pulling a 380 mm Hg (15 in. Hg) vacuum (see Note
immediately above). Then connect the probe to th
train and leak-cehck at about 25 mm Hg (1 in Hg)
vacuum; alternétive]y, the probe may be leak-chec
with the rest of the sampling train, in one step,
380 mm Hg (15 in. Hg) vacuum. Leakage rates in
excess of 4 percent of the average sampling rate
0.00057 m3/min (0.02 cfm), whichever is less, are

unacceptable.

The following 1eak-check instructions for the
sampling train described in APTD-0576 and APTD-05
"may be helpful. Start the pump with bypass valve
fully opén and coarse adjust valve completely

closed. Partially open the coarse adjust valve a
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slowly close the bypass valve until the desired

vacuum is reached. Do not reverse direction of

bypass valve; this will cause water to back up into|
the filter holder. If the desired vacuum is
exceeded, either leak-check at this higher vacuum of

end the leak-check as shown below and start over,

Wwhen the leak-check is completed, first slowly remoye

the plug from the inlet to the probe, filter holdery.

or cyclone (if applicable) and immediately turn off|

the vacuum pump. This prevents the water in the
impingers from being forced backward into the filtef
holder and silica gel from being entrained backwardf

into the third impinger.

4,1.4.2 Leak-Checks During Sample Run. If, during the
sampling run, a component {e.g., filter assembly onr

impinger) change becomes necessary, a leak-check

shall be conducted immediately before the change is

made. The leak-check shall be done according to th

procedure outlined in Section 4.1.4.1 above, except
that it shall be done at a vacuum equal to or greatkr
than the maximum value recorded up to that pqint in
the test. If the leakage rate is found to be no

greater than 0.00057 m3/min-(0.02 cfm) or 4 percent
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slowly close the bypass valve until the desired
vacuum is reached. Do not reverse direction of
~ bypass valve; this will cause water to back up into i
the filter holder. Ifrthe desired vacuum is
exceeded, either leak-check at this higher vacuum or

end the 1eak-cﬁeck as shown below and start over.

When the leak-check is comb]eted, first slowly remove
the plug from the inlet to the probe, filter holder,
or cyclone (if applicable) and immediately turn off
the vacuum pump. This prevents the water in the .
impingers from being forced backward into the fflter
holder and silica gel from being entrained backward

into the third impinger.

4,1.4.2 Leak-Checks During Sample Run. If, during the
sémpling run, a component (e.g., filter assembly or

impinger} change becomes necessary, a leak-check

shall be conducted immediately before the change is

made. The leak-check shall be done according to the

procedure outlined in Section 4.1.4.1 above, except

that it shall be done at a vacuum equal to or greater

- than the maximum value recorded up to that point.in

the test. If the leakage rate is found to be no

greater than 0.00057 m3/min (0.02 cfm) or 4 percent
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4.1.4.3

optional; if such leak-checks are done, the proce

of the average sampling rate (whichever is less),

results are acceptable and no correction will nee

be applied to the total volume of dry gas metered;

if, however, a higher leakage rate is obtained, t

tester shall either record the leakage rate and plan

the
d to

he

to correct the sample volume as shown in Section 6.3

of this method, or shall void the sampling run,

Immediately after component changes, leak-checks are

outlined in Section 4.1.4.1 above shall be used.

Post-test Leak-Check. A leak-check is mandatory gt

dure

the conclusion of each sampling run. The leak-check

shall be done in accordance with the procedures

outlined in Section 4.1.4.1, except that it shall

conducted at a vacuum equal to or greater than the

maximum value reached during the sampling run, If

the leakage rate is found to be not greater than
0.00057 m3/min {0.02 cfm) or 4 percent of the
average sampling rate {whichever is less), the
results are acceptable, and no correction need be
applied to the total volume of dry gas metered.
however, a higher leakage rate is obtained, the
tester shall either record the leakage fate and
correct the sample volume as shown in Section 6.3

this method, or shall void the sampling run.

be

of
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4.1.5

meter readings at the beginning and end of each sampling

Particulate Train Operation. During the sampling run,

maintain an isokinetic sampling rate (within 10 percent o

true isokinetic unless otherwise specified by the Control

Agency's Authorized Representative) and a temperature

around the filter of 120 + 14°C (248 + 25°F), or such
other temperature as specified by an applicable subpart o
the standards or approved by the Control Agency's

Authorized Representative.

For each run, record the data required on a data sheet
such as the one shown in Figure 5-2. Be sure to record

the initial dry gas meter reading. Record the dry gas

=+

“hH

time increment, when changes in flow rates are made,
before and after each leak-check, and when sampling is

halted. Take other readings required by Figure 5-2 at

least once at each sample point during each time 1ncremeﬂt

and additional readings when significant changes - (20
percent variation in velocity head readings) necessitate

édditional adjustments in flow rate. Level and zero the

manometer. Because the manometer level and zero may drift

due to vibrations and temperature changes, make periodic

checks during the traverse.
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4.1.5

Agency's Authorized Representative) and a temperature
" the standards or approved by the Control Agency's

For each run, record the data required on a data sheet

the initial dry gas meter reading. Record the dry gas

Particulate Train Operation. During the sampling run,
maintain an isokinetic sampling rate (within 10 percent of]

true isokinetic unless otherwise specified by the Control

around the filter of 120 + 14%C (248 + 25%F), or such

other temperature as specified by an applicable subpart of

Authorized Representative.

such as the one shown in Figure 5-2. Be sure to record

meter readings at the beginning and end of each sampling
time increment, when changes in flow rates are made,
before and after each leak-check, and when sampling is
halted. Take other readings required by Figure 5-2 at
1east once at each sample point during each time increment
and additional readings when significant changes (20
percent variation in velocity head readings) necessitate
additional adjustments in flow rate. lLevel and 2ero the
manometer. Because the manometer level and zero may drifit
due to vibrations and temperature changes, make periodic

checks during the traverse.
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Clean the portholes prior to the test run to minimize

chance of sampling deposited material. To begin sampl

remove the nozzle cap, verify that the filter and probe

heating systems are up to temperature, and that the pi
tube and probe are properly positioned. Position the
‘nozzle at the first traverse point with the tip pointi
directly into the gas stream. Immediately start the p
and adjust the flow to isokinetic conditions (Note:
During the period béfore sampling begins point the noz
dowhstream. Rotate the nozzle upstream immediately be
the sampling pump is turned on.) Nomographs are

available, which aid in the rapid adjustment of the

isokinetic sampling rate without excessive computations.

These nomographs are designed for use when the Type S
pitot tube coefficient is 0.85 + 0.02, and the stack ¢
equivalent density (dry molecular weight) is equal to
4. APTD-0576 details the procedure for using the
nomographs. If Cp and Md are outside the above stated
ranges do not use the nomographs unless appropriate st
are taken to compensate for the deviations. ‘(See Cita

7 in Section 7.)

When the stack is under significant negative pressure

(height of impinger stem), take care to close the coar

adjust valve before inserting the probe into the stack_
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prevent water from backing into the filter holder. If
necessary, the pump may be turned on with the coarse

adjust valve closed.

When the probe is in position, block off the openings
around the probe and porthole to prevent unrepresentativ

dilution of the gas stream.

Traverse the stack cross-section; as required by Method |

or as specifiéd by the Control Agency's Authorized

Representative, being careful not to bump the probe nozz@e

into the stack walls when sampling near the walls or when

removing or inserting the probe through the portholes;

this minimizes the chance of extracting deposited materi

During the test run, make periodic adjustments to keep t

temperature around the filter holder at the proper level)

add more ice and, if necessary, salt to maintain a

temperature less than 20%C (68°F) at the condenser/silic

gel outlet. Also, periodically check the level and zero

of the manometer.

If the pressure drop across the filter becomes too high;

making isokinetic sampling difficult to maintain, the

filter may'be replaced in the midst of a sample run. It
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prevent water from backing into the filter holder. If
necessary, the pump may be turned on with the coarse

adjust valve closed.

When the probe is in position, block off the openings
around the probe and porthole to prevent unrepresentative

dilution of the gas stream.

Traversé the stack cross-section, as required by Method 1
or as specified by the Control Agency's Authorized
Representative, being careful not to bump the probe nozzle
into the stack walls when sampling near. the walls or when

removing or inserting the probe through the portholes;

aamd

this minimizes the chance of extracting deposited material.

During.the test run, make periodic ﬁdjustments to keep the
temperature around the filter holder at the proper level;
add more ice and, if necessary, salt to maintain a
temperature less than 20%C (68°F) at the condenser/si1icL
gel outlet. Also, periodiéa]ly check the level and zero

of the manometer.
If the pressure drop across the filter becomes too high,

making isokinetic sampling difficult to‘maintain,_the

filter may'be replaced in the midst of a sample run. It
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is recommended that andther_comp1éte filter assémb]y b

used rather than attempting to change the filter itself.

Before a new filter assembly is installed, conduct a
leak-check (see Section 4.1.4.2) The total particulat
weight shall include the summation of all filter assem

catches.

A single train shall be used for the entire sample run
except in cases where simu]tanebus sampling is réquiré
two or more separate ducts or at two or more different
locations within the same duct, or, in cases where

equipment failure necessitates a change of trains. In
other situations, the use of two or more trains will b
subject to the approval of the Control Agency's Author

Representative.

Note that when two or more trains are used, separate
analyses of the front-half and (if applicable) impinge
catches from each train shall be performed, unless
identical nozz}e sizes were used on all trains, in whi
case, the front-half catches from the individual train
may be combined (as may the impinger catches) and one
anélysis of front-half catch and one analysis of impin
catch may be performed. Consult with the Control Agen

Authorized Representative for details concerning the

calcutation of results when two or more trains are used.
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At the end of the sample run, turn off the coarse adjust’

valve, remove the probe and nozzle from the stack, turn

t = =

of f the pump, record the final dry gas meter reading, an
conduct a post-test leak-check, as outlined in Section |
- 4.1.4.3. Also, leak-check the pitot lines as describedbfn
.Method 2, Section 3.1; the lines must pass this E

1eak—check, in order to validate the velocity head data. .

4,1.6 Calculation of Percent Isokinetic. Calculate percent

isokinetic (see Calculations, Section 6) to determine

whether the run was valid or another test run should be ?
made. If there was difficulty in maintaining isokinetic|
rates due to source conditions, consult with the Control

Agency's Authorized Representative for possible variance

- on the isokinetic rates.

4.2 Sample Recovery. Proper cleanup procedure'bégins as soon as the

-probe is removed from the stack at the end of the sampling period.|

_ Allow the probe to cool.

When the probe can be safely handled, wipe off all external

particulate matter near the tip of the probe nozzle and place a cab
over it to‘prevent Tosing or gaining particulate matter. Do not cﬁp
off the probe tip tightly while the sampling train is cooling dowﬁ
as this would create a vacuum in the filter holder, thus drawing

water from the impingers into the filter holder.
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At the end of the sample run, turn off the coarse adjust’
valve, remove the probe and hozz]e from thg stack, turn
off the pump, record the final dry gas meter reading, and
conduct a post-test teak-check, as outlined in Section
4.1.4.3. Also, leak-check the pitot 1ines as described in
.Method 2, Section 3.1; the iines must pass this

leak-check, in order to validate the velocity head data.

4.1.6 Calculation of Percent Isokinetic. Calculate pércent
isokinetic (ﬁee Calculations, Section 6) to determine
whether the run was valid or another test run should be
made. If there was difficulty in maintaining isokinetic
rates due to source éonditions, consult with the Control
Agency's AuthorizedvRepfesentative for possible variante

on the isokinetic rates.

4.2 -Samp1e Recovery. Proper cleanup procedure begins as soon as the
probe is removed from the stack at the end of the sampling period.

Allow the probe to cool.

When the probe can be safely handled, wipe off all external
particulate matter near the tip of the probe nozzle and place a cap
| oygr it tp prevent losing or gaining particg1ate matter. Do not ch
off the probe tip tightly while the sampling train is cooling down
as this would create'a vacuum in the filter holder, thus drawing

water from the impingers into the filter holder,
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Béforé moving the sample train to the cleanup site, remove the p
from the sample 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 fi

robe

Tter

intet where the probe was fastened and cap it. Remove the umbilical

cord from the last impinger and cap the impinger. If a flexible
line is used between the firét impinger or condenser and the fil
holder, disconnect the l1ine at the filter holder and 1et any

condensed water or liquid drain into the impingers or condenser.
After wiping off the silicone grease, cap off the filter holder
outlet and impinger intet. FEither ground-glass stoppers, p1astj

- caps, or serum caps may be used to close these openings.

Transfer the probe and filter-impinger assembly to the cleanup

ter

area. This area should be clean and protected from the wind so that

the chances of contaminating or losing the sample will be

minimized.,

- Save a portion of the acetone used for cleanup as a blank. Take
ml of this acetone directly from the wash bottle being used and

place it in a glass sample container labeled "acetone blank."

Inspect the train prior to and during disassémb]y and note any

abnormal conditions. Treat the samples as follows:

200
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- probe nozzie, probe fitting, probe 1iner, and from half of the

Container No. 1. Carefully remove the filtef from the filter holdér

and place it in its identified petri dish container. Use a pair of

tweezers and/or clean disposable surgical gloves to handle the

filter. If it is necessary to fold the filter, do so such that th;
particulate cake is inside the fold. Carefully transfer to the N
petri dish any particulate matter and/or filter fibers which adheré
to the filter holder gasket, by using a dry nylon bristie 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 or other exterior surfaces does not get into the sample,

quantitatively recover particulate matter or any condensate from tﬁe

filter holder by washing these components with acetone and p1acing§

the wash in a glass container. Distilled water may be used instea$

of acetone when approved by the Control Agency's Authorized
. Representative and shall be used when specified by the Control |
- Agency's Authorized Representative; in these cases, save a water

blank and follow the Control Agency's Authorized Representative's ;

directions on analysis. Perform the acetone rinses as follows:

Carefully remove thé‘probe nozzle and clean the inside surface by
rinsing with acetone from a wash bottle and brushing with a ny]on
‘bristle brushi Brush until the acetone rinse shows no visible

particles, after which make a final rinse of the inside surface with

acetone.
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Container No. 1. Carefully remove the fi]tef from the filter holder
and place it in its identified petri dish container. Use a pair of
tweezers and/or clean disposable surgical gloves to‘hand1e~the
filter. If it is necessary to foid the filter, do so sﬁch that the -
particulate cake is inside the fold. Carefully traﬁsfer to the
petri dish any particulate matter and/br filter fibers which adhere
to the fi]ter holder gasket, by using a dry nylon bristle 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 or other exterior surfaces does not get into the sample,

w

quantitative1y recover particulate matter or any condensate from the
‘probe nozzle, probe fitting, probe Tiner, and from half of the
filter holder by washing these‘components with acetone and placing
the wash in a glass container. Distilled water may be used instead
of acetonelwhen approved by the Control Aggncy's Authorized

. Representatiye and shall be used when specified by the Control
 Agency's Authorized Representative; in these cases, save a water
blank and follow the Control Agency's Authorized Representative's

directions on analysis. Perform the acetone rinses as follows:

Carefully remove the probe nozzle and clean the inside surface by -
rinsing with acetone from a wash bottle and brushing with a nylon |
bristie ersh5 Brush until the acetone rinse shows no visible

particles, after which make a final rinse of the,insidé surface with

acetone.
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Brush and rinse the inside parts of the Swagelok fitting with

acetone in a similar way until no visible particles remain.

Rinse the probe liner with acetone by tilting and rotating the probe

while squirting acetone into its upper end so that all inﬁide

_surfaces will be wetted with acetone. Let the acetoné drain from
the Tower end into the sample container. A funnel (g1ass.6r
polyethylene) may be used to aid in transferring 1iquid washes to
the container. Follow the acetone rinse with a probé brush. Hold
the probe in an inclined position, squirt acetone into the upper end
as the probe brush is being pushed with a twisting action through
the probe; hold a sample container underneath the lower end of he
probe, and catch any acetone and particulate matter which is brushed
from the probe. Run the brush through the probe three times more
until no visible particulate hatter is carried out with the acetone
or until none remains in the probe liner on visual inspection. With
stainless steel or other metal probes, run the bkush through in the
above prescribed manner at least six times since metal probes have
small crevices in which particulate matter can be entrapped. R nsé
the brush with acetone, and quantitatively collect these‘wéshin s in
the sample container. After the brushing, make a final acetone

rinse of the probe as described above.
It is recommended that two people be used to clean the probe to

minimize sample losses. Between sampling runs, keep brushes clean

and protected from contamination.
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After ensuring that all joints have been wiped clean of silicone
grease, clean the inside of the front half of the filter holder by
rubbing the surfaces with a nylon bristle brush and rinsing with
acétone. Rinse each surface three times or more if needed to remoJé
visible particulate. Make a final rinse of the brush and'fi1ter
ho]der. Carefully rinse out the glass cyclone, also (if
applicable). After all acetone washings and particulate matter hav;
been coi]ected in the sample container, tighten the 1id on the ;
sample container so that acetone will not leak out when it is
shipped to the laboratory. Mark the height of the fluid level to
determine whether or not leakage occurred during transport. Label |

the container to clearly identify its contents.

Container No. 3. Note the color of the indicating silica gel to |
determine if it has been completely spent and make a notation of iﬁs
condition. Transfer the silica gel from the fourth impinger to ité
.original container and seal. A funnel may make it easier to pour |
the silica gel without spilling. A rubber policeman may be used as

an aid in removing the silica gel from the impinger. It is not

necessary to remove the small amount of dust particles that may
adhere to the impinger wall and are difficult to remove, Since thé
gainin wefght is to be used for moisture calculations, do not use
any water or other liquids to transfer the silica gel. If a balanEe

is available in the field, follow the procedure far container No.

in Section 4.3.
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After ensuring that all joints have been wiped c1éan of.sificone
grease, clean the inside of the front haif of the'fi1ter 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
“holder. Carefully rinse out the glass cyclone, also (if
applicable).  After all acetone washings and particulate matter have
been coiIected in the sample container, tighten the 1id on the ’
sampTe container so that acetone will not leak out when it is
shipped to the laboratory. Mark the height of the fluid level to
determine whether or not leakage occurred during transport. Label

the container to clearly identify its contents.

Container No. 3. Note the color of the indicating silica gel to
determine if it has been completely spent and make a notation of its
condition. Transfer the silica gel from the fourth impinger to its

original container and seal. A funnel may make it easier to pour
the silica gel without spilling. A rubber po1icemah may be used as
an aid in removing the silica gel from the impinger. It is not
necessary to rembve the small amount of dust particles that may
adhere to the impinger wall and are‘difficult to remove. Since the
ga{n in weight is to be used for moisture calculations, do not use
any water or other liquids to transfer the silica gel. If a balance
is available in the field, follow the procedure for container No. 3

in Sectibn 4, 3.
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Impinger w&ter. Treat the impingers as follows: Make a notation of
any color or film in the liquid catch. Measure the liquid which| is
in the first three impingers to within + 1 ml by using a graduated
cylinder or by weighing it to within + 0.5 g by using a balance [if
one is avai1ab]e). Record the volume or weight of 1iquid present.
This information is required to cé1ch]ate the moisture content of

the effluent gas. (See note, Section 2.1.7.)

If a different type of condenser is used, measure the amount of
moisture condensed either volumetrically or gravimetrically.
Whenever possible, containers should be shipped in such a way that

they remain upright at all times.

4.2.1 Determination of the Particulate Concentration
The particulate matter concentration is determined by
isokinetically aspirating a measured volume of the stack
gas, catching the particu]ate in a filter, in the probe,
coﬁnecting tubing, and in the impingers, and dividing |the

weight of tﬁe particulate catch by the volume of gas.

For the APCD rules, matter that is liquid at standard

temperature must be included. This liquid matter is

assumed to pass as a gas through the filter and to then
" condense in the impinger water. The weight of this liquid

particulate is determined by solvent extraction using
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methylene chloride followed by an aqueous phase -
extraction. Caution must therefore be used not to let any

acetone or other non-water rinse enter the impinger water.

For the APCD rules, the combined weight of the partiﬁuléﬁe
matter caught in the probe, the filter and the imping_ersf
is used in the determination of particulate matter
concentration. For some rules only the combined weighf ?f
the particﬁlate matter caught in the probe and filter is

used in the determination. Accordingly, it is advisable

~ to report the weight of the impinger catch separately sof
that both the APCD and the ARB determinations can be E
made. The total particulate matter catch may be itemize&
by weight as follows: (1) Filter Catch, (2) Probe Catch;

(3) Impinger Catch, and (4) Solvent Extract. |

4.3 Analysis. Record the data required on a sheet such as the one shoﬁn

in Figure 5-3. Handle each sample container as follows:

| Container No. 1. Leave the contents in the shipping container or'é
trénsfer the filter and any loose particulate from the sample |
container to a tared glass weighing dish. Desiccate for 24 hours'in
a desiccator containing anhydrous ca]cium su1faté. Weigh to a :
~ constant weight and report the results to the neareét 0.1 mg. For

purposes of this Section, 4.3, the term "constant weight" means a
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methylene chloride fo]]qwed by an aqueous phase i
extraction. Caution must therefore be used not to let any

acetone or other non-water rinse enter the impinger water.

For the APCD rules, the combined weight of the parti£u1ate
matter caught in the probe, the filter and the impingers
is used in the determination of particulate matter
concentration. For some rules only the combined weighi of
-‘the particﬁ]ate matter caught in the probe and filter is
used in the determination. Accordingly, it is advisable
to report the weight of the impinger catch separately so
.that both the APCD and the ARB determinations can be
made. The total particulate matter catch may be itemizéd
by weight as follows: (1) Filter Catch, (2) Prdbe Catch,

(3) Impinger Catch, and (4) Solvent Extract.

4,3 Analysis. Record the data required on a sheet such as the one shown

in Figure 5-3. Handle each sample container as follows:

Container No. 1. Leave the contents in the shipping container or
transfer the filter and any loose particulate from the sample
container to a tared glass weighing dish. Desiccate for 24 hours in
a desjccator containing anhydrous calcium sulfaté. Weigh to a
 constant weight and report the results to the nearest 0.1 mg. For

purposes of this Section, 4.3, the term "constant weight" means a
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~ difference of no more than 0.5 mg or 1 percent of total weight 1
tare weight, whichever is greater, between two consecutive
weighings, with no less than 6 hours of desiccation time between

weighings.

Alternatively, the sample may be oven dried at 105°%¢ (220°F) for |

2 to 3 hours, cooled in the desiccator, and weighted to a éonsta
weight, unless otherwise specified_by the Control Agency's -

Authorized Representative. The tester may also opt to oven dry
sample at 105°C (220°F) for 2 to 3 hours, weigh the sample, .and

use this weight as a final weight.

Container No. 2. Note the level of liquid in the container and
confirm on the analysis sheet whether or not leakage occurred du
transport. If a noticeable amount of leakage has occurred, eith
void the sample or use methods; subject to the approval of the

Control Agency's Authorized Representative, to cbrrect the final
results. Measure the liquid in this container either volumetric
to +1 ml or gravimetrically to #0.5 g. Transfer the contents to
tared 250-m1 beaker and evaporate to dryness at ambient temperat
and pressure.‘ADesiccate for 24 hours and weigh to a constant

weight. Report the results to the nearest 0.1 mg.

Container No. 3. Weigh the spent silica gé1 (or silica gel plus -

impinger) to the nearest 0.5 g using a balance. This step may be

conducted in the field.
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"apcetone Blank" Container. Measure acetone in this container either

volumetrically or gravimetrically. Transfer the acetone to a tared

| 250-m1 beaker and evaporate to dryness at ambient temperature and
préssure. Desiccate for 24 hours and weigh to a constant weight.

Report the results to the nearest 0.1 mg.

Note - At the option of the tester, the contents of Container No. 3
b i

as well as the acetone blank container may be evaporated at

temperatures higher than ambient. If evaporation is done at an

elevated temperature, the temperature must be below the boiling

point of the solvent; also, to prevent “pumping,” the evaporation
process must be closely supervised, and the contents of the beaker
must be swirled occasionally to maintain an even temperature. Use?
extreme care, as acetone is highly flammable and has a low flash |

point,

5. Calibration
Maintain a laboratory log of all calibrations.

5.1 Probe Nozzle. Probe nozzles shall be calibrated before their

initial use in the field. Using a micrometer, measure the inside

diameter of nozzle to the nearest 0.025 mm {0.001 in.). Make threé

separate measureﬁents using different diémeters each time, and
obtain the average of the measurements. The difference between th?
high and Tow numbers shall not exceed 0.1 mm (0.004 in.). When
hozZles become nicked, dented, or corroded, they shall be reshaped!
Sharpened, and reca1ibrated before use. Each nozzle shall be |

permanently and uniquely identifed.
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5. Calibration

Maintain a 1aboratory'1dg of all calibrations.

5.1

"Acetone Blank" Container. Measure acetone in this container either
volumetrically or gravimetrically. Transfer the acetone to a tared
250-m1 beaker and evaporate to dryness at ambient temperature and
préssure. Desiccate for 24 hours and weigh to a cdnstant weight.

Report the results to the nearest 0.1 mg.

Note - At the option of the tester, the Eontents of Container No. 2
as well as tﬁe acetone blank container may be evaporated at )
temperatures higher than ambient. If evaporation is done at an
elevated temperature, the temperature must be below the boiling
point of the solvent; also, to prevent "bumping,ﬁ'the evaporation
process must be closely supervised, and the contents of the beaker
must be swirled occasionally to maintain an even temperature. Use
extreme care, as acetone is highly flammable and has a low flash

point.

Probe Nozzle. Probe nozzles shall be calibrated before their

initial use in the fie1d; Using a micrometer, measure.the inside
diameter of nozzle to the nearest 0.025 mm (0,001 iﬂ.). Make three
separate measurements using different didmeters each time, and
obtafn the average of the measurements. The difference between the
high and low numbers shall not exceed 0.1 mm (G.004 in.). When
nozzles become nicked, dented, or corroded, they shall be reshaped,
Sharpened, and recalibréted before use. Each nozzle shall be

permanently and uniquely identifed,
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5.2

5.3

~according to the procedure outlined in Section 4 of Method 2.

Pitot Tube. The Type S pitot tube assembly shall be calibrated

Metering System. Before its initial use in the field, the meteﬁ
system shall be calibrated éccording to Fhe procedure outlined i
APTD-0576. Instead of physically adjusting the dfy gas meter dj
readings to correspond to the wet test meter readings, calibrati
factors may be used to mathematically correct the gas meter dia]
readings to the proper values. Before calibrating tge metering
system, it is suggested that a leak-check be conducted. For

metering systems having diaphragm pumps, the novmal Teak—checki
procedure will not detect 1eakages within the pump. For these‘ﬁ

the following leak-check procedure is suggested: make a 10-miny

calibration run at 0.00057 m3/min (0.02 ¢cfm); at the end éf the|

run, take the difference of the measured wet test meter and dry

meter vo1umes; divide the difference by 10, to get the leak rate.

The leak rate should not exceed 0.00057 m3/min {0.02 cfm).

After each fieid use, the calibration of the metering‘systems sh
be checked by performing three calibration runs at a.single,
intermediate orifice setting (based on the previous field test),
with the vacuum set at the maximum value reached during the test
series. To adjust the vacuum, insert a valve between the wet te
meter and the inlet of the metering systeﬁ. Calcutlate the aver$
value of the calibration factor. If the calfbration has changed
more than 5 percent, recalibrate the mefer over the full range o

orifice settings, as outlined in APTD-0576.
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5.4

5.5

5.6

‘Leak Check of Metering System Shown in Figure 5-1. That portion of

“after the pump will result in less volume being recorded than is

Alternative procedures, e.g., using the orifice meter coefficients,
may be used, subject to the approval of the Control Agency's ‘

Authorized Representative.

Note - If the dry gas meter coefficient values obtained before anqé
after a test series differ by more than 5 percent, the test serieéé
shall either be voided, or calculations for the test series shall &e
performed using whichever meter coefficient value (i.e., before“oré
after) gives the lower value of total sample volume.

y
Probe Heater Calibration. The probe heating system shall be
calibrated before its initial use in the field according to the
procedure outlined in APTD-0576. Probes constructed according to
APTD-0581 need not be calibrated if the calibration curves in

APTD-0576 are used.

Temperature Gauges. Use the procedure in section 4.3 of Method 2 ﬁo
calibrate in-stack temperature gauges. Dial thermometers, such as|
are used for the dry gas meter and condenser outlet, shall be !

calibrated against mercury-in-glass thermometers.

the sampling train from the pump to the orifice meter should be

o

1eak-checked prior to initial use and after each shipment. Leakagf
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5.4

5.5

5.6

| Probe Heater Calibration. The probe heating system shall be

Alternative procedures, e.g., using the orifice meter coefficients,
may be used, subject to the approval of the Control Agency's

Authorized Representative.

Note - If the dry gas meter coefficient values obtained before ang
after a test series differ by more than 5 percent, the test serieél
shall either be voided, or calculations for the test series shall b
performed using whichever meter coefficient value (i.e., beforeiSr

dfter) gives the lower value of total sample volume,

=

calibrated before its initial use in the field according to the
procedure outlined in APTD-0576. Probes constructed according to
APTD-0581 need not be calibrated if the calibration curves in
APTD-0576 are used. | |

Temperature Gauges. Use the procedure in section 4.3 of Method 2 t
calibrate in-stack temperature gauges. Dial thermometers, such as
are used for the dry gas meter and condenser outlet, shall be

calibrated against mercury-in-glass thermometers.

Leak Check of Metering System Shown in Figure 5-1. That portion of
the sampling train from the pump to the orifice meter should be
leak-checked prior to init1a1 use and after each shipment. Leakage

after the pump will result in less volume being recorded than is
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| give equivalent results.

aCtUally sampled. The following procedure is suggested (see Fi ufe_.
5-4): Close the main valve on the meter box. Insert a one-hol

rubber stopper with rubber tubing attached into the orifice exhaust

g

pipe. Disconnect and vent the low side of the orifice manometer.
Close off thé low side orifice tap. Pressurize the system to 13 to
18 cm (5 to 7 in.) water column by blqwing ihto the rubber tubfng,
Pinch off the tubing and observe the manometer for one'minute. A
Toss of pressure on the manometer indicates a leak in the meter box;

Teaks, if present, must be corrected.
5.7 Barometer. Calibrate against a mercury barometer.
Calculations
Carry out calculations, retaining at least one extra decimal figure
beyond that of the acquired data. Round off figures after the final

calculation., Other forms of the equations may be used as long as they

6.1 Nomenclature

A, = Cross-sectional area of nozzle, me (ftz).

Bws _ = Water vapor in the gas stream, proportion by volume.

Ca = Acetone blank residue concentrations, mg/g.

CS = Concentration of particulate matter in stack gas, dry
basis, corrected to standard conditions, g/dscm
(g/dscf).

I = Percent of isokinetic sampling.
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Leakage rate observed during the post-test leak chedk

Figure 5-2), % (°R). WNote: T, will depend on

Maximum acceptable leakage rate for either a pretesf
léak-check or for a leak check following a component
change; equal to 0.00057 m3/min {0.02 cfm) or 4
percent of the average sampling rate, whichever is
less.

Individual leakage rate observed during the

leak-check conducted prior to the "ith" component

change (i =1, 2, 3, ...n), m3/min (cfm).

m3/min (cfm).

Total amount of particulate matter collectéd, mg.
Molecular weight of water, 18.0 g/g-mole. (18.0
1b/1b-mole).

Mass of residue of acetone after evaporation, ﬁg.
Barometric pressure at the sampling site, mm Hg (in
Hg).

Absolute stack gas pressure, mm Hg {(in Hg).
Standard absolute pressure, 760 mm Hg {29.92 in Hg )|
Ideal gas constant 0,06236 mﬁ Hg-m3/°K-g-m01e
(21.85 in Hg-ft3/°R-1b-mole).

Absolute average dry gas meter temperature (see

type of meter used and samp]ihg configuration.

5-2), % (°R).

Absolute average stack gas temperature (see Figure
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~ Leakage rate observed during the post-test leak chec

Figure 5-2), °% (°R). Note: T will depend on

Maximum acceptable leakage rate for either a pretest
leak~check or for a leak check following a component
change; equal to 0.00057 mS/min (0.02 cfm) or 4
percent of the éverage sampling rate, whichever is
less.

Individual leakage rate observed during the

teak-check conducted prior to the "ith" component

change (i =1, 2, 3, ...n), m3/m1n (cfm).

m3/min‘(cfm)1

Tofa] amount of particutate matter collected, mg.
Molecular weight of water, 18.0 g/g-mole. (18.0
1b/1b-mole).

Mass of residue of acetone dfter evaporation, mg.
Barometric pressure at the sampling site, mm Hg (in
Hg). |

AbéoTute stack gas -pressure, mm Hg (in Hg).
Standard absolute pres#ure; 760 mm Hg (29.92 1in Hg),
Ideal gas constant 0.06236 mm Hg-m3/°K-g-mo1e
(21.85 in Hg-ft3/°R-1b-mole).

Absolute average dry gas meter temperature (see

type of meter used and samp]ihg configuration.
Absolute average stack gas temperature (see Figure

5-2), °k (°R).
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—

std

vm(std)

vw(std)

~ Standard absolute temperature, 293%K (528°R).

“dem (dcf).

Density of water, 0.9982 g/ml (0.002201 1b/ml).

“until the first component change, min.

Yolume of acetone blank, ml.

Vo]ume of acetone used in wash, ml.

Total volume of 1iquid co11e¢£ed in impingers and

silica gel (see Figure 5-3), mi.

Yolume of gas sample as measured by dry gas meter,

Volume of gas sample measured by the dry gas mete

corrected to standard conditions, dscm (dscf).

-

Volume of water vapof in the gas sample, corrected to

standard conditions, scm (scf).

Stack gas velocity, calculated by Method 2, Equation

2-9, using data obtained from Method 5, m/seq
(ft/sec).

Weight of residue in acetone wash, mg.

Dry gas meter calibration factor.

Average pressure differential across the orifice
meter (see Figure 5-2), mm H,0 (in H20).

Density of acetone, mg/ml (see label on bottle).

Total samp1ing‘time, min.

Sampling time interval, from the beginning of a run

Sampling time interval, between th successive
component changes, beginning with the interval

between the first and second changes, min.
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0 = Sampling time interval, from the final (nth)

component change until the end of the sampling run,|

mjn.
13.6 = Specific gravity of mercury.
60 = Sec/min.
”TOO - Conversion to percent.

6.2 Average dry gas meter temperature and average orifice pressure é ' .

drop. See data sheet (Figure 5-2).

6.3 Dry Gas Volume. Correct the sample volume measured by the dry gag
meter to standard conditions (20°C, 760 mm Hg or 68°F, 29.92 in

Hg) by using Equation 5-1.

+ H/13. Proav 4
Ym(std) = VmY(—ild)[]EarP / ::] = Ky¥yY Rar s (H/13.6)
m

std
Equation 5-1

where:.

K. = T_., = 0.3858°%/mm Hg for metric units.

_1 std
Pstd

= 17.64%R/in Hg for English units.

12

Note: Equation 5-1 can be used as written unless the leakage ratp

observed during any of the mandatory leak-checks (i.e., the

_post-test leak-check or leak-checks conducted prior to component

changes) exceeds La' If Lp or Li exceeds La’ fquation 5-1

must be modified as follows:
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b.2

6.3

Vm(std) =

mjn.
13.6 = Specific gravity of mercury.
60 = Sec/min.‘
NIUO = Conversion to percent.

post-test leak-check or leak-checks conducted prior to component

0 = Sampling time interval, from the final (nth)

component change until the end of the sampling run,

Average dry gas meter temperature and average orifice pressure

drop. See data sheet (Figure 5-2).

Dry Gas Volume. Correct the sample volume measured by the dry gas
meter to standard conditions (20°C, 760 mm Hg or 68°F, 29.92 in

Hg) by u51ng Equation 5-1.

me(_;;g) Ppar * H/13-8] .y y v Pbar *+ ( H/13.6)
Pstd : ' T

Equation 5-1

where:

K1 N Tstd = 0-3858°K/mm Hg for metric units.

Pstd

= 17.64°R/in Hg for English units.

[1°]

Note: -Equation 5-1 can be used as written unless the leakage rat

observed during any of the mandatory leak-checks (i.e., the

changes) ‘exceeds L_. If Lp or L, exceeds L, Equation 5-1

must be modified as_folloWs:
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(a) Case I. No component changes made dﬁring’samp]ing run. In
this case, replace Vm in Equation 5-1 by the expression:

Yy - (L = L0

(b} Case II. One or more component changes made during samplin
run. In this case, replace Vm in Equation 5-1 by the

expression:
‘ n ‘
V- (Lij-Ly)07 - izz (Li-La)0 - (Lp-La)0p

and substitute only for those leakage rates (Li or Lp )

which exceed La).

6.4 VYolume of water vapor.

RT
Vw(std) = V1c W "Istd = ko0
My Pstd

Equation 5-2

where:

~
N
1}

0.001333 m3/m1 for metric units.

0.04707 ft3ml for English units.

6.5 Moisture Content.

| Yw(std)
Vm(std) * Vw(std)

Bws =

Equation 5-3
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6.6

6.7

6.8

6.9

Note: In saturated or water.droplet-laden gas streams, two

_Acetone Wash Blank.

‘Total Particulate Weight. Determine the total particulate catch

~ the acetone blank (see Figure 5-3). Note - Refer to Section 4.1.3

calculations of the moisture content of the stack gas shall be mad

one from the impinger analysis (Equation 5-3), and a second from t
assumption of saturated conditions. The lower of the two values o

Bws shall be considered correct. The procedure for determining

the moisture content 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 gas temperature from Figure 5-2 |

may be used to make this determination, provided that the accuracy5

of the in-stack temperature sensor is 1J°C (2°F).

Acetone Blank Concentrations.
My
VaPa

Ca'=

Equation 5-4

Ha B Ca vaw pa

Equation 5-5
from the sum of the weights obtained from containers 1 and 2 less

to assist in calculations of results involving two or more filter

assemblies or two or more sampling trains.

Particu1ate Concentration.

he

C = (0.001 g/mg) (mnlvm(std))
Equation 5-6
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6.6

6.7

6.8

6.9

s given in the Note of Section 1.2 of Method 4. For the purposes

-may be used to make this determination, provided that the accuracy

Total Particulate Weight. Determine the total particulate catch

| the acetone blank (see Figure 5-3). Note - Refer to Section 4.1.5

Note: 'In saturated or water droplet-laden gas streams, two
calculations of the moisture content of the stack gas shall be made
one from the impinger analysis (Equatfon 5-3), and a second from the
assumption of saturated conditions. The Tower of the two values of
Bws sha11 be considered correct. The procedure for determiniﬁg

the moisture content based upon assumption of saturated conditions

of this method, the aQerage stack gas temperature from Figure 5-2
of the in-stack temperature sensor is +1°C (2°F).

Acetone Blank Concentrations.

Ca = ma.
VaPa

. Equation 5-4
Acetone Wash Blank.

V.. p

Wy = Gy aw Fa

Equation 5-5
from the sum of the weights obtained from containers 1 and 2 less

to assist -in calculations of results involving twe or more filter

assemblies or two or more sampling trains.

Particulate Concenﬁration.

C, = (0.001 g/mg) (mn/vm(std)).

Equation 5-6
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PARTICULAT

& FiZLL DATA

FI6URE 5-2 FRLTIcuATE Fleed LATR

SCHZHATIC DF STACK PLANT AMBIENT TEMPERATURE . NETERaH,
" , .
\\ T DATE BAROMETRIC PRESSURE o C FACTOR
T LOCATIOH ASSUMED KO{STURE, % PROCELS 5 Z13HT RATE
A ¢ ' -
\ —3 s OPERATOR PROBE LENGTH, in. WEIGHT OF PARTICULATE CCLLECTED, mg
i T EACK KO 077LE DIAKETER 1 sanpLe | FTER | PRCBE wasH
e STACK KO. N R, in. FINAL WEIGHT
j DISTURBANGE RUN NO. STACK DIAMETER, if. e e ee TARE WEIGHT
\ WEIGHT GAI
SAMPLE BOX KO. PROZE HEATER SETTING —y
CROSS SECTION METER BIX WO, HEATERBOXSETTING o
PRESSURE
DiFEENTIAL
ACF.05S i v
GRIFICE GAS SAMPLE TEKPERATURE TENFERATURE
#ETER AT DRY GAS METER SE oA, PUAP
H) N VACUUM
TRAVERSE | saMPLING | STATIC STACK YELOQTY 1 GAS SAMPLE SAMPLE BOX | CONDENSER OR
POINY TIME  |PRESSURE | TEMPERATURE HEAD in.H,0 YOLUKE INLET OUTLET | TEWPERATURE | LAST IMPINGER| in Hs [ VELOCITY
NUMBER | (o), min. | (in.H0) (Tg), °F (aPy) WP acTuaL DESIRED| (Vb fis | (Tmin)°F (Tmgyr) °F °F °F gavge s
o
1
-
[44]
-
TOT A8 .
AVERAGE
INPINGER
VOLUKE OFLlé!Q:!E:D . VOLUME ml SILICA GEL). . COMMENTS:
WATER COLLECTED WEIGHT,
TE - 1 2 3. . ORSAT HEASUREMENT | TIME | CO, | O, | CO | N, ‘
FINAL T -
HRITAL 2 -
LiQUID COLLECTED 3
TOTAL VGLURE COLLECTED T 4




6.10 Conversion Factors:

From | To Multiply by
scf m3 0.02832
g/t gr/ft> 15.43

g/ft> b/t 2.205 x 1073
a/ft3 g/m> 35.31

6.11 Isokinetic Variatfon.

6.11.1 Calculation From Raw Data.

¢
1= 100 Ts K3v1c + (Vm/Tm) (Pbar +AH/]3.6)
. ’ 60 OVSPSAn

Equation 5-7

where:

0.00345¢ mm Hg - m3/ml - 9K for metric units.

-~
[#1)
H

0.002669 in Hg - ft3/ml - OR for English units.

6.11.2 Calculation from Intermediate Values

{ = TsVm{std) Pstd 100
TstdVs 0 ApPs60 {1 - Bys)

Kg Téthggg) . -
PoVeAn0 (1 - Bye)

Equation 5-8

where:

~
1]

4 4,320 for metric units.

0.09450 for English units.

i
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6.10 Conversion Factors:

From To Multiply by

scf o 0.02832
o/ft gt 15.43

g/ft3 1b/£t3 2,205 x 1073
o/ft> g/’ 35.31

6.11 Isokinefic Variatfon.

6.11.1 Calculation From Raw Data.

Q
[ - 100 Ts K3¥ig + (Vp/T) (Ppar + 4H/13.6)

60 OVSPsAn

Equation 5-7
where:

0.003454 mm Hg - m3/m1 - 9% for metric units.

~
(%)
]

0.002669 in Hg - ft3/ml - OR for English units.

6.11.2 Calculation from Intermediate VYalues
1= TsVm{std) Pstd 100
Tsths 0 AnP560 (1 - Bws)

Ke __ TsVm{std)
PsVsAnD (1 - Bysg)

H]

- Equation 5-8

where:

4,320 for metric units.'

0.09450 for English units.
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TS

Plant
Date

Runa No.
Filter fi0.

Amount liguid lost during transpart —

Acetone blank volume, ml — —_—

Azetonc wash volume, mi

Acetone blank concentration, mg/mg {equation 5-4) —

Acetone wash blank, my {eguation 5-5)

WEIGHT OF PARTICULATE COLLECTED,

CONTAINER . mg
NUMBER
. FINAL WEIGHT | TARE WEIGHT WEIGHT GAIN
1
2

ToraL | e

Less scetone blank
Yieight of particulate matter

VOLUME OF LICYID
WATER COLLECTED
IMPINGER SILICA GIL
VOLUME, WEIGHT,
ml, g
FINAL
INITIAL
LICUID COLLECTED |
TOTAL VOLUKE COLLECTED o m!

* CONVEET WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
INCHEASE BY DENSITY OF WATER (1g/mi}.

INCREASE. 0, yoLume wArzn, -
1 g/mi

- Flgure 5-3. Analytical daja,
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S

m

“Run No.

Plant
Date

Filter Na.

Amourt liquid fest during irenspornt

Acetone blank volume, ml

Azrtone wash valumie, mi

Acetore blank concertration, mg/mg {equation 54) .

Acetone wash blank, mg (equation 5.5}

WEIGHT OF PARTICULATE COLLECTED,

CONTAINER L mg
NURKBER -
_ FINAL WEIGHT | TARE WEIGHT WEIGHT GAIN
1
2

A D~

Less acetone blank
¥ieight of particulate matter

VOLUME OF LICGUID
VATER COLLECTED
IMPINGER SILICA GIL
VOLUME, WEIGHT,
mi, a
FINAL
INETIAL
LICUID CCLLECTED
TGTAL VOLUKE COLLECTED o mt

* CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT

INCREASE BY DENSITY OF WATER {1g/mi).
INCREASE, g
1 g/ml

2 VOLUME WA‘(‘EH. ml

Figure 5-3. Analylical daja,
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VACU UM

. GAUG
| S doER - omtrice BY-PASS VALVE £
RUBBER ' ‘ R
TUBING ﬁ a - ¥4
" I = e
Y . 5-_& : *‘; P_-_ = » 0~ .’ &
VENT
CLOSED
ELOW INTO TUBIRG T U0 r/ - »
UVTIL AR OMEYER MAIN VALVE
SADIGT ¢ s CLOSED
WeRDSTO TIREHES DAY TEST KEYER LOSED
WETLR COLUMH . e
ORIFICE : .
KANOMETER bl
- e “P
_ S\, P

_Figure 54, Leak check of meter box.
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METHOD 6 - DETERMINATION OF SULFUR DIOXIDE EMISSIONSVFROM STATIONARY SOURCES |

1.

Principte and Applicability

1.1 Principle:

1.2 Applicability:

* determined to be 3.4 milligrams {(mg) of 502/m3

1imit in a 20-1iter sample is about 93,300 mg/m°.

A gas sample is extracted from the sampling point in
the stack. The sulfuric acid mist (including sulfur
trioxide) and the sulfur dioxide are separated. The
sulfur dioxide fraction is measured by the

barium=-thorin titration method.

This method is applicable for the determination of
sulfur dioxide emissions from stationary sources.

The minimum detectable 1imit of the method has been

(2.12x1077 1b/£t3). Although no upper limit has
been established, tests have shown that
concentrations as high as 80,000 mg/m3 of SO2 can
be collected efficiently in two midget impingers,
each containing 15 milliliters of 3 percent hydrogen
peroxide, at a rate of 1.0 1pm for 20 minutes. Based

on theoretical calculations, the upper concentration

Possible interferents are free ammonia, water-soluble
cations, and fluorides. The cations and fluorides:

are removed by glass wool filters and an isoprdpano]
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2.

Apparatus

2.1 Sampling. The sampling train is shown in Figure 6-1, and componen
parts are discussed be]ow. 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 modified to 1hc1ude a heated filter between the prob

and isopropanol impinger, and the operation of the sampling train

and sample ena]ysis must be at the flow rates and solution vo]Umes

| defined in Method 8.

bubbler, and hence do not affect the 502 analysis. When

samples are being taken from a gas stream with high -

concentrations of very fine metallic fumes {such as in

inlets to control devices), .a high-efficiency glass-fibe

filter must be used in place of the glass wool plug (i.e.

the one in the probe) to remove the cation interferents.

Free ammonia interferes by reacting with 302 to form

particulate sulfite and by reacting with the indicator. |

If free ammonia is present {this can be determined by
knowledge of the process and noticing white particulate
matter in the probe and isopropanol bubbler), alternativ
methods subject to the approval of the Control Agency's

Authorized Representative, are required.

1=




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

’éubstituting sampling equipment described in Method 8 in place of

the midget impinger equipment of Method 6. However, the Method 8

train must be modified to include a heated filter between the probe

and isoproﬁano1 impinger, and the operation of the samp]ing train

and sample analysis must be at the fwa rates and solution volumes

defined in Method 8.

bubbler, and hence do not affect the 50, analysis. When
saﬁp]es are being taken from a gas stream with high
concentrations of veﬁy fine metallic fumes (such as in
inlets to contrbI devices), a high—efficiency glass-fiber
filter must be u§ed in place of the glass wool plug (i.e.,

the one in the probe) to remove the cation interferents.

Free ammonia interferes by reacting with 502 to form
particulate sulfite and by reacting with the indicator.
If free ammonia is preseni (this can be determined by
knowledge of the process and noticing white particulate
matter in the probe and_iSOpropano1 bubbler), alternative
methods subject to thé approva1 of the Control Agency's

Authorized Representative, are required.
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The tester also has the option of determining Soz.simu]taneously
 with particulate matter and moisture determinations by (1) replacing'_
the water in a Method 5 impinger system with 3 percent peroxide

solution, or (2) by replacing the Method 5 water impinger systew

wr

- with a Method 8 isopropanol-filter-peroxide system. The analysi

for SO2 must be consistent with the procedure in Method 8.

2.1.1 Probe: Borosilicate glass, or stainless steel (other |-
materials of construction may be used, subject to the
approval of the Control Agency's Authorized
Representative), approximately 6-mm inside Qiameter, wifh
a heating system to prevent water condénéation and a
filter (either in-stack or heated out-stack) to rémove
particulate matter, including sulfuric acid mist. A plug

of glass wool is a satisfactory filter.

2.1.2  Bubbler and Impingers: One midget bubbler, with
medium-coarse glass frit and borosi1icate or quartz glass
wool packed in top-(see Figure 6-1) to prevent sulfuric
acid mist carryover, and three 30-ml midget impingers. |
The bubbler and midget impingers must be connected in|
series with Teak-free glass connectors. Silicone grease

may be used if necessary to prevent leakage.

At the option of the tester, a midget impinger may be used

in place of the midget bubbler.
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‘Figure 6-1. S0y sampling train.

SUAGE TANK

SILICA GEL
DRYING T{J8E




PROBE {END PACKED
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Figure 6-1. 503 sampting train.
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2.1.3

2.1.4

2.1.5

2.1.6

Other collection absorbers and flow. rates may be used,

are subject to the approval of the Control Agency's

Authorized Representative. Also, collection efficiency

must be shown to be at least 90 percent for each test

and must be documented in the report.

If the efficiency is found to be acceptable aftgr a se
of three tests, further documentation is not required.
conduct the efficiency test, én extra absorber_mﬁst be
added and analyzed separately. This extra absorber mu

not contain more than 1 percent of the total 302;

Glass Wool: Borosilicate or quartz.

Stopcock Grease: Acetone-insoluble, heat-stable silicone

grease may be used, if necessary.

Temperature Gauge: Dial thermometer, or equivalent, t
measure temperature of gas leaving 1mpinger train to

within 1°C (2°F).

Drying Tube: Tube packed with 6- to 16-mesh indicating

type silica gel, or equivalent, to dry the gas sample
to protect the meter and pump. If the.silica gel has

used previously, dry at 175% (350°F) for 2 hours.

New silica gel may be used as received. Alternatively,

but

run

ries

To

and

been
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2.1.7

2.1.8

2.1.9

2.1.10

2.1.11

temperature to within 3°C (5.4°F).

Barometer: Mercury, aneroid, or other barometer capable

other types of desiccants {equivalent or better) may be |
used, subject to approval of the Control Agency's

Authorized Representative.
Valve: Needle valve, to regulate sample gas flow rate.

Pump: Leak-free diaphragm pump, or equivalent, to putll

gas through the train. Install a small surge tank betwe

the pump and rate meter to eliminate the pulsation effec

of the diaphragm pump on the rotameter.

Rate Meter: Rotameter, or equivalent, capable of
measuring flow rate to within 2 percent of the selected

flow rate of about 1000 cc/min.

Volume Meter: Dry gas meter, sufficiently accurate to

measure the sample volume within 2 percent, calibrated aj

the selected flow rate and conditions actually encounterg

during sampling, and equipped with a temperature gauge

(dial thermometer, or equivalent) capable of measuring

R T e

Tr

of measuring atmospheric pressure to within 2.5 mm Hg (Qi]

in. Hg). 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

6-6




2.1.7

2.1.8

2.1.9

2.1.10

2.1.1

- during sampling, and equipped with a temperature gauge

temperature to within 3°C (5.49F).

-of measuring atmospheric pressure te within 2.5 mm Hg (0,1

other types of desiccants (equivalent or better) may be
used, subject to approval of the Control Agency's

Authorized Representative.
Valve: Needle valve, to regulate sample gas flow rate.

Pump: Leak»free diaphragm pump, or equivalent, to pull
gas through the train. Install a small surge tank between
the pump and rate meter to eliminate the pulsation effect

of the diaphragm pump on the rotameter.

Rate Meter: Rotameter, or equivalent, capable of
measuring flow rate to within 2 percent of the selected
flow rate of about 1000 cc/min.

Volume Meter: Dry gas meter, sufficiently accurate to
measure the sample volume within 2 percent, calibrated at

the selected flow rate and conditions actually encountered

(dial thermometer, or equivalent) capable of measuring

Barometer: Mercury, aneroid, or other barometer capable
in. Hg). 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
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2.2

2'3

2.1.12

barometric pressure) shall be requested and an adjustment

for evaluation differences between the weather station
sampling point shall be applied at a rate of minus 2.5
Hg. (0.1 in. Hg) for 30 m {100 ft) elevation increase a

vice versa for elevation decrease.

Yacuum Gauge and Rotameter: At least 760 mm Hg (30 in

1y and
3 M

o

1 Hg)

gauge and 0-40 cc/min rotameter to be used for leak check

of the sampling train.

Sampling Recovery

2.2.1

2.2.2

Analysis

2.3.1

2.3.2

2.3.3

Wash Bottles: Polyethylene or glass, 500 ml, two.

Storage Bottles: Polyethylene, 100 m1, to store impinger

samples (one per sample).

Pipettes: Volumetric type, 5-ml, 20-m1 (one per samp]

and 25-m1 sizes.

Volumetric Flasks: 100-ml size (one per sample) and

1000-m1 size.

Burettes: 5- and 50-m]l sizes.

e),



2.3.4

2.3.5

2.3.6

2.3.7

Reagents

Erlenmeyer Flasks: 250-m1 size (one for each sample,

blank, and standard).

Dropping Bottle: 125-ml size, to add indicator.

Graduated Cylinder: 100-ml size.

Spectrophotometer: To measure absorbance at 352

" nhanometers,

Unless otherwise indicated, all reagents must conform to the

specifications established by the Committee on Analytical Reagents of ¢

American Chemical Society. Where such specifications are not available

use the best available grade.

3.1 Sampling.

3.1.1

3.1

.2

Water: Deionized, distilled to conform to ASTM
specification D1193-74, Type 3. At the option of the

analyst, the KMnO4 test for oxidizable organic matter

may be omitted when high concentrations of organic matter

are not expected to be present.

Isopropanol, 80 Percent: Mix 80 ml of isopropanol with

ml of deionized, distilled water. Check each lot of




2.3.

2.3.

2.3.

2.3.

Reagents

Unless otherwise indicated, all reagents must conform to the _
specifications established by the Committee on Analytical Reagents of the
American Chemical Society. Where such specifications are not available,

use the best available grade.

~ 3.1 Sampling.
3.1.

3.1

4

5
6

7

1

.2

~ Dropping Bottle: 125-ml size, to add_indicator.

ml of-deionized, distilled water. Check each 1ot of

Erlenmeyer Flasks: 250-ml1 size {one for each sample,

blank, and standard).

Graduated Cylinder: -100-m1 size.

Spectrophotometer: To measure absorbance at 352

nanometers.

Water: Deionized, distilled to conform to ASTM

specification D1193-74, Type 3. At the option of the
analyst, the KMnU4 test for oxidizable organic matter
may be omitted when highvconcentratioﬁs of organic matter

are not expected to be present.

Isopropanol, 80 Percent: Mix 80 ml of isopropanol with :

20




3.2

3.1.3

3.1.4

Sample Recovery,

3.2.1

3.2.2

isoproﬁano] for peroxide impurities as follows: shake
ml of isopropanol with 10 m1 of freshly pfepared 10
percent potassium iodide solution. Prepare a biank by
similarly treating 10 m1 of distilled water. After 1
minute, read the absorbance at 352 naﬁometers on a
spectrophotometer. If absorbance exceeds 0.1, reject

alcohol for use.

Peroxides may be removed from isopropanol by'redistill
or by passage through a column of activated alumina;

however, reagent grade isopropanol with suitable low

peroxide levels may be obtained from commercial sources.

Rejgction of contaminated lots may, therefore, be a mo

efficient procedure.

Hydrogen Peroxide, 3 Percent: Dilute 30 percent hydro
peroxide 1:9 (v/v) with deionized, distilled water (30

is needed per sample). Prepare fresh daily.
Potassium Iodide Solution, 10 Percent: Dissolve 10.0
grams KI in defonized, distilled water and dilute to 1
ml. Prepare when needed.

Water: deionized, distilled as in 3.1.1.

Isopropanol, 80 Percent: Mix 80 ml of isopropanol wit

ml of deionized, distilled water.

10
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4,

3.3 Analysis

3.3.1
3.3.2
3.3.3

3.3.4

3.3.5

Procedure

4.1

Sampling.
4.1.1

Water: Deionized, distilled, as in 3.1.1.
Isopropanol, 100 Percent.

Thorin Indicator: 1-{o-arsonophenylazo)-2-naphthol-3,
6—disu1fonié acid, disodium salt, or equivalent
indicator. Dissolve 0.20 g in 100 m1 of deionized,

distilled water.

Barium Perchlorate Solution, 0.0100 N: Dissolve 1.95 g

barium perchlorate trihydrate [Ba(ClO4)2.3H20] in

200 m1 distilled water and dilute to 1 liter with
isopropanol. Alternatively, 1.22 g of [BaC12.2H20]

may be uéed instead of the perchlorate. Standardize as

Section 5.5.

Sulfuric Acid Standard, 0.0100 N: Purchase or standardi
to +0.0002N against 0.0100 N NaOH which has previously
been standardized against potassium acid phthalate

(primary standard grade).

Preparation of Collection Train: Measure 15 ml of 80

percent isopropanol into the midget bubbler and 15 ml of) 3

percent‘hydrogen peroxide into each of the first two

of

iy
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4.

3.3 Analysis

3.3.1
3.3.2
3.3.3

3.3.4

3.3.5

Procedure

4.1

Sampling.

- 4.1.1

Water: Deionized, distilled, as in 3.1.1.
Isopropanbl, 100 Percent.

Thorin Indicator: 1-(o-arsonophenyIazo)-2-naphtho1-3,
6-disu1fonié acid, disodium salt, or equivalent
indicator. Dissolve 0.20 g in 100 m1 of defonized,

distilled water.

Barium Perchtorate Solution, 0.0100 N: Dissolve 1.95 g of

barium pefchlorate trihydrate [Ba(C104)2.3H20] in

200 m1 distilled water and dilute to 1 liter with
isopropancl. Alternatively, 1.22 g of [BaC12.2H20]
may be u#ed insteéd of the perchlorate. Standardize as

Section 5.5.

Sulfuric Acid Standard, 0.0100 N: Purchase or standardi
to +0.0002N against 0.0100 N NaOH which has previously
been standardized against potassium acid phthalate

(primary standard grade).

Preparation of Collection Train: Measure 15 ml of 80
percent isopropénoT into the midget bubbler and 15 nl of

percent'hydrogen peroxide into each of the first two

6-10
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4.1.2

midget impingers. Leave the fihaT‘midget impinger dry.
Assemble the train as shown in Figure 6-1. Adjust the
proBe heater to a temperature sufficient to prevent water
condensation. Place crushed ice and water around the

impingers.

Leak-check Procedure: After assembly at the test site,
the sampling train must be leak-checked. A Teak-check
after each sampling run is mandatory. The 1eak-check

procedure is as follows:

Temporarily attach a suitable {e.g., 0-40 cc/min.)
rotameter to the outlet of the dry gas meter and pléce a
vacuum gauge at or near the probe inlet. Plug the probpe
inlet, pull a vacuum of at least 250 mm Hg (10 in Hg), and
note the flow rate as indicated by the rotameter. A
leakage rate not in excess of 2 percent of the average

sampling rate is acceptabie,

Note - Carefully release the proble inlet plug before

turning off the pump.

It is suggested (not mandatory) that the pump be
leak-checked separately, either prior to or after the
sampling run. If done prior to the sampling run, the pubp

leak-check shall precede the leak-check of the Sampling




4.1.3

-Representative. The procedure used in Method 5 is not

train described immediately above; if done after the

sampling run, the pump Teak-check shall follow the train

" leak-check. To leak check the pump, proceed as follows:

Disconnect the drying tube from the probe-impinger
assembly. Place a vacuum gauge at the inlet to either Y

drying tube or the pump, pull a vacuum of 250 mm Hg

(10 in. Hg) at the inlet to either the drying tube or the
pump, plug or pinch off the outlet of the flow meter, and

then turn off the pump. The vacuum should remain stab1e:

for at least 30 seconds.

Other leak-check procedures may be used, subject to the ?

approval of the Control Agency's Authorized
suitable for diaphragm pumps.

Sample Collection: Record the initial dry gas meter
reading and barometric pressure. To begin sampling,
position the tip of the probe at the sampling point,
;onnect the probe to the bubbler, and start the pump.
Adjust the sample flow to a constant rate of approximate
1.0 Titer/min as indicated by the rotameter. Maintain
this constant rate (+10 percent) during the entire

sampling run. Take readings (dry gas meter, temperature
at dry gas mefer and at impinger outlét and rate meter)

least every 5 minutes. Add more ice durihg the run to

at




4.1.3

train described immediately above; if done after the
Sampling run, the pump leak-check shall follow the train
Teak-check. To leak check tﬁe pump, proceed as follows:
Disconnect the drying tube from the probe-impinger
assembly. Place a vacuum gauge at the inlet to either t

drying tube or the pump, pull a vacuum of 250 mm Hg

{10 in. Hg) at the inlet to either the drying tube or the

pump, plug or pinch off the outlet of the flow meter, and

then turn off the pump. The vacuum should remain stable

for at least 30 seconds.

Other leak-check procedures may be used, subject to the
épprova] of the Control .Agency's Authorized
Representative. The procedure used in Method 5 is not

suitable for diaphragm pumps.

Sample Collection: Record the initial dry ga§ meter
feading and barometric pressure. To begfn sampling,
position thé tip of tﬁe probe at the sampling point,
connect the probe to the bubbler, and start the pump.
Adjust the sample flow to a constant rate_of‘approximate
1.0 liter/min as indicated by the rotameter. Maintain
this constant rafe (+10 percent) during the entire
sampling run. rTake readings (dry,gas meter, temperatdre
at dry gas meter and at‘impinger outlet and rate ﬁeter)

least every 5 minutes. Add more ice durihg the run to
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keep the temperature of the gases leaving the last

impinger at 20°C (68%F) or less. At the conclusion of

each run, turn off the pump, remove probe from the sta
and record the final readings. Conduct a Teak check a
Section 4,1.2. (This 1eék_check is mandatory.)  If a
is found, void the test run or, if appropriate,.-use

procédures aCceptabIe to the Control Agency's Authoriz

Representative to adjust the sample volume for leakage.

‘Drain the ice bath, and purge the remaining part of th
train by drawing clean ambient air through the system

15 minutes at the sampling rate.

Clean ambient air can be provided by passing air throu
charcoal filter or through an extré midget impinger wi
15 m1 of 3 percent H202' The tester may opt to simply

use ambient air, without purification,

4.2 Sample Recovery: Disconnect the impingers after purgihg. Disca
the contents of the midget bubbler. Pour the contents of the mi
impingers into a Teak-free polyethylene bottle for shipment. Ri
the three midget impingers and the connecting tubes with deioniz
distilled water, and add the washings to the same $torage '
container. Mark the fluid level. Seal and identify thé sample

container.
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4.3 Sample Analysis: Note level of 1iquid in container, and confirm"

- whether any sample was lost during shipment; note this on analytical

data sheet. If a noticeable amount of leakage has occurred, either
void the sample or use methods, subject to the approval of the |
Control Agency's Authorized Representative, to correct the final

results.

Transfer the contents of the storage container to a 100-ml
volumetric flask and dilute to exactly 100 m1 with deionized,

distilled water. Pipette a 20-ml1 aliquot of this solution into a

250-m1 Erlenmeyer flask, add 80 m1 of 100 percent isopropanol and
two to four drops of thorin indicator, and titrate to a pink

end-point using 0.0100 N barium perchlorate. Repeat and average tﬂe
titration volumes. Run a blank with each series of samples.

Replicate titrations must agree within 1 percent or 0.2 ml,

whichever is larger.

(Note - Protect the 0.0100 N barium perchlorate solution from

evaporation at all times.)

5. Calibration

5.1 Metering System.

5.1.1 Initial Calibration: Before its initial use in the fiel#,
first leak check the metering system (drying tube, need1§
valve, pump, rotameter, and dry gas meter) as follows: |

place a vacuum gauge at the inlet to the drying tube and?




4,3 Sample Analysis: Note level of liquid in container, and confirm
whether any sample was lost during shipment; note this on analytical
data sheet. If a notfceab?e amoﬁnt of Ieakage'has occurred, eithen
void the sample or use methods, subject to the approval of the
Control Agency's Achorized Representative, to correct the final

resu1tsg

Transfer the contents of the‘storage container to a 100-ml
volumetric flask and dilute to exactly 100 m1 with deionized,
distilled water. Pipette a 20-m1 aliquot of this solution into a
250-m1 Erlenmeyer flask, add 80 m1 of 100 percént isopropanol -and
two to four drops of thorin indicator, and titrate to a pink
end-point using 0.07100 N barium perchlorate. Repeat and average fhe
titration volumes. Run a blank with each series of samples.
Replicate titrations must agree within 1 percent or 0.2 mT,

whichever is larger.

{Note - Protect the 0.0100 N barium péfch1orate solution from
evaporation at all times.)
5. Calibration
5.1 Metering System.
5.1.1 Initial Calibration: Before its 1nitia1 use in the field,
first leak check the metering system (drying tube, needle-
valve, pump; rotameter, and dry gas meter) as follows:

place a vacuum gauge at the intet to the drying fube and




5.1.2

pull a vacuum of 250 mm (10 in.) Hg; plug or pinch of
outlet or the flow metef, and then turn off the pump.

vacuum shall remain stable for at least 30 seconds.

- Carefully release the vacuum gauge before releasing t

flow meter end.

Next, calibrate the metering system (at the sampling

rate specified by the method) as follows: connect an
appropriafe]y_sized wet test meter (e.g., 1 liter per
revolution) to the inlet of the drying tube. Make th

independent calibration runs, using at least five . -

revolutions of the dry gas meter per run. Calculate the

cajibration factor, Y (wet test meter calibration vol
divided by the dry gas meter volume, both vo1umés adj
to tﬁe_same'reference temperature and pressure), for
run, and average the results. If any Y value deviate
more than 2 percent from the average, the metering sy
is unaéceptab]e for use. Otherwise, use the average

the calibration factor for subsequent.test runs. .
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Post-Test Calibration Check: After each field tist :

series, conduct a calibration check as in Sectio

5.1.1 above, except for the following variations

n

(a) the Teak check is not to be conducted, {b) t%ree,

or more revolutions of the dry gas meter may be ysed,
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5.2

5.3

5.4

5.5

“instruction.

- which 100 m1 of 100 percent isopropanol has been added.

and (c} only two independent runs need be made. If

the calibration factor does not deviate by more 5

percent from the initial calibration factor

(determined in Section 5.1.1), then the dry gas meter

volumes obtained during the test series are

acceptable. If the calibration factor deviates by

more than 5 percent, recalibrate the metering system

as in Section 5.1.1, and for the calculations, use

" the calibration factor (initial or recalibration)

that yields the lower gas volume for each test run.§

Thermometers. Calibrate agéinst mercury-in-glass

thermometers.
Rotameter: The rotameter need not be calibrated but should b
cleaned and maintained according to the manufacturer's
Barometer: Calibrate against a mercury barometer.

Barium Perchlorate Solution: Standardize the barium

perchlorate solution against 25 ml of standard sulfuric acid f

E




5.2

5.3

5.4

5.5

instruction,

and {(c) oh]y two independent runs need be made; If
‘the calibration factor does not deviate by more 5
percent from the initial calibration factor

~ (determined in Section 5.1.1), then the dry gas mete
volumes obtained_dufing fhe test sefies are
acceptable. If the calibration factor deviates by
mere than 5 percent, recalibrate the metering system
as in Section 5.1.1, and for the calculations, use
the calibration factor (initié] or reca1ibration)

that yields the lower gas volume for each test run.

Thermometers. Calibrate against mercury-in-glass

thermometers. -
Rotameter: The rotameter need not be calibrated but should be
cleaned and maintained according to the manufacturer's
Barometer: Calibrate against a mercury barometer.
Barium Perchlorate Solution: Standardize the barium

perchlorate solution against 25 ml of standard sulfuric acid t

which 100 m1 of 100 percent isopropanol has been added.
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Calculations

Carry out calculations, retaining at Teast one extra decimal figure

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

calculation.

6.1

Nomeclature.

S0y

Pbar

Pstd

Vm( Std)

Vsoln

Concentration of sulfur dioxide, dry basis correcf
to standard conditions, mg/dscm (1b/dscf).

Normality of barium perchlorate titrant,
m1111equ1va1ents/m1

Barometric pressure at the exit orifice of the dry
gas meter, mm Hg (in Hg). .

Standard absolute pressure, 760 mm Hg (29.92 in Hg

Average dry gas meter abso]ute temperature, 9K
(°R).

Standard absolute temperature, 2930K (5280R).

Volume of sampie aliquot titrated, ml.

ed

).

Bry gas volume as measured by the dry gas meter, dcm

(dcf).

Bry gas volume measured by the dry gas meter,
corrected to standard conditions, dscm {dscf).

Total volume of solution in which the sulfur dioxi
sample is contained, 100 ml.

Volume of barium perchlorate titrant used for the
sample, ml (average of replicate titrations).

Volume of barium perchlorate titrant used for the
blank, ml.

Dry gas meter calibration factor.

Equivatent weight of sulfur dioxide.

de
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METHOD 7 - DETERMINATION OF NITROGEN OXIDE EMISSIONS FROM STATIONARY SOURCES

1. Principle and Applicability

1.1 Principle: "A grab sample is collected in an evacuated flask

containing a dilute sulfuric acid-hydrogen peroxideu
absorbing solution, and the nitrogen oxides, except

nitrous oxide, are measured colorimeterically using

the phenoldisulfonic acid (PDS) procedure,

1.2 Applicability: This method is applicable to the measurement of

nitrogen oxides emitted from stationary sources.
range of the method has been determined to be 2 tg
400 milligrams NO, (as N02) per dry standard

cubic meter, without havihg to dilute the sample.

2. Apparatus
2.1 Sampling (see Figure 7-1): Other grab sampling systems or
equipment, capable of measuring sample volume to within +2.0 perc
and collecting a sufficient sample volume to allow analytical
reproducibility to within +5 percent will be considered acceptabl
alternatives, subject to approval of the Control Agency's Authori

Representative. The following equipment is used in sampling:

7-1
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GROUND-GLASS SOCKET.

"oq FLASK VALVE

' o

FILTER

FLASKy -

GROUNI-GLASS CONE. . FOAM ENCASEMENT
STANOARC TAPER. GROUND-GLASS
§ SLEEVE NO. 24740 SOCKET, §NO. 125
PYREX

“NBOILING FLASK -

LOLE SLEEVE NO. 24/40

Figure T-1. Sampling train, f1ask vatve. and flask.
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EVACUATE

1§

FILTER

GROUND-GLASS SOCKET.

@ EVACUATE
Goer

GNOUND-GLASS CONE. . FOAM ENCASEMENT
STANOARD TAPER, GROUND-GLASS _ :
¥ SLEEVE NO. 24/40 SOCKET, JNO. 125 :
PYREX ‘2\

. A '
180 mem "+ +* “MBOILING FLASK -
WITH § SLEEVE HO. 24/40

Figure 7-1. Sampling train, flask valve, and flask,
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2.1

2.1.2

2.1.3

2.1.4

2.1.5

Probe: B8Borosilicate glaés tubing, sufficiently heated

prevent water condensation and equipped with an in-stack

or out-stack filter to remove particulate matter (a plu

of glass wool is satisfactory for this purpose).
1/ '

Stainless steel or Teflon— tubing may also be used fo

-

the probe. Heating is not necessary if the probe remai

dry during the purging period.

Collection Flask: Two-liter borosilicate, round bottom
flask, with short neck and 24/40 standard taper opening

protected against implosion or breakage.

Flask Valve: T-bore stopcock connected to a 24/40

standard taper joint.

Temperature Gauge: Dial-type thermometer, or other
femperature gauge, capable of measuring 1% (2°F)

intervals for -5 to 50°C (25 to 125°F).

Vacuum Line: Tubing capable of withstanding a vacuum o
75 mm Hg {3 in. Hg) absolute pressure, with "T" connect

and T-bore stopcock.

1/Mention of trade names or specific products does not constitute
endorsement by the Air Resources Board.
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2.1.

2.1.

2.1.

2.1.

2.1.

2.1.

" Stopcock and Ground Joint Grease: A high-vacuum,

Vacuum Gauge: U-tube manometer, 1 meter (36 in.), with

1-mm (0.1-in.) divisions, or other gauge capable of

measuring pressure to withjn +2.5 mm Hg (0.10 in. Hg).
Pump: Capable of evacuating the collection flask to a
pressure equal to or less than 77 mm Hg (3 in. Hg)
absolute.

Squeeze Bulb: One-way.

Volumetric Pipette: 25 ml.

high-temperature chlorofluorocarbon grease is required.

Halocarbon 25-5S5 has been found to be effective.

Barometer: Mercury, aneroid, or other barometer capable

of measuring atmospheric pressure to within 2.5 mm Hg (0O

in. Hg). 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

barometric pressure) shall be requested and an adjustmen

for elevation differences between the weather station an
~sampling point shall be applied at a rate of minus 2.5 m

Hg (0.1 in. Hg) per 30 m (100 ft) elevation increase, of

vice versa for elevation decrease.

g
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2.1.6

2.1.7

2.1.8

2.1.9

2.1.10

2.1.11

J-nm (0.1-in.) divisions, or other gauge capable of

- Squeeze Bulb: One-way.

"~ Yolumetric Pipette: 25 ml.

high-temperature chlorofluorocarbon grease is required.

“sampling point shall be applied at a rate of minus 2.5 mm

Hg (0.1 in. Hg) per 30 m (100 ft) elevation increase, or

Vacuum Gauge: U-tube manometer, 1 meter (36 in.); with
meaéuring pressure to within +2.5 mm Hg {0.10 in. Hg).

Pump: Capable of evacuating the collection flask to a
pressure equal to or Tess than 77 mm Hg (3 in. Hg)

absolute.

Stopcock and Ground Joint Grease: A high-vacuum,
Halocarbon 25-5S has been found to be effective.

Barometer: Mercury, aneroid, or otherrbarometer“capab1e
of measdring atmospheric pressure to within 2.5 mm Hg (0.
in. Hg). In many cases, the barometric reading may be
obtéined from a nearby national weather service station,
in which case ‘the station value (which is the absolute
barometric pressure) shall be requested and an adjustment

for elevation differences between the weather station and

vice versa for elevation decrease.




2.2 SémpTe Recovery: The following equipment is required for sample
recovery. |

2.2.1 Graduated Cylinder: 50 m1 with 1-ml divisions.
2.2.2 Storage Coptainers: Leak-free polyethylene bottles.
2.2.3 Wash Bottle: Polyethylene or glasg.

2.2.4 Glass Stirring Rod.

2.2.5 Test Paper for Indicating pH: To'cover the pH range of 7
to 14,

2.3 Analysis: For the analysis, the following equipment is needed:
2.3.1 Volumetric Pipettes: Two 1 ml, two 2 mi, one 3 ml, one 4

ml, two 10 m1, and one 25 m1 for each sample and standard.

2.3.2  Procelain Evaporting Dishes: 175- to 250-m1 capacity mith
1ip for pouring, one for each sample and each standard;
The Coors No. 45006 (shallow-form, 195 m1) has been found
to be satisfactory. Alternatively, polymethyl pentene |
beakers (Nalge No. 1203, 150‘m1), or glass beakers (150
ml ) may be used. When glass beakers are used, etching of
the beakers may cause solid matter to be present in the
analytical step; the solids should be removed by

filtration (see Section 4.3).
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3.3

3.4

.3.5

.3.6

3.7

.3.8

.3.9

3.1

Steam Bath: Low-temperature ovens or thermostatically
controlled hot plates kept below 70%¢C (160°F) are
acceptable alternatives.

Dropping Pipette or Dropper: Three required.

Polyethylene Policeman. One for each sample and each

standard.

Graduated Cylinder: 100 ml with 1-ml divisions.
Volumetric Flasks: 50 m1 (one for each sample and each
standard) 100 m1 (one for each sample and each standard,
and one for the working standard KNO3 solution}, and
1000 m1 (one).

Spectrophotometer: To measure absorbance at 410 nm. .

Graduated Pipette: 10 ml with 0.1-ml divisions.

Test Paper for Indicating pH: To cover the pH range of

to 14,

Analytical Balance: To measure to within 0.1 mg.

1




2.3.3

2.3.4

2.3.6

2.3.10

Steam Bath: Low-temperature ovens or thermostatically
controlled hot plates kept be]ow 70%¢C {ISOOF) are
acceptable alternatives.

Dropping Pipette or Dropper: Three required.

Polyethylene Policeman. One for each Sample and each

standard.

Graduated Cylinder: 100 m1 with 1-m1 divisions.
Volumetric Flasks: 50 ml1 (one for each sample and each
standard) 100 m1 (one for each sample and each standard,
and one for the working standard KNO3 solution), and
1000 m1 (one).

Spectrophotometer: To measure absorbance at 410 nm.

Gfaduated Pipette: 10 ml with 0.1-m1 divisions.

Test Paper for Indicating pH: To cover the pH range of 7

to 14.

Analytical Balance: To measure to within 0.1 mg.
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Reagents

Unless otherwise indicated, it is intended that all reagent conform t

the specifications established by the Committee on Analytical Reagents of

the American Chemical Society, where such specifications are available;

otherwise, use the best available grade.

3.1

3.2

3.3 Analysis:

Sampling:

concentrated H2804 to 1 1iter of deionized, disti11ed water.

Mix well and add 6 m1 of 3 percent hydrogen peroxide, freshly
prepared from 30 percent hydrogen peroxide solution. The absorb
solution should be used within 1 week of its preparation. Do no

expose to extreme heat or direct sunlight.

Sample Recovery: Two reagents are required for sample recovery:

3.2.1

3.2.2

3.3.1

To prepare the absorbing solution, cautiously add 2.8

Sodium (1N): Dissolve 40 g NaOH in delonized, distil]

water and dilute to 1 Titer.

Water: Deionized, distilled to conform to ASTM

specification D1193-74, Type 3. At the option of the

analyst, the KMNO4 test for oxidizable organic matter

‘may be omitted when high concentrations of organic matter

are not expected to be present.

m]

ing

For the analysis, the following reagents are required:

Fuming Sulfuric Acid: 15 to 18 percent by weight free
sulfur trioxide. HANDLE WITH CAUTION,
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3.3.2

3.3.3

3.3.4

- 3.3.5

3.3.6

3.3.7

3.3.8

Phenol: MWhite solid.

Sulfuric Acid: Concentrated, 95 percent minimum assay.

HANDLE WITH CAUTION.
Potassium Nitrate: Dried at 105 to 110°C (220 to
230°F) for a minimum of 2 hours just prior to

preparation of standard solution.

Standard KNO3 Solution: Dissolve exactly 2.198 g of

dried potassium nitrate (KNO;) in deionized, distilled ’

water and dilute to 1 liter with deionized, distilled

water in a 1,000-m1 volumetric flask.

Working Standard KNO, Solution: Dilute 10 m1 of the

‘standard solution to 100 m1 with deionized, distilled

water. One milliliter of the working standard solution |f

equiva1ent to 100 ug nitrogen dioxide (NOZ)‘
Water:; Deionized, distilled as in Section 3.2.2,

Phenoldisulfonic Acid Solution: Dissolve 25 g of pure

whi te phenol in 150 m1 concentrated sulfuric acid on a

steam bath. Coo1, add 75 m1 fuming sulfuric acid, and';

heat at 100°C (212°F) for 2 hours. Store in a dark,

stoppered bottle.
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3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

3.3.7

3.3.8

Phenol: White solid.

Sulfuric Acid: Concentrated, 95.percent'minimum assay.

HANDLE WITH CAUTIDN.

Potassium Nitrate: Dried at 105 to 110°C (220 to
230°F) for a minimum of 2 hours just prior to |

preparation of standard solution.

Standard KNO, Solution: Dissolve exactly 2.198 g of
dried potassium nitrate (KND3) in deionized, distilled
water and dilute to 1 liter with deionized, distilled

water in a 1,000-m1 volumetric flask.

Working Standard KNOg Solution: Dilute 10 m1 of the
standard solution to 100 m1 with deionized, distilled
water. One mi11iliter of the working standard solution

equivalent to 100 ug nitrogen dioxide (NOZ)"
Water: Deionized, distilled as in Section 3.2.Z2.
Phenoldisulfonic Acid Solution: Dissolve 25 g of pure

white phencl in 150 m1 concentrated sulfuric acid on a

steam bath. Cool, add 75 m1 fuming sulfuric acid, and

" heat at 100°C‘(212°F) for 2 hours. Store in a dark,

stoppered bott1e.
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4,

Procedure
4,1 Sampling.
4.1.1

Pipette 25 m1 of absorbing solution into a sample flas
retaining a sufficient quantity for use in preparing t

calibration standards. Insert the flask valve stopper

into the flask with the valve in the "purge" position.

Assemble the sampling train as shown in Figure 7-1 and
place the probe at the sampling point. Make Sure that
fittings are tight and leak-free, and that all ground
glass joints have been properly greased with a

high-vacuum, high-temperéture chlorof]uorocarbon-baséd

stopcock grease. Turn the flask valve and the pump va

to their "evacuate" positions. Evacuate the flask to_'

mm Hg (3 in. Hg) absolute pressure, or less. Evacuati
to a pressure approaching the vapor pressure of water
the existing temperature is desirable. Turn the pump
valve to its "vent" posifion and turn off the pump. C
for leakage by observing the manometer for any pressun
fluctuation. (Any.variation greater than 10 mm Hg (0.

in. Hg) over a period of 1 minute is not acceptable, a

the flask is not to be used until the leakage problem i

corrected. Pressure in the fiask is not to exceed 75
Hg (3 in. Hg) absolute at the time sampling is
commenced.) Record the volume of the flask and valve

(Vf), the flask temperature {Ti)’ and the barometric

-~
-
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pressure. Turn the flask valve counterclockwise to its

"purge" position and do the same with the pump valve.

Purge the probe and the vacuum tﬁbe using the squeeze
bulb. If condensation occurs in the probe and the fiask5
vave area, heat the probe and purge until the condensatipn
disappears. Next, turn the pump valve to its "vent" :
position. Turn the flask valve clockwise to its

"evacuate" position and record the difference in the
‘mercury levels in the manometer. The absolute interna1'?

pressure in the flask (Pi) is equal to the barometric

pressure less the manometer reading. Immediately turn the
flask valve to the "sample" position and permit the gas ﬁo
enter the flask until pressures in the flask and sample

tine {i.e., duct, stack) are equal. This will usually

require about 15 seconds; a longer period indicates a

"plug". in the probe, which must be corrected before

—3

sampling is continued. After collecting the sample, turp

the flask valve to its "purge" position and disconnect the

flask from the sampling train. Shake the flask for at

Teast 5 minutes.

4,1.2 If the gas being sampled contains insufficient oxygen for
the conversion of NO to NO2 (e;g., an applicable subpart

of the standard may require taking a sample of a

~calibration gas mixture of NO in Nz), then oxygen shall
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a1

.2

calibration gas mixture of NO in Nz), then oxygen shall

pressure. Turn the flask valve counterclockwise to its
"burge" position and do the same with fhe pump valve.
Purge the probe and the vacuum tube using the squeeze
bulb. If condensation occurs in the probe and the Flask
vave area, heat the probe and purge until the condensati
disappears. Next, turn the pump valve to its "vent"
position.r Turn the flask valve clockwise to its

"evacuate"” position and record the difference in the

‘mercury levels in the manometer. The absolute internal

pressure in the flask (P1) is equal to the barometric
pressure Tess the manometer reading. Immediately turn t
flask valve to the "sample" position and permit the gas
enter the flask until pressures in thé flask and samp1e
tine (i.e., duct, stack) are equal. Tﬁis will usually
require about 15 secdnds; a longer period indicates a

“plug" in the probe, which must be corrected before

sampling is continued. After collecting the sample, turn

the flask valve to its "purge" position and disconnect t
flask from the sampling train. Shake the flask for at

lTeast 5 minutes.

If the gas being sampled contains insufficient oxygen for

the conversion of NO to NO, (e.g., an applicable subpart

of the standard may require taking a sample of a

on

he

he
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be introduced into the flask to permit‘this conversion.
Oxygen may be introduced into the flask by one of three

methods; (1) before evacuating the sampling flask, flush

with pure cylinder oxygen, then evacuate flask to 75 mm Hg
(3vin. Hg) absolute pressure or less; or (2) inject oxygen
“into the flask after sampling; 6r (3} terminate sampling
with a minimum of 50 mm Hg (2 in. Hg) vacuum remaining in
'the flask, record this final pressure, and then vent the
flask to the atmosphere until the flask pressure is almost

equal to atmospheric pressure,

4.2 Sample Recovery: Let the flask set for a minimum of 16 hours and
then shake the contents for 2 minutes. Connect the flask to a
mercury filled U-tube manometer. Open the valve from the flask to
the manometer and record the flask temperature (T.), the
barometric pressure, and the difference between the mercury IEVETS
in the manometer. The absolute internal pressure in the flask
(Pf) is the barometric pressure ]ess the manometer reading.
Transfer the contents of the flask to a leak-free polyethylene
bottle. Rinse the flask twice with 5-ml portions of deionizéd.
distilled water aﬁd 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 35 drops). Check the pH by dipping a stirring rod| into
the solution and then touching the rod to the pH test paper. Remove
as little material as possible during this step. Mark the height of

the Tiquid level so.
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4.3

_ bottle. Evaporate the 25-m1 aliquot to dryness on a steam bath ang

that the container can be checked for leakage after transport.
Label the container to c1eak1y identify 1ts contents. Seal the
container for shipping.

Analysis: Note the level of the 1iquid in the container and confir@
whether or not any sample was lost durihg shipment; note this on thé
analytical data sheet. If a noticeable amount of leakage has
occurred, either void the sample or use methods, subject to the
approva] of the Control Agency's Authorized Représentative, to
correct the final results. Immediately priorAto the analysis;
transfer the coﬁtents of the shipping container to a 50-ml
volumetric flask, and rinse the container twice with 5-ml portions
of deionized, distilled water. Add the rinse water to the flask and
dilute to the mark with deionized, distilled water; mix thoroughly.
Pipette a 25-m1 aliquot into the procelain evaporating dish. Retunn

any unused portion of the sample to the polyethylene storage

allow to cool. Add 2 ml phenoldisulfonic acid solution to the dried
residue and triturate thoroughly with a polyethylene policeman.
Make sure the solution contacts all the residue. Add 1 ml
deionized, distilled water and four drops of concentrated sulfuric
acid. Heat the solution on a steam bath for 3 minutes with |
occasional stirring. Allow the solution to cool, add 20 ml, or

more, deionized, distilled water, mix well by stirring, and add

concentrated ammonium hydroxide, dropwise, with constant stirring,

until the pH is 10 (as determined by pH paper).
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4,3

: bott1e. Evaporate the 25-ml aliquot to dryness on a steam bath an

that the container can be checked for leakage after transport.
Label the container to clearly identify its contents. Seal the-

container for shipping.

Analysis: Note the level of the 1iquid in the container and confi

™

whether or not any sample was lost during shipment; note this on the

ana1y£ica1 data sheet. If a noticeable amount of leakage has
occurred, efther void ﬁhe-sample or ﬁse methods, subject to the
approval of the Control Agency's Authorized Representative, to
correct the finél.results. 1mmedfate1y prior to the ana]ysis;
transfer the coﬁtents of the shipping container to a 50-ml
volumetric flask, and rinse the container twice with 5-ml1 portions

of deionized, dist111ed water. Add the rinse water to the flask a

dilute to the mark with deionized, distilled water; mix thoroughly.

Pipette a 25-ml aliquot into the procelain evaporating dish. Retu

any unused portion of the sample to the polyethylene storage

allow to cool. Add 2 ml phenoldisulfonic acid solution to the dri
residue and triturate thoroughly with a polyethylene policeman.

Make sure the solution contacts all the residue. Add 1 ml

deionized, distilled water and four drops of concentrated sulfurig

acid. Heat the solution on a sfeam bath for 3 minutes with

occasional stirring. Allow the solution to coel, add 20 ml, or
more, defonized, distilled watér, mix well by stirring, and add
concentrated ammoﬁium hydroxide, dropwise, with constant stirring,

until the pH is 10 (as determined by pH paper).
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If the sample contains solids these must be removed by filtration
(centrifugation is an acceptable alternative, subject to the
approval of the Control Agency's Ruthori zed Representative), as
follows: Ffilter through Whatman No. 41 filter paper into a 100-m)
volumetric flask, rinse the evaporating dish with three,
approximately, 5-m1 portions of déioni;ed, distilled water; fi1terA
these. three rinses., Wash the filter with at least three 15-ml

- portions of deionized, distilled water. Add tﬁe filter washings to
the contents of the volumetric flask and dilute to the mark with
deijonized, distilled water. If solids are absent, the solution can
be transferred directly to the 100-m1 volumetric flask and diluted
to the mark Qith deionized, distilled water. Mix the'contents-cf |
the flask thoroughly, and measufe the absorbance at the optimum
wavelength used for the standards (Section 5.2.1), using the blank
solution as a zero reference. Dilute the sample and the blank wifh
equal volumes of deionized, distilled water if the absorbance
exceeds A4, the absorbance of the 400 ug NO2 standard (see
Section 5.2.2). |

5, Calibration
5.1 Flask Volume. The volume of the collection flask-flask valve
- combination must be known prior to sampling. Assemble the flask and
flask valve and fill with water, to the stopcock. Measure the

volume of water to +10 mt. Record this volume on the flask.




5.2 Spectrophotometer Calibration. : i

5,21

Bureau of Standards. Specific details on the use of such

- standard solution in the sample cell and a blank so]utiom

Optimum Wavelength Determination. Calibrate the
wavelength scale of the spectrophotometer every 6 months.
The calibration may be accomplished by using an energy
source with an intense 1ine emission such as a mercury
lamp, or-by using a series of glass filters spanning the é
measuring range of the spectrophotometer. Catibration

materials are available commercially and from the_Nationaﬁ

materials should be supplied by the vendor; general
information about calibration techniques can be obtained
from general reference books on analytical chemistry. The

wavelength scale of the spectrophotometer must read

correctly within + 5 nm at all calibration points;
otherwise, the spectrophotometer shall be repaired and
recalibrated. Once the wavelength scale of the
spectrophotometer is in proper calibration, use 410 nm as
the optimum wavelength for the measurement of the

absorbance of the standards and samples.

Alternatively, a scanning procedure may be employed to
determine the proper measuring wavelength. If the
instrument is a double-beam spectrophotometer, scan the

spectrum between 400 and 415 nm using a 200 ug NO2

in the reference cell. If a peak does not occur, the




5.2 Spectfophotometer Catibration.

' 5.2.1

‘Bureau of Standards. Specific details on the use of suc

| Alternatively, a scanning procedure'may be employed to

~ standard solution in the sample cell and a blank solution

Optimum Wavelength Determination. Calibrate the
wavelength scale of the-spectrophotbmeter every 6 months,
The calibration may be accomplished by using an energy
source with an intense line eﬁission such as a mercury
lamp, or'by usfng_a_series of glass filters Spanh%ng the

measuring range of the spectrophotometer. Calibration

materials are available commercially and fromthe.Nation%

-

mater{a1s should be supplied by the vendor; general
information about'calibration techniques can be obtained
from general reference books on ana1ytica1 chemistry. The
wavelength scale of the spectrophﬁtometer must read
correctly within + 5 nm at all calibration points;
otherwise, the spectrOphotometer shall be repaired and
recalibrated. Once the wavelength scale of the
spectrophotometer is in proper calibration, use 410 nm as
the optimum'wave19ngth far the measurement of the

absorbance of the standards and samples.

determine the proper measuring wavelength. If the
instrument is a double-beam spectrophotometer, scan the

spectrum between 400 and 415 nm using a 200 ug ND,

in the reference cell. If a peak does not occur, the

—



5.2.2

K.. Add 0.0 ml, 2 ml, 4 ml, 6 ml, and 8 ml of the

spectrophotometer is probabTy ma1functi6ning and should be.
repaired. When a peak is obtained within the 400 to 415
range, the wavelength dt which this peak occurs sha]1 be
the optimum wavelength for the measurement of absorbance
of both the standards and the samples. For:a single-beam
spectrophotometer, follow the scanning procedure described
above, except that the blank and standard solutions shall
be scanned separately. The optihum wavelength shall be
the wavelength at which the maximum difference in

absorbance between the standard and the blank occurs. |

Determination of Spectrophotometer Calibration Factor
c

KNO, working standard solution (1 ml = 100 ug NO,} to
a series of five 50-ml1 volumetric flasks. To each flask,
add 25 m1 of absorbing solution, 10 ml deionjzed,
distilled water, and sodium hydroxide (1 N) dropwfse until -

the pH is between 9 and 12 (about 25 to 35 drops each).

Dilute to the mark with deionized, distilled water. Mix
thoroughly and pipette a 25-ml a1iquot of each solution
into a separate procelain evaporating dish. Beginnin
with the evaporation step, follow the analysis procedure
of-Section 4.3, until the solution has been transferred to
the 100 m1 volumetric flask and diluted to the mark.

Measure the absorbance of each solution, at the optim
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5.3

5.4

5.5

5.6

wavelength, as determined in Section 5.2.1. This
calibration procedure must be repeated on each day that

samples are analyzed. Calculate the spectrophotometer

calibration factor as follows:

Ay + 2A2 + 3A3 + 4A4

Ke= 100
Af + A3 + A+ A
Equation 7-1
where:
Kc = Calibration factor
A1 = Absorbance of the 100-ug NO2 standard

>
"

o = Absorbance of the 200-ug Noé standard

=
1]

3 Absorbance of the 300-ug NO2 standard

X
1]

" Absorbance of the 400-ug NO, standard

Barometer. Calibrate against a mercury barometer.

Temperature Gauge; Calibrate dial thermometers against

mercury-in-glass thermometers.

Vacuum Gauge. Calibrate mechanical gauges, if used, against a

mercury manometer such as that specified in 2.1.6.

Analytical Balance. (alibrate against standard weights.




5.3

5.4

5.5

5.6

wavelength, as determined ih Section 5.2.1. This
calibration procedure must be repeated on each day that
samples are-analyzed. falculate the spectfophotometer
calibration factor as fo]lbws: |

Ay + 2Ap + 3A3 + 4Ag

A? + A% + A% + A%

KC= 100

Equation 7-1

where:

-~
i

Calibration factor

= Absorbance of the 100-ug N02 standard

. .
—
4

=
[N
]

Absorbance of the 200-ug‘NOé standard

I>
n

3 Absorbénce of the 300-ug N02 standard

T
n

4 Absorbance of the 400-ug NO, standard
Barometer. Calibrate against a mercury barometer.

Temperature Gauge. Calibrate dial thermometers against

mercury-in-glass thermometers.

Vacuum Gauge. Calibrate mechanical gauges, if used, against a

mercury manometer such as that specified in 2.1.6.

Analytical Balance. Calibrate against standard weights.
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.Ca1cu1ation

Carry out the calculations, retaining at least one extra decimal figure

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

calculations.
6.1 Nomenciature

A =  Absorbance of sample.

C =  Concentration of NOx as NOZ’ dry basis Corrected to
standard conditions, mg/dscm (1b/dscf).

F = Dilution factor (i.e., 25/5, 25/10, etc., required only if

sample dilution was needed to reduce the absorbance into
the range of calibration). N

I(c =  Spectrophotometer calibration factor.

m = Mass of NOx as N0, in gas sample, ug.

Pf = Final absolute pressufe of flask, mm Hg (in. Hg).

P1 = Initial absolute pressure, 760 mm Hg (29.92 in. Hg).

Pstd =  Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

Te = Final absolute temperature of flask, % (°R).

T, = [Initial absolute temperature of flask, % (°R).

Tstd = Standard absolute temperature, 293% (528°R).

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

Ve = Volume of flask and valve, ml.

Va' =  Volume of absorbing solution, 25 ml.

2 =

50/25, the aliquot factor. (If other than a 25 ml aljquot

was used for analysis, the corresponding factor must be

substituted.)
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6.2

6.3

6.4

Sample volume, dry basis, corrected to standard conditions.

Tstd (ve - vy) L;{ - Pi;

Vsc = Pstd Ty
= Ky (v - 25 m) [BF - Pij
TF T
Equation 7-2
where
K] = 0.3858 _%K__for metric units

mm Hg

= 17.64 °R__ for English units
in. Hg

Total ug NOz Per Sample.
m = 2K AF

Equation 7-3

Note: If other than a 25-m1 aliquot is used for amalysis, the

factor 2 must be replaced by a corresponding factor.

Sample concentration, dry basis, corrected to standard conditions.

C =Ky L
VSC

Equation 7-4
where

103 mg/m3 for metric units
ug/ml

-~
L
1]

6.243 x 10-5 1b/scf for English units
ug/ml




6.2

6.3

6.4

 where

~ factor 2 must be replaced by a corresponding factor.

Sample volume, dry basis, corrected to standard conditions.

Tstd (v Pf - Py
— f'va)[— ~L]
Vsc = Pstd Te Ty

K1 (Vg - 25 m1)‘L;£ - £
1

~ Equation 7-2

n
(o=

Ky .3858 %K for metric units

mm Hg

= 17.64 °R__ for English units
in. Hg

Total ug NO> Per Sample.
m - = ZKcAF

Equation 7-3

Note: If other than a 25-m1 aliquot is used for analysis, the

Sample concentration, dry basis, corrected to standard conditions.

C =Ky -
sC
Equation 7-4
where _
Kp = 103m /M3 for metric units
ug/m

6.243 x 10-5 1b/scf for English units
ug/ml
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METHOD 8 - DETERMINATION OF SULFURIC ACID MIST AND SULFUR DIOXIDE EMISSIONS

T.

FROM STATIONARY SOURCES

Principle and Applicability

1.1 Principle:

1.2 Applicability:

A gas sample is extracted isokinetically from the

~trioxide) and the sulfur dioxide afe.separatéd, and

stack. The sulfuric acid mist (iné]uding sulfur

both fractions are measured separately by the

barium-thorin titration method.

This method is ahplicab]e for the determinatioﬁ of
sulfuric acid mist (including sulfur trioxide, and in
the absence of other particulate matter) and su1fuf-
dioxide emissions from stationary sources.
Collaborative tests have shown that the minimum
detectable limits of the_method are 0.05

milligrams/cubic meter (0.03x10'7

pounds/cubic
foot) for sulfur trioxide and 1.2 mg/m3
(0.74x10°7 1b/§t3) for sulfur dioxide. No upper
limits have been established. Based on théoretica1
calculations for.200 milliliters of 3 percent
hydrogen peroxide solution, thé upper concentraton
limit for sulfur dioxide in a 1.0 m3 (35.3 £t))
gas sample is about 12,500 mg/m3 (7.7)(10'4

1b/ft3). The upper 1imit can be extended by

~ increasing the quantity of peroxide solution in the

impingers.
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Possible interfering agents of this method are

fluorides, free ammonia, and dimethyl aniline., If .

any of these interfering agents are present (this can
be determined by knowledge of the process),
alternative methods, subject to the approval of the
Control Agency's authorized representative, are

required.

Filterable particulate matter may be determined along

with S0, and SO, (subject to the approval of the

Control Agency's authorized representative) by
inserting a heated glass fiber filter between the
probe and isopropanol impinger (see Section 2.1 of
Method 6). If this option is chosen, particulate

analysis is gravimetric only; HZSO4 acid mist is

not determined separately.

Apparatus

2.1 Sampling: A schematic of the sampling train used in this method is

Tr

shown in Figure 8-1; it is similar to the Method 5 train except tha

1§

the filter position is different and the filter holder does not have
to be heated. Commercial models of this train are available. For
thoSe who desire to build their own, however, complete construction
details are described in APTD-0581. Changes from the APTD-0581
document and allowable modifications to Figure 8-1 are discussed 1h

the following subsections.
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Possible interfering agents of this method are
fluorides, free ammonia, and dimethyl aniline. If
‘any of these interfering agents are present {this can
be determined by knowledge of the process),
alternative methods, subject to the approval of the
Control Agency's authorized representative, are

required.

Filterable particuldte matter may bé determined a1o$g
| with S05 and 50, (subject to the apprqval of the
Control Agency's authorized representative) by
inserting a heated glass fiber filter between the
probe and isopropanol impinger (see Section_é.1 of
Method 6). If this optioﬁ is chosen, particulate
analysis is gravimetric only; HZSU4 acid mist is

not determined separately.

2. Apparatus
é.] Sampling: A schematic of the sampling train used in this méthod is
shown in Figure 8-1; it is similar to the Method 5 train except that

the filter positibn is different and the filter holder does not hayve

to be heated. Commercial models of this train are available. For

.those who desire to build their own, however, complete constructiop
detai]s'are:described in APTD-O581. Changes:from the APTD-0581
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the fo]]owihg-subsections.
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Figure 8-1. Sulfuric acid mist sampling 1rain.




The operating and maintenance procedures for the sampling train are

described in APTD-0576. Since correct usage is important in

obtaining valid results, all users should read the APTD-0576
"document andvadopt the operating and maintenance procedures outlined
in it, unless otherwise specified herein. Further details and / '
guidelines on operation and maintenance are given in Method 5 énd

should be read and followed whenever they are applicable.

2.1.1 Probe Nozzle: Same as Method 5, Section 2.1.1.

2.1.2 Probe Liner: Borosilicate or quartz glass, with a heatind
system to prevent visible condensation during sampling. |

Do not use metal probe liners.

| 2.1.3 Pitot Tube: Same as Method 5, Section 2.1.3.

2.1.4 Differential Pressure Gauge: Same as Method 5, Section
2.1.4
2.1.5 Filter Holder: Borosilicate glass, with a glass frit

Tt

filter support and a silicone rubber gasket. Other gaske
materials, e.g., Teflon or Viton, may be used subject to
the approval of the Control Agency's authorized
répresentétive; The holder design shall provide a

positive seal against leakage from the outside or around




The operating and maintenance procedures for the sampling train are
described in APTD-0576. Since correct usage is jmportant in

obtaining valid results, all users should read the APTD-0576

materials, e.g., Teflon or Yiton, may be used subject to

the apprdva] of the Control Agency's authorized

representative. The holder design shall provide a

positive seal against leakage from the outside or around
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“document and adopt the operating and maintenance procedures outlined
in it, unless otherwise specified herein. Further details and
_guidelines on operation and maintenance are given in Methdd 5 and
should be read and followed whenever they are applicable.
2.1.1° Probe Nozzle: Same as Method 5, Section 2.1.1.
2.1.2 ‘Probe Liner: Borosilicate or quartz glass, with a heating
system to prevent visible condensation during sampling.
Do not use metal probe liners.
2.1.3 Pitot Tube: Same as Method 5, Section 2.1.3.
2.1.4 Differential Pressure Gauge: Same as Method 5, Section
2.1.4 -
2.1.5 Filter Holder: Borosilicate glass, with a glass frit
filter support and a silicone rubber gasket. Other gasket




- 2.1.6

2.1.7
2.1.8

2.1.9

2.1.10°

-holder.

the filter. The filter holder shall be placed between

first and second impingers. Note: Do not heat the fi

Impingers - Four, as shown in Fighre 8-1: The first a
third shall be of the Greenburg-Smith design with stan
fips. The second and fourth shall be of the
Greenburn-Smith design, modified by replacing the inse
with an approximately 13 millimeter (0.5 in.) ID glass
tube, having an unconstricted tip located 13 mm (0.5 i
from the bottom of the flask. Similar collection syst
which have been approved by the Control Agency's

authorized representative may be used.
Metering System: Same as Method 5, Section 2.1.8.
Barometer: Same as Method 5, Section 2.1.9.

Gas Density Determination Equipment: Same as Method 5

Section 2.1.10.

Temperature Gauge: Thermometer, or equivalent, to mea
the temperature of the gas leaving the impinger train

within 1°C (2°F).
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2.2 Sample Recovery.

2.3

2.2.1

2.2.2

2.2.3

2.2.4

Analysis

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

‘Graduated Cylinders: 250 m1, 1 liter. (Volumetric Flask

Wash Bottles: Polyethylene or glass, 500 m} (two).

may also be used.)

Storage Bottles: Leak-free polyethylene bottles, 1000 ml

size (two for each sampling run).

Trip Balance: 500-gram capacity, to measure to +0.5 g
(necessary only if a moisture content analysis to be be
done).

Pipettes: Volumetric 25 ml, 100 ml.

Burette: 50 ml.

Erlenmeyer Flask: 250 ml, (one for each sample blank andg

standard).
Graduated Cylinder: 100 ml.

Trip Balance: 500 g capac%ty, to measure to +J.u 4.

8-6




2.2 _Samb1e Recovery.

2.3

2.2.1

2.2.2

2.2.3

2.2.4

Analysis

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

Graduated Cylinders: 250 m1, 1 liter. (Volumetric Flasks

Wash Bottles: Polyethylene or glass, 500 ml (two).
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Storage Bottles: Leak-free polyethylene bottles, 1000 m]

size (two for each sampling run).
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{necessary only if a moisture content analysis to bg be
doﬁe).

Pipettes: Volumetric 25 mi, 100 ml.

Burette: 50 ml.

Erlenmeyer Flask: 250 ml, (one for each Samp]e blank and

standard).
Graduated Cylinder: 100 ml.

Trip Balance: 500 g capac%ty, to measure to +.. .
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2.3.6

Reagents

Unless otherwise indicated, all reagents are to conform to the
specifications established by the Committee on Analytical Réagents of
American Chemical Society, where such specifications are available.

Otherwise, use the best available grade.

3.1 Sampling.
3.1.1

3.1.2

3.1.3

3.1.4

Dropping Bottle: To add indicator solution, 125-ml si

Filters: Same as Method 5, Section 3.1.1,
Silica Gel: Same as Method 5, Section 3.1.2.
Water: Deionized, distilled to conform to ASTM

specification D1193-74, Type 3. At the option of the

analyst; the KMnO4 test for oxidizable organic matter

may be omitted when high concentratons of organic matt

are not expected to be present.

Isopropanol: 8C Percent. Mix 800 ml of isopropanol with

200 m1 of defonized, distilled water.

Note: Experience has shown that only A.C.S. grade

isopropanol is satisfactory. Tests have shown that

ze,

the

er

isopropanol obtained from commercial sources occasionally
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3.1.5

3.1.6

3.2 Sample Recovery.

3.2.1

has peroxide impurities that will cause erroneously high
sulfuric acid mist measufement. Use the following test
for detecting peroxides fn each Tot of isopropanol: Shake
10 w1 of the isopropanol with 10 ml of freshly prepared 1Q
percent potassium jodide solution. Prepare a blank by_ |
similarly treating 10 m1 of distilled water. After 1 .
minute, read the absorbance on a spgctrophotometer at 352;
nanometers. If the absorbance exceeds 0.1, the |
isopropanol shall not be used. Peroxides may be removed
from isopropanol by redistilling, or by.passage through a

column of activated alumina. However, reagent-grade

isopropanol with suitably Tow peroxide levels is readily

—h

available from commercial sources; therefore, rejection o

contaminated lots may be more efficient than following th

perokide removal procedure.
Hydrogen Perokide, 3 Percent: Dilute 100 m1 of 30 percent
hydrogen peroxide to 1 liter with deionized, distilled

water. Prepare fresh daily.

Crushed ice.

Water: Same as 3.1.3.
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3.1.5

3.1.6

3.2 Sample Recovery,

3.2.1

‘isopropanol shall not be used. Peroxides may be removed

- contaminated lots may be more efficient than following the

peroxide removal procedure.

has peroxide impurities that will cause erroneously high
sulfuric acid mist measurement., Use the following test

for detecting peroxides in each 1ot of isopropanol: Shake

L=

10 ml of the isopropanol with 10 m1 of freshly prepared 1
percent potassium iodide sdquion. Prepare a blank by:
similarly treating 10 ml of distilled water. After l._
minute, read the absorbance on a spectrophotometer at 352

nanometers., If the absorbance exceeds 0.1, the
from isopropanol by rediéti]]ing, or by passage through a
column of activated alumina. However, reagent-grade

isopropanol with suitably low peroxide levels is readily

available from commercial sources; therefore, rejection of

Hydrogen Peroxide, 3 Percent: Dilute 100 ml of 30 perce*t
hydrogen peroxide to 1 Titer with deionized, distilled

water. Prepare fresh daily.

Crushed ice,.

Water: Same as 3.1.3.
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3.3

3.2.2

Analysis

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

Isopropanol, 80 Percent: Same as 3.1.4.

Water: Same as 3.1.3.
Isopropanol, 10C Percent.

Thorin Indicator: 1-(o-arsonophenylazo)-2-naphthol-3

6-disulfonic acid, disodium salt, or equivalent. Dissolve

0.20 g in 100 m! of deionized, distilled water.

Barium Perchlorate (0.0100 Normal): Dissolve 1.95 g of

barium perchlofate trihydrate [Ba(C104)é3HZD] in
200 m1 deionized, distilled water, and dilute to 1 11
with isopropanol; 1.22 g of barium chloride dihydrate

(BaCL;2H,0) may be used instead of the barum

ter

perchlorate. Standardize with sulfuric acid as in Section

at all times.

Sulfuric Acid Standard (0.0100 N): Purchase or

5.2, This solution must be protected against evaporation

standardize to +0.0002 N against 0.0100 N NaOH that has

previously been standardized against primary standard

potassium acid phthalate.




4,

Procedure
4,1 Sampling
4.1.1

- 4.1.2

4.1.3

Pretest Preparation: Follow the procedure outlined in
Method 5, Section 4.1.1; filters should be inspected, buté
need not be desiccated, weighed, or identified. If the |
effluent gas can be considered dry,'i.e., moisture free, é

the silica gel need not be weighed.

= e

Preliminary Determinations: Follow the procedure outlined - .

in Method 5, Section 4.1.2.

Preparation of Collection Train: Follow the procedure

outlined in Method 5, Section 4.1.3 (except for the seconr-
paragraph and other obviously inapplicable parts) and use!
Figure 8-1 instead of Figure 5-1. Replace the second
paragraph with: Place 100 ml of 80 percent isopropanol in
the first impinger, 100 ml of 3 percent hydrogen peroxide
in both the second and third impingers; retain a portion
of each reagenf for use as a blank solution. Place aboug

200 g of silica gel in the fourth impinger.

Note: If moisture content is to be determined by impinger
analysis, weigh each of the first three impingers (plus |

absorbing solution) to the nearest 0.5 g and record these

weights. The weight of the silica gel (or silica gel plys




4, Procedure
4.1 Sampling
'4.1.1  Pretest Preparation: Follow the procedure outlined in
Method 5, Sect{on 4.T.1; filters shouid be inspected, buf
need not be desiccated, weighed, or identified. If the
effluent gas can be-considered dry, i.e., moisture free,

the silica gel need not be weighed.

- 4,12 Preliminary Determinations: Follow the procedure outlined.

in Method 5, Section 4.1.2.

4.1.3 Preparation of Collection Train: Follow the procedure

outlined in Method 5, Section 4.1.3 (except for the second

i

paragraph and other obviously inapplicable parts) and us(
Figure 8-1 instead of Figure 5-1. Replace the second

paragraph with: Place 100 m1 of 80 percent isopropancl in

1))

the first impinger, 100 m1 of 3 percent hydrogen peroxid
in both the second and third impingers; retain a portion
of each reagent for use as a blank solution. Piace about

200 g of silica gel in the fourth impinger.

Note: If moisture content is to be determined by impinJer
analysis, weigh each of the first three impingers (plus
absorbing solution) to the nearest 0.5 g and record these

weights. The weight of the silica gel (or silica gel plus




4.1

4.1

4

.5

Pretest Leak-Check Procedure: Follow the basic proée

container) must also be determined to the nearest 0.5

and recorded.

outlined in Method 5, Section 4.1.4.1, noting that thf

probe heaters hall be adjusted to the minimum tempera

required to prevent condensation, and also that verbage

such as, "plugging the inlet to the filter holder...,

shall be replaced by, '

impinger."

Train Operation: Follow the basic procedure outlined

T

dure

ture

...~plugging the inlet to the first

in

Method 5, Section 4.1.5, in conjunction with the following

special instructions. Data sha]l be recorded on a sheet

similar to the one in Figure 8-2. The sampling rate shall

not exceed 0.030m3/min (1.0 cfm) during the run,

Periodically during the test, observe the connecting line

between the probe and first impinger for signs of

condensation. If it does occur, adjust the probe heater

setting upward to the minimum temperature required to
prevent condensation. If component changes become

necessary during a run, a leak-check shall be done

jmmediately before each change, according to the procedure

outlined in Section 4.1.4.2 of Method 5 (with appropriate

modifications, as mentioned in Section 4}1.4 of this
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method); record all leak rates, If the leakage rate(

exceed the specified rate, the tester shall either vojid
the run or shall plan to correct the sample volume as
outlind in Section 6,3 of Method 5. Immediately afte

component changes, conduct leak-checks per the procedure

=

outlined in Section 4.1.4.1 of Method % (with appropriate .

modifications).

After turning off the pump and recording the final

readings at the conclusion of each run, remove the prpbe

from the stack. Conduct a post-test (mandatory)

leak-check as in Section 4.1.4.3 of Method 5 {with
appropriate modification) and record the 1eak rate.
the post-test leakage rate exceeds the specified

acceptable rate, the tester shall either correct the

sample volume, as outlined in Section 6.3 of Method 5, or -

shall void the run.

Drain the ice bath and, with the probe disconnectéd,
the remaining part of the train, by drawing clean amb
air through the system for 15 minutes at the average

rate used for sampling.

Note: Clean ambient air can be provided by passing a
through a charcoal filter. At the option of the test

ambient air (without cleaning) may be used.

purge
ient

flow

ir

er,
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4.1.6

4.2 Sample Recovery

4.2.1

4.2,2

~done, weigh the second and third impingers (plus contents

Calculation of Percent Isokinetic: Follow the procedure

outlined in Method 5, Section 4.1.6.

Container No. 1: If a moisture content analysis is to bef
done, weigh the first impinger plus contents to the

nearest 0.5 g and record this weight.

Transfer the contents of the first impinger to a 250-m1 |
graduated cylinder. ‘Rinse ihe probe, first impinger, a11§
connecting glassware before the filter, and the front ha]ﬁ
of the filter holder with 80 percent isopropanol. Add thé
rinse solution to the cyiinder. Dilute to 250 ml with 803
percent isopropancl. Add the filter to the solution, mixy
and transfer to the storage container. Protect the
solution against evaporation. Mark the lTevel of liquid o

the container and identify the sample container.

Container No; 2: If a moisture cbntent analysis is to be

to the nearest 0.5 g and record these weights. Also,
weigh the spent silica gel (or silica gel plus impinger) i

to the nearest 0.5 g.
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4.1.6  Calculation of Percent Isokinetic: Follow the procedure

outlined in Method 5, Section 4.1.6.

.4.2 Sample Recovery
4.2.1 Container No. 1: If a moisture content analysis is to be
done, weigh the first impinger plus contents to the

nearest 0.5 g and record this weight.

“Transfer the contents of the first'impinger to é 250-m1
graduated cyiinder. Rinse fhe probe, first impinger, all
connecting g]asswafe before the filter, and the front half
of the filter holder with 80 percent isopropanol. Add the
rinse solution to thercyiiﬁder; Dilute to 250 m? with'BO
pércent isopropanol. Add the filter to the solution, mix,
and transfer to the storage container. . Protect the
solution against evaporation. Mark the level of liquid on

the container and identify the sample container.

4,2.2 Container No; 2: If a moiéture céntent analysis is to be
done, weigh the second and third impingers {plus contents)
to the nearest 0.5 g and recordlthese we1§hts; Also,
weigh the spent silica gel {or silica gel plus impinger)

to the,nearest.D.S g.




4.3 Analysis

Transfer the solutions from the second and third impingers

to a 1000-m1 graduated cylinder. Rinse all connecting

glassware (including back half of filter holder) between

the filter and silica gel impinger with deionized,
distil]ed water, and add this rinse water to'the
cylinder. Dilute to a volume of 1000 ml deionized,

distilled water. Transfer the solution to a storage

container. Mark the level of liquid on the container.

Seal and identify the sample container.

Note the level of 1iquid in containers 1 and 2, and confirm whether

or not any sample was lost during shipment; note this on the
analytical data sheet, If a noticeable amount of 1eakage has
occurred,
approval of the Control Agency's authorized representative, to

correct the final results.:

4.3.1

either void the sample or use methods, subject to the

Container No. 1: Shake the container holding the

isdpropanol solution and the filter. If the filter breaks

up, allow the fragments to settle for a few minutes before

removing a sample. Pipette a 100-m1 aliquot of this
solution into a 250-m1 Erlenmeyer flask, add 2 to 4 dr
of thorin indicator, and titrate to a pink endpoint u:
0.0100 N barium perchlorate. Repeat the titration wi

second aliquot of sample and average the titration

rops
;1ng
th a
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5.

4.3.2

4.3.3

Calibration

5.1 Calibrate equipment using the procedures specified in the following
sections of Method 5: Section 5.3 (metering system); Section 5.5 é
(temperature gauges); Section 5.7 (barometer). Note that the
recommended leak-check of the metering system, described in_Sectio?

5.6 of Method 5, also applies to this method.

values. Replicate titrations must agree within 1 percent|

or 0.2 m1, whichever is greater.

Container No. 2: Thoroughly mix the solution in the

container holding the contents of the second and third

impingers. Pipette a 10-ml aliquot of sample into a

250-m1 Erlenmeyer flask. Add 40 ml of isopropanol, 2 to f
drops of thorin indicator, and titrate to a pink endpo}ht
using 0.0100 N barium perchlorate. Repeat the titration
with a second atiquot of sample and average the titration
values. Rep]icate titrations must agree within 1 prcent

or 0.2 ml, whichever is greater.

Blanks: Prepare blanks by adding 2 to 4 drops of thorin
indicator to 100 m1 of 80 percent isopropanol. Titrate

the blanks in the same manner as the sampies.
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5,

4.3.2

4.3.3

~ Calibration

5.1 Calibrate equipment using the procedures specified in the following
sections of Method 5: Section 5.3 (metering system); Section 5.5
{temperature gauges); Section 5.7 (barometer). Note that the.
recommended leak-check of the metering system, described in,Seétion

5.6 of Method 5, also applies to this method.

values. Replicate titrations must agree within 1 percent

or 0.2 ml, whichever is greater.

Container No. 2: Thoroughly mix the solution in the
container holding the contents of the second and third
impingers. Pipette a 10-m1 aliquot of sample into a

250-m1 Erlenmeyer flask. "Add 40 m] of isopropanol, 2 to

drops of thorin indicator, and titrate to a pink endpoﬁht

using 0.0100 N barium perchlorate. Repeat the titration
with a second aliquot of sample and average the‘titration
values. Replicate titrations must agree within 1 prcent

or 0.2 ml, whichever is greater.

Blanks: Prepare blanks by adding 2 to 4 drops of thorin
indicator to 100 m1 of 80 percent isopropanol. Titrate

the blanks in the same manner as the samples.

4
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5.2 Standardize the barium perchlorate solution with 25 ml of standard
sulfuric acid to which 100 m1 of 100 percent isopropanol has been

added.

Calculations

Note: Carry out calculations retaining at least one extra decimal figure

beyond that of the acquired data. Round off figures after fina1.

calculation.

6.1 Nomenclature

A

BWS

c
H2504

Cross sectional area of nozzle, m2, (£t?).
Water vapor in the gas stream, proportion by vol
Sulfuric acid (including 502) concentration,

g/dscm (1b/dscf).

Sulfur dioxide concenfration, g/dscm (1b/dscf).
Percent of isokinetic sampling.

Normality of barium perchliorate titrant, g
equivalents/liter. |

Barometric pressure at the sampling site, mm Hg
Hg) .

Absolute stack gas pressure; mm Hg (in. Hg). :
Standard absolute pressure, 760 mm Hg (29.92 in.
Average absolute dry gas meter temperafure (see

Figure 8-2), % (®r).

Average absolute stack gas temperature (see Figu

8-2), % (°R).
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soln

13.6
60
100

I

Standard absolute temperature, 293% (528°R).
Yolume of sample aliquot titrated, 100 ml for
HéSO4 and 10 m1 for S0,.

Total volume of 1iquid collected in impingers and
silica gel, ml. |

Volume of gas sample as measured by dry gas meter,
dcm.(dcf).

Volume of gas sample measure by thé dry gas meter
corrected to standard conditions, dscm (dscf).
Average stack gas velocity, §a1cu1ated by Method 2,
Equation'2-9, using data obtained from Method 8,
m/sec (ft/sec).

Total volume of solution in which the sulfuric acid é
or sulfur dioixde sample is contained, 250 ml or -
1,000 ml1, respectively.

Volume of barium perchlorate titrant used for the
sample, ml,

Volume of barium perchlorate titrant used for the
Mam,mh

Dry gas meter calibration factor.

Average pressure drop across orifice meter, mm (in.)
H 0. |
Total sampling time, min.
Specific gravity of‘mercuny.
sec/min,

Conversion to percent
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soln

13.6
60
100

“Conversion to percent

Standard absolute temperature, 293°k (528%R).
Volume of sample aliquot titrated, 100 m1 for
HéSO4‘and 10 ml for S0,.

Total volume of 1iquid collected in impingers and
silica gel, ml.

Volume of gés sample as measured by dry gas meter,
dcm‘(dcf).

Volume of gas sample measure by the dry gas meter
corrected to standard cond1t1ons dsem {dscf).
Average stack gas velocity, ca1cu1ated by Method 2,
Equation 2-9, using data obtained from Method 8,
m/sec (ft/sec).

Total volume of solution in which the sulfuric acid
or sulfur dioixde sample is contained, 250 ml or -
1,000 ml, reﬁpective1y,

Volume of barium perchlorate titrént used for the
sample, ml,-

Volume of barium perchlorate titrant used for the
blank, ml.

Dry gas meter calibration factor.

Average pressure drop across orifice meter, mm (in.
H,,0. |
Total sampling time, min.

Specific gravity of mercury.

sec/min,
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6.2 Average dry gas meter temperature and average orifice pressure

. drop. See data sheet (Figure 8-2).

6.3 Dry Gas Volume. Correct the sampTe volume measured by the dry gas.
meter to standard conditions (20°C and 760 mm Hg or 68°F and

29.92 in. Hg) by using Equation 8-1.

Vm{std) = Vm Y Pbar * (AH/13.6)
Pstd

K] Vp Y Pbar + (AH/13.6)

o 2

Equation 8-1

‘I’ K= 0.3858 °k/mm Hg for metric units.
17.65 °R/in. Hg for English units.

Note: If the leak rate observed during any mandatory leak-checks
. , exceeds the specified acceptable rate, the tester shall either
correct the value of Vm in Equation 8-1 (as described in Section

6.3 of Method 5), or shall invalidate the test run.

6.4 Volume of Water Vapor and Moisture Content, Calculate the volume of
water vapor using Equation 5-2 of Method 5; the weight of water
collected in the impingers and silica gel can be directly convented

to milliliters (the specific gravity of water is 1 g/ml1). Calcylate
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6.5

6.6

the moisture content of the stack gas, using Equation 5-3 of Method
5. The "Note" in Section 6.5 of Method 5 also applies to this

method. Note that if effluent gas stream can be considered dry, th

volume of water vapor and moisture content need not be ca1cu1ated.,'

Sulfuric acid mist (including S03) concentration.

CHoS04 = KoN (V¢ - Vp) (Vso1n/Va)
~m (std)
Equation 8-2
where
Ky - 0.04904 g/milliequivalent for metric units.

= 1.081 x 10°% 1b/meq for English units.
Sulfur dioxide concentraton.

Cso, = K3 N (V¢ - Vip) (Vso1n/Va)
Vm (std)

Equation 8-3

where

i1’

0.03203 g/meq for metric units.

e
w
i

= 7.061 x 10”2 1b/meq for English units.
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6.5

6.6

‘volume of water vapor and moisture content need not be calculated.

Chpsog = KN (Vg - Vp) (Vsp1n/Va)
' : Ym (std)
_Equation 8-2.
where |
Ky ' = 0.04904 g/miiliequiva1ent'for metric units.

where

the moisture content of the stack gas, using Equation 5-3 of Method

5. The "Note" in Section 6.5 of Method 5 also applies to this

o

method. Note that if effluent gas stream can be considered dry, th

Sulfuric acid mist (including SO3) concentration.

- 1.081 x 107 1b/meg for English units.

Sul fur dioxide concentraton.

Csop = K3 N (o = Vip) (Vso1n/Va)
| Vm (std)

Equation 8-3

0.03203 g/meq for metric.units.

-~
w
i

7.061 x 10™° 1b/meq for English units.
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6.7 Isokinetic Variation.

6.7.1 Calculation from raw data _
;= 100 Tg [Xg VetV Y/Ty) (Ppap+al/13.6}]
60 8 vg Pg Ap :
Equation 8-4
where _ ) |
Ky =  0.003464 mm Hg mo/m °K for metric units.

0.002676 in. Hg ft3/ml °R for English units.

6.7.2 Calculation from intermediate values.

Te V P 100

1 =
Tstd Vs - An PS 60 (] - Bws)

K5' Ts Vp(std)
PS VS An 8 (] - BWS)

Equation 8-5
where:

4.320 for metric units.

<
o
H]

0.09450 for English units. -

6.8 Acceptable Results. If$90 percent I£110 percént, the results are
acceptable. If the results are Tow in comparison to the standards
and I is beyond the acceptable range, the Administrator may opt| to
accept the results. Use Citation 4 in the Bibliography of Method 5
to make judgements. btherwise, reject the results and repeat the

test.
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. METHOD 10 - DETERMINATION OF CARBON MONOXIDE EMISSIONS FROM STATIONARY SOURCES

1. Principle and App]jcabi]ity »
1;1 Principle: Ah integrated or contihuohs gas saﬁple is extracted

from a sampling point ahd analyzed for carbon

mondkidg (CO)} content usiﬁg a nondispersive infrared

»

analyzer (NDIR) or equivalent.

. 1.1 Applicability: This method is applicable for the determination of
carbon monoxide emissions froﬁ stationary sources
only when specified by the test procedureé for
determining comp]idnce with new source performange

. | standards. The test procedure vﬁ']] indicate whether

‘a continuous or an integrated sample 1s to be used.

2. Range and Sensitivity

. 2.1 Range: 0 to 1,000 ppm.

2.2 Sensitivity: Minimum detectable concentration is 20 ppm for a 0 to

1,000 ppm span.
3. Interferences

Any substance having a strong absorption of infrared energy will

interfere to some extent. For example, discrimination ratios for water
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(H,0) and carbon dioxide (C0,) are 3.5 percent H,0 per 7 ppm CO and -

10 percent CO2 per 10 ppm CO, respectively, for devices measuring in

the 1,500 to 3,000 ppm range. For devices measuring in the O to 100 ppm;
range, interference ratios can be as high as 3.5 percent HZO per 25 ppm é
-C0 and 10 percent 002 per 50 ppm C0. The use of silica gel and

ascarite traps will alleviate the major interference problems. The

measured gas volume must be corrected if these traps are used.

Precision and 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 after calibration.

Apparatus

5.1 Continuous Sample {Figure 10-1).

Air-Cooled Condenser

Praobe . To Analyzer
f

Filter (Glass Wool) Valve

Figure 10-1. Continuous sampling train.

5.1.1 Probe: Stainless steel or sheathed borosilicate or quarﬁz
glass, equipped with a filter to remove particulate

matter.
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{H20) and carbon dioxide (COZ) are 3.5 percent H20_per 7 ppm CO and
" 10 percent CO2 per 10 ppm CO, respectively, for devices measuring in
the 1?500 tb 3,000 ppm range. For dgvices measuring in the 0 to 100 ppm
-'range,kinterference ratios can be as'high as 3.5 percent HZO per 25 ppm
€0 and 10 percent CO, per 50 ppm CO. The use of silica gel and

kascarite traps will alleviate the major interference prob1ems; The

measured gas volume must be corrected if these traps are used.

Precision and Accuracy
- 4,1 Preciéion: The precision of most NDIR analyzers is appfoximate]y

+2 percent of span.

4.2 Accuracy: The accuracy of most NDIR analyzers is approximately

+5 percent of span after calibration.

Apparatus

5.1 Continuous Sample (Figure 10-1).

“Air-Cooled Condenser

Probe N To Analyzer
f
Filter (Glass Wool Valve
/

Figure 10-1. Continuous sampling train.

5.1.1 Probe: Stainless steel or sheathed boresilicate or quartz
glass, equipped with a filter to remove particulate

matter.
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5.1.2

5.1.3

Air-cooled Condenser or Equivalent: To remave any excess

moisture,

Sample Line: Line shall be made of Teflon, and if

~ necessary, insulated and capable of being‘heated to a

minimum of 120°C. If condensation is not a problem,

sample line does not have to be heated. Alternatively,

sample 1ine made from other material (equivalent or
better) may be used subject to the approval of the Co

Agency's Authorized Representative.

5.2 Integrated sample (Figure 10-2).

5.2.1

5.2.2

5.2.3

5.2.4

5.2.5

Probe. Stainless steel or sheathed borosilicate or g

ntrol

lartz

glass, equipped with a filter to remove particulate matter,

Air cooled condenser or equivalent. To remove any ex

moisture.
Valve. Needle valve, or equivalent, to adjust flow r

Pump. Leak-free diaphragm type, or équivalent, to

transport gas.

Rate Meter. Rotameter, or equivalent, to measure a f

range from 0 to 1.0 liter per min. (0.035 cfm).
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5.2.6 Flexible Bag: Tedlar, or equiva]ent,'with a capacity|of
60 to 90 Titers (2 to 3 ft.3). Leak-test the bag in the
laboratory before using by evacuating bag with a pump
followed by a dry gas meter. When evacuation is complete,
there should be no flow through tﬁe-meter.

5.2.7 Pitot Tube: Type S, or equivalent, attached to the probe
so that the sampling rate can be regulated proportional to
the stack gas velocity when velocity is varying with the
time or a sample traverse is conducted.

5.2.8 Sample Line: (See Section 5.1.3).

5.3 Analysis (Figure 19-3) Needle
Sample Pump Valve
P | ¥ 7 NDIR
’ .éfﬁd: LI
BN Tce Bath Rate
: Laz> Ascarite Meter
‘ ~ Silica
Zero SE%QGE] '
Gas Gas ‘
Figure 10-3. Analytical equipment

5.3.1 Carbon Monoxide Analyzer: Nondispersive infrared
spectrometer, or equivalent. This instrument should be
demonstrated, preferably by the manufacfurer; to meet or
exceed manufacturer's specifications and those described
in this method or Method 100.
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5.3.2

5.3.3

5.3.4

5.3.5

5.3.6

5.3.7

5.3.8

_ 2.1.4) or other types of desiccants (equivaient or

_ Filter: As recommended by NDIR manufacturer.

‘used.

Drying Tube: To contain approximately 200 g of silica
gel. Acceptable alternatives would include the

refrigeration system specified under Method 100 (Section

better), subject to the approval of the Control Agency's

Authorized Representative.

Calibration Gas: Refer to paragraph 6.1.

CO2 Removal Tube: To contain approximately 500 g of
ascarite. Alternatively, other methods of C02
interference elimination (equivalent or better) may be
used, subject to the approval of the Control Agency's
Authorized Reﬁresentative. Acceptable methods would be a
analyzer with a filter or electronic signal conditioning

to correct CO2 interference.

Ice Water Bath: For ascarite and silica get tubes, if

Valve: Needle valve, or equivalent, to adjust flow rete.

Rate Meter: Rotameter or equiva1ént to measure gas flow

rate of O to 1.0 liter per min. (0.035 cfm) through NDIR.
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5.3.2

5.3.3

5.3.4

' 5.3.5

5.3.6

5.3.7 .

5.3.8

‘ 2.1.4) or other types of desiccants (eguivalent or

- analyzer with a filter or electronic signal conditioning

Drying Tube: To contain approximately 200 g of silica
gel. Acceptable alternatives would include the

refrigeration system specified under Method 100 (Section

better), subject to the approval of the Control Agency's

Authorized Representative.
Calibration Gas: Refer to paragraph 6.1.
Filter: As recommended by NDIR manufacturer.

CO2 Removal Tube: To contain approximately 50049 of
ascarite. Alternatively, other methods of COZ"
interference elimination (equivalent or better) may be
used, subject to the approval of the Control Agency's

Authorized Representative. Acceptable methods would be
to correct CO, interference.

Ice Water Bath: For ascarite and silica get tubes, if

used. -

Valve: Needle valve, or equivalent, to adjust fliw retel

Rate Meter: Rotameter or equivalent to measure gas flow

rate of 0 to 1.0 liter per min. (0.035 cfm) through NDIR.
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5.3.9 Recorder (optional): To provide permanent record of JDIR

readings.

6. Reagents
6.1 Ca]ibration.Ggses

Zero Gas: Pure air or nitrogen with less than 1 ppm of CO.
Span Gas: The calibration gas shall be approximately 70-80 percent
of the analyzer range but not more than 150 pefcent of the
applicable source performance standard unless exceeded by the
source. The expécted maximum concentration to be measured should
not be more than 90 percent of the analyzer range. The calibration
gas shall be traceable to the National Bureau of Standards primary
standard gas blend. Known concentration of £0 in nitrogen (Nz)
for instrument span, and two additional concentrations corresponding
approximately to 60 percent and 30 percent span. The span
concentration shall not exceed 1.5 times the applicable source
performance standard. The calibration gases shall be certified by
the manufacturer to be within +2 percent of the specified

concentration,

6.2 Silica Gel: Indicating type, 6 to 16 mesh, dried at 175°C
(350°F) for 2 hours.

6.3 Ascarité: Commercially available.
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7. Procedure

7.1 Sampling:

7.1.1 Continuous Sampling: Set up the equipment as shown in

Figure 10-1 making sure all connections are leak free. é

Place the probe in the stack at a sampling point and prob#
the sampling line. Connect the analyzer and begin drawind
sample into the analyzer. Allow 5 minutes for the systemi

to stabilize, then record the analyzer reading as required

by the test procedure. (See paragraphs 7.2 and 8.) €O, |

content of the gas may be determined by using the Method B

integrated sample procedures, or by weighing the ascaritéi
002 removal tube and computing CO2 concentration from :

the gas volume sampled and the weight gain of the tube.

7.1.2 Integrated Sampling: Evacuate the flexible bag. Set up

the equipment as shown in Figure 10-3 with the bag

disconnected.

Place the probe in the stack and purge the sampling line,| .
Connect the bag, making sure that all connections are 1eak
free. Sample at a rate proportiona1lto the stack | |
velocity. 002 content of the gas hay be determined by

using the Method 3 integrated sample procedures, or by

weighing the ascarite 002 rembvaT tube and computing
‘002 concentration from the gas volume sampled and the

weight gain of the tube.
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7.

Sampling:

Procedure
7.1
7.1
7.1.2

Continuous Sampling: Set up the'equipment.as shown in
Figure 10-1 making sure all connections are leak free.
Place the probe in the stack at a sampling point and pro
the sampling 1ine. Connect the analyzer and begin drawi
sample into the analyzer. Allow 5 minutes for the syste
to stabilize, then record the analyzer reading as require
by the test procedure; (See paragraphs 7.2 and 8.) co,
content of tﬁe gas may be determined by using the Method
intégrated sample procedures, or by weighing the ascarite
802 removal tube and computing 602 concentration from

the gas volume sampled and the weight gain of the tube.

Integrated Sampling: Evacuate .the flexible bag. Set up
the equipment as shown in Figure 10-3 with the bag

disconnected.

Place the probe in the sfack and purge the sampling line,
Connect the bag, making sure that all connections are lea
free. Sample at a rate proportional to the stack
velocity. CO2 content of the gas hay be determined by
using the Method 3 integratéd sample procedures, or by
weighing the'ascarite>C02 removal tubé and computing
002 concéntfation frbm the gas volume sampled and the

weight gaiﬁ of the tube.
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7.2 CO Analysis: Assemble the apparatus as shown in Figure 10-3,

. ‘ calibrate the instrument, and perform other requiﬁed operations |as
described in paragraph 8. Purge analyzer with N2 pr16r to

intfoduction of each sample. Direct the sample stream through the

instrument for the test period, recording the readings. Check thé

zero and span again after the test to assure that ény drift or

malfunction is detected. Record the sample data on Table 10-1.

8. Calibration
. ' Assemble the apparatus according to Figure 10-3. Generally an instrument

requires a warm-up period before stability is obtained. Follow the

manufacturer's instructions for specific procedure. Allow a minimum time

of one hour for warm-up. During this time check the sample conditio'ing
. _ apparatus, i.e., filter, condenser, drying tube, 'and CO2 removal tube,

to ensure that each component is in good operating condition. Zero and

calibrate the instrument according to the manufacturer's procedures

using, respectively, nitrogen or zero grade air and the calibration gases.

9. Calculation - Concentration of Carbon Monoxide: Calculate the

concentration of carbon monoxide in the stack using Equation 10-1.

c =C (1-F,.

costack CONDIR

Equation 10-1
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ADDENDA
A.

Range (minimum) .................. ceesecsenes veess 0-1000 ppm é
Output (ﬁinimum) ......... e eeeerenseaneareearaans 0-10 mV E
Minimum detectable sensitivity .......... cenereaes 20 ppm ?
Rise time, 90 percent (maximum) .......eceees e 30 seconds |
Fall time, 90 percent (maximum) ...... tereseesaaan 30 seconds . é
Zero drift (maximum) ......iieeeanreececenennneens 10% in 8 hours ;
Span drift (Maximum) ....c.cceveesennssnnccnncenen 10% in 8 hours
Precision (maximum) ...» ............... cessasnnenns + 2% of full scale
NoTse (MAXIMUM) +evenverensuennesonnnnss ceritianas + 1% of full scale
Linearity (maximum deviation) ........cccveeeenens 2% of full scale
Interference rejection ratio ...... eean .......;.. co, - 1000 to 1,
HZO - 500 to 1

where

CCO = Concentration of CO in stack, ppm by volume (dry
stack ,
basis).
C - = Concentration of CO measured by NDIR analyzer, i
“Onp1r - |
ppm by volume (dry basis). @
F = Volume fraction of CO, in sample, i.e.,

percent 002 from Orsatlana1ysis divided by 100.E
= 0 if Coz interference is eliminated by means

| other than CO2 physical removal.

Performance Specifications for NDIR Carbon Monoxide Analyzers
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A.

where

C = Concentration of CO in stack, ppm by volume (dn
co
stack .
basis).
C - = Concentration of CO measured by NDIR analyzer,
COxp1R |
ppm by volume (dry basis).
F = Volume fraction of CO, in sample, i.e.,
002 : 2

percent 802 from Ursat‘anaiysis divided by 100.
= 0 if CO, interference is eliminated by means

other than CO, physical removal.

ADDENDA

Performance Specifications for NDIR Carbon Monoxide Analyzers

Range (mihimum)... ................................ 0-1000 ppm

Output (Minimum) «.eeerieennnnnns Ceosecattasmvaose 0-10 mV

Minimum detectable sensitivity .......... ; ........ 20 ppm

Rise time, 90 percent (maximum) ........cccenee ;._BQ secbnds

Fall time, 90 percent (maximum) .......covveenneee 30 seconds

Zero drift (Maximum) ..u.veeeveenerocasanenes ..... 10% in 8 hours

Span drift (Maximum) ......covevveeeeenessnnes ... 10% in 8 hours

Precision (maximum) ...‘ ..................... ceeenn + 2% of full scale

Noise (maximum) ........ eeeesecasasreearrrarseens + 1% of full scale

Linearity (maximum deviation) Cereereasrraraeenaas 2% of full scale

Interference rejection ratio ..................;.. €o, - 1000 to 1,
HZO - 500 to i
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Definitions of Performance Specifications
. Range - The minimum and maximum measurement limits.

Output Electrical signal which is proportional to the measurement

intended for connection to readout of data processing devices.

Usually expressed as millivolts or milliamps full scale at
given impedance. | |

Full scale - The maximum measuring limit for a'given range,

Minimum detectable sensitivity - The smallest amount of input
concentration that can be detected as the concentration
approéches zZero.

Accuracy - The degree of agreement between a measured value and the 1
value; usually expressed as_i percent of full scale.

Time to 90 percent response - The time interval from a step change 1)
input concentration at the instrument inlet to a reading o

percent of the ultimate recorded concentration.

Rise Time (90 percent) - The interval between initial response time and

time to 90 percent response after a step increase in the ii

concentration.

Fall Time (90 percent) - The interval between initial response time and

time to 90 percent response after a step decrease in the il
conéentration.
Span Drift - The change in instrument ocutput over a statéd time periq
usually 24 hours, of unadjusted continuouSAOperation when
input concentration is a stated upscale value; uéua11y

expressed as percent full scale.
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METHOD 11 - DETERMINATION OF HYDROGEN SULFIDE CONTENT OF FUEL GAS STREAMS

1.

PETROLEUM REFINERIES
Principle and Applicability.
1.1 Principle: Hydrogen sujfide (HZS) is collected from a source

in a series of midget 1mp1hgers and absorbed in P
3.0 cadmium sulfate (CdSO,) solution to form
cadmium sulfide (CdS). The Tatter compound is th
measured jodometrically. An impinger containing
hydrogeh peroxide is included to femove 502 as an

interfering species.

1.2 App1icabi1ity: This method is applicable for the determination o
the hydrogen sulfide content of fuel gas streams

petroleum refineries.

Range and Sensitivity.
The lower 1imit of detection is approximately 8 mg/m3 (6 ppm). The

maximum of the range is 740 mg/m3 (520 ppm).

Interferences
Any compound that reduces iodine or oxidizes iodide ion will interfer
this procedure, provided it is collected in the cadmium_éu]fate

impingers. Sulfur dioxide in concentrations of up to 2,600 mg/m3 is

eliminated by the hydrogen peroxide solution. Thiols precipitate wit
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hydrogen sulfide. In the absence of HZS’ only co-traces of thiols are
collected. When methane- and ethane-thiols at a total level of 300
mg/m3 are present in addition to HZS’ the results vary from 2 percent.
Tow at an HZS concentration of 400 mg/m3 to 14 percent high at an

HZS concentration of 100 mg/ms. Carbon oxysulfide at a concentration
- of 20 percent does not interfere. Certain carbonyl-containing compoundﬁr
react with ibdine and produce recurring end points. 'However, ;
acetaldehyde and acetone at concentfations of 1 and 3 percent,

respectively, do not interfere.

Entrained hydrogen peroxide produces a negative interference equivalent
to 100 percent of that of an equimolar quantity of hydrogen sulfide.
Avoid the ejection of hydrogen peroxide into the cadmium sulfate

impingers.

Precision and Accuracy.
‘Collaborative testing has shown the within-laboratory coefficient of

variation to be 2.2 percent and the overall coefficient of variation to|

be 5 percent. The method bias was shown to be -4.8 percent when only .
HZS was present. In the presence of the interferences cited in Sectioné
3, the bias was positive at 10& HZS concentrations and negative at
higher concentrations. At 230 mg HéS/ms, the level of the compliance
standard, the bias was +2.7 percent. Thiols had no effect on the

precision.




hydrogen sulfide. In the absence of H,S, only co-traces of thiols are
collected. When methane- and ethane-thiols at a total level of 300
mg/m3 are present in addition to HZS’ the results vary from 2 percent
low at an HZS concentration of 400 mg/m3 to 14 percent High at an

H,S concentration of 100 mg/mg. Carbon oxysulfide at a concentration
of 20 percent does not interfere, Certain carbonyl-containing compounds
react with ibdine and produce reﬁdrring end points. However,
acetaldehyde and acetone at concentrations of 1 and 3 percent,

respectively, do not interfere.

Entrained hydrogen peroxide produces a negative interference equivalent
~to 100 percent of that of an equimolar quantity of hydfogen sulfide.
Avoid the ejection of hydrogen peroxide into the cadmium sulfate

~impingers.

Precision and Accuracy.

Collaborative testing has shown the within-laboratory coefficient of
variation to be 2.2 percent and the overall coefficient of vartation to
be 5 percent. The method bias was shown to be -4.8 pe}cent when only .
HoS was pfesent. In the presence of the interferences cited in Section
3, the bias was positive'ét Tow HéS concentrations and negative at
higher concentrations. At 230 mg HZS/m3, the level of the compliance
standard, the bias was +2.7 percent. Thiols h&d_no effect on the

precision,




5.  Apparatus.

. 5.1 Sampling Apparatus.
5.1.1 Sampling Line. Six to 7 mm (1/4 in.) Teflonl/ tubing |to

connect the sampling train to the sampling valve.

5.1.2 Impingers. Five midget.impingers, each with 30 ml
capacity. The internal diameter of the impinger tfp nust
be 1 mm +0.05 mm. The impinger tip must be positioned 4

to 6 mm from the bottom of the impinger.

5.1.3 Glass or Teflon connecting tubing for the impingers.
5.1.4 Ice bath container. To maintain absorbing solution at a
. low temperature,

5.1.5 Drying Tube., Tube packed with 6- to 16-mesh
indicating-type silica gel, or equivalent, to dry the gas
sample and protect the meter and pump, If the silica gel
has been used previously, dry at 175°¢. (350°F) for-
2 hours. New silica gel may be used as received.

Alternatively, other types of desiccants (equivalent or

better) may be used, subject to approval of the Control

Agency's Authorized Representative.

1/. Mention of trade names of specific products does not constitute
endorsement by the Air Resources Board.
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Note - Do not use more than 30 g of silica gel. Silica“
gel absorbs gases such as propane from the fuel gas

stream, and use of excessive amounts of silica gel could

result in errors in the determination of sample volume.

Sampiing Valve. Needle valve or equivalent to adjust gas
flow rate. Stainless steel or other corrosion-resistapt

material.

Volume Meter. Dry gas meter, sufficiently accurate to
measure the sample volume within 2 percent, calibrated aﬁ
the selected flow rate (1.0 Titer/min) and conditions
actually encountered during sampling. The meter shall bé
equipped with a temperature gauge {dial thermometer or
equivalent) capable of measuring temperature to within
3°C (5.4%F). The gas meter should have a petcock, or
equivalent, on thé outlet connector which can be closed
during the leak check. Gas volume for one revolution of

the meter must not be more than 10 1liters.

Flow meter. Rotameter or equivalent, to measure flow

rates in the range from 0.5 to 2 1iters/min (1 to 4 cfh)|

Graduated cylinder, 25-ml size.




5.1.6 -

5.1.7

5.1.8

5.1.9

- Graduated cylinder, 25-ml1 size.

Note - Do not use more than 30 g of silica gel. Silica-

gel absorbs gases such as propane from the fuel gas

stream, and use of excessive amounts of silica gel could

result in errors in the determination of sample volume.

Sampling Valve. Needle valve or equivalent to adjust ga

flow rate. Stainless steel or other corrosion-resistant .'

material.

Volume Metér. Drj gas meter, sufficiently accurate to
measure the sample volume within 2 percent, calibrated a
the selected flow raté (1.0 litéF/min) and conditions
actually encountered during sampling. The meter shall b
equipped with a temperature gauge (dial thermometer or
equivalent) capable of measuring temperature to within
3°C (5.4°F). The gas meter should have a petcock, or
equivalent, on the-out1ét connector_which can be closed
during the leak check. Gas volume for'oﬁe revolution of

the meter must not be more than 10 liters.

Flow meter. Rotameter or equivalent, to measure flow

rates in the range from 0.5 to 2 liters/min (1 to 4 cfh),

Uy
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5.1.10

5.1.11

5.1.12

5.1.13

5.1.14

Barometer. Mercury, aneroid, or other barometer capable

of measuring atmospheric pressure to within 2.5 mm Hg

in. Hg). 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

(0.1

barometric pressure) shall be requested and an adjustment

for elevation differences between the weather Station

and

the sampling point shall be applied at a rate of minus 2.5

mm Hg (CG.1 in. Hg) per 30 m (100 ft.) elevation increase

or vice-versa for elevation decrease.

U-tube Manometer. 0-30 cm water column. For leak check

procedure.

Rubber squeeze bulb. To pressurize train for leak check.

Tee, pinchclamp, and connecting tubing. For leak chec

Pump. Diaphragm pump, or equivalent. Insert a small
surge tank between the pump and rate meter to eliminat
the pulsation effect of the diaphragm pump on the

rotameter. The pump is used for the air purge at the

of the sample run; the pump is not ordinarily used dur

sampling, because fuel gas streams are usually

sufficiently pressurized to force sample gas through 1

k.

L&
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5.1.

2.1.

5.1.

5.1

5.1

.19

.20

train at the required flow rate. The pump need not be

leak-free unless it is used from sampling.

Needle valve or critical orifice. To set air purge flow ;

to 1 Titer/min.

Tube packed with active carbon. To filter air during

purge.'
Yolumetric flask. One 1,000 ml.
Volumetric pipette. One 15 ml.

Pressure-reduction regulator. Depending on the sampling
stream pressuré, a pressure-reduction regulator may be
needed to reduce the pressure of the gas stream entering

the Teflon sample line to a safe level.

Cold trap. If condensed water or amine is present in the
sample stréam, a corrosion-resistant cold trap shall be
used inmediately after the sample tap. The trap sha]] nag
be operated below 0% (32°F) to avoid condensation of

C3 or 64 hydrocarbons.

11-6




5.1.

5.1.

5.1

5.1.

5.1

5.1

A7

.19

.20

train at the required flow rate. The pump need not be

leak-free unless it is used from sampling.

" Needle valve or critical orifice. To set air purge flow|

to 1 liter/min.

Tube packed with active carbon. To filter air during

purge.
Volumetric flask. One 1,000 ml.
Volumetric pipette. One 15 ml. .

Pressure-reduction regulator. Depending on the sampling
stream pressure, a pressure-reduction regulator may be
needed to reduée the pressure of the gas stream entering

the Teflon sample Tine to a safe level.

Cold trap. If condensed water or amine is present in the

sample stream, a corrosion-resistant cold trap shall be
used immédiate1y after the sample tap. The trap shall n
be operated below 0°¢c (320?) to avoid condensation of

C3 or C4 hydrocarbons.
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5.2

5.3

Sample Recovery.

5.2.1

5.2.2

' 5.2.3

5.2.4

5.2.5

5,2.6

Analysis

5.3.1

5.3.2

5.3.3

5.3.4

5.3.5

5.3.6

Sample container. Iodine flask, glass-stoppered: 50

size.

Pipette. 50 ml volumetric type.

Graduated cylinders. One each 25 and 250vm1.
Flasks. 125 m1, Erlenmeyer.

Wash bottle.

Yolumetric flasks. Three 1,000 ml.

Flask. 500 ml gTass-stoppered iodine flask.

Burette. 50 ml.

Flask. 125 ml, Erlenmeyer.

Pipettes, volumetric. One'25 m1; two each 50 and 100
Volumetric flasks. One 1,000 ml: two 500 ml.

Graduated cylinders. One each 10 and 100 ml.

0 ml.

ml.




Reagents

Unless otherwise indicated, it is intended that all reagents conform to
the specifications established by the Committee on Analytical Reagents o
the American Chemical Society, where such specifications are available.

Dtherwise, use. the best available grade.

6.1 Sampling.
6.1.1

~ iodine extraction procedure {Section 7.2.2) must be used.

. 6.1.2

6.1.3

~ Cadmium sulfate absorbing solution. Dissolve 41 g of

3Cd50&8H20 and 15 m1 of 0.1 M sulfuric acid in a

1-liter volumetric flask that contains approximately 3/4 !
liter of deionized distilled water. Dilute to volume with

deionized water. Mix thoroughly. pH should be 3+0.1.

T

Add 10 drops of Dow-Corning Antifoam B. Shake well befon

use. If Antifoam B is not used, the alternate acidified

Hydrogen peroxide, 3 percent. Dilute 30 percent hydrogen

peroxide to 3 percent as needed. Prepare fresh daily.

Nafer. Deionized, distilled to conform to ASTM

specifications D1193-72, Type 3, at the option of the
analyst, the KMnO4 test for oxidizable organic matter
may be omitted when high concentrations of organic matter

are not expected to be present.




Reagents

Unless otherwise indicated, it is intended that all reagents conform to

the specifications established by the Committee on Analytical Reagents

the American Chemical Society, where such specifications are available.

Otherwise, use the best available grade.

6.1 Sampling.

- 6.1,

6.1,

6.1

1

2

.3

Cadmium sulfate absorbing solution. Dissoive 41 g of
SCdSOASHZO and 15 m1 of 0.1 M sulfuric acid in a

1¥1iter volumetric flask that contains approximately 3/4
1ifer of defonized distilled water. Dilute to volume wi
deionized water. 'Mix thoroughly. pH should be 3+0.1.
Add 10 drops of Dow-Corning Antifoam B. Shake well befo

use. If Antifoam B is not used, the alternate acidified

iodine extraction procedure (Section 7.2.2) must be used.

Hydrogen peroxide, 3 percent. Dilute 30 percent hydroge

peroxide to 3 percent as needed. Prepare fresh daily.

Water, Deionized, distilled to confofm to ASTM
specifications D1193-72, Type 3, at the option of the
analyst, the KMnd4 test for oxidizable organic matter
may be omitted when high concentrations of organic matte

are not expected to be present.
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6.2 Sample Recovery.

6.2.1

6.2.2

6.2.3

Hydrochloric acid solution (HC1), 3M. Add 240 ml of

concentrated HC1 (specific gravity 1.19) to 500 m1 of

deionized, distilled water in a 1-1iter volumetric flask.

Dilute to 1 Titer with deionized water. Mix thorough]

y.

Iodine solution 0.1 N. Dissolve 24 g of potassium iodide

(KI) in 30 m1 of deionized, distilled water. Add 12.7 g

of resublimed iodine (12) to the potassium jodide
solution. Shake the mixture until the iodine is

completely dissolved. If posSib]e, let the solution ¢
overnight in the dark. Slowly dilute the solution to

Titer with deionized, distilled water, with swirling.

Fitter the solution if it is cloudly. Store solution|i

brown-glass reagent bottle.

Standard iodine solution, 0.01 N. Pipette 100.0 ml of
0.1 N iodine solution into a 1-1iter volumetric flask
dilute to volume with dejonized, distilled water.

Standardize daily as in Section 8.1.1. This solution

stand
.

f"the

and

must

be protected from 1ight. Reagent bottles and flasks nust

be kept tightly stoppered.




6.3 Analysis.
6.3.1

' 24.8 g of sodium thiosulfate pentahydrate

6.3.2

6.3.3

. with nitrogen for approximately 15 minutes and store in a

prepared instead of 0.01 N thiosulfate (see Section 6.3.3).

Sodium thiosulfate solution, standard 0.1 N. Dissolve

(NaZSZOéSHZO) or 15.8 g of anhydrous sodium

thiosul fate (Na28203) in 1 liter of deionized,
distilled water and add 0.01 g of anhydrous sodium
carbonate (Na2003) and 0.4 m1 of chloroform (CHC1,)

to stabilize. Mix thoroughly by shaking or by aerating

glass-stoppered, reagent bottle. Standardize as in

Section 8.1.2.

Sodium thiosulfate solution, standard 0.01 N. Pipette

50.0 m1 of the standard 0.1 N thiosulfate solution into az

—~ =

volumetric flask and dilute to 500 m1 with distilled water.

Note - A 0.01 N phenylarsine oxide solution may be

Phenylarsine oxide solution, standard 0.01 N. Dissolve
1.80 g of phenylarsine oxide (C6H5AsDO) in 150 m1 of

0.3 N sodium hydroxide. After settling, decant 140 m1 off
this solution into 800 ml1 of distilled water. Bring the
solution to pH 6-7 with 6N hydrochloric acid and dilute to

1 liter. Standardizé as in Section 8.1.3.
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6.3 Analysis.
6.3.1

6.3.2

 prepared instead of 0.01 N thiosulfate (see Section 6.3.

6.3.3

 24.8 g of sodium thiosulfate pentahydrate

~with nitrogen for approximate1y 15 minutes and store in

'50.0 m1 of the standard 0.1 N thiosulfate solution into

0.3 N sodium hydroxide. After settling, decant 140 ml o

Sodfum thiosulfate solution, standard 0.1 N. DissoIve
(N52520§5H20) or 15.8 g of anhydrous sodium
thiosulfate (Na28203) in-1 liter of deionized,
distilled water and add 0.01 g of anhydrous sodium
carbonate (NaZCO3) and 0.4 m1 of chloroform (CHC13)

to stabilize. Mix.thoroughly by shaking or by aerating

glass-stoppered, reagent bottle. Standardize as in

Sectibn 8;].2.

Sodium #hiosu]fate solution, standard D.Oj N. Pipette
vo1u¢etric flask and dilute to 500 m] with distilled wat
Note = A 0.01 N phenylarsine oxide solution may be
Phenylarsine oxide solution, standard 0.01 N; Dis§o1ve
1.80 g of phenylarsine oxide (CBHsAsDO)'in 150 m1 of
this solution into 80O ml of distilled water. Bring the

solution to pH 6-7 with 6N hydrochloric acid and dilute

1 1iter. Standardize as in Section 8.1.3.
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7.

6.3.4

Procedure,

7.1 Sampling.

7.1

.

Starch indicator solution. Suspend 10 g:df soluble starch

in 100 m1 of deionized, distilled water and add 15 g‘of

potassium hydroxide (KOH) pellets. Stir until, dissolved,

dilute with 900 m1 of deionized distilled water and let

stand for 1 hour. Neutralize the alkali with concentrnated

hydrochloric acid, uéing an indicator paper similar to

Alkacid test ribbon, then add 2 ml of glacial acetic acid

as a preservative.

Note - Test starch indicator solution for decomposition by:

titrating, with 0.01 N iodine solution, 4 ml of starch

solution in 200 m1 of distilled water that contains 1
potassium iodide. If more than 4 drops of the 0.01 N
iodine solution are required to obtain the blue color,

fresh solution must be prepared.

Assemble the sampling train as shown in Figure 11-1,

connecting the five midget impingers in series. Place 15

ml of 3 percent hydrogen peroxide solution in the first

impinger. Leave the second impinger empty. Place 15

of the cadmium sulfate absorbing solution in the third

ml

fourth, and fifth impingers. Place the impinger assembly

in an ice bath container and place crushed ice around

impingers. Add more ice during the run, if needed.

11-1
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7.1

.2

.3

| beginning and the end of the sample run. Note also that

~using a method consistent with the leak-check procedure

_for diaphragm pumps outlined in Section 4.1.2 of Method §.

impinger train. Open the petcock on the dry gas meter

Lonnect the rubber bulb and manometer to first impinger,
as shown in Figure 11-1. Close the petcock on the dry gas
meter outlet. Pressurize the train to 25-cm water | |
pressure with the bulb and close off tubing connected toi
rubber bulb. The train must hold a 25-cm water pressure@
with not more than‘a 1-cm drop in pressure in a 1~minh£e§
interval. Stopcock grease is acceptable for sealing |

ground glass joints.
Note - This leak-check procedure is to be conducted at th

if the pump is used for sampling, it is recommended (but

not required) that the pump be leak-checked separately,

Purge the connecting 1ine between the sampling valve and

first impinger, by disconnecting the line from the first
impinger, opening the sampling valve, and allowing process
gas to flow through the 1ine for a minute or two. Then,'

close the sampling valve and reconnect the line to the

outlet. Record the initial dry gas meter reading.

11-12




7.1

7.1

.2

.3

Connect the rubber bulb and manometer to first impfnger,

as shown in Figure 11-1. Close the betcoCk on the dry gas

meter outlet. Pressurize the train to 25-cm water

pressure with the bulb and close off tubing connected to

rubber bulb. The train must hold a 25-cm water pressure
with not more than a 1-cm drop in pressure in a 1-minute
interval.  Stopcock grease is acceptable for sealing

ground glass joints.

Note - This leak-check procedure is to be conducted at the

beginning and the end of the sample run. Note also that
if the pump is used for_samp1ing, it is recommended (but

not required} that the pump be }éak-checked separately,

~using a method consistent with the leak-check procedure

for diaphragm pumps outlined in Section 4.1.2 of Method

Purge the connecting line between the sampling va]ﬁe and
first impinger, by disconneéting the 1ine from the first
impinger, open1n§ the sampling valve, and allowing proce
gas to flow through the line for a minute or two, Then,
close the sampling valve and reconnéct the 1ine to the
iﬁpinger train. Open the petcock on the dry gas meter

outlet. Record the initial dry gas meter reading.

1-12




7.1.4

7.1.5

7.1.6

Open the sampling valve and then adjust the valve to

obtain a rate of approximately 1 liter/min. Maintain

constant (+10 percent) flow rate during the test. Rec

the meter temperature.

Sample for at least 10 min. At the end of the sampling

time, close the sampling valve and record the final wv¢
and temperature readings. Conduct a leak check as

described in Section 7.1.2 above.

Disconnect the impinger train from the sampling line. .

Connect the charcoal tube and the pump, as shown in Fj
11-1. Purge the train (at a rate of 1 1iter/min) witk
clean ambient air for 15 minutes to ensure that all H2

is removed from the hydrogen peroxide. For sample

recovery, cap the open ends and remove the impinger tr

to a clean area that is away from sources of heat. Th

area should be well 1ighted, but not exposed to direct

suntight.

7.2 Sample recovery.

7.2.1

Discard the contents of the hydrogen peroxide impinger.

Carefully rinse the contents of the third, fourth, and

fifth impingers into a 500 m1 iodine flask.

11-13
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7.2.2

7.2.3

_g]assware containing cadmium sulfide, the container nmust

to the jodine flask, allow a few minutes for absorption of

Note - The impingers normally have only a thin film of:
cadmium sulfide remaining after a water rinse. If
Antifoam B was not used or if significant quantities of
yellow cadmium sulfide remain in the impingers, the

alternate recovery procedure described below must be used

e

Pipette exactly 50 ml of 0.01 N iodine solution into a
125 m1 Erlenmeyer flask. Add 10 mi of 3.M HC1 to the

sclution. Quantitatively rinse the acidified iodine into

114

the iodine flask. Stopper the flask immediately and shak
briefly. _
(Alternate). Extract the remaining éadmium sulfide from é
the third,'fourth, and fifth impingers using the acidified
jodine solution. Immediately after pouring the acidified
jodine into an impinger, stopper it and shake for a few
moments, then transfer the 1iquid to the iodine flask. DL
not transfer any rinse portion from one impinger to

another; transfer it directly to the iodine flask. Once

the acidified fodine solution has been poured into any

be tightly stoppered at all times except when adding more
solution, and this must be done as quickly and carefully

as possible. After adding any acidified iodine solution

the H,S before adding any further rinses. Repeat the

11-14




7.2.2

7.2.3

~another; transfer it directly to the iodine flask. Once

~ the acidified iodine solution has been poured into any

‘to the iodine flask, allow a few minutes for absorptien ¢

Note - The impingers normally have only a thin film of-
cadmium sulfide remaining after a water rinse. If
Antifoam B was not used or if significant quantities of

yellow cadmium sulfide remain in the impingers, the

alternate recovery procedure described below must be used.

Pipette exactly 50 m1 of 0.01 N iodine solution into a
125 ml Er1énmeyer flask.  Add 10 m1 of 3.M HC1 to the

solution. Quantitatively rinse the acidified iodine into

the iodine flask. Stopper the flask immediately and shake

briefly.

(Alternate). Extract the remaining cadmium sulfide from

the third, fourth, and fifth impingers using the acidified

iodine solution. Immediately after pouring the acidified

iodine into an impinger, stopper it and shake for a few

moments, then transfer the liguid to the iodine flask. Do

not transfer any rinse portion from one impinger to

glassware containing cadmium sulfide, the container must

be tightly stoppered at all times except when adding more

solution, and this must be done as quickly and carefully

as possible., After adding any acidified iodine solution

the HZS before adding any further rinses. Repeat the
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7.2.3

7.2.4

jodine extraction until all cadmium sulfide is remove

from the impingers. Extract that part of the connecting

glassware that contains visible cadmium sulfide.

Quantitatively rinse all of the iodine from the impin ers,

connectors, and the beaker into the iodine flask usin
deionized, distilled water. Stopper the flask and sh

briefly.

Allow the iodine flask to stand about 30 minutes in ti
dark for absorption of the HZS into the iodine, then

compiete the titration analysis as in Section 7.3.

Note - Caution. lodine evaporates from acidified iod;
solutions. Samples to which acidified iodine have beg¢
added may not be stored, but must be analyzed in the {t

schedule stated in Section 7.2.3.

Prepare a blank by adding 45 ml1 of cadmium sulfate

ébsorbing solution to an iodine flask. Piﬁette‘exactW
50 m1 of 0.01 N iodine solution into a 125-m1 Erlenmey
flask. Add 10 ml of 3 M HCl. Follow the same impinge
extracting and quantitative rinsing procedure carried
in sample analysis. Stopper the flask, shake briefly
stand 30 minutes in the dark, and titrate with the

samples.

11-15
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7.3 Analysis.

Note - Titration analyses should be conducted at the samp]e-c]eanupg
area in order to prevent loss of iodine from the sample. Titration§

should never be made in direct suntight.

7.3.1

7.3.2

Note: The blank must be handled by exactly the same

procedure as that used for the samples.

Using 0.01 N sodium thiosulfate solution (or 0.01 N
phenylarsine oxide, if applicable), rapidly titrate each
sampie in an iodine flask using gentle mixing, until
solution is 1ight yellow. Add 4 ml of starch indicator

solution and continue titrating slowly until the blue

color just disappears. Record Vi, the volume of sodium é

thiosulfate solution used, or VAT’ the volume of

phenylarsine oxide solution used (ml}.

Titrate the blanks in the same manner as the samples. Ru}
blanks each day until replicate values agree within
0.05 m1. Average the replicate titration values which

agree within 0,05 ml,

-

11-16




Note: The b]énk must be handled by exactly the same

procedure as that used for the samples. -

7.3 Analysis.
Note - Titration ana1yses should be conducted at the sample-cleanup
area in order to prevent loss of iodine from the sample. Titration

" should never be made in direct sunlight.

7.3.1° Using 0.01 N sodium thiosulfate solution (or 0.01 N
| phenylarsine oxidé, if app]icab]e), rapidly titrate each
~sample in an fodine flask using gentle mixing, until
solution is light yellow. Add 4 m1 of starch indicator
solution and continue titrating slowly until the blue
color just disappears. Record V., the volume of sodium
_thiosulfate solution used, or VAT’ the volume of

phenylarsine oxide solution used (m1).

2 1.3.2 Titrate the blanks in the same manner as the samples. Run
blanks each day until replicate values agree within
0.05 m1. Average the replicate titration values which

agree within 0.05 ml,
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8.

Calibration and Standards

8.1 Standardizations.

8.1.1

8.1.2

with standard 0.01 N thiosulfate solution or with 0.0]

Standardize the 0.01 N iodine solution daily as follows:

Pipette 25 m1 of the iodine solution into a 125 ml

Erlenmeyer flask. Add 2 ml of73 M HC1. Titrate rapidly

phenylarsine oxide until the sclution is light yellow,

N

using gentle mixing. Add four drops of starch indicator

solution and continue titrating slowly until the blue
color just disappears. Record VT’ the volume of
thiosulfate solution used, or VAS' the volume of
phenylarsine oxide solution used (ml). Repeat until
replicate values agree within 0.05 m1. Average the

replicate titration values which agree within 0.05 wi
equation 9.3. Repeat the standardization daily.

Standardize the 0.1 N thiosulfate solution as follows;

Oven-dry potassium dichromate (KZCr207) at 180 to

200°C (360 to 390°F). Weigh to the nearest milligram,

2 g of potassium dichromate. Transfer the dichromate

500 ml1 volumetric flask, dissolve in deionized, disti]

and

" calculate the exact normality of the iodine solution using

to a

led

water and dilute to exactly 500 ml. In a 500 ml iodine

flask, dissolve approximately 3 g of potassium iodide

in 45 m1 of deionized, distilled water, then add 10 mi

11-17
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.3

yellow. Add 4 ml of starch indicator and continue

3 M hydrochloric acid solution. Pipette 50 m1 of the
dichromate solution into this mixture. Gently swirl the
solution once and allow it to stand in the dark to 5
minutes. Dilute the solution with 100 to 200 ml of
deionized, distilled water, washing down the sides of the
flask with part of the water. Titrate

with 0.1 N thiosulfate until the solution is light

titrating slowly to a green end point. Record Vs' the

volume of thiosulfate solution used (ml1). Repeat until
Eeplicate analyses agree within 0.05 m1. Calculate the
ndrma]ity using equation 9.1. Repeat the standardization
each week, or after each test series, whichever time is

shorter.

Standardize the 0.01 N Phenylarsine oxide (if applicable}
as follows: Oven dry potassium dichromate (K20r207)
at 180 to 200°C (360 to 390%F). Weigh to the nearest

milligram, 2 g of the K26r207;‘transfer the

dichromate to a 500 m1 volumetric flask, dissolve in
deionized, distilled water, and dilute to exactly 500 ml,
In a 500 ml iodine flask, dissolve approximately 0.3 g of
potassium iodide {KI) in 45 ml of deionized, distilled
water: add 10 m1 of 3 M hydrochloric acid. Pipette 5 mi|
of the K,Cr,0, solution into the jodine flask.

Gently swirl the contents of the flask once and allow to|
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-water; add 10 m1 of 3 M hydrochloric acid. Pipette 5 ml

3 M hydrochloric acid solution. Pipette 50.m1 of the
dichromate solution into this mixture, Gently swirl the
solution once and allow it to stand in the dark to 5
minutes. Dilute the solution with 100 to 200 ml of
deionized, distilled water, washing down the sides of the
ffésk ﬁith part of the water. Titrate

with 0.1 N thiosulfate until the solution is light
yeliow. Add 4 ml of starch indi&ator and continue
titrating siowly to & green end point. Record VS‘ the
volume of thiosulfate solution used (ml1). Repeat until

replicate analyses agree within 0.05 m}. Calculate the

=3

ndrma]ity using equation 9.1. Repeat the standardizatio
each week, or after each test series, whichever time is

shorter.

—

Standardize the 0.0er Phenylarsine oxide (if applicable
és follows: Oven dry potassium dichromate (K25r207)
at 180 to 200°C,(360 to 390°F). Weigh to the nearest
milligram, 2 g of the K20r207;‘transfer the
dichromate to a 500 m1 volumetric f1ésk, dissolve in
deionized, distilled water, and dilute to exactly 500 ml.
In a 500 ml jodine flask, dissolve approximately 0.3 g of

potassium jodide (KI) in 45 ml of deionized, distilled

of the KZCrzo7 solution into the iodine flask.

Gently swirl the contents of the flask once and alliow to
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stahd in the dark for 5 minutes. Dilute the solution with
100 to 200 m1 of deionized, distilled water, washing down

the sides of the flask with part of the water. Titrate |
with 0.01 N phenylarsine oxide until the solution is light
yellow. Add 4 ml of starch indicatof and continue
titrating slowly to a green end point. Record VA the
volume of phenylarsine oxide used (ml1). Repeat until
replicate analyses agree within 0.05 m}. Calculate the

normality using equation 9.2. Repeat the standardization
each week or after each test series whichever time is

shorter.

8.2 Sampling train calibration. Calibrate the sampling train compopents
as follows:
8.2.1 Dry gas meter.
8.2.1.1 Initial calibration. The dry gas meter shall be
calibrated before its initial use in the field.
Proceed as follows: First, assemble the following
components in series: Drying tube, need]é valve,
pump, rotameter, and dry gas meter. Then, leak-check
the system as follows: Place a vacuum gauge (as

least 760 mm Hg) at the inlet to the drying tube and

pull a vacuum of 250 mm (10 in.)'Hg; plug or pinch
off the outlet of the flow meter, and then turn off
the pump. The vacuum shall remain stab]e:for at
teast 30 seconds. Carefully release the vacuum gauge

before releasing the flow meter end.
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Next, calibrate the dry gas meter (at the sampling

flow rate specified by the method) as follows:

Connect an appropriately sized wet test meter (e.g.,
1 liter per revolution) to the inlet of the drying :
tube. Make three independent calibration runs, using
at teast five revolutions of the dry gas meter per

run. Calculate the calibration factor. Y (wet test -

meter calibration volume divided by the dry gas mete
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 dry gas meter is

unacceptable for use. Otherwise, use the average as

the calibration factor for subsequent test runs.

8.2.1.2 Post-test calibration check. After each field test
series, conduct a calibration check as in Section
8.2.1.1 above, except for the following variations:

fa) 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 Section 8.2.1.1), then the dry gas

meter volumes obtained during the test series are
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8.2.1.2

‘1 liter per revolution) to the inlet of the drying

.2 percent from the average, the dry gas meter is

Next, calibrate the dry gas meter (at the sampling
flow rate specified by the method) as follows:

Connect an appropriately sized wet test meter (e.g.

tube. Make three independent calibration runs, usi
at least five revolutions of the dry gas meter per
run. Calculate the calibration factor. Y (wet tes
meter calibration volume divided by the dry gas met
volume, both volumes adjusted to the same reference
temperature and pressure), for each run, and averag

the results. If any Y value deviates by more than

unacceptable for use. . Otherwise, use the average a

the calibration factor for subsequent test runs.

Post-test calibration check. After each field test
series, conduct a calibration check as in Section
8.2.1.1 above, except for the following variations:
(a) The Teak check is not to be conducted, (b) thr

or more revolutions of the dry gas meter may be use

~and (c) only two independent runs need be made. If

the catibration factor does not deviate by more tha
5 percent from the initial calibration factor
(détermined in Section 8.2.1.1), then the dry gas

meter volumes obtained during the test series are
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acceptable., If the da]ibration.factor deviates by
more than 5 percent, recalibrate the dry gas meter as
in Section 8.2.1.1, and for the calculations, use the
calibration factor (initial or recalibration) that

yields the lower gas volume for each test run.

8.2.2 Thermometers. Calibrate against mercury-in-glass
thermometers.
8.2.3 Rotameter. The rotameter need not be calibrated, but

should be cleaned and maintained according to the

manufacturer's instruction.

8.2.4 Barometer. Calibrate against a mercury barometer.

Calculations.

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

calculation,

9.1 Normality of the Standard { 0.1 N) Thiosulfate Solution.
Ns = 2.039N/VS

where:

=
n

Weight of KZCrZO7 used, g.

-l
It

Volume of Na25203 solution used, ml.
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Normality of standard thiosulfate solution, g-eq/1itér.

0

Ng
2.039

Conversion factor
(6. eq. I,/mole K2Cr207) (1,000 m1/1iter)/ = (294.2 g

KoCr,0,/mole) (10 aliquot factor)

9.2 Normality of Standard Phenylarsine Oxide Solution (if applicable)}.

NA = 00,2039 W/VA
where:
W = Weight of KZCr‘ZO7 used, g.
VA = Yolume of CeHgAgl used, ml.
NA = Normality of standard phenylarsine oxide solution, g=eg/litef.
0.2039 = Conversion factor

(6. eq. I,/mole KyCro05) (1,000 m1/1iter)/ = (249.2 g

'KZCr207/mole) (10 aliquot factor)

9.3 Normality of Standard lodine Solution.

NI = NTVT/VI
where:
Ny = Normality of standard iodine solution, g-eg/liter.
VI = Volume of standard iodine solution used, ml.
NT = Normality of standard (0.01 N) thiosulfate solution; assumed
to be 0.1 N. g-eq/liter.
VT = Volume of thiosulfate solution used, ml.

11-22




2.039

NS‘ = Normality of standard thiosulfate solution, g-eq/litér.

Conversion factor
(6. eq. I,/mole K,Cr,04) {1,000 ml/1iter)/ = (294.2 g

K,Cr,0,/mole} (10 aliquot factor)

9.2 Normality of Standard Phenylarsine Oxide Solution (if applicable).
NA = 0.2039 N/VA
where:
W = Weight of K28r207 used, g.
VA = Vo}ume of CGHSASO used, mi, |
N, = Normality of standard phenylarsine oxide solution, g=eg/1it
0.2039 = Conversion factor _
(6; eq. Iz/mo1e KCr,04) (1,000 m1/1iter)/ = (249.2 g
'K20r207/m01e) (10 aliquot factor)
9.3 Normality of Standard Iodine Solution.
where: '
NI = Normality of standard iodine solution, g-eg/liter.
VI = Volume of standard iodine solution used, ml. |
' Ny = Normality of standard (0.01 N) thiosulfate solution; assume

to be 0.1 Ns. g-eq/Titer.

VT = Yolume of thiosulfate solution used, ml.
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Note - If phenylarsine oxide 1s used instead of thiosulfate, replace
MT and VT in equation 9.3 with NA and VAS respectively (see
Sections 8.1.1 and 8.1.3).

9.4 Dky Gas Volume. Correct the sample volume measured by the dry gas

meter to standard conditions (20°C) and 760 mm Hg.

Vorsed) = V¥ L5t/ (Poar/Psta)]

where:

vm(std) Volume at standard conditions of gas sample through the

dry gas meter, standard liters.

Vm = Vé]ume of gas sample through the dry gas meter (meter
conditions), 1iters.

Tstd = Absolute temperature at standard conditions, 293%.

Tm = Average dry gas meter temperature, %.

Pbar = Barometric pressure at the sampling site, mm Hg.‘

Pstd = Absolute pressure at standard conditions, 760 mm Hg.

\ = Dry gas meter calibration factor.

[

9.5 Concentration of st. Calculate the concentration of HZS in th

gas stream at standard conditions using the following equation:

Ch,s = KLOVErNp-Voplp) sample - (VgNp=VpgNg) Blankd/Vy oq)
where (metric units):
CHZS = Concentraton of HZS at standard conditions, mg/dscm.

K 3"

Conversion factor = 17.04 x 10

(34.07 g/mole H,S) (1,000 Titers/n®) (1,000 mg/g)/ =
1,000 m1/1iter) (ZHZS eq/mole)
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10.

Vit = Volume of standard iodine solution = 50.0 ml.
NI = Normality of standard iodine solution, g-eq/liter.
v = Volume of standard (~0.01 N) sodium thiosulfate
solution, ml.
N = Normality of standard sodium thiosulfate solution,
g-eg/liter.
Vm(std) Dry gas volume at standard conditions, 1liters.
Note - If phenylarsine oxide is used instead of thiosulfate, replac
NT.and VTT jn Equation 9.5 with NA and VAT’ respectively
(see Sections 7.3.1 and 8.1.3).
Stability.
The absorbing solution is stable for at least 1 month. Sample recovery
and analysis should begin within 1 hour of sampling to minimize oxidatio
of the acidified cadmium sulfide. Once iodine has been added to the

sample, the remainder of the analysis procedure must be completed

‘according to Sections 7.2.2 through 7.3.2.

11-24




10.

Vir = Volume of standard iodine solution = 50.0 mt.

N = 'Normality of standard iodine solution, g-eq/liter.

VTT = Vo]ume of standard'@~0.01 N) sodium thiosulfate
solution, ml.

Ny = Normality of standard sodium thiosulfate solution,
g-eq/liter. o

vm(std) =: Dry gas volume at standard conditions, liters.

Note - If phenylarsine oxide is used instead of thiosulfate, repla
NT.and VTT in Equation 9.5 with NA and VAT’ respectively
(see Sections 7.3.1 and 8.1.3).

Stability.

~ The absorbing solution is stab1eAf0r.at least 1 month, Sample recovery

and analysis should begfn within 1 hour of sampling'to minimize oxidati
of the acidified cadmium sulfide. Once iodine has been added to the

sample, the remainder of the analysis prdcedure must be completed

‘according to Sections 7.2.2 through 7.3.2.
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METHOD 15 - DETERMINATION OF HYDROGEN SULFIDE, CARBONYL SULFIDE, AND CARBON
DISULFIDE EMISSIONS FROM STATIONARY SOURCES

INTRODUCTION

The method described below uses the principle of gas cﬁromatographic
separation and flame photometric detection (FPD). Since there are many
systems or sets of operating conditions that represent-usable methods of
determining sulfur emissions, all systems which emp]oy'this pfinciple, but
differ only in details of equipment and operation, may be used as alternative

methods, provided that the criteria set below are met.

1. Principle and Applicability
1.1 Principle: A gas sample is extracted from the emission source

and diluted with clean dry air. An aliquot of the

diluted Samp]e is then analyzed for hydrogen sulfide

(st), carbonyl sulfide (CQS), and carbon disulfjiide

(CSZ) by gas chromatographic (GC) separation and

flame photometric detection (FPD).
1.2 Applicability: This method is applicable for determination of the

above sulfur compounds from tail gas control units of

sulfur recovery plants.
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2.

3.

Range and Sensitivity

2.

2.2 The minimum detectable concentration of the FPD is also dependent o

Interferences

3.

1

1

Ny

-dilute gas samples from sulfur recovery plants hundred-fold (99:1)

Range. Coupled with a gas chromatographic system utilizing a
T-milliliter sample size, the maximum 1imit of the FPD for each

sulfur compound is approximately 10 ppm. It may be necessary to

resulting in an upper Timit of about 1000 ppm for each compound.

—

sample size and would be about 0.5 ppm for a 1 ml sample.

Moisture Condensation. Moisture condensation in the sample delivery -

Y

system, the analytical column, or the FPD burner block can cause

losses or interferences. This potential is eliminated by heating

the sample Tine, and by conditioning the smaple with dry dilution
air to lower its dew point below the operating temperature of the

GC/FPD analytical system prior to analysis.

Carbon Monoxide and Carbon Dioxide. CO and o, have substantial
desensitizing effects on the flame photometric detector even after
9:1 dilution. (Acceptable systems must demonstrate that they have
eliminated this interference by some procedure such as eluding CO

and C0,, before any of the sulfur compounds to be measured. )

Comp1iance wjth this requirement can be demonstrated by submitting|

chromatograms of calibration gasés with and without C02 in the
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Z. Range and Sensitivity

2.

n
.
ne

3. Interferences

3-

1

1

[

T1-milliliter sample size, the maximum 1imit of the FPD for each

. eliminated this interference‘by some procedure such as eluding CO

chromatograms of calibration gases with and without C02 in the

Range. Coupled with a yas chromatographic system utilizing a

sulfur compound is approximately 10 ppm. It may be necessary to
dilute gas samples from sulfur recovery plants hundred-fold (99:1)

resulting in an upper limit of about 1000 ppm for each compound.

The minimum uetectab]e concentrat1on of the FPD is also dependent on

sample size and would be about 0.5 ppm for a 1 ml sample.

Moisture Condensation. Moisture condensation in the sample deliver
system, the analytical column, or the FPD burner block can cause
losses or interferences. This potential is eliminated by heating
the sampie line, and by conditioning the smaple with‘dny dilution
air to lower its dew point below the operating temperature of the

GC/FPD analytical system prior to analysis.
Carbon Monoxide and Carbon Dioxide. CO and co, have substantial
desensitizing effects on the flame photometric detector even after

9:1 dilution. (Acceptable systems must demonstrate that they have

and COZ’ before any of the sulfur compounds to be measured. )

Comp]ience with this requirement can be demonstrated by submitting
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diluent gas. The CO, level should be approximately 10 percenf for
the case with 002 present; The two chromatographs should show

agreement within the precision 1imits of Section 4.1.

3.3 Elemental Sulfur. The condensation of sulfur vapor in the sampling
line can lead t6 eventual coating and even blockage of the sample.
line. This problem can be eliminated along with the moisture

problem by heating the sample line.

Precision
4,1 Calibration Precision. A series of three‘consecutive injections of .
the same calibration gas, at any dilution, shall produce resulfs
which do not vary by more than +13 percent from the mean of the _

three injections.

4.2 Calibration Drift. The calibration drift determined from the mean
of three injections made at the beginning and end of any 8-hour

period shall not exceed +5 percent,

Apparatus |
5.1.1 Probe. The probe must be made of inert material such as
stainless steel or glass. It should be designed to |

incorporate a filter and to allows calibration gas to

enter the probe at or near the sample entry point. Any

portion of the probe not exposed to the staék gas must be

heated to prevent moisture condensation.
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1/

5.2

5.3

Mention of trade names or specific products does not constitute an
endorsement by the Air Resources Board.

- 5.1.2

5.1.3

Dilution System. The dilution system must be constructed such that
all sample contacts are made of inert material (e.g., stainless |
steel or Teflon). It must be heated to 120°C and be capable of

approximately a 9:1 dilution of the sample.

Gas Chromatograph. The gas chromatograph must have at least the

following components:

5.3.1

5.3.2

upstream of the dilution system, the pump head must be

The sample 1ine must be made of Tef]on,l/ no greater

than 1.3 cm (1/2 in.) inside diameter. All parts from the
probe to the dilution system must be thermostatically = |

heated to 120°C.

Sample Pump. The sample pump shall be a leakless Teflon

coated diaphragm type or equivalent. If the pump is

heated to 120°C.

Oven. Capable of maintaining the separation column at tﬁe

proper operating temperature jJOC.

Temperature Gauge. To monitor column oven, detector, andg

exhaust temperature i]°c.
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5.1.2 ‘The sample Tine must bé made of Tef1on,l/ no greater

than 1.3 cm (1/2 in.) inside diameter. All parts from t
probe to the dilution system must be thermostatically

heated to 120°C.

5.1.3 Sample Pump. The sample pump shall be a leakless Teflon
coated diaphragm type or equivalent., If the pump is
upstkeam of the di1utibn system, the pump head must be

heated to 120°C.

ot

5.2 Dilution System; The dilution system must be constructed such tha
all sample contacts are made of inert material (e.g., stainless
steel or Teflon). It must be heated to 120°C and be capable of

approximately a 9:1 dilution of the sample.

5.3 Gas Chfomatograph; The gas chromatograph must have at least the
following components:
5.3.1 “Oven. Capable of maintaining the separation co]dmnrat the

proper operating temperature iJOC.

5.3.2 Temperature Gauge. To monitor column oven, detector, and

exhaust temperature :JOC.

l/_ Mention of trade names or specific products does not constitute an
endorsement by the Air Resources Board.
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5.3.3 Flow System. Gas metering system to measure sample, fuel,

combustion gas, and carrier gas flows.

5.3.4 Flame Photometric Detector.
5.3.4.1 Electrometer. - Capable of full scale
amplification of linear ranges of }0'9 to

1074 amperes full scale.

5.3.4.2 Power Supply. Capable of delivering up to 750

volts.

5.3.4.3 Recorder. Compatible with the output vo1tége

range of the electrometer.

5.4 Gas Chromatograph Columns. The column system must be demonstrated
to be capable of resolving three major reduced sulfur compounds:

H,S, COS, and CSZ.

2
To demonstrate that adequate resolution has been achieved the tester
must submit a chromatograph of a calibration gas containing all
three reduced sulfur compounds in the concéntration range of the
applicable standard. Adequate resolution will be defined as base
1ine separation of adjacent peaks when the amplifier attenuation is
set so that the smaller peak is at least 50 percent of fullscale.

Bage line separation is defined as a return to zero +5 percent in
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the interval between peaks. Systems not meeting this criteria may
- be considered alternate methods subject to the approval of the

Control Agency's Authorized Representative.

5.5.1

5.5.2

5.5.3

5.5.4

Calibration System. The calibration system must contain|

the following components.

Flow System. To measure air flow over permeation tubes at

+2 percent. Each flowmeter shall be calibrated after a

complete test series with a wet test meter. If the flow

measuring device differs from the wet test meter by 5
percent, the completed test shall be discarded.

Alternatively, the tester may elect to use the flow data

that would yield the lowest flow measurement. Calibratign

with a wet test meter before a test is optional.

Constant Temperature Bath. Device capable of maintaining

the permeation tubes at the calibration temperature with

+0.1%.

Temperature Gauge. Thermometer of equivalent to mdnitor

bath temperature within jJOC.
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the interval between peaks. Systems not meeting this criteria may

be considered alternate methods subject to the approval of the

Control Agency's Authorized Representative.

5.5.1

5.5.2

5-5»3

5.5.4

Calibration System. The calibration system must contain

the following components.

Flow System. To measuhe'air flow ovér permeation tubes
+2 percent. Each flowmeter shall be calibrated after a
complete test series with a wet test meter. If the flow
measuring device differs from the wet test meter by 5
percent, the completed test shall be discarded. |
A]térnative]y, the tester may elect to use the flow data
that would yield the lowest flow measurement. Calibrati

with a wet test meter before a test is optional.

Constant Temperature Bath. Device cépdb?e of maintainin

the permeation tubes at the calibration temperature withi

-+0.1%.

Temperature Gauge. Thermometer of equivalent to monitor

bath temperature within iJOC.
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7.

Reagents

6.1 Fuel. Hydrogen (HZ) prepurified grade or'better.
6.2 Combustion Gas. Oxygen (02) or air, research purity or better,
6.3- Carrier Gas. Prepurified grade or better.

6.4 Diluent. Air containing less than 0.5 ppm total sﬁ]fur compoun

and less than 10 ppm each of moisture and total hydrocarbons.

6.5 Calibration Gases. Permeation tubes, one each of st’ cos, and
CSZ’ gravimetrically calibrated and certified at some convenien
operating temperature. These tubes consist of hermetically sea
FEP Teflon tubing in which a liquified gaseous substance is
enclosed. The enclosed gas permeates through the tubing wall a
constant rate. When the temperature is constant, calibration g
covering a wide range of known concentrations can be generated
varying and accurately measuring the flow rate of diluent gas
passing over the tubes. These calibration gases are used to

calibrate the GC/FPD system and the dilution system.
Pretest Procedures

The following procedures are helpful in préventing any problem which

might occur later and invalidate the entire test.
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7.1 After the

the following procedures are to be completed before sampling is

initiated.

7.1.1

- indicates the presence of a leak.

7.1.2

complete measurement system has béen set up at the site

Leak Test. Appropriate leak test procedures should be - %
employed to verify the integrity of all components, samplé
lines, and connectiqhs. The fo]lowing leak test proceduré
is suggested: For components upstream of the sample pump
attéch the probe end of the sample line to a manometer or
vacuum gauge, start the pump and pull greater than 50 mm
{2 in.) Hg vacuum, close off the pump outlet, and then

stop the pump and ascertain that there is no leak for 1 |

minute. For components after the pump, apply a slight

positive pressure and check for leaks by applying a liqui

. —

(detergent in water, for example) at each joint. Bubb]ing

System Performance. Since the complete system is
calibrated following each test, the precise calibration o?
each component is not critical. However, these component;
should be verified to be operating properly. This .
verification can be performed by observing the response qf
flowneters or the of GC output to changes in flow rateS'o}
calibration gas concentrations and ascertaining the

response to be within predicted 1imits. If any componenq
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" 7.1 After the

“the following procedures are to be completed before sampling is

initiated.

7.1.1

- indicates the presence of a leak.

7.1.2

is suggested: For components upstream of the sample pum

complete meésurement system has been set up at the site

Leak Test. Appropriate leak test procedures should be
employed to verify the integrity of all components, samp

lines, and connections. The fo1lowin§ leak test procedu

attach the'probe end of the sample line to a manometer o
vacuum gauge, start the pump and pull greater than 50 mm

(2 in.) Hg vacuum, close off the pump oﬁt]et, and then

stop the pump and ascertain that there is no leak for 1 |

minute. For components after the pump, apply a slight
positive pressure and check for leaks by applying a liqu

(detergent in water, for example) at each joint. Bubbli

System Performance. Since the complete system is
calibrated following each test, the precise calibration
each component is not critical. However, these componen
should be verified to be operating properly.  This
verification can be performed b& observing the response
flowneters or the of GC output to changes fn flow rateS
calibration gas concentrations and ascertaining the

response to be within predicted limits. If any componen
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Prior to any sampling run, calibrate the system using the following

subsequent runs. The calibration must, however, be verified as

or the completed system fails to respond in a normal and
predictable manner, the source of the discrepancy should
be identified and corrected before proceeding.

Ca]ibration

procedures. (If more than one run is performed during any 24-hour

-period, a calibration need not be performed prior to the second and any

prescribed in section 10, after the last run made within the 24-hour

period.)

8.1 General Considerations. This section outlines steps to be follgwed
for use of the GC/FPD and the dilution system. Thé procedure does
not inﬁ]ude detailed instructions because the operation of these
systems is compiex, and it requires an understanding of thel
individual system being used. Each system should include a written
operating manual describing in detail the operating procedures
associated with each component in the measurement system.  In
addition, the operator should be familiar with the_operating
principles of the components; particularly the GC/FPD. .The
citations in the bibliography at the end of this method are

recommended for review for this purpose.
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8.2 Calibration Procedure. Insert the permeation tubes into the tube

chamber. Check the bath temperature to assure agreement with the

calibration temperaiure of the tubes within ip.loc. Allow 24
hodhs for the tubes'to equilibrate. Alternatively equilibration mq}
be verified by injecting samples of calibration gaslat 1-hour
intervals. The permeation tubes can be assumed to have reached |
equilibrium when consecutive hourly samples agree within the

precision limits of section 4.1.

[ =

Vary the amount of air flowing over the tubes to produce the desire

concentrations for calibrating the analytical and dilution systems.
The air flow across the tubes must at all times exceed the flow

requirement of tie analytical systems. The concentration in parts
per million generatéd by a tube containing a specific permeant can

be calculated as follows:

C=KxPr/ML

Equation 15-1

where

C = Concentration of permeant produced in ppm.

Pr = Permeation rate of the tube in ug/min.

Moo= Molecular weight of the permeant: g/g-mole.
» L =. Flow rate, 1/min, of air over permeant @ ZOOC, 760 mm Hg i
K. = - Gas cqnstaﬁt at 20°C and 760 mm Hg = 24.04 1/g mole.
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8.2 Calibration Procedure. Insert the permeation tubeé into the tube
chamber. Check the bath temperature to assure agreement with the
calibration temperature of the tubes within iD.IOC. Allow 24
hoﬁrs for the tubes.to equilibrate. Alternatively eqdi]ibration may
be verified hy,injeﬁtingrsamples of calibration gas at 1-hour
intervals. The permeation tubes can'be assumed to have reached
‘equilibrium when éonsecutive hburly samples agree within the

precision limits of section 4.1,

Yary the amount of air flowing over the tubes td produce the desired
concentrations for calibrating the analytical and dilution systems
The air flow acros§ the tubes must at all times exceed the fiow

requifement of tne analytical systems. The concentration in parts
per million generatéd by a tube containing a specific permeant can

be calcuiated as follows:

C =K xPr/ML
Equation 15-1

where
C ‘= Concentration of permeant produced in ppm.
Pr = Permeation rate of the tube in ug/min,
M = Molecular weight-of the permeant: g/g-mole.
L = Flow rate, 1/min, of air over permeant @ 20°c, 760 mm Hg..
K. = Gas constant.at 20°C and 760 mm‘Hg = 24,04 1/g mole.
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8.3

8.4

8.5

Calibration of Analysis Systen. Geherate a series of three or more
known concentrations spanning the linear range of the FPD
(approximately 0.05 to 1.0 ppm) for each of the four major sulfur
compounds. Bypassing the dilution aystem{ inject these standards
into the GC/FPD analyzers and monitor the responses. Three injects:
for each concentration must yield the precision described in
section 4.1.  Failure to attain this precision is an indication of a
problem in the calibration or‘anaIytical system. Any such problem

must be identified and corrected before proceeding..

Calibration Curves. Plot the GC/FPD response in current (amperes)
versus their causative concentrations in ppm on log-log coordinate -
graph paper for each sulfur compound. Alternatively, a least

squares equation may be generated from the calibration data.

Calibration of Dilution System. Generate a known concentration of

hydrogen sulfide using the permeation tube system. Adjust the flow
rate of diluent air for the first dilution stage so that the desired
level of dilution is approximated. Inject the diluted calibration.

gas into the GC/FPD system and monitor its response. Three
injections for each dilution must yield the precfsion.described in
sectioh 4.1. Failure to attain this precision in this step is an
indication of a problem in the dilution system. Any such problem
nust be identified and corrected before proceeding. Using the

calibration data for HZS (developed under 8.3) determine the
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9., Sampling and Analysis Procedure

9.1

9.2

- certain that no dilution air enters the stack through the port.

diluted calibration gas concentration in ppm. Then calculate the
di1utiqn factor as the ratio of the calibration gas concentration
before dilution to the diluted calibration gas concentration
determined under this paragraph. Repeat this procedure for each
stage of dilution required. Alternatively, the GC/FPD system may b;
calibrated by generating a series of three more more concentrat};nsa
of each sulfur combound and diluting these samples before injectin#
them into the GC/FPD system, This data will then serve as the. )
calibration data forvthe unknown samples and a separate |
determination of the dilution factor will not be necessary.
However, the precision Eequirements of section 4.1 are still

applicable.

Sampling. Insert the sampling probe into the test port making

Begin sampling and dilute the sample approximately 9:1 using the
dilution system. Note that the precise dilution factor is that
which is determined in paragraph 8.5. Condition the entire system|
with sample for a minimum of 15 minutes prior to commencing

analysis.

Analysis. A1iqdots of diluted sample are injected into the GC/FPDf

analyzer for analysis.
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diluted ca1ibr§tion gas concentration in ppm. Then calculate the
dilutipn factor as the ratio of the calibration gas concentration
before dilution to the diluted calibration gaé concentration
determined under this paragraph. Repeat this procedure for each
stage of dilution required. Alternatively, the GC/FPD system may be
calibrated by generating a series of three more more conceniratidns
-0of each su]fqr compound and diluting these samples before injecting
them into the GC/FPD system. This data will then serve as the |
calibration data for the unknown samples and a separate
determination of the dilution factor will not be necessary,
However, the precision requirements of section 4.1 are still

applicable.

9. Sampling and Analysis Procedure-
9.1 Samp]ing.‘ Insért the samp]ing’probe into the test port making
" certain that no dilution air enters the stack through the port.
Begin sampling and dilute tﬁe samp]e approximately 9:1 using the
~ dilution system. Note that the precise dilution factor is that
which isvdetermined in paragraph 8.5. Condition the entire systen
with sample for a minimdm of 15 minutes prior to commencing

analysis.

9.2 Analysis. Aliquots of diluted sample are injected into the GC/FPD

analyzer for analysis.
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9.2.1 ©  Sample Run. A sample run is composed of 16 individua
analyses (injects) performed over a period of not les

than 3 hours or more than 6 hours,

9.2.2 Observation for Clogging of Probe. If reductions in

| sample concentrations are observed ddring a sample ru
that cannot be explained by process conditions, the

sampfing must be interrupted to determine if the samp

probe is ctogged with particulate matter. If the pro

found to be clogged, the test must be stopped and the

results up to that point discarded. Testing may resu

after cleaning the probe or replacing it with a clean

one. After each run, the-sample probe must be inspec

and, if necessary, dismantled and cleaned.

10, Post-Test Procedures
10.1 Sample Line Loss. A known concentration of hydrogen sulfide at
Tevel of the applicable standard, +20 percent, must be introduc
into the sampling system at the opening of the probe in suffici
quantities to ensure that there is an excess of sample which mu

vented to the atmosphere. The sample must be transported throu

be is
me

ted

the

ent
st be
gh

- the entire sampling system to the measurement system in the normal

manner, The resulting measured concentration should be compare
the known value to determine the sampling system loss. A sampl

system loss of more than 20 percent is unacceptable., Sampling
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1.

| sample concentration by the fraction of recovery. The known gas

~ cylinders of hydrogen sulfide mixed in air may be used provided they

10.2

~ within a 24-hour period, perform a partial recalibration using the

10.3

- obtained prior to the runs, to the calibration curves obtained undef

~ set forth in paragraph 4.2. If the drift exceeds this limit, the

Calculations

1. 1

losses of 0-20 percent must be corrected by dividing the resulting
sample may be'generated using permeation tubes. Alternatively,
are traceable to permeation tubes. The optional pretest procedu_r'es|

provide a good guideline for determining if there are leaks in the

sampling system,

Recalibration. After each run, or after a series of runs made
procedures in secton 8. Only HZS (or other permeant) need be used
to recalibrate the GC/FPD analysis system (8.3) and the dilution
system (8.5). |
Determination of Calibration Drift. Compare the calibration curves|
paragraph 10.1. The calibration drift should not exceed the limits|
intervening run or runs should be considered not valid. The tester,

however, may instead have the option of choosing the calibration

data set which wou]d'give the highest sample values.

Determine the concentrat1ons of each reduced sul fur compound

detected directly from the calibration curves. Alternatively, the?
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il.

| sample concentration by the fraction of recoVery. ‘The known gas

10,2

'procedures in secton 8. Only HZS (or othér permeant) need be used

- system (8.5).

10.3

Calculations

R

sample may be generéted using permeation tubes. Alternatively,

1ossés'of 0-20 percent must be corrected by dividing the resulting

cyTinders of hydrogen sulfide mixed in air may be used provided they
are traceable to permeation tubes. The optional pretest procedures
provide a good guideline for determining if there are leaks in the

sampling system.

Recalibration. After each run, or after a series of runs made

within a Z4-hour period, perform a partial recalibration using the

to recalibrate tne GC/FPD analysis system (8.3) and the dilution

Determination of Calibration Drift. Compare the calibration curves
obtained prior to the ruﬁs, to the ca]ibration curves obtained under |
paragraph 10.1, The calibration drift should not exceed the Timits
set forth in paragraph 4.2. If the drift exceeds this limit, the
intervening run or runs should be considered not valid. The tester,
however, may instead have the option of choosing the calibration

data set which would give the highest sample values.

Determine the concentrations of each reduced sul fur compound

deteéted directly from the calibration curves, Alternatively, the
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11.3

concentrations may be calculated using the equation for the least

squares line.

Calculation of 502 Equivalent. 502 equivalent will be
determined for each analysis made by summing the concentrations of

each reduced sulfur compound resolved during the given analysis.

S0, equivalent =Z(st, €0s, 2 CS,)d

where:

502 equivalent = The sum of the concentration for each of the
measured compounds (CO0S, HZS’ CSZ] expreéﬁed
as sulfur dioxide in ppm.

st = Hydrogen sulfide, ppm.

cos = Carbony] sulfide, pph.

CS2 = Carbon disulfide, ppm.

d = Ditution factor, dimensionless.

Average 302 equivalent will be determined as follows:

Average SO2 equivalent

where:

Average SO

[p]

equivalent

Equation 15-2

N
2 SDz equiv.y
i=1 °

N (1 - Bwo)
" Equation 15-3

Average 302 equivalent in ppm, dry

basis. .
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12

SOz-equiva1ent i= 502 in ppm as determined by Equation 15-2,

N = Number of analyses performed.

Bwo Fraction of volume of water vapor in the gas stream as.
determined by Method 4 - Determination of Moisture in

Stack Gases {36 FR 24887).

Example System
12.1 Apparétus
12.1.1 Sample System ‘
12.1.1.1 Probe. Stainless steel tubing, 6.35 mm (1/4 in.)

outside diameter, packed with glass wool.

12.1.1.2 Sample Line. 3/16 inch inside diameter Teflon tubing
heated to 120°C. This temperature is controlled by é

a thermostatic heater.

12,1.1.3 Samplé Pump. Leakless Teflon coated diaphragm type
or equivalent. The pump head is heated to 120°C by g
enclosing it in the sample dilution box (12.2.4

below).
12.1.2 Dilution System. A schematic diagram of the dynamic

dilution system is given in Figure 15-2. The dilution

system is constructed such that all sample contacts are
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12

$0,-equivalent i = | 50, in ppm as determined by Equation 15-2

N = Number of analyses performed. |

.Bwo = Fraction of volume of water vapor in the-gas stream as
determined by Method 4 - Determination of Moisture in

Stack Gases (36 FR 24887).

Example System
12.1 Apparétus 7
12.1.1 Sample System ‘
12.1.1.1 Probe. Stainless steel tubing, 6.35 mm (1/4 in.)

outside diameter, packed with glass wool.

12.1.1.2 Sample Line, 3/16 inch inside diameter Teflon tubing
heated to 120°C. This tempEraturé is controlled by |

a thermostatic heater.

12.1.1.3 Samp1é Pump. Leakless Teflon coated dfaphragm type
or equivalent. The pump head is heated to 120°C by
enclosing it in the sample dilution box (12.2.4

below). .
12.1.2 Dilution System. A schematic diagram bf the dynamic

dilution system is given in Figure 15-2. The dilution

system is constructed such that all sample contacts are
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made of inert materials. The dilution system which is heated to
120%C must be capable of a minimum of 9:1 dilution of sample.
Equipment used in the dilution system is listed below:

12.1.2.1 Dilution Pump. Model A-150 Kohmyhr Teflon positive
| displacement type, nonadjustable 150 cc/min.'j?.o
percent, or equivalent, per dilution stage.. A 9:]
dilution of sample is accomplished by combining 150 -

cc of sample with 1350 ccrof~c1ean dry aif as shown

in Figure 15-2,
12.1.2.2 Valves. Three-way Teflon solenoid or manual type.
12.1.2.3 Tubing. Teflon tubing and fittings are used.

throughout from the sample probe to the GC/FPD to

present an inert surface for samp]é gas.
12.1.2.4 Box. Insulated box, heated and maintained at
120°C, of sufficient dimensions to house di1utio$

apparatus.

12.1.2.5 Flowmeters. Rotameters or equfva1ent to measure | flow

from 0 to 1500 ml/min. + perceﬁt per dilution stage.

12.1.3 Gas Chromatrograph.

15-17




<h

12.1.3.1 Column - 1.83 m (6 ft.) length of Teflon tubing, 2.1

mm {0.085 in.) inside diameter, packed with

deactivated silica gel, or equivalent.

12.1.3.2 Sample Valve, Teflon six port gas sampling valve,
equipped with a 1 m1 sample loop, actuated by

compressed air (Figure 15-1),

12,1.3.3 Oven. For containing sample valve, stripper column

and separation column. The oven should be capable o

maintaining an elevated temperature ranging from

ambient to 100°C, constant within :JOC.

12.1.3.4 Temperature Monitor. Thermocouple pyrometer to

measure column oven, detector, and exhaust

temperature :ﬂ°c.

12.1.3.5 Flow System. Gas metering system to measure sample

flow, hydrogen flow, oxygen flow and nitrogen carrie}

gas flow.

12.1.3.6 Detector. Flame photometric detector.

12.1.3.7 Electrometer. Capable of full scale amplification o&

9

Tinear ranges of 107~ to 107 amperes full scale.
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12.1

12.1

12.1

12.1.3.

12.1

12.1

1201

3.1

3.2

.3.3

.3.5

.3.6

3.7

Column - 1.83 m (6 ft.) length of Teflon tubing, 2.
mm'(0.085 in.) inside diameter, packed with

deactivated silica gel, or equivalent.

Sample Yalve, Teflon six port gas sampling valve,

~equipped with a 1 m1 sample loop, actuated by

compressed air (Figure 15-1}.

Oven. For containing sample valve, stripper column
and‘separation column. The oven should be capable

maintainihg an elevated temperature ranging from

~ ambient to 100°C, constant within +1°C,

Temperature Monitor. Thermocouple pyrometer to
measure column oven, detector, and exhaust

temperature jjOC.

Flow System.. Gas metering system to measure sample
flow, hydrogen f1ow, oxygen flow and nitrogen carri

gas flow.
Detector. Flame photometric detector.

Electrbmeter.' Capable of full scale amplification

9

linear ranges of 10° to 107 amperes full scale,
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12.1.3.8 Power Supply. Capable of dé]ivering up to 750 v¢

12.1.3.9 Recorder. Compatible with the output voltage rai

12.1.4  Calibration. Permeation tube system'(Figure 15-3).

12.1.4.1

of the electrometer.

91ts.

nge

Tube Chamber. Glass chamber of sufficient dimensions

to house permeation tubes.

12.1.4.2 Mass Flowmeters. ~Two mass flowmeters in the range of

0-3 1/min. and 0-10 1/min. to measure air flow over

permeation tubes at + 2 percent. These fiowmeters

shall be cross-calibrated at the begihning of each

test. Using a convenient fiow rate in the measuring

range of both flowmeters, set and monitor the flow

rate of gas aver the ﬁermeation tubes. Injection of

calibration gas generated at this flow rate as

measured by one flowmeter followed by injection of

calibration gas at the same flow rate as measured by

the other flowmeter should agree within the specified

precision limits. If they do not, then there is

problem with the mass flow measurement. Each mass

flowmeter shall be calibrated prior to the first

with a wet test meter and thereafter at least once

each year.
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12.1.

12.2 Reagents.
12.2.1

12.2.2
12.2.3

12.2.4

| compounds and less than 10 ppm each of moisture and totalg

12.2.5

12.2.6

" calibrated and certified at 30.0°C.

. Compressed Air. 60 psig for GC valve actuation.

4,3 Constant Temperature Bath, Capable of maintaining
permeation tubes at certification temperature of
30%c within + 0.1°C.

Fuel. Hydrogen (Hz) prepurified grade or better.

Combustion Gas. Oxygen (02) research purity or better.

Carrier Gas. Nitrogen (N,) prepurified grade or better.

Diluent. Air containing less than 0.5 ppm total sulfur
hydrocarbons, and filtered using MSA filters 46727 and
79030, or eguivalent. Removal of sulfur compounds can be

verified by injecting dilution air only, described in

section 8.3.

Calibration Gases. Permeation tubes gravimetrically
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12.1

12.2 Reagents.
1224

12.2.2
12.2.3

12.2.4

| compounds and less than 10 ppm each of moisture and tota

12.2.5

12.2.6

.4.3 Constant Temperature Bath. Capable of maintaining

~Fuel. Hydrogen (Hz) prepurified grade or better.

~ Carrier Gas. Nitrogen (Nz) prepurified grade or better.

permeation tubes at certification temperature of

30°C within + 0.1°C,

Combustion Gas. Oxygen (0,) research purity or better.

Diluent. Air containing less than 0.5 ppm total sulfur

hydrocarbons, and filtered using MSA filters 46727 and

79030, or eguivalent. Removal of sulfur compounds can b
verified by injecting dilution air only, described in
section 8.3.

Compressed Air. 60 pSig for GC valve actuation.

Calibration Gases. Permeation tubes gravimetricaliy "

calibrated and certified at 30.0°C.
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12.3 Operating Parameters. The operating parameters for the GC/FPD
system are as}fol1ows: nitrogen-Carrier gas flow rate of 1000 |
cc/min., exhaust temperature of 110°C, detector temperature

' 105°C, oven temperature of 40°C, hydrogen flow rate of 80
cc/minute, oxygen flow rate of 20 cc/minute, and sample flow ratg of

80 cc/minute. .

12.4 Analysis. The sample valve is actuated for 1 minute in which tiﬁe
an aliquot of dilute sample is injected onto the separation'colu@n.
The valve is then deactivated for the remainder of analysis cyclé in
which time the sample Toop is refilled and the‘separation COlumné
continues to be foref]ushed. The elution time for each compodnd;

will be determined during calibration.
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METHOD 16 - SEMICONTINUOUS DETERMINATION OF SULFUR EMISSIONS FROM -
' STATIONARY SGURCES

INTRODUCTION

The method described below uses the principle of gas chromatographic
separation and flame photometric detection. Since there are many systems
sets of operating conditions that repreéent usable methodé of determining
sul fur emissions, all systems which employ this principle, but differ only
details of equipment and operation, may be used as a]ternativelmetﬁods,
provided that the criteria set below are met.

1. Principle and Applicability

1.1 Principle:

1.2 Applicability:

‘diluted sample is then analyzed for hydrogen sulf

A gas sample is extracted from the emission source

and dituted with clean dry air. An a]iquot of the

(HZS)’ methyl mercaptan (MeSH), dimethyl sulfide
(DMS) and dimethyl disulfide (DMDS) by gas

chramatographic (GC) separation aﬁd flame phdtome
detection (FPD). These fpur éompounds are known

collectively as total reduced sulfur (TRS).
This method is applicable for determination of TR

compounds from recovery furnaces, 1ime kilns, and

smelt dissolving tanks at kraft pulp mills.
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2. Range and Sensitivity

2.1 Range. Coupled with a gas chromatographic system utilizing a ten

milliliter sample size, the maximum 'I1'mi£ of the FPD for each su?funi' .
compound is approximately 1 ppm. This limit is expanded by di1utioé
of the sample gas before analysis;. Kraft mill gas samples are
normally diluted tenfold (9:1), resulting in an upper 1imit of abouft

10 ppm for each compound.

For sources with emission levels between 10 and 100 ppm, the
measuring range can be best extended by reducing the sample size to

1 mitliliter.

2.2 Using the sample size, the minimum detectable concentration is

approximately 50 ppb.

3. Interferences.
,3.1' Moisture Condensation. Moisture condensation in the sample deliveny
. system, the analytical column, or the FPD burner block can cause

losses or interferences. This potential is eliminated by heating

the sample line, and by conditioning the sampie with dry dilution
air to lower its dew point below the operating temperature of the

GC/FPD analytical system prior to analysis.

3.2 Carbon Monoxide and Carbon Dioxide. CO and CO, have substantial

desensitizing effect on the flame photometric detector even after
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.2. Range and Sensitivity
2.1 Range. Coupled with a gas chromatographic system utilizing a ten
milliliter sample size, the maximum 1imit of the FPD for each sulfur
compound is approximately 1 ppm. This limit is expanded by dilution
of the'sample gas before analysis. 'Kraft mill gas samples are
normally diluted tenfold (9:1), resujting in an upper limit qf about

10 ppm for each. compound.

For sources with emission tevels between 10 and 100 ppm, the
measuring range can be best extended by reducing the sample size to

1 milliliter.

2.2 Using the sample size, the minimum detectable concentration is

approximately 50 ppb.

3. Interferences.
3.1 Moisture.Condensation.' Moisture condensation in the sample delivery

- system, the analytical column, or the FPD burner block cén cause
.1o$ses or interferences. This potential i§ elimingted by heating

the sample 1ine, and by conditioning the sample with dry dilution

air to lower its dew point below the operating temperature of the

GC/FPD analytical system prior to analysis.

3.2 Carbon Monoxide and Carbon Dioxide. CO and CO, have substantial

desensitizing effect on the flame photometric detector even after
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3.3

3.4

- with this requirement can be demonstrated by submitting

~diluent gas. The CO2 level should be approximately 10 percent f

9:1 dilution. Acceptable systems must demonstrate that'théy hav

eliminated this interference by some procedure such as eluting tl

compounds before any of the compounds to be measured. Complianc
chromatograms of calibration gases with and without CO2 in the

the case with CO2 present. The two chromatographs should show

agreement within the precision limits of Section 4.1.

Particulate Matter. Particulate matter in gas samples can cause
interference by eventual clogging of the ana]yticé] system. Thi

interference must be eliminated by use of a probe filter,

Sulfur Dioxide. 502 is not a specific interferent but may be
present in such large amount that it cannot be effectively separ
from other compounds of interest. The procedure must be designe
eliminéte this problem either by the choice of separafion column
by removal of SO2 from the sample. In the example system, 50,
is removed by a citrate buffer solution prior to GC injection.
scrubber will be used when SO2 levels are high enough to prevent

baseline separation from the reduced sulfur compounds.
Compliance with this section can be demonstrated by submitting

chromatographs of calibration gases’with SO2 present in the same

quantities expected from the emission source to be tested.
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Precision and Accuracy

4.1

4.2

4.3

. Apparatus (See Figure 16-1).

5.1

_ Acceptable systems shall show baseline separation with the amplifi

- from the mean of the three injections.

attenuation set so that the reduced sulfur compound of concern is

" least 50 percent of full scale. Baseline separation is defined ag

return to zero + percent in the interval between peaks.

GC/FPD and Dilution System Calibration Precision. A series of thy
consecutive injections of the same calibration gas at any di1utioﬁ

shall produce results which do not vary by more than * 5 percent'§

GC/FPD and Dilution System Calibration Drift. The calibration dri

determined from the mean of three injections made at the beginnﬁng

and end of any 8 hour period shall not exceed + 5 percent.

System Calibration Accuracy. Losses through the sample transport
system must be measured and a correction factor developed to adjug

the calibration accuracy to 100 percent.

.Sampling.

5.1.1 Probe. The probe must be made of inert material such ayg
stainless steel or glass. It should be designed to
incorporate a filter and to allow calibration gas to en
the probe at or near the sample entry point. Any porti
of the probe not exposed to the stack gas must be heatej
to prevent moisture condensation.
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system must be measured and a correction factor developed to adju
the calibration accuracy to 100 percent. -
- Apparatus (See Figure 16—1).
5.1 Sampling.

5.1.1 Probe. The probe must be made of inert material such a
stainless steel or glass. It should be desighed_to
incorporate a filter and to allow calibration gas to en

.the probe at or near the sample entry point. Any porti

. Acceptable systems shall show base]ine separation with the amplif

attenuation set so that the reduced sulfur compound of concern is

Jeast 50 percent of full scale. Baseline separation is defined as a

return to zero * percent in the interval between peaks.

Precision and Accuracy

4.1 GC/FPD and Dilution System Calibration Precision. A series of three

consecutive injections of the same calibration gas at any dilution,

shall produce results which do not vary by more than +5 percedt

from the mean of the three injections.

4.2 GC/FPD and Dilution System Ca]ibfation Drift. The calibration dr]

determined from the mean of three injections made at the beginning

and end of any 8 hour period shall not exceed + 5 percent.

4.3 System Calibration Accuracy. Losses through the sampie transport

of the probe not exposed to the étack gas must be heate
to prevent moisture condensation.
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Figure 16-1, Probe used for sample gas contiining high particulate toadings.
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5.1.2 Sample Line. The sample line must be made of Teflon,lj

no greater than 1.3 cm (1/2 in.) inside diameter. All

parts from the probe to the dilution system must be

thermostatically heated to 120°C.

5.1.3 Sample Pump. The sample pump shall be a leakless
Teflon-coated diaphragm type or equivalent. If the Duﬁp
is upstream of thé dilution system, the pump heat must |be

heated to 120°C.

5.2 Dilution System. The dilution system must be constructed such that
all sample contacts are made of inert materials (e.g., stainless|
steel or Teflon). It must be heated to 120°C and be capable of |

approximately a 9:1 di]ution>of the sample.

5.3 302 Scrubber. The 302 scrubber is a midget impinger packed with%

glass wool to eliminate entrained mist and charged with potassiuf

citrate-citric acid buffer.

5.4 Gas Chromatograph. The gas chromatograph must have at least he

following cohponents:

5.4.1 Oven. Capable of maintainihg the separation column atj the

proper operating temperature_iloc.

Mention of trade names or specific products does not constitute
. endorsement by the Air Resources Board.
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5.2

5.3

5.4

5.1.2 Sample Line. The sample line must be made of Tef]on,l/

no greater than 1.3 cm (1/2 in.) inside diameter. All
parts from the probe to the dilution system must be

thermostatically heated to 120°C.

5.1.3 Samb]e Pump. The sample pump shall be a leakless
Teflon-coated diaphragm'type or equivalent. If the pump
is upstream of thévdi1ution system, the pump heat must|be

heated to 12000.

Dilution System. The dilution system must be constructed such that

all sample contacts are made of inert materials (e.g., stainless

steel or Teflon). It must be heated to ]ZOOC and be capable of

approximately a 9:1 dilution of the sample.
502 Scrubber. The 502 scrubber is a mfdget impinger packed with
glass wool to e]iminate entrained mist and charged with potassiu

citrate-citric acid buffer.

Gas Chromatograph. The gas chromatograph must have at least he

~following cohponents:

5.4.1 Oven. Capable of maintainjhg the separation column at the

proper operating temperature ilOC.'

Mention of trade names or specific products does not constitute

- endorsement by the Air Resources Board.
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5.4.2 Temperéture Gauge. To monitor column oven, detector, and

exhaust temperature +1°C.

5.4.3 Fiow System. Gas metering system to measure sample, fuel,

combustion gas, and carrier gas flows.
5.4.4 Flame Photometric Detector.

5.4.4.1 Electrometer, Capable of full scale amplification of

9

linear ranges of 107~ to 1074 amperes full scale,

5.4.4.2 Power Supply. Capable of delivering up to 750 volts.

5.4.4.3 Recorder, Compatible with the output voltage range.

of the electrometer,

5.5 Gas Chromatograph Columns. The column system must be demonstrated
to be capable of resolving the four major reduced sulfur compounds:

HZS’ MeSH, DMS, and DMDS. It must also demonstrate freedom from

known interferences.,

To demonstrate that adequate resolution has been achieved, the
tester must submit a chromatograph of a calibration gas contafn’ng
all four of the TRS compounds in the concentration‘range of thé
applicable standard. Adequate resolution will be defined as base

line separation of adjacent peaks when the amplifier attenuation is
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5.6

set so that the smaller peak is at least 50 percent of full scale.

this criteria May be considered alternate methods subject to the

approval of the Control Agency's Authorized Representative.

Calibration System. The calibration system must contain the

following components:

5.6.1

5.6.2

5.6.3

5.6.4

"Base line separation is defined in Section 3.4. Systems not meeti

Tube Chamber. Chamber of glass or Teflon of sufficient

dimensions to house permeation tubes.

Flow System. To measure air f]qw over permeation tubes
+2 percent. Each flow meter shall be calibrated after 3
complete test series with a wet test meter. If the floy
measuring device differs from the wet test meter by 5

percent, the completed test shall be discarded.

Alternatively, the tester may elect to use the flow datgq

that would yield the Tower flow measurement. calibratidn

with a wet test meter before a test is optional.

Constant Temperature Bath. Device capable of maintainin@

the permeation tubes at the calibration temperature with

+0.1°C.

Temperature Gauge. Thérmometér or equivalent to monito@

bath temperature within.iloc.
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5.6

set so that the smaller peak is at least 50 percent of full scale
Base line separation is defined in Section 3.4.
this criteria may be considered alternate methods subject to the

approval of the Control Agency's Authorized Representative.

Calibration System. The calibration system must contain the

following components:

5.6.1 -

5.6.2

5.6.3

5.6.4

Tube Chamber. Chamber of glass or Teflon of sufficient

dimensions to house permeation tubes.:

Flow System. To measure air flow over permeation tubes
+2 percent. Each flow mefer shall be calibrated after
complete test series with a wet test meter. If the flo
measuring device differs from the wet test meter'by S

percent, the completed test shall be discarded.

Alternatively, the tester may elect to use the_fIbw data

that would yield the lower flow measurement. Calibrati

with a wet test meter before a test is optional.

Constant Temperature Bath. Device capable of maintaining

Systems not meeting

at

the permeation tubes at the calibration temperature within

+0.1°C.

Temperature Gauge. Thermometer or equivalent to monitor .

bath temperature within +1°C.
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~ Reagents

6.1 Fuel. Hydrogen (Hz) prepurified grade or better.
6.2 Combustion Gas. Oxygen (02) or air, research purity or better.
6.3 Carrier Gas. Prepurified grade or better.

6.4 D11uent. Air containing lTess than 50 ppb total sulfur compounds and
less than 10 ppm each of moisture and total hydrocarbons. This|gas
must be heated prior to mixing with the sample to avoid water

condensation at the point of contact.

6.5 Calibration Gases. Permeation tubes, oﬁe each of HZS’ MeSH, DMS,
and DMDS, gravimetrically calibrated and certified at some
convenient operating temperature. These tubes consist of
hermetically sealed FEP Teflon tubing in which a liquified gaséaus
substance is enclosed. The enclosed gas permeates through the
tubing wall at a constant rate. When the temperature is constaﬁt,
calibration gases covering a wide range of known concentrations|can
be generated by varying and accurately measuring the flow rate of
diluent gas passing over the tubes. These calibration gases are

used to calibrate the GC/FPD system and the dilution system.
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6.6 Citrate Buffer, Dissolve 300 grams of potassium citrate and

4] grams of anhydrous citric acid in 1 liter of deionized water.

Two hundred eighty-four grams of sodium citrate may be substituted|

for the potassium citrate.

Pretest Procedures.
The following procedures are helpful in preventing any problem which 1%
might occur later and invalidate the entire test.

7.1 After the complete meaéurehent system has been set up at the site

and deemed to be operational, the following procedures are to be

completed before sémp]ing is initiated.

7.1.1 Leak Test. Appropriate leak test procedures should be

employed to verify the integrity of all components, sample

lines,. and connections. The following leak test proceduﬁe
s suggested: For components upstream of the samp]e‘pumﬁ,
attach the probe end of the sample line to a manometer 02

vacuum gauge, start the pump and pull greater than 50 mmé

(2 in.) Hg vacuum, close off the pump outlet, and then
stop the pump and ascertain that there is no leak for 1
minute. For components after the pump, apply a slight
positive pressure and check for leaks by applying a liqujd
(detergent in water, for example) at each joint. Bubblifg

- indicates the presence of a Teak.

16-10




6.6 Citrate Buffer. Dissolve 300 grams of potassium citrate and
41 grams of anhydrous citric acid in 1 liter of deionized water.
Two hundred eighty-four grams of sodium citrate may be substituted

for the potassium c¢itrate.

Pretest Procedures.

The following procedures are helpful in preventing any prob]em which

might occur later and invalidate the entire test.

7.1 After the complete measurement system has been set up at the site
énd deemed to be operational, the following procedures are to be

completed before sampling is initiated.

7.1.1 Leak Test. Appropriate leak test procedures should be

employed to verify the integrity of all components, sample

lines, .and connections. The following leak test procedure
is suggested: For components upstfeam_of thé samp1e-pu P,
attach the probe end of the sample 1ine to a manometer gor
vacuum gauge, start the pump and pull greater than 50 mm
(2 in.) Hg vacuum, close off the pump outlet, and then
stop the pump and ascertain that there is no leak for 1
minute. For components after the pump, app1y a slight |
positive pressure and check for leaks by applying a Tiqujd :
(detergent in water, for exampie) at'eéch joint. Bubbling

indicates the presence of a leak.
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- 7.1.2

Calibration

Prior to any sampling run, calibrate the.system using the following
procedures. (If more than one run is performed during any 24-hour _
period, a calibration need not be performed prior to the second and a
subsequent runs. The calibration must, however, be verified as

prescribed in Section 10, after the last run made within the 24-hour

period.)

8.1 General Considerations. This section outlines steps to be follg
fof use of the GC/FPD and the dilution system. The pfocedure do
not include detailed instructions because the operation of these
systems is complex, and it require§ an understanding of the

individual system being used. Each system should include a writ

calibrated following each test, the precise calibratic

System Performance. Since the complete system is

each component is not critical. However, these compon
should be verified to be operating pfoper1y. fhis
verification can beAperformed by observing the respons
flowmeters or of the GC output to changes in flow rate
calibration gas concentrations and ascertaining the
response to be within predicted 1imits. In any compon
or if the complete system fails to respond in a normal
predictable manner, the source of the discrepancy shou

be identified and corrected before proceeding.
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8.2

where: i

The air flow across the tubes must at all times exceed the flow

operating manua1 describing in detail the operating procedures
associated with each component in the measurement system. In
addition, the operator should be familiar with the operating

principles of the components; particularly the GC/FPD.

Calibration Procedure. Insert the permeation tubes into the tubeé
chamber. Check the bath temperature to assure agreement with the

calibraton temperature of the tubes within iQ.]OC. Allow 24 houré

for the tubes to équi]ibrate. Alternatively equilibration may be
verified by injectﬁng samples of calibration gas at 1-hour
intervd]s. The permeation tubes can be assumed to have reached
equilibrium when consecutive hourly samples agree within the

precision limits of Section 4.1.

Vary the amount of air flowing over the tubes to produce the desited

concentrations for calibrating the analytical and dilution systems

requirement of the analytical systems. The concentration in part;s
per million generated by a tube containing a specific permeant car

be calculated as follows:

PY'
C = K(ﬁ

‘Equation 16-1

C = Concentration of permeant produces in ppm.

P. = Permeation rate of the tube in ug/min.
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operating manual describing in detail the operating procedures
associated with each component in the measurement system. In
addition,. the operator should be famijiar with the operating

principles of the components; particu]arTy the GC/FPD.

8.2 Calibration Procedure. Insert the permeation tubes into'the.tube
chamber. Check the bath temperature to assureragreement with the
calibraton .temperature of the-tubes within jp.]OC. Allow 24 houfﬁ
for the tubes to equilibrate. Alternatively equilibration may be

“verified by injecting samples of‘calibratibn gas-at 1-hour_.
“intervals. The permeatioﬁ tubes can be assumed to have reached
“equilibrium when consecﬁtive houf]y saﬁp]es agree within‘tne‘

precision limits of Section 4.1.

Vary the amount of air flowing over the tubes toiproduce the desired
concentrations fOr';a1ibrating the analytical and dilution systehs.
-The air f]ow‘across the tubes must at all times exceed.tﬁe flow
requirement of the analytical syétems. The cohcentration in parts
per million generated by a tube containing a specific permeant can

be ca]cu]dted as follows:

PY'
C = &(,I

‘Equation 16-1

where:
C = Conceéntration of permeant produces in ppm.
Pr = Permeation rate of the tube in ug/min.
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8.3

8.4

8.5

= .
"

Molecular weight of the permeant (g/g-mole).

L = Flow rate, 1/min, of air over permeant @ ZDOC, 760 m
K =  Gas constant at 20°C and 760 mm Hg = 24.04 1/g mole.

Calibration of Analysis System. Generate a series of three or
known concentrations spanning the linear range of the FPD
(approximately 0.05 to 1.0 ppm) for each of the four major sul

compounds. Bypassing the dilution system, but using the 502

scrubber, inject these standards into the GC/FPD analyzers and

monitor the responses. Thrée injects for each concentration m
yield the precision described in Section 4.1. Failure to atta
this precision is an indication of a problem in the ca]ibrdtio
analytical system. Any such probiem must be identified and

corrected before processing.

Calibration Curves. Plot the GC/FPD response in current (ampe
versus their causative ¢oncentrations in ppm on log-log coordi
graph paper for each sulfur compound. Alternatively, a least

squares equation may be generated from the calibration data.

Calibration of Dilution System. Generate a known concentratio
hydraogen sulfide using the permeation tube system. Adjusf the
rate of diluent air for the first dilution stage so fhat the d
level of dilution is approximated. Inject the diluted calibra

gas into the GC/FPD system and monitor its response. Three
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injections for each dilution must yield the precision described in

Section 4.1. Failure to attain this precision in this step is an

indication of a problem in the dilution system. Any such prob]emf‘
must be identified and corrected before prbceeding. Using the
calibration data for H,S (developed under 8.3) determine the o

diluted calibration gas concentration in ppm. Then calculate the
- dilution factor as the ratio of'the calibration gas concentration

before dilution to the diluted calibration gas concentration

determined under this paragraph. Repeat this procédure for each

i
stage of dilution required. Alternatively, the GC/FPD system may bl

calibrated by generating a series of three or more concentrations of

each sulfur compound and diluting these sampies before injecting
them into the GC/FPD system. This data will then serve as the

calibration data for the unknown samples and a separate

determination of the dilution factor will not be necessary.

However, the precision requirements of Section 4.1 are still

applicable.

9. Samp1ing and Analysis Procedure

9.1 Sampling. Insert the sampling probe into the test port making

certain that no dilution air enters the stack through the port.

Begin sampling and dilute the sample approximately 9:1 using the
dilution system. Note that the precise dilution factor is that
~which is determined in paragraph 8.5. Condition the entire system

with sample for a minimum of 15 minutes prior to commencing analysils.
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injections for each dilution must yield the precision described in
‘Section 4.1. Failure to attain this precision in this step is an
indication of a problem in the‘di1ution system. Any such problem.
must be identified and corrected before prbceeding. Using the
calibration data for HZS (deve1dped under 8.3) determine the .
diluted calibration gas concentration in ppm. Then calculate the
~dilution factor as the ratio of the calibration gas concentration
before dilution to the diluted calibration gas concentration
determined under this paragraph. Repeét this procédufe for each
sfage of dilution required. Alternatively, the GC/FPD system may be
calibrated by Qenerating a series of three or more concentrations of
each sulfur compound and diluting these samples before injecting
them into the GC/FPD system. This data will then serve as the
calibration data for the unknown samples and a separate
determination of the dilution factor will not be necessary.
However, the precision requirements of Seétion 4.1 are still

aﬁpTitab]e,

9. Sampling and Analysis Procedure
9.1 Sampling. Insert the sampling probe into the test port making
certain.that‘no dilution air enters the stack-through fhe port.
-Begin sampling and ditute the sample approximately 9:1 using the
dilution system. Note that the precise dilution factor is that
whicﬁ is determined in paragraph 8.5. Condition the entire system

with sample for a minimum of 15 minutes prior to commencing analysis.
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10.

9.2 Analysis.

scrubber, and then are injected into the GC/FPD analyzer for

analysis.

~9.2.1

9.2.2

Post-Test Procedures

Aliquots of diluted sample pass through the 502

Sample Run. A sample run is composed of 16 individual
analyses (injects) performed over a period of not less

than 3 hours or more than 6 hqurs.

Observation for Clogging of Probe. If reductfons in
sampie concenirations are observed during a sample ruyn
that cannot be explained by process conditidns, the
sampiing must be interrupted to determine if the saﬁpTe
probe is clogged with particulate matter. If the ﬁrobe is
found to be é]ogged, the test must be stopped and the

results up to that point discarded. Testing may resume

-

after cleaning the probe or replacing it with a clea

one. After each run, the sampie probe must be inspected

and, if necessary, dismantled and cleaned.

10.1 Sample Line Loss. A known concentration of hydrogen sulfide at the

level of the applicable standard, +20 percent, must be introduced

into the sampling system at the obening of the probe in sufficient

quantities to insure that there is an excess of sample which must be

vented to the atmosphere. The sample must be transported through

the entire sampling system to the measurement system in the normal

manner. The resulting measured concentration should be compared to

the known value to determine the sampling system loss.
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For sampling losses greater than 20 percent in a sample run, the

sample run is not to be used when determining the arithmetic mean of .

the performance test. For sampling losses of 0-20 percent, the
sample concentration must be corrected by dividing the sample

concentration by the fraction of recovery. The fraction of recoven;
is equal to one minus the ratio of the measured concentration to the
known concentration of hydrogen sulfide in the sample 1ine 10ss

procedure. The known gas sample may be generated using permeation
tubes. Alternatively, cylinders of hydrogen sulfide mixed in air

may be used provided they are traceable to permeation tubes. The

optioné1 pretest procedures provide a good guideline for determining

if there are leaks in the sampling system.

10.2 Recalibration. After each run, or after a series of runs made

within a 24-hour beriod, perform. a partial recalibration using the
procedures in Section 8. Only HZS (or other permeant) need be
used to recalibrate the GC/FPD analysis system (8.3} and the

ditution system (8.5).

10.3 Determination of Calibration Drift. Compare the calibration curves
obtained prior to the runs, to the calibration curves obtained under
paragraph 10.1. The calibration drift should not exceed the limitg

set forth in subsection 4.2. If the drift exceeds this 1imit,'the'

intervenihg run or runs should be considered not valid. The tester

however, may instead have the option of choosing the calibration

data set which would give the highest sample values.
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For sampling 1osses greater than 20 percent in a sample run, the
sample run is not to be used when determining the arithmetic mean of
the performance test. For sampling losses of 0-20 percent, the
sample concentration must be corrected by dividing the sample

concentration by the fraction of recovery. The fraction of recovery

is equal to one minus the ratio of the measured concentration to the

kndwn concentrationfof hydrogen sulfide in the sample 1ine loss
procedure, The known gas sample may be generated using permeation
tubes. Alternatively, cy]indehﬁ of hydrogen sulfide mixed in air
may be used provided they are traceable to permeation tubes. The
optiond] pfetest procedures provide a good guideline for determining

if there are leaks in the sampling system,

10.2 Recalibration. After each run, or after a series of runs made
within a 24-hour period, perform a partial reca]ibration using the
procedures in Section 8. Only H,S (or other permeant) need be
used to recalibrate the GC/FPD ana]ysié‘system (8.3) and the

dilution system (8.5).

10.3 Determination of Calibration Drift. Compare the calibration curves
obtained prior to the runs, to the calibration curves cbtained under
paragraph 10.1. The calibration drift should not exceed the 1imits

| set forth fn subsection 4.2. If the drift exceeds this 1imit, the
Tntervening run or runs should be considered not valid. The tester,
however, may fnstead have the option of choosing the caiibration '

data set which would give the highest sample values.
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https://Recalibrati.on

11.

Calculations.

11.1 Determine the concentrations of each reduced sulfur compound
detected directiy from the calibration curves. 'Alternatively,
concentrations may be calcu]ated using the equation for the lea

square line.

11.2 Calculation of TRS. Total reduced sulfur will be determined fo
each analysis made by summing the concentrations of each reduce
sulfur compound resolved during a given ana]ysis.‘

TRS =z(H25, MeSH, DMS, 2 DMDS)d |

“Equation 16-2

where: .
TRS = Total reduced sulfur in ppm, wet basis.
HZS = Hydrogen sulfide, ppm. |
MeSH = Methyl mercaptan, ppm.
DMS = Dimethyl sulfide, ppm.
DMDS = Dimethyl disulfide, ppm.
d = Dilution factor, dimensionless.

11.3 Average TRS. The average TRS will be determined as follows:

N
2 TRS4
o
Average TRS = ————
J N(1-Byyo)

where:

Average total reduced sulfur in ppm, dry basis.

b

Average TRS

TRS,i

Total reduced sulfur in ppm as determined by

Equation 16-2.
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=
1]

Number of samples

(o)
H

WO Fraction of volume of water vapor in the gas stream
as determined by Reference Method 1-4 -
Determination of Moisture in Stack Gases.

11.4 Average concentration of individual reduced sulfur compounds.

N
Z s
i=1
C =
N
Equation 16-3
where:
sy = Concentration of any reduced sulfur compound in the
ith sample injection, ppm.
C_ = Average concentration of any one of the reduced
sulfur compounds for the entire run, ppm.
"N = Number of injections in any run period.

12. Example System
12.1 Apparatus
12.1.1 Sampling System
12.1.1.1 Probe. Figure 16-1 illustrates the probe used
in 1ime kilns and other sources where
significant amounts of particulate matter are
present. The probe is designed with fhe
deflector shield placed between the sample and |
the gas inlet holes and the §1ass wool plugs to

reduce clogging of the filter and possible
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BWO

11.4 Average concentration of individual reduced sulfur compounds.

where:

12. Example System
12.1 Apparatus
12.1.1

o= Concentration of any reduced sulfuyr compound in the

Number of samples

Fraction of volume of water vapor in the gas stream
as determined by Reference Method 1-4 -

Determination of Moisture in Stack Gases.

N
Zsi
o=
C=
N

Equation 16-3

ith sémp]e injection, ppm.
= Average concentration of ény one of the reduced
sulfur compounds for the entire run, ppm.

= Number of injections in any run period.

Sampling System

12.1.1.1 Probe. Figure 16-1 illustrates the probe used
in Time kilns and other sources where
significant amounts of particulate matter are
present. The probg is designed with the
deflector shield placed between the sample and
the gas inlet holes and the glass weol plugs t

reduce c1ogg1hg of the filter and possible
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12.7.2

12.1.1.2 Sample Line 3/16 inch inside diameter Teflon

adsorption of sample gas. The exposed portion of
the probe between the sampling port and the

sample line is heated with heating tape.

tubing, heated to 120°C. This temperature|is

controlled by a thermostatic heater.

12.1.1.3 Sample Pump. Leakless Teflon coated diaphragm
type or equivalent. The pump head is heated to
120°C by enclosing it in the sample d11Ution

box (12.1.2.4 below).

Dilution System.. A schematic diagram of the dynamic
dilution system is given in Figure 16-2. The di]ution
system is constructed such that all sample coﬁtacts are
made of inert materials. The dilution system whiéh is
heated to 120°C must be capable of a minimum of 9:1
dilution of sample. Equipment used in the dilution system

is listed below:

12.1.2.1 Dilution Pump. Model A-150 Kohmyhr Teflon
positive displacement type, nonadjustabie 150
cc/min. +2.0 percent, or equivalent, per

dilution stage. A 9:1 dilution of sample |is
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accomplished by combining 150 cc of sample with

1,350 cc of clean dry air as shown in Figure

16-2.

12.1;2.2 Valves. Three-way Teflon solenoid or manual.

type.

12.1.2.3 Tubing. Teflon tubing and fittings are used

throﬁghout from the sample probe to the GC/FPD|

to present an inert surface for sample gas.

12.1.2.4 Box. Insulated box, heated and maintained at |
]2OOC, of sufficient dimensions to house

dilution apparatus.

12.1.2.5 Flow meters. Rotameters or equivalent to
measure flow from 0 to 1,500 ml/min +1 percent:

per dilution stage.

12.1.3 S0, Scrubber. Midget impinger with 15 m1 of potassium

2
citrate buffer to absorb SO, in the sample.

12.1.4 Gas Chromatograph Columns. Two types of columns are used

for separation of low and high molecular weight sulfur

compounds:

- 16-20




accomplished by combining 150 cc of sample wit

=

1,350 cc of clean dry air as shown in Figure

16-2.

12.1.2.2 Valves. Three-way Teflon solenoid or manual

type.

12.1.2.3 Tubing. Teflon tubing and fittings are used

7

throﬁghout from the sample probe to the GC/FP

to present an inert surface for samp]e‘gas.

12.1.2.4 Box. Insulated box, heated and maintained at
12006, of sufficient dimensions to house

dilution apparatus.

12.1.2.5 Flow meters. Rotameters or equivalent to
measure flow from 0 to 1,500 mi/min *1 percent

per dilution stage.

12.7.3 50,

Scrubber. Midget impinger with 15 ml of potassium
citrate buffer to absorb SO2 in the sample. |

12.1.4 - Gas Chromatograph Columns. Two types of columns are used
for separation of low and high molecular weight sulfur

compounds:
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12.1.4.1 Low Molecular Weight Sulfur Compounds Column

(GC/FPD-1). :
12.1.41.1  Separation Column. 11 m by 2.16 mn |
(36 ft. by 0.085 in.) inside diametey

Teflon tubing packed with 30/60lmesh%

Teflon coated with 5 percent

polyphenyl ether and 0.05 percent

orthophosphoric acid, or equivalent |

(see Figure 16-3).

12.1.4.1.2 Stripper or Precolumn. 0.6 m by 2.1§
am (2 Ft. by 0.085 in.) inside |

diameter Tef]on tubing.

12.1.4.1.3 Sample Valve. Teflon 10-port gas
sampling valve, equipped with a 10 1
sample loop, actuated by compressed

air (Figure 16-3).

12.1.4.1.4 Oven. For containing sample valve,
stripper column and separation
column. The oven should be capab]e?of
maintaining an elevated temperature

ranging from ambient to 100°¢,

constant within iJOC.
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12.1.4.1 Low Molecular Weight Sulfur Compounds Column

(GC/FPD-1).

12.1.4.1.1

12.1.4.1.2

4

12.1.4.1.3

12.1.4.1.4

‘16-22

'Teflon tubing packed with 30/60 mesh

Separation Column. 11 m by 2.16 mm

(36 ft. by 0.085 in.) inside diamete

Teflon coated with 5 percent
polyphenyl ether and 0.05 percent
orthophosphoric acid, or equivalent

(see Figure 16-3).
Stripper or Precolumn. 0.6 m by 2.
mm (2 ft. by 0.085 in.) inside

diameter Tef]on tubing.

Sample Valve. Teflon 10-port gas

=

sampling valve, equipped with a 10 ml

sample loop, actuated by compressed

air {Figure 16-3).

Oven. For containing sample valve,
stfipper column and separation
column. The oven should be capable
maintaining an e]evated temperature
ranging from ambient to 10006,

constant within jJOC.

of
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12.1.

12.1
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12.1.4.2 High

.4.1.5

.4.1.6

.4.1.7

4.1.8

.4.1.9

.4.1.10

Molecular
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Temperature Monitor. Thermocouple
pyrometer to measure column oven,
detector, and exhaust temperature
+1°c.

Flow System. Gas metering system‘to
measure sample flow, hydrogen flow,
and oxygen flow (and nitrogen carrier

gas flow).
Detector. Flame photometric detector:

Electrometer. Capable of full scale
amplification of 1inear ranges of

-9 4

1077 to 107 amperes full scale.

Power Supply. Capable of delivering

up to 750 volts.

Recorder. Compatible with the output

voltage range of the electrometer.

Weight Compounds Column (GC/FPD-II).



https://12.1.4.1.10

12.1.4.1.5

12.1.4.1.6

~ gas flow).

12.1.4.1.7

12.1.4.1.8

12.1.4.1.9
12.1.4.1.10

12.1.4.2 High Molecular

16-24

Temperature Monitor. Thermocouple
pyrometer to measure column oven,
detector, and exhaust temperature

+1%:

Flow System. Gas metering system to
measure sample flow, hydrogen flow,

and oxygen flow {and nitrogen carrier
Detector. Fliame photometric detector.
Electrometer. Capable of full scale
amplification of linear ranges of

1072 to 107% amperes full scale.

Power Supply. Capable of delivering
up to 750 volts.

(a3

Recorder. Compatible with the outpu

voltage range of the electrometer.

Weight Compounds Column (GC/FPD-II).
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12.1.4.2.1

12.1.4.2.2

]2.] o4o2‘.3

12.1.5 Calibration. Permeation tube system (Figure 16-4).

12.1.5.1 Tube Chamber. Glass chamber of -sufficient

dimensions to house permeation tubes.

12.1.5.2 Mass Flow meters. Two Mass_flow meters in
range 0-3 1/min. and 0-10 1/min. to measun
flow over permeation tubes at +2 percent.
flow meters shall be cross-calibrated at t

beginning of each test. Using a convenien

Separation Co]umn.- 3.05 m by 2.
(10 ft by 0.085 in) inside diame
Teflon tubing packed with 30/60
Teflon coated with 10 percent Tr

X-305, or equivalent.

Sample Valve. Teflon 6-port gas
sampling valve, equipped with a
sample loop, actuated by compres

air (Figure 16-3).

Other Components. All component

as in 12.1.4.1.4 to 12.1.4.1.10.

16 mm
ter
mesh

iton

10 mi

sed

S same

the
e air
These
he |

t flow

rate in the measuring range of both flow meters,
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set and monitor the flow rate of gas over the
permeation tubes. Injection of calibration gas
generated at this flow rate as measured by.one

flow meter followed by injection of calibration

gas at the same flow rate as measured by the
other flow meter should agree within the
specified precision limits. If they do not,
then there is a problem wfth the mass flow
measurement. Each mass flow meter shall b
calibrated prior to the first test with a wet
test meter and thereafter, at least once each

year.
12.1.5.3 Constant Temperature Bath. Capable of
maintaining permeation tubes at certification

temperature of 30°C, within +0.1°C.

12.2 Reagents
-12.2.1 Fuel. Hydrogen (Hz) prepurified grade or better.

12.2.2 Combustion Gas. Oxygen (02) research purity or better.

12.2.3 Carrier Gas. Nitrogen (N2) prepurified grade or better.
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12.2.4

12.2.5

12.2.6

12.2.7

12.3 Operating
12.3.1

40°C, hydrogen flow rate of 80 cc/min., oxygen flow rate

_Section 8.3.

Diluent. Air containing less than 50 ppb total sulfur
compounds and less than 10 ppm each of moisture and total
hydrocarbons, and filtered using MSA filters 46727 and
79030, or equivalent. Removal of sulfur compounds can bé

verified by injecting dilution air only, described in

Compressed Air. 60 psig for GC valve actuation.

Calibrated Gases. Permeation tubes gravimetrically

calibrated and certified at 30.0°c.

Citrate Buffer. Dissolve 300 grams of potassium citrate
and 41 grams of anhydrous citric acid in 1 11ter of |
deionized water. 284 grams of sodium citrate may be

substituted for the potassium citrate.

Parameters

Low-Molecular Weight Sulfur Compounds. The operating
parameters for the GC/FPD system used for Tow molecular
weight compounds are as follows: nitrogen carrier gas
flow rate of 50 cc/min., exhaust temperature of 110%C,

detector temperature of 105°C, oven temperatufe of

df 20 cc/min., and sample flow rate between 20 and 80

cc/min.
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12.2.4

12.2.5

12.2.6

12.2.7

12.3 Operating
12.3.1

- of 20 cc/min., and sample flow rate between 20 and 80

Diluent. Air containing less than 50 ppb total sulfur
compounds and less than 10 ppm each of moisture and tota
hydrocarbons, and filtered using MSA filters 46727 and
79030, or eqdiva]enf. Removal of sulfur compounds can be
verifiedvbyrinjecting dilution air only, described in

Section 8.3.
Compressed Air. 60 psig for GC valve actuation.

Calibrated Gases. Permeation tubes gravimetrically

calibrated and certified at 30.0°C.

Citrate Buffer. Dissolve 300 grams of potassium citrate
and 41 grams of anhydrous citric acid in 1 liter of
deionized water. 284 grams of sodium citrate may be

substituted for the potassium citrate.

Parameters

Low-Molecular Weight Sulfur Compounds. The operating
parameters for the GC/FPD system used for low molecular
weight compounds are as follows: nitrdgen carrier gas
flow rqte of 50 Cc/min., exhaust temperature of 1}00C,
detector temperature Qf 105°C, oven temperature of

40°c, hydrogen flow rate of 80 cc/min., oxygen flow rate

cc/min.
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12.3.2

High-Molecular Weight Sulfur Compounds. The operatin
parameters for the GC/FPD system for high molecular w

compounds are the same as in 12.3.1 except: oven

temperature of 70°C, and nitrogen carrier gas flow of .

100 ce/min.

12.4 Analysis Procedure,

12.4.1

12.4.1.1

Analysis. Aliquots of diluted sample are injected
simultaneously into both GC/FPD analyzers for analysi
GC/FPD~1 is used to measure the low-molecular weight
reduced sulfur compounds. The low-molecular weijht
compounds include hydrogen sulfide,'méthyl mercaptan,

dimethyl sulfide. GC/FPD-II is used to resolve the

pight

and

high-molecular weight compound. The high-molecular weight

compound is dimethyl disulfide.

Analysis of Low-Molecular Weight Sulfur Compounds.

The sample valve is actuated for 3 minutes in which

time an'aliquot of diluted sample is injected into

the stripper column and analytical column. The valve

is then deactivated for approximately 12 minutes

which time, the analytical column continues to be

foreflushed, the stripper column is backflushed,

in

ahd

the sample loop is refilled. Monitor the responses.

The elution time for each compound will be determined

during calibration.
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METHOD 17 - DETERMINATION OF PARTICULATE MATTER EMISSIONS FROM STATIONARY
SOURCES (IN-STACK FILTRATION METHOD)

INTRODUCTION

Particulate mattef is not an absolute quantity; rather, it'is a function of
temperature and pfessure. Therefore, to prevent variability in particulate
~matter emission regu!atfons and/or associated test methods, the temperature
and pressure at which particulate matter is to be measured must bé.careful1y
defined. Of the two variables (i.e., temperature and preééure), temperature
has the greater effect upon the amount of particulate matter in an eff]uent‘
gas stream; in most stationary source categories, the effect of pressure

appears to be negligible.

In Method 5, 250%F is eétablished as a nominal referencé temperature. Thus,
where Method 5 is specified in an applicable subpart of the standards,
particulate matter is defined with respect to temperature. In order to
maintain a collection temperature of 250°F, Method 5 employs a heated 91a$s
sample probe and a heated filter holder. This equipment is somewhat
‘cumbersome and requires care in its dperation. Therefore, where particulate
matter concentrations (over the normal range of temperature associated with a
“specified source category)} are known to be independent of temperature, it|is
desirable to eliminate the glass probe and heating system, and sample at stack

temperature.

This method describes an in-stack sampling system and sampling procedures|for

use in such cases. It is intended to be used oh]y when specified by an
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app1icab1e subpart of the standards, and only within the applicable

temperature 1imits (if specified), or when otherwise approved by the Control

Agency's Authorized Representative.

1.  Principle and Applicability

1.1 Principle:

1.2 Applicability:

Particulate matter is withdrawn iSokinetically fro

the source and collected on a glass fiber filter

maintained at stack temperature. The particulate |
mass is determined gravimetrically after removal o

uncombined water.

This method applies to the determination of

particulate emissions from stationary sources for |

determining compliance with new source performance|

standards, only when specifically provided for in
applicable subpart of the standards. This method
not applicable to stacks that contain quuid

droplets or are saturated with water vapor." In

addition, this method shall not be used as written

if the projected cross-sectional area of the probeE

extension-filter holder assembly covers more than
5 percent of the stack cross-sectional area (see

Section 4.1.2).
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app1icab1e subpart of the standards, and only within the applicable
temperature 1imits (if specified), or when otherwise approved by the Control

Agency's Authorized Representative.

1. 'Princip1e‘and Applicability
1.1 Prjnciple: VParticu]ate matter is withdrawn isokinetfca11y fro
| ’ the source and collected on a glass fiber filter
maintained at stack temperature. The particu1ate
mass is determined gravimetrically after removal of

~uncombined water.-

1.2 Applicability: This method applies to the determination of
R particulate emissions from stationary sources for
determining compliance with new source pefforménce
standards, 6n1y when specifically provided for ih an

~applicable subpart of the standards;' This method is

&

not appticable to stacks that contain 1iquid
droplets or are saturated with water vapor. 1In
addition, this method shall not be used as written
if the projected cross-sectional area of fhe probe
extension-filter holder assembly covers more than
5 percent of the stack cross-sectional area (see

-Section 4.1.2).
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Apparatus

2.1

Sampling Train. A schematic of the sampling train used in this

method is shown in Figure 17-1. Construction details for many,

but

not all, of the train components are given in APTD-0581 (Citation 2

in Section 7); for changes from the APTD-0581 document and for

allowable modifications to Figure 17-1, consult with the Executive

Officer. The operating and maintenance proéedures for many of the

samp¥ing train components are described in APTD-05676 (Citation 3 in .

Section 7). Since correct usage is important in obtaining valid

results, all users should read the APTD-0576 document and adopt
operating and maintenance procedures outlined in it, unless
otherwise sbecified herein. The sampling train consists of the

following components:

.the

2.1.1 Probe Mozzle. 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

A4

constant internal diameter. The probe nozzle shall be of

the button-hook or elbow design, unless otherﬁiser
spécified by the Control Agency's Authokized

Representative. If made of stainless steel, the.nozzi
shall be constructed from seamless tubing. Other

materials of construction may be used subject to the

e

approval of the Control Agency's Authorized Representative.
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2.1.2

2.1.3

2.1.4

"Each nozzle shall be calibrated according to the

A range of sizes suitable for isokinetic sampling sho
be available, e.q. 0.32 to 1.27 cm (1/8 to 1/2 in} -
larger if higher volume sampling trains are used - in

diameter {ID) nozzles in increments of 0.16 cm (1/16
procedures outlines in Section 5.1.

Filter Holder. The in-stack filter holder shall be
constructed of borosilicate or quarfz glass, or stain
steel; if a gasket is used, it shall be made of silic
rubber, Teflon, or stainless steel. Other holder and
gaskét materials may be used subject to the approval
the Control Agency's Authorized Representative. The
filter holder shall be designed to provide a positive

against leakage from the outside or around the filter

Probe Extension. Any suitable rigid probe extension Lay

be used after the filter holder.

Pitot Tube. Type S, as described in Section 2.1 of

Method 2 or other device approved by the Control Agech‘s

Authorized Representative , the pitot tube shall be

attached to the probe extension to allow constant

monitoring of the stack gas velocity (see Figure 17-1).

The impact (high pressure) opening plane of the pitot

17-5

uld

side

in).

less.

one

seal

——

tube




shall be even with or above the nozzle entry plane during

sampling (see Method 2, Figure 2-6b). It is recommended:

(1) that the pitot tube have a known baseline coefficient,

determined as outlined in Section 4 of Method 2; and (2)

that this known coefficienf be preserved by placing the .5

pitot tube in an interference-free arrangement with
respect to the sampling nozzle, filter holder, and

‘temperature sensor (see Figure 17-1). Note that the 1.9

cm (0.75 in) free-space between the nozzle and pitot tube |

shown in Figure 17-1, is based on a 1.3 cm (0.5 in) 1D

nozzle, If the sampling train is designed for sampling at

higher flow rates than that described in APTD-0581, thus %

necessitating the use of larger sized nozzles, the free
space shall be 1.9 cm (0.75 in.) with the largest sized

nozzle in place.

Source-sampling assemblies that do not meet the minimum
spacing requirements of Figure 17-1 (or the equivalent of

these requirements, e.g., Figure 2-7 of Method 2} may be

used; however, the pitot tube coefficients of such

assemblies shall be determined by calibration, using

methods subject to the approval of the Control Agency's

Authorized Representative.
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shall be even with or above the nozzle entry plane during
sampling (see Method 2, Figure 2-6b). It is recommended
(1) that the pitot tube have a known baseline coefficient,
detennined as outlined in Section 4 of Method 2; and (2)
that this known coefficfenf be preserved by placing the
pitot tube in an 1ntérference-free arrangement with

respect to the sampling nozzle, filter holder, and

- temperature Sensor (see Figure 17-1)., Note that the 1.9

oy

cm (0.75 in) free-space between the nozzle and pitot tub
shown in Figure 17-1, is based on a 1.3 cm (0.5 in) ID
nozzle. If the sampling train is designed for sampling at
higher flow rates than that described in APTD-0581, thus
necessitating the ﬁée of larger siied nozzles, the free
space shall be 1.9 cm (0.75 in,) with the largest sized

nozzle in place.

Source-sampling assemblies that do not meet the minimum

-

spacing requirements of Figure 17-1 (or the equivalent o
these requirements, e.g., Figure 2-7 of Method 2) may be
used; however, the pitot tube coefficients of such
assemblies shall be determined by calibration, using
methods subject to the approval of'the Control Agency's

Authorized Representative.
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2.1.5

2.1.6

Differentia] Pressure Gauge. Inclined manometer or
equivalent device (two), as described in Section 2.2 of
Method 2. One manometer shall be used for veTbcity head
(AP) readings, and the other, for orifice differential

pressure readings.

Condenser. It is recommended that the impinger syste
described in Method 5 be used to determine the moisture
content of the stack gas. Alternatively, any system that
allows measurement of both the water condensed and th
moisture leaving the condenser, each to within 1 nl o

1 g, may be used. The moisture leaving the condenser|can
be measured either by: (1) monitoring the temperature and
pressure at the exit of the condenser and using Dalton's
law of partial pressures; or (2) passing the sample gas
stream through a silica gel trap with exit gases kept

below 20°C (68%F) and determining the weight gain.

Flexibile tubing may be used between the probe extension
and condenser. If means other than silica gel are used to

determine the amount of moisture leaving the condenser, it

" is recommended that silica gel still be used between the

condenser system and pump to prevent moisture condens?tion
in the pump and metering devices and to avoid the need to

make corrections for moisture in the metered volume.
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2.1.7

2.1

.8

" maintaining sampling rates within 10 percent of isokinetic

Metering System. Vacuum gauge, 1eak-free pump,
thermometers capable of measuring temperature to within :
3% (5.4°F); dry gas meter capable of measuring volume .
to within 2 percent, and related equipment, as shown in é
Figure 17-1. Other metering systems capable of .
and of determining sample volumes to within 2 percent‘ﬁaﬁ
be used, subject to the approval of the Control Agency's|
Authorized Representative. When the metering system is é
used in conjunction with a pitot tube,'the system shall

enable checks of isokinetic rates.

Sampling trains utilizing metering systems designed for f
higher flow rates than described in APTD-0581 or APTD—OSTG
may be used provided that the specifications of this

method are met.

Barometer. Mercury, aneroid, or other barometer capable
of measuring atmospheric pressure to within 2.5 mm Hg {0)1
in. Hg). In many cases, the barometric reading may be

obtained from a nearby national weather service station,

in which case the station value (which is the absolute

barometric pressure) shall be requested and an adjustment

for elevation differences between the weather station an
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2.1.7°

2.1.8

~ Metering System. Vacuum gauge, leak-free pump,

thermometers capable of measuring temperature to within

3%¢ (5.4°F),_dry gas meter capable of measuring volume

~to within 2 percent, and related equipment, as shown in

Figure 17-1. Other metering systems capable of

- maintaining sampling rates within 10 percent of isokineti

and of determining sample volumes to within 2 percent ma
be used, subject to the approval of the Control Agency's

Authorized Representative. When the metering system is

‘used in conjunction with a pitot tube, the system shall

enable checks of isokinetic rates.

Sampling trains utilizing metering systems designed for

'higher flow rates than described in APTD-0581 or APTD-05

may be used provided that the specifications of this

method are met.

Barometer. Mercury, aneroid, or other barometer capable

of measuring atmospheric pressure to within 2.5 mm Hg (0.1

in. Hg). . In many cases, the barometric reading may be
obtained from a nearby national weather service station,
in which case the station value {which is the absolute
barometric pressure). shall be requested and an adjustmen

for elevation differences between the weather station an

-17-8
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sampling point shall be applied at a rate of minus 2,5 mm
Hg (0.1 in. Hg) per 30 m (100 ft) elevation increase or

vice versa for elevation decrease.

2.1.9 Gas Density Determination Equipment. Temperature sensqr'
and pressure gauge, as described in Sections 2.3 and 2.4
of Method 2, and gas analyzer, if necessary, as described

in Method 3.

The temperature sensor shall be attached to either the
pitot tube or to the probe extension, in a fixed
configuration. If the temperature sensor is attached in
the field; the sensor shall be placed in an
interference-free arrangement with respect to the Type S
~pitot tube openings {as shown in Figure 1791 or in Figure
2-7 of Method 2). Alternatively, the temperatuke sensor
need not be attached to either the probe extension 6f
pitot tube during samping, provided that a difference of
not more than 1 percent in the average velocity
measurement is introduced. This alternative is subject to
the approval of the Control Agency's Authorized

Representative.

2.2 Sample Recovery.
2.2.1 Probe Nozzle Brush. Nylon bristle brush with stainless -
steel wire handle. The brush shall be properly sized and

shaped to brush out the probe nozzle.
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2.2.2

2.2.3

2.2.4

2.2.5

in Section 2.3.4.

Wash Bottles - Two. Glass wash bottles are recommended;

polyethylene wash bottles may be used at the option of the

tester. It is recommended that acetone not be stored in

polyethylene botles for longer than a month.

Glass Sample Storage Containers. Chémically resistagt,
borosilicate glass bottles, for acetone washes, 500 ml or
1000 ml. Scréw cap liners shall either be rubber-backed
Teflon or shall be constructed so as to be leak-free and
resistant to chemical attack by acetone. (Narrow mouth

glass bottles have been found to be less prone to

leakage.) Alternatively, polyethylerie bottles may be used.

Petri Dishes. For filter samples; glass or polyethylene,
unless otherwise specified by the Control Agency's

Authorized Representative.

Graduated Cylinder and/or Balance. To measure condensed
water to within 1 ml or 1 g. Graduated cylinders shall
have subdivisions no greater than 2 ml. Most laboratory

balances aré capable of weighing to the nearest 0.5 g or

less. Any of these balances is suitable for use here and
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2.2.2 Wash Bottles - Two. Glass wash bottles are recommended;
polyethylene wash bottles may be used at the option of tLe
tester. It is recommended that acetone not be stored in

polyethylene botles for 1ongef than a month.

2.2.3 Glass Sample Storage Containers. Chemically resistaqt,
| borosilicate glass bottles, for acetone washes, 500 ml or
1000 m1. Scréw cap liners shall either bé rubber-backed
Teflon or shall be constructed so as to be leak-free and
resistant to chemical attack by acetone. (Narrow mouth
glass bottles have been found to be less prone to

leakage.) Alternatively, polyethylene bottles may be used.

2.2.4 Petri_Diéhes. For filter samp1es; glass or polyethylene,
unless otherwise specified by the Control Agency's

Authorized Representative.

2.2.5 Graduated‘Cy1inder and/or Balance. To measure condensed
water to w%thin 1 ml or 1 g. Graduated cylinders shall
have subdivisions no greater than 2 ml. Most laboratory
balances are capable_of weighing to the nearest 0.5 g or
tess. Any of these balénces is suitable for use here and

in Section 2,3.4.
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2.2.6  Plastic Storage Containers. Air tight containers to store

silica gel.
2.2.7 Funnel and Rubber Policeman. To aid in transfer of silica

gel to container; not necessary if silica gel is weighed

in the field.

2.2.8 Funnel. Glass or polyethylene, to aid in sample recovery.

Analysis.

2.3.1 Glass Weighing Dishes.

2.3.2 Desiccator.
2.3.3 Analytical Balance. To measure to within 0.1 mg.
2.3.4 Balance. To measure to within 0.5 mg.

2.3.5 Beakers. 250 ml.

2.3.6 Hygrometer. To measure the re1étive humidity of the

laboratory environment.

2.3.7 Temperature Gauge. To measure the temperature of the

laboratory enviromment.
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3. Reagents

3.1 Sampling.

3.1.1 Filters. The in-stack filters shall be glass mats or
thimble fiber filters, without organic binders, andrshé11
exhibit at least 99.5 percent efficiency (00.05 percent
penetration) on 0.3 micron dioctyl phtha]até smoke
particles. The filter efficiency test shall be conducted
in accordance with ASTM standard method'D 2986-71. Test

data from the supplier's quality control program are

sufficient for this purpose.

3.1.2 Silica Gel. Indicating type, 6- to 16-mesh. If
previously used, dry at 175% (350%F) for 2 hours.
New silica gel may be used as received. A]ternative1y,

other types of desiccants (equiVa]ent or better) may be

used, subject to the approval of the Control Agency's

Authorized Representative.

3.1.3 Crushed Ice.

3.1.4 Stopcock Grease. Acetone-insoluble, heat-stable si]icon!
grease. Ths is not necessary if screw-on connectors witE
Teflon sleeves, or similar, are used. Alternatively,
other types of stopcock grease may be used, subject to the

approval of the Control Agency's Authorized Representatiye.

17-12




3.

Reagents

. 3.1 Sampling.
3.1.

3.1

3.1

3.1

]

.2

.3

4

‘data from the supplier's quality control program are

used, subject to the approval of the Control Agency'; ,

Authorized Representative.

_ Crushéd Ice.

" other types of stopcock grease may be used, subject to the

Filters. Thé in-stack filters shall be glass mats or
thimb1e fiber filters, without organic binders, and shall
exhibit at least 99.5 percent efficiency (00.05 pércent
penetration) oﬁ 0.3 micron dioctyl phthalate smoke

particies. The filter efficiency test shall be conducted

in'accordance with ASTM standard method D 2986-71. Test
sufficient for this puépose.

Silica Gel. Indicating type, 6- to 16-mesh. If
previously used, dry at 175°C (350°F) for 2 hours.
New silica gel may be used as received, Alternative]y,

other types of desiccants (equivalent or better) may be

W

Stopcock Grease, Acetone-inscluble, heat-stable silicons
grease. Ths is not necessary if screw-on connectors with

Teflon sleeves, or similar, are used. Alternatively,

approval of the Control Agency's Authorized Representative.
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3.2 Sample Recovery. Acetone, reagent grade, 0.001 percent residue, i

glass bottles. Acetone from metal containers generally has a high

residue blank and should not be used, Sometimes, suppliers transfer

acetone to glass bottles from metal containers. Thus, acetone
blanks shall be run prior to field use and only acetone with Tow
blank values (0.001 percent) shall be used. In no case shalI a
blank value of greater than 0.001 percent of the weight of acetone

used be subtracted from the sample weight.

3.3 Analysis.

3.3.1 Acetone. Same as 3.2.

3.3.2 Desiccant. Anhydrous calcium sulfate, indicating tywe.
Alternatively, other types of desiccants may be used,
subject to the approval of the Control Agency's Authorized
Representative.

Procedure.

'4.1 Sampling. The complexity of this method is such that, in order to

obtain reliable results, testers should be trained and experienced
With the test procedures. |
9.1.1 Pretest Preparation. Al1 components shall be maintained

and calibrated according to the procedure described in

APTD-0576, unless otherwise specified herein.
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Weigh severé1 200 to 300 g portions of silica gel in

air-tight containers to the nearest 0.5 g. Record the
total weight of the silica gel plus container, on each
coﬁtainer. As an alternative, the silica gel need not Be;
preweighed, but may be weighed directly in its impingér or

sampling holder just prior to train assembly.

Check filters visually against light for irregularities
- and flaws or pinhole leaks. Label filters of the proper
size on the back side near the edge using numbering
machine ink. As an alternative, label the shipping
containers (glass or plastic petri dishes) and keep the
filters in these containers at all times except during

sampling and weighing.

Desiccate the filters at 20+5.6°C (68+10°F) and

ambient pressure for at least 24 hours and weigh at
intervals of at least 6 hours to a constant weight, i.e.,
0.5 mg change from previous weighing; record results to

the nearest 0.1 mg. During each weighing the filter must

not be expdsed to the laboratory atmosphere for a period
greater than 2 minutes and a relative humidity above 50

percent. 7A1ternative1y (unless otherwise specified by thé'
Control Agency's Authofized Representative), the fiTters ?

may be oven dried at 105°C (220°F) for 2 to 3 hours, |
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Weigh several 200 to 300 g portions of silica gel in

air-tight containers to the nearest 0.5 g. Recqrd the
total weight of the silica gel plus container, on each
container. As an alternative, the silica gel need not be-
preweighed, but may be weighed directly in its 1mpingér or

sampling holdef just prior to train assembly.

Check filters visually against 11§ht for irkegﬁ]arities
and flaws or pinhole leaks. Label fj1tefs of the proper
size on the back side near the edge using'numbéring
machine ink. As an alternative, label the shipping
containers {glass or p1éstic petri dishes) and keep the
_fi1tefs in these containers at all times except during

sampling and weighing.

Desiccate the filters at 20+5.6°C (68+10°F) and

ambient pressure for at least 24 hours and weigh at
intervals of at least 6 hours to a constant weight, i.e.,
0.5 mg change from previous weighing; record results to
the nearest 0.1 mg. During each weighing the filter must
not be expdsed to the laboratory atmosphere for a period
greater than 2 minutes and a relative humidity above 50
percent. Alternatively (unless otherwise specified by the
Control Agency's Authorized Representative), the filters

may be oven dried at 105°C (220°F) for 2 to 3 hours,
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4.1.2

desiccated for 2‘hours, and weighed. Procedures othe
than those described, which account for relative humi
effects, may be used, subject to the approval of the

Control Agency's Authorized Representative.

Preliminary Determinations. Select the sampling site
the minimum number of sampling points according to Me
1 or as specified by the Control Agency's Authori zed
Representative. Make a projected-area model of the p
extension-filter holder assembly, with the pitot tube
openings positioned along the centerline of the_stack
shown in Figure 17-2, Calculate the estimated
cross-section blockage, as shown in Figure 17-2. If
blockage exceeds 5 percent of the duct cross séctiona
area, the tester has the following options: (1) a
suitable out-of-stack filtration method may be used
instead of in-stack filtration; or (2) a special in-s
arrangement, in which the sampling and ve]bcity
measurement sites are separate, may be used; for deta
concerning this approach, consult with the Control
Agency's Authorized Representative. (See Citation 10
Section 7,) Determihe'the stack pressure, temperatur
and the range of velocity heads using Method 2; it ig
recommended that a leak-check of the pitot lines (see
Method 2, Section 3.1) be performed. Determine the

moisture content using Approximation Method 4 or its
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SAMPLING
NOZZLE

PITOT TUBE
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o9

Figure 17-2. Projected-area model of cross-

section blockage (approximate average for
a sample traverse) caused by an in-stack fil '

ter holder-probe extension assembly.
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alternatives for the purpose of makihg isokinetic samp
rate settings. Determine the stack gas dry molecular
weight, as described in Method 2, Section 3.6; if

integrated Method 3 sampting is used for molecular wei
determination, the integrated bag sample shall be take
}simu]taneous]y with, and for the sameltotal'length of

as, the particular sample run.

~Select a nozzle size based on the range of velocity he

Ting

ght
;

time

ads,

such that it is not necessary to change the nozzle size in

order to maintain isokinetic sampling rates. During the

run, do not change the nozzle size. Ensure that the

proper differential pressure gauge is chosen for the range

-of velocity heads encountered (see Section 2.2 of

Method 2).

Select a probe extension Tength such that all traverse
’points can be sampled. For large stacks, consider
sampling from opposite sides of the stack to reduce th

length of probes.

Select a total sampling time greater than or equal to

minimum total sampling time specified in_the test

procedures for the specific industry such that (1) the

sampling time per point is not less than 2 minutes {(or
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some greater than interval if specified by the Control

Agency's Authorized Representative), and (2} the sample

volume taken (corrected to standard conditions) will
exceed the required minimum total gas sample volume. Thd

latter is based on an approximate average sampling rate.g
It is recommended that the number of minutes sampled at
each point be an integer or an integer plus one-half

minute, in order to avoid timekeeping errors.

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

necessary to sample for shorter times at the traverse
points and to obtain smaller gas sample volumes. In theie
cases, the Control Agency's Authorized Representative 'sf

approval must first be obtained.

Preparation of Collection Train. During preparation and
assembly of the sampling train, keep all openings where

contamination can occur covered until just prior to

assembly or until sampling is about to begin.

If impingers are used to condense stack gas moisture,

‘prepare them as follows: place 100 m} of water in each of
‘the first two impingers, leave the third impinger empty,é

and transfer approximtely 200 to 300 g of preweighed
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some greater than‘intervaT if specified by the Control
Agency's Authorized Representative), and (2) the sample
volume taken (corrected to standard conditions) will
exceed the requiréd minimum total gas sample vojume. The

Tatter is based on an approximate average sampling rate.

It is recommended that the number of minutes sampled at
each point be an integer or an integer plus one-half

‘minute, in order to avoid timekeeping errors.

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

neceséary to sample for shorter times at the traverse
points and to obtain smaller gas sémp]g volumes. In these
cases, the Control Agency's Authorized Representative 's

approval must first be obtained.

.Preparation of Collection Train, During preparatioh'and
assembly of the sampling train, keep all openings where
contamination can occur covered until just prior to

assembly or.until sampling is about to begin.

If impingers are used to coﬁdense stack gas moisture,
‘prepare them as follows: place 100 ml of water in each |of
‘the first two impingers, leave the third impinger empty,

and transfer approximtely 200 to 300 g of preweighed
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silica gel from its container to the fourth impinger.

More silica gel may be used, but care should be taken

to

ensure that it is not entrained and carried out from the

impinger during sampling. Place the container in a cl
place for later use in the sample recoveny.'
Alternatively, the weight of the silica gel plus impin

may be determined to the nearest 0.5 g and recorded.

If some means other than impingers is used to condense
moisture, prepare the condenser (and, if appropriate,

silica gel for condenser outlet) for use.

Using a tweezer or clean disposable surgical gloves, p
a labeled (identified) and weighed filter in the filte
holder. Be sure that the filter is properly centered
the gasket properly p]aced'so as not to allow the samp
gas stream to circumvent the filter. Check filter for
tears after assembly is completed. Mark the probe
extension with heat resistant tape or by some other -me
to denote the proper distance into the stack or duct f

each sampling point.
Assemble the train as in Figure 17-1, using a very lig

coat of silicone grease on all ground glass joints and

greasing only the outer portion to avoid possibility o
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contamination by the silicone grease. Place crushed ice

around the impingers.

4.1.4 l.eak Check Procedures ' s

- 4.1.4.1

Pretest Leak-Check. A pretest leak-check is

required. The following procedure shall be used.

After the sampling train hés been assembled, plug
the inlet to the probe nozzle with a material that
will be able to withstand the stack temperature.
Insert the filter holder into the stack and wait

approximately 5 minutes (or longer, if necessary) t

allow the system to come to equilibrium with the
temperature of the stack gas stream. Turn on the f
pump and draw a vacuum of at least 380 mm Hg (15 iﬁ.
Hg); note that a lower vacuum may be used, provided
that it is not exceeded during the test. Determiné
the leakage rate. A leakage rate in excess of 4

3

percent of the average sampling rate or 0,00057 m

per min. (0,02 cfm), whichever is less, is

unacceptable.
The following leak-check instructions for the

sampling train described in APTD-0576 and APTD-058]

may be helpful. Start the pump with by-pass va1ve§
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4.1.4

contamination by the silicone grease. Place crushed ice|

around the impingers.

Leak Check Procedures

4.1.4.1

~allow the system to come to equilibrium with the

‘Pretest Leak-Check. A pretest leak-check is

required. The following procedure shall be used.

After the sampling train has been assembled, plug

the inlet to the probe nozzle with a material that|

will be ab1é to withstand the stack temperature.
Insert the filter holder into the stack and wait

approximately 5 minutes (or longer, if necessary)

temperature of the stack gas stream. Turn on the

pump and draw a vacuum of at least 380 mm Hg (15 ipn.

Hg); note that a lower vacuum may‘be used, provide
that it is not exceeded during the test. Detérmin
the leakage rate. A leakage rate in excess of 4
percent of the average samp11ng rate or 0.00057 m3
per min. (0.02 cfm), whichevér is Tess, is

unacceptable.
The following leak-check instructions for the

sampling train described in APTD-0576 and APTD-058

may be helpful., Start the pump with by-pass valve
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fully open and coarse adjuét valve Cdmpletely c¢losed.

Partially open the coarse adjust valve and slowly clos

the by-pass valve until the desired vacuum is reached.

not reverse direction of by-pass valve. If the desire

vacuum is exceeded, either leak-check at this higher

vacuum or end the leak-check as shown below and start

4.1.4,2

When the leak-check is completed, first slowly

remove the plug from the inlet to the probe nozz
and immediately turn off the vacuum pump. This
prevents water from being forced backward and ke

silica gel from being entrained backward.

Leak-Checks During Sample Run. If, during the

sampling run, a component (e.g., filter assembly
impinger) change becomes necessary, a leak-check
shall be conducted immediately before the change

made. The leak-check shall be done according to

| procedure outlined in Section 4.1.4.1 above, exc

that it shall be done at a vacuum equal to or .

greater than the maximum value recorded ﬁp to th
point in the test. If the leakage fate is found
be no greater than 0.00057 m/min (0.02 cfm) or
percent of the average sampling rate (whichever

less), the results are acceptable, and no'correc
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will need to be applied to the total volume of dry

gas metered; if, however, a higher 1eakage'rate is

obtained, the tester shall either record the leakage

rate and plan to correct the sample volume as show@

in Section 6.3 of this method, or shall void the

sampling run.

Immediately after component changes, leak-checks aﬁe-

to be done per the procedure outlined in Section l
|

4,1.4.1 above.

4.1.4.3 Post-Test Leak-Check. A leak-check is mandatory ag
the conclusion of each sampling run. The leak-che&k
shall be done in accordance with the procedures

outlined in Section 4.1.4.1 except that it shall b

MESSTRN 7 7 ENTM RS

conducted at a vacuum equal to or greater than the|
maximum value reached during the sampling run. If
the leakage rate is found to be no greater than

0.00057 mymin (0.02 cfm) or 4 percent of the

average sampling rate (whichever is less), the
results are acceptable, and no correction need be g
applied to the total volume of dry gas metered. If,
however, a higher leakage rate is obtained, the i

tester 5ha11 either record the leakage rate and
correct the sample voiume as shown in Section 6.3 éf

this method, or shall void the sampling run.
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4.1.4.3

‘gas metered; if, however, a higher leakage rate is

4.1.4.1 above,

" the leakage rate is found to be no greater than

will need to be applied to the total volume of dry

obtained, the tester shall either record the leakage
rate and plan to correct the sample volume as shown
in Section 6.3 of this method, or shall void the

sampling run.

Immediately after component changes, leak-checks are

to be done.per the procedure outlined in Section

Post-Test Leak-Check. A Teak-check is mandatory at |
the conclusion of each sampling run. Ther1eak-che¢k
shall be done in accordance with the proéedures
outlined in Section 4.1.4.1 except that it shall be
conducted at a vacuum equal to or greater than the

maximum value reached during the\samp]ing run. If

0.00057 mAnin (0.02 cfm) or 4 percent of the
average sampling rate (whichever is less), the

results are acceptable, and no correction need be

- applied to the total volume of dry gas metered. If,

however, a higher leakage rate.is obtained, the
tester shall either record the leakage rate and
correct the sample volume as shown in Section 6.3 of

this method, or sha11'v01d~the sampling run.
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4.1.5

Particulate Train Operation. During the sampling run,

maintain a sampling rate such that sampling is within

10

percent of true isokinetic, unless otherwise specified by

the Control Agency's Authorized Representative,

For each run, record the data required on the example
sheet shown in Figure 17-3. Be sure to record the ini

dry gas meter reading. Record the dry gas meter readi

data
tial

ngs

at the beginning and end of each sampling time increment,

when changes in flow rates are made, before and after
Teak check, and when samplfng is halted. Take other
readings required by Figure 17-3 at least once at each
sample point during each time increment and additional

readings when significant changes (20 percent variatio

each

nin

velocity head readings) necessitate additional adjustments

in flow rate. Level and zero the manometer. Because
manometer level and zero may drift due to vibrations a
temperature changes, make periodic checks dufing the

traverse.

Clean the portholes prior to the test run to minimize
chance of sampling the deposited material. To bégin
sampling, remove the nozzle cap and verify that ghe pi
tube and probe exfension are properly positioned.

Position the nozzle at the first traverse point with t
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- PLANT

a BAROMETRIC PRESSURE

LOCATION
OPERATOR ASSUMED MOISTURE, %
DATE PROBE EXTENSION LENGTH, m{ft.) _

RUN B, _ ' . NOZZLE IDENTIFICATION NO.

SAMPLE BOX NO. AVERAGE CALIBRATED NOZZLE DIAMEYER emlin.)

METER BOX NO. ___ FILTER NO. -
METER & Hg ‘ LEAK RATE, m3/min, {cim)
C FACTOR ) _ STATIC PR;SSURE, mm Hg {in, Hg)
PITOT TUBE COEFFICIENT, Cp SCHEMATIC OF STACK CROSS SECTION ' '
PRESSURE . : .
DIFFERENTIAL TEMPERATURE -
VELDCITY ACROSS .| GAS SAMPLE TEMPERATURE OF GAS
STACK HEAD ORIFICE AT DRY GAS METER LEAVING
SAMPLING | yacuum |TEMPERATURE| [(OPs). METER, ° | GASSAMPLE CONDENSER OR
_ TRAVERSE POINT TME | mmHg Tyl mm K20 mm Ha0 VOLUME, |  INLET, DUTLEY, | LAST IMPINGER,
~ NUMBER (91, min, (in. Hg) °c () {in. H20) {in. H20) m3 (ftd) ¢ (9F) oC (°F) °C (°F}
~N m—— —— rr——
S )
[ )
F_Y.a‘\ o H * , Avg AUQ
AVERAGE : Ava

Figure 17-3. Particulate field data. _ .
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PITOT TUBE COEFFICIENT, Cp SCHEMATIC OF STACK CNOSS SECTION ' ' '
PRESSURE . .
‘ DIFFERENTIAL TEMPERATURE -
VELOCITY ACROSS GAS SAMPLE TEMPERATURE OF GAS.
HEAD
CAPLING STALK t ORIEICE | AT DRY GAS METER LEAVING
VACUUM |[TempenaTure] (OPs) METER, | GAS SAMPLE CONDENSER OR
N TRAVERSE POINT TIME mm Hg ITs) mm Ha0 mm Ha0 VOLUME, INLET, OUTLET, | LAST IMPINGER,
S NUMBER (@), min. lin. Hg) o¢ (BF) fin. H20) {in. H20) mind) ] °c(oF) og (9F) o¢ (9F)
S o e e
;\; . 7 : =__—=ﬁ
4
101#1 Avg Avg
AVERAGE . Ava

PLANT

LOCATION

OPERATOR

DATE

RUN M,

SAMPLE BOX NO.

METER BDX NO.

| BAROMETRIC PRESSURE
ASSUMED MDISTURE, %
PROBE EXTENSION LENGTH, mift)
NOZZLE IDENTIFICATION NO.
AVERAGE CALIBRATED NOZZLE DIAMEYER cmiin)
FILTER NO.

LEAK RATE, m3/min, (cfm)

Figure 17-3. Particulate field data,



tip pointing directly into the gas stream. Immediate]
start the pump and adjust the flow to isokinetic
conditions. Nomographs are available, which aid in th
rapid adjustment to the isokinetic sampling rate witho
excessive computations. These nomographs are designed
use when the Type S pitot tube coefficiént is 0.85 +0,
and the stack gas equivaient densify (dry molecular
weight) i$ equal to 29+4. APTD-0576 details the proce
for using the nomographs. If Cp and Md are outside
the above stated ranges, do not use the nomographs unl

appropriate steps (see Citation 7 in Section 7) are ta

to compensate for the deviations.

When the stack is under significant negative pressure

(height of impinger stem), take care to close the coan

Pt
for
02,

dure

€ss

ken

se

adjust valve before inserting the probe extension assembly

into the stack to prevent water from being forced
backward. If necessary, the pump may be turned on wit

the coarse adjust valve closed.
When the probe is in position, block off the openings

around the probe and porthole to prevent unrepresentat

dilution of the gas stream.
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Traverse the stack cross section, as required by Method j

or as specified by the Control Agency's Authorized

Representative , being careful not to bump the probe

nozzle into the stack walls when sampling near the walls|

or when removing or inserting the probe extension througi
the portholes, to minimize chance of extracting deposite

material.

During the test run, take appropriate steps (e.g., addinﬁ

crushed ice to the impinger ice bath) to maintain a

temperature of less than 20°c (68°F) at the condenser
outlet; this will prevent excessive moisture losses.

Also, periodically check the level and zero of the

manometer.

1f the pressure drop across the filter becomes too high,§
making isokinetic sampling difficult to maintain, the
filter may be replaced in the midst of a sample run. It?

is recommended that another complete filter holder

assembly be used rather than attempting to change the
Filter itself. Before a new filter holder is installed,|
conduct a leak check, as outlined in Section 4.1.4.2. Tbe
total particulate weight shall include the summation of gl

all filter assembly catches.
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Traverse the stack cross seétion, as required by Method 1
or as specified by the Control Agency's Authorized
Representatfve » being careful not to bump the probe
nozzle into the stack walls when sampling near the ﬁa11s
‘or when remoQing or inserting the probe extension througm
the portholes, to minimize chance of extracting déposited

material.

During the test run, take appropriate steps (e.g., adding
crushed ice to the impinger ice bath) to ma{ntain a
temperature of less than 20°Cv(68°F) at the condenser
outlet; this will prevent excessive moisture 105535.
Also, periodically check the level and zero of the

manometer.

If the pressure dfop across the filter becomes too high,
making isokinetic sampling difficult to maintain, the
filter may be replaced in the midst of a sample run. It
is recommended that another complete filter holder
assembly be used father than attempting to change the
filter itself. Before a new filter holder is installed,
conduct a leak check, as outlined in Section 4.1.4.2. The
total particulate weight-sha11 include the summation of

all filter assembly catches.
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4,1.6

other situations, the use of two or more trains will be

A single train shall be used for the entire sample run;
except in cases where simultaneous sampling is required ih
two or more separate ducts or at two or more different
locations within the same duct, or, in cases where

equipment failure necessitates a change of trains. Ip all

subject to the approval of the Control Agency's Authorized
Representative. Not that when two or more trains are

used, a separate analysis of the collected particuiat

o

from each train shall be performed, unless identical
nozzle sizes were used on all trains, in which case the‘
particulate catches from the individual trains may be

combined and a single analysis performed.

At the end of the sample run, turn off the pump, remave
the probe extension assembly from the stack, and record |
the final dry gas meter reading. Perform a leak-check, as
outlined in Section 4.1.4.3. Also, leak-check the pitot |
lines as described in Section 3.1 of Method 2; the lines
must pass this leak-check, in order to validate the

velocity head data.
Calculation of Percent Isokinetic., Calculate percent

isokinetic (see Section 6.11) to determine whether another

test run should be made. - If there is difficu]ty in
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maintaining isokinetic rates due to source conditions,

consult with the Control Agency's Authorized

Representative for possible variance on the isokinetic

rates.

4,2 Sample Recovery. Propér cleanup procedure‘begins as soon as the
probe extension assembly is removed from the stack at the end of the .

sampling period. Allow the assembly to cool.

When the assembly can be safely handled, wipe of f all external

particulate matter near the tip of the‘probe nozzle and place a cap

=4

over it to prevent losing or gaining particulate matter. Do not ca
off the probe tip tightly while the sampling train is cooling down
as this would create a vacuum in the filter holder, forcing |

condenser water backward.

Before moving the sample train to the cleanup site, disconnect the
| filter holder-probe nozzle assembly from the probe extension; cap

the open inlet of the probe extension. Be careful not to lose any

condensate, if present. Remove the umbilical cord from the

condenser outlet and cap the outlet. If a flexible line is used

between the first impinger (or condenser) and the probe extension, |
disconnect the 1ine at the probe extension and let any condensed
water or liquid drain into the impingers or condenser. Disconnect|

the probe extension from the condenser; cap the probe extension i
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4.2 Sample Recovery. Propér cieanup procedure begins as soon as the

maintaining isokinetic rates due to source conditions,
consult with the Control Agency's Authorized
- Representative for possible variance on the isokinetic

rates.

probe extension assembly is removed from the stack at the end of t

sampling period. Allow the assembly to cool.

When the assembly can be safely handled, wipe‘off all external
particulate matter near the tip of the-probe nozzle and place a ca
over it to prevent losing or gaining particulate matter. Do not c
of f the probe tip tightly while the sampling train is cooling down
as this would create a vacuum in the fi]tér holder, forcing

condenser water backward.

Before moving the sémp]e train to the cleanup site, disconnect the
| fj]ter thder—probe nozzle assembly from the probe extension; cap
the open inlet of the probe extension. Be careful not to lose anj
condensate, if present. Remove the umbi]icai cord from the

condenser outlet and cap the outlet. If a flexible 1ine is used
between the first impinger (or condenser) and the probe extension,
disconnect the line at the probe extension and let any condenéed
water or 1iqﬁid drain ihto the impingers or condenser. Disconnect

the probe extension from the condenser; cap the probe extension
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outlet. After wiping off the silicone grease, cap off the condenser

inlet. Ground glass stoppers, plastic caps, or serum caps

(whichever are appropriate) may be used to close these openings.

Transfer both the filter holder-probe nozzle assembly and the
condenser to the cleanup area. This area should be clean and
protected from the wind so that the chances of contaminating or

losing the sample will be minimized.

Save a portion of the acetone used for cleanup as a b]ank; Take 200

ml of this acetone directly from the wash bottle being used and

place it in a glass sample container labeled "acetone btank."

Inspect the train prior to and during disassembly and note any

abnormal conditions. Treat the samples as follows:

Container No. 1. Carefully remove the filter from the filter holder

and place it in its identified petri dish container. Use a pair of

tweezers and/or clean disposable surgical gloves to handle the

Filter. If it is necessary to fold the filter, do so such that
particu]dte cake is inside the fold. Carefully transfer to the
petri dish any particulate matter and/or filter fibers which adi
to the filter holder gasket, by using a dry Nylon bristle brush

and/or a sharp-edged blade. Seal the container.
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Container No. 2. Taking care to see that dust on the outside of“th
probe nozzle or other exterior surfaces does not get into the
- sample, quantitatively recover particulate matter or any condensatel
from the probe nozzle, fitting, and front half of the filter holder
by washing these compounds with acetone and placing the wash in a
glass container. Distilled water may be used instead of acetone
when approved by the Control Agency's Authorized Representative and

- shall be used when -specified by the Control Agency's Authorized

Representative , in these cases, save a water blank and follow
Control Agency's Authorized Representative's directions on

analysis. Perform the acetone rinses as follows:

Carefully remove the probe nozzle and clean the inside surface by

rinsing with acetone from a wash bottle and brushing with a Nylon

‘bristle brush. Brush until acetone rinse shows no visible
particles, after which make a final rinse of the inside surface wiﬁh

acetone.

_ Brush and rinse with acetone the inside parts of the fitting in a |
similar way until no visible particles remain. A funnel (glass or?
polyethylene) may be used to aid in transferring 1iquid washes to g
the container. Rinse the brush with acetone and quantitatively

collect these washfngs in the sample contaiﬁer. Between sampling

runs, keep brushes clean and protected from contamination.
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Container No. 2. Taking care to see that dust on the outside of-the
probe nozzle or other exterior surfaces does not get into the
sample, quantitatively recover particulate matter or any condensate
from the probe nozzle, fitting, and front ha}f of the filter holder
by washing these compounds with acetone and placing the wash in a
glass container. Distilled water may be used instead of acetone
wheﬁ~approved-by the Control Agency's Authorized Representative and

shall be used when specified by the Control Agency's Authorized
Representative , in these cases, save a watef blank and follow

Control Agency's Authorized Representative's directions on

analysis. Perform the aceténe rinses as fo11qws:

Carefu11j remove the probe nozzle and clean the 1nsidé surface by
rinsing with acetone from a wash bottle and brushing with a'Mylon
‘bristle brush. Brush until acetone rinse shows no visible

particles, after which make a final rinse of the inside surface with

acetone.

~ Brush and rinse with acetone the inside parts of the fitting in a
similar way until no visible particles remain. A fdnne] (glass or
polyethylene) may be used to aid in trénsferring 1iquid washes to
the container. Rinse the brush with acetone and quantitatife]y

_ coT1e§t these washings in the sampTé,Contaiﬁer. Between sampling

‘runs, keep brushes clean and protected from contamination.
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After ensuring that all joints are wiped clean of silicone grea

(if appiicablé), clean the inside of the front half of the filter

holder by rubbing the surfaces with a Nylon bristle brush and
rinsing with acetone. Rinse each surface three times or more i
‘needed to remove visible particulate. Make final rinse of thé
and filter holder. After all acetone washings and particulate
matter are collected in the sample container, tighten the 1id o
sample container so that acetone wf]T not Teak out when it is
shipped to the laboratory. Mark the height of the fluid Tevel
determine whether or not leakage occurred during transport. La
the container to clearly identify its contents.
Container No. 3. If silica gel is used in the condenser system
moisture content determination, note the color of the gel to
determine if it has been completely spent; make a notation of i
condition, Transfer the silica gel back to its original contai
“and seal. A funnel may make it easier to pour the silica gel
without spilling, and a rubber policeman may be used as an aid
removing the silica gel. It is not necessary to remove the sma
amount df dust particles that may adhere to the walls and are

difficult to remove. Since the gain in weight is to be used fo

se
f R
brush
n the
to
bel
for

ts

ner

in

1

moisture calculations, do not use any water or other liquids tq -

transfer the silica gel. If a balance is available in the fiel

follow the procedure for Container No. 3 under "Analysis."
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4.3

transfer the filter and any l1oose particulate from the sample

_purposes of this Section, 4.3, the term "constant weight" means a

- Alternatively, the sample may be oven dried at the average stack

- temperature or 105°c (220°F), whichever is less, for 2 to 3

Condenser Water. Treat the condenser or impinger water as follows:

make a notation of any color or film in the liquid catch. Measure

the 1iquid volume to within +1 ml by using a graduated cy]inder_or,§

if a balance is available, determine the 1iquid weight to within
+0.5 g. Record the tbta] volume or weight of 1iquid present. This
information is required to calculate the moisture content of the
effluent gas. Discard the liquid after measuring and recording the

i

volume or weight.

Analysis. Record the data required on the example sheet shown in

Figure 17-4. Handle each sample container as follows:

Container No. 1. Leave the contents in the shipping container or
container to a tared glass weighing dish. Desiccate for 24 hours i
a desiccator containing anhydrous calcium sulfate. Weigh to a
constant weight and report the results to the nearest 0.1 mg. For
difference of no more than 0.5 mg or 1 percent of total weight less
tare weight, whichever is greater, between two consecutive

weighings, with no 1ess'than 6 hours of desiccation time between

weighings.

4
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4.3

‘make a notation of any color or film in the liquid catch. Measure

" the liquid volume to within +1 m1 by using a graduated cylinder or,'

Container No. 1. Leave the contents in the shipping container or

constant weight and report the results to the nearest 0.1 mg. For
_purposes of this Section, 4.3, the term "constant weight" means a

-difference of no more than 0;5 mg or 1 percent of total weight less

- A1ternative]y, the sample may be oven dried at the average stack

- temperature or 10590 (220°F), whichever is less, for 2 to 3

Condenser Water. Treat the condenser or impinger water as follows:

if a balance is available, determine the 1iquid weight to within
+0.5 g. Record the total volume or weight of liquid present. This
informatidn is required to calculate the moisture content of the
effluent gas. Discard the liquid after measuring and recording the

it

volume or weight.
Analysis. Record the data required on the example sheet shown in

Figure 17-4. Handle each sample container as follows:

tranSfer the filter and any loose particulate from the sample
container to a tared glass weighing dish. Desiccate for 24 hours i

a desiccator containing anhydrous calcium sulfate. Weigh to a

tare weight, whichever is greater, between two consecutive
weighings, with no less than 6 hours of desiccation time between

weighings.

1
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1059C (2209F), whichever is less, for 2 to 3 hours, weigh the

sample, and use this weight as a final weight.

Plant
Date

Run Ne,

Filter No.

- Amount liquid lost during transport
Acetone blank volume, mi
. Acetone wash volume, mi
Acetone Néck concentration, mg/mg {equation 174}
Acetone wash blank, mg {(squation 17-5)

* WEIGHT OF PARTICULATE COLLECTED,
CONTAINER m3
NUMBER - \ -
FINAL WEIGHTY TARE WEIGHT WEIGHT GAIN
# — - — =
1
> -
TOTAL
Less acetone blank
Weight of particulate matter
VOLUME OF LIQUID
© WATER COLLECTED
IMPINGER SILICA GEL
VOLUME, WEIGHT. )
ml g ’
' FINAL '
INITIAL

LIQUID COLLECTED

TOTAL VOLUME COLLECTED

9.

¥ CONVERT WEIGHT OF WATER YO VOLUME BY DIVIDING TOTAL WEIGHT

INCREASE BY DENSITY OF WATER (1g/ml).

INCREASE, g
1 g/mi

Figure 17-4. Analytical data.
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hours, cooled in the desiccator, and weighed to a constant weight,
unless otherwise specified by the Control Agency's Authorized
Representative., The tester may also opt to oven dry the sample at
the average stack temperature or 105°C (2209F), whichever is

less, for 2 to 3 hours, weigh the sample, and use this weight as a

final weight.

Coﬁtainer No. 2. Note the level of 1iquid in the container and | |
confirm on the analysis sheet whether or not leakage occurred duriné
transport. If a noticeable amount of 1eakage has occurred, either 3
void the sample or use methods, subject to the approval of the

Control Agency's Authorized Representative , to corréct the final
results. Measure the liquid in this container either vo1umétrical1?
to +1 m1 or gravimetrically to +0.5 g. Transfer the contents to a g
tared 250-m1 beaker and evaporate to dryness at ambient temperatureé
and pressure. Desiccate for 24 hours and weigh to a constant

weight. Report the results to the nearest 0.1 mg.

Container No. 3. This step may be conducted in the field. Weigh
- the speht silica gel (or silica gel plus impinger) to the nearest

0.5 g using a balance.
"Acetone B]ahk“ Container. Measure acetone in this container either

volumetrically or gravimetrically. Transfer the acetone to a tare¢

250-m1 beaker and evaporate to dryness at ambient temberature and E
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hours, cooled in the_desiccator, and weighed to a constant weight,
unless otherwise specified by the Coﬁtro] Agency's Authorized
.‘Representative. The tester may also opt to oven dry the sample at
the average stack temperature or 105°C (220°F), whichever is

less, for 2 to 3 hours, weigh the sample, and use fhis weight as a

final weight.

Coﬁtainer No. 2. Note the level of liquid in the gontainer and
confirm on the analysis sheet whether dr not leakage occurred during
transport. If a noticeable amount of leakage has occurred, either
void the sample or use methods, subject to the approval of the
Contro1.Agency‘s Authorized Representative , to correct the final
results. Measure the 1iquid in this container either volumetrically
“to +1 ml or gravimetrfcaﬁIy to +0.5 g. 2Transfer the contents to a
tared 250-m1 beaker and evaporate to dryness at ambient temperature
and pressure. Desiccate for 24 hours and weigh to a constant

weight. Report the results to the nearest 0.1 mg.
Container No. 3. This step may be conducted in the field. Weigh
theISpeht silica gel (or silica gel plus impinger} to the nearest

0.5'9 using a balance.

"Acetone Blank" Container. Measure acetone in this container either

volumetrically or gravimetrically. Transfer the acetone to a tare?

250-m1 beaker and evaporate to dryness at ambient temherature and
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oF

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

Report the results to the nearest 0.1 mg.

NOTE: At the option of the tester, the contents of Container NF. 2
as well as the acetone blank container may be evaporated at

températures higher than~amb1ent. If evaporation is done at an
elevated temperature, the temperature must be below the boiling
point of the solvent; also, to prevent "bumping,” the evaporation
process must be closely supervised, and the contents of the beaker
must be swirled occasionally to maintain an even temperaturé. Use
extreme care, as acetone is highly flammable and has a low flash

point.

5. Calibration

Maintain a laboratory log of all calibrations.

5.1 Probe Nozzle. Probe nozzles shall be calibrated before'theif
initial use in the field. Using a micrometer, measure the inside
diameter of the nozzle to the nearest 0.025 mm (0;001 in). Make
three separate measurements using different diameters each time, and
obtain the average of the measurements. The difference betﬁeen the
high and Tow numbers shall not exceed 0.1 mm (0.004 in), When
nozzles become nicked, dented, or corrodéd, they shall be reshaped,
sharpened, and recalibrated before dse. Each nozzle shall be

permanently and uniquely identified.
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5.2 Pitot Tube. If the pitot tube is placed in an interference-free

arrangement with respect to the other probe assembly components, its:

 baseline (isolated tube) coefficient shall be determined as outlined
in Section 4 of Method 2. If the probe assembly is not
interference-free, the pitot tube assembly coefficient shall be
determined by calibration, using methods subject to the approval ofj

the Control Agency's Authorized Representative.

5.3 Metering System. Before its initial use in the field, the metering

system shall be calibrated according to the procedure outlined in

APTD-0576. Instead of physically adjusting the dry gas meter dial
readings to correspond to the wet test meter readings, calibration
factors may be used to mathematically cofrectrthe gas meter dial

readings to the proper values.

Before calibrating the metering system, it is suggested that a
 leak-check be conducted. For metering systems having diaphragm

'pumps, the normal leak-check procedure will not detect leakages

14+

within the pump. For these cases the following 1eak-check procedur

is suggested: make a 10-minute calibration run at 0.00057 m3/min
(0.02 cfm); at the end of the run, take the difference of the
measured wet test meter and dry gas meter volumes; divide the
difference by 10, to get the leak rate. The lTeak rate should not

exceed 0.00057 m3/min (0.02 cfm).
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5.2

5.3

“determined by caiibration, using methods subject to the approval of

. leak-check be conducted. For metering systems having‘diaphragm

‘pUmps, the normal leak-check procedure will not detect leakages

‘measured wet test meter and dry gas meter volumes; divide the

~exceed 0.00057 m3/min (0.02 ¢fm).

Pitot Tube. If the pitot tube is placed in an interference-free
arrangement with respeét to-the other probe assembly components, its-
baseline (isolated tube) coefficient shall be determined as outlined
in Section 4 of Method 2. If the probe assembly is not

interference-free, the pitot tube assembly coefficient shall be
the Control Agency's Authorized Representative.

Metering Systém."Before its initial use in the field, the metering
system shall be calibrated according to, the proceduré outlined in
APTD-0576. Instead of physically adjusting the dry gas meter dial
readings to correspond to the wet test meter readings, calibration
factors may be used to mathematicai1y correct the gas meter dial

readings to the proper values.

Before calibrating the metering system, it is suggested that a
within the pump. For these cases the following 1eak-check procedure
is suggested: make a 10-minute calibration run at 0.00057 m3/min

(0.02 cfm); at the end of fhe run, take the difference of the

difference by 10, to get the leak rate. The leak rate should not
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5.4

After each field use, the calibration of the metering system shall

be checked by performing three calibration runs at a single,

intermediate orifice setting (based on the previous field test),

with the vacuum set'at the maximum value reached during the test

series, To adjust the vacuum, insert a valve between the wet test

meter and the inlet of fhe metering system. ‘Calculate the average

value of the calibration factor. If the calibration has changed by

more than 5 percent, recalibrate the meter over the full range of

orifice settings, as outlined in APTD-0576.

Alternative procedures, e.g., using the orifice meter coefficieﬁts,

may be used, subject to the approyal of the Control Agency's

Authorized Representative.

NOTE: If the dry gas meter coefficient values obtained before and

after a test series differ by more than 5 percent, the test seri

shall either be voided, or calculations for the test series shal

es

1 be

performed using which ever meter coefficient value (i.e., before or

after) gives the lower value of total sample volume.

Temperature Gauges. Use the procedure in Section 4.3 of Method
calibrate in-stack temperature gauges. Dial thermometers, such
are used for the dry gas meter and condenser outlet, shall be

calibrated agaihst mercury-in-glass thermometers.
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5.5 Leak Check of Metering System Shown in Figure 17-1. That portion of
the samp]ing train from the pump to the orifice meter should be 1eak
cthked prior to initial use and after each shipment. Leakage aftén
the pump will result in less volume being recorded than is actually
sampled. The following procedure is suggested (see Figure 17-5). |
Close the main valve on the meter box. Insert a one-hole rubber
-stdpper with rubber tubing attached into the orifice exhaust pigg.
Disconnect and vent the low side of the orifice manometer. Close
off the low side orifice tap. Pressurize the system to 13 to 18 cm

(5 to 7 in) water column by blowing into the rubber tubing. Pinch

off the tubing and observe the manometer for one minute. A loss of
~ pressure on the manometer indicates a leak in the meter box, leaks,|

if present, must be corrected.
5.6 Barometer. Calibrate against a mercury barometer.

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

calculation. Other forms of the equations may be used as long as they

give equivalent results.

6.1 Nomenclature.

A, = Cross-sectional area of nozzle, m2 (ftz).

: BWS

Water vapor in the gas stream, proportibn by volume.
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5.5 Leak Check of Metering System Shown in Figure 17-1. That portion of

the sampling train from the pump to the orifice meter should be Teak

D

chgcked prior to initial use and after each shipment. Leakage after
the pump will reSu1f in less volume being recorded than is actually .
samp1ed;r The following procedure is suggested (see Figure 17-5).
Close the main valve on the meter box. Insert a one-hole rubber

- stopper with rubber tubing attached into the orifice exhaust pigg.

Disconnect and vent the Tow side of the orifice manometer. Close

of f the low side orifice tap. Pressurize the system to 13 to 18 cm
(5 to 7 in) water column by blowing into the rubber tubing. Pinch
off the tubing and observe the mahometer for one minute. A loss of
pressure on the ﬁanometer indicates a leak in the meter box, leaks,

if present; must be corrected.
' 5.6 Barometer, Calibrate against a mercury barometer.

Calculations

Carry out calculations, retaining at least one extra decimal figure
beyond that of the acquifed data. Round off figures after the final
calculation. Other forms of the equations may be used as long as they

give equivalent results.

6.1 Nomenclature.

A, = Cross-sectional area of nozzle, e (ft%).

BWS

Water vapor in the gas stream, proportion by vo]uAe.
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Acetone blank residue concentration, mg/g.
Concentration of particulate matter in stack gas,
dry basis, corrected to standard conditions, g/dscm
(g/sdcf).

Percent of isokinetic sampling.

Maximum acceptable leakage rate for either a pretest;
Teak check or for a leak check following a componenté

change; equal to 0.00057 m3/min (0.02 cfm) or

4 percent of the average sampling rate, whichever is
less.

Individual leakage rate observed during the leak
check conducted prior to the “ith" component change;
(i =1, 2, 3, ...n)*ﬁﬁ?/min {cfm).

Leakage rate observed during the post-test leak
check, mS /min (cfm).

Total amount of particulate matter collected, mg.
Molecular weight of water, 18.0 g/g-mole {18.0
1b/1b-mole). |

Mass of residue of acetone after evaporation, mg.

Barometric pressure at the sampling site, mm Hg
(in Hg).

Absolute stack gas pressure, mm Hg (in Hg).

Standard absolute pressure, 760 mm Hg (29.92 in Hg)i
Ideal gas constant, 0.06236 mm Hg-m3/°K-g-mo1e |
(21.85 in Hg-ft>/°R-1b-mole).
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(g/sdcf).

(in Hg).

Acetone blank residue concentration, mg/g.
Concentration of particulate matter in stack gas,

dry basis, corrected to standard conditions, g/dscm

Percent of isokinetic sampling.

Maximum acceptable Teakage rate for either a pretes

Teak check or for a leak check following a component

change; equal to 0.00057 m°/min (0.02 cfm) or
4 percent of the average sampling rate, whichever j
less. _
Individual leakage rate obserﬁed during the leak
check conducted prior to the "ith" component change
(i =1, 2, 3, ...nT~;§?/min (cfm).

Leakage rate observed during the post-test 1eak
check, m3/min (cfm)f

Téta] amount of particulate matter cdl]ected, mg.
Holecu]ar weight of water, 18.0 g/g-mole (18.0
ib/1b-mole).

Mass of residue of acetone after evaporation, mg.

Barométric pressure at the sampling site, mm Hg

Absolute stack gas pressure, mm Hg {in Hg).

Standard absolute pressure, 760 mm Hg (29.92 in Hg).

Ideal gas constant, 0.06236 mm Hg-m3/°K-g-mo1e .
(21.85 in Hg-ft3/°R-1b-mole). |
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Vm(std)

vw(std)

to standard conditions, scm (scf).

‘Density of water, 0.9982 g/mi (0.002201 1b/m1).

Absolute average dry gas meter temperature (see
Figure 17-3, % (°R).
Absolute average stack gas temperature (see Figure

17-3, % (°R).

Standard absolute temperature, 293% (528°R).
Volume of acetone blank, ml.

Volume of acetone used in wash, ml.

Total volume of liquid collected in impingers and
silica gel (see Figure 17?4), ml.
Volume of gas Samp1e as measured by dry gas meter, ﬁ
dem (dcf). |
Volume of gas sample as measured by dry gés‘meter,
corrected to standard conditions, dcm (dcf).

Volume of water vapor in the gas sample, corrected

Sté;k gas velocity, calculated by Method 2, Equation
2-9, using data obtained from Method 17, m/sec .
{ft/sec).

Weight'of residue in acetone wash, mg. '

Dry gas meter calibration coefficient.

Average pressure differential across the orifice
meter (see Figure 17-3), mm H,0 (in.HZO).

Density of acetone, mg/ml (see label on bottle).

Total sampling time, min.
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6.2

6.3

13.6
60
100

I}

Samp1ing time interval, from the beginning of a run
until the first component change,'min.

Sampling time intefval, between two successive
component changes, beginning with the interval
between the first and second changes, min.

Sampling time interval, from the final (nth)
component change until the end of the sampling run, ;
min. o
Specific gravity of mercury.
Sec/min.

Conversion to percent.

Average dry gas meter temperature and average orifice pressure

drop. See data sheet (Figure 17-3).

Dry Gas Volume. Correct the sample volume meaéured by the dry gas

'-meter to standard conditions (20°C, 760 mm Hg or 68°F, 26.92 in

Hg) by using Equation 17-1.

Vm(std) =

where:

VoY

K1V

[ Tstd [Pba, +AH/13.6]

T | Pstd

Ppar + (AH/13.6)
Tm

Equation 17-1

0.3858° K/mm Hg for metric units; 17.65° R/in Hg

for Eﬁg]iSh units.
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6.2

6.3

 meter to standard conditions (20°C, 760 mm Hg or 68°F, 29.92 in

until the first component change, min.
91 = Sampling time interval, between two successive
component changes, beginning with the interval

between the first and second changes, min.

ep _ - Sampling time interval, from the final (nth)
' component change until the end of the sampling run
min. |
13.6 = Specific gravity of mercury.
60 | = Sec/mih. '
100 = Conversion to percent.

Average dry gas meter temperature and average orifice pressure

drop. See data sheet (Figure 17-3).
Dry Gas Volume. Correct the sample volume meaéured by the dry gas

Hg) by using Equation 17-1.

Vm(std) = VmY [TstJ [Pbar +13H/13.é]

T | Pstd |
Tm
Equation 17-1
where: .
K, = 0.3858° k/mm Hg for metric units; 17.65° R/in Hg

for Eﬁg1ish units.
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NOTE: Equation 17-1 can be used as written unless the 1eakage

observed during any of the mandatory leak checks (i.e., the

post-test leak check or Teak checks conducted prior to component

changes) exceeds La‘ If L, or Li exceeds La,'Equation 17-1

p
must be modified as follows:

(a) Case I. No component changes made during sampling run.

this case, replace V_ in Equation 17-1 with the expressions:

[V - (L - La)G]
(b) Case II. One or more component changes made during the

sampling run. In this case, replace Vm in Equation 17-1 by

the expression:
n

tvm - (L]‘La)e] -z (L~|-La)91 - (Lp"l-a)ep]
i=2

and substitute only for those leakage rates (L,i or Lp)
which exceed La'

6.4 Volume of Water Vapdr.

Vw(std) = Vie \:iw.] El?lﬂ= KoVic
Mw] | Pstd

Equation 17-2

K, = 0.001333 m3/n1 for metric units; 0.04707
fﬁ3/m1 for Eng1ish units.
6.5 Moisture Content.

B _ Vu(std)
WS = Vm(std) * Vw(std)

Equation 17-3
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6.6 Acetone Blank Concentration.

m
Ca - =Va pa

Equation 17-4
6.7 Acetone Wash Blank.
Wa = CaVawp,
Equation 17-5
6.8 Total Particulate Weight. Determine the total particulate catch
from the sum of the weights obtained from containers 1 and 2 Tess

the acetone blank (see Figure 17-4).

NOTE: Refer to Section 4.1.5 to assist in calculation of results
involving two or more filter assemblies or two or more sampliing

trains.

6.9 Particulate Concentration.

¢ = (0.001 g/mg) (m /N coqy)
Equation 17-6

6.10 Conversion Factors: '
o From To : Multiply by
S Mo o e e e 0.02832
g/t L gr/ftS L. 15.43
Gt L. /S . e 2.205 x 103
At . A 35,31
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6.6 Acetone Blank Concentration.

m
Ca - =Va pa

6.7 Acetone Wash Blank.

Wa = CaVaWpa

Equation 17-4

Equation 17-5

6.8 Total Particulate Weight. Determine the total particulate catch

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

the acetone blank (see Figure 17-4).

NOTE: Refer to Section 4.1.5 to assist in calculation of results

involving two or more filter assemblies or two or more sampling

trains.
6.9 Particulate Concentration.
Cs,= (0.001 g/mg) (mn/V
6.10 Conversion Factors:

From To
scf. . . . . . e e e m3..
g/ft3 .......... gr‘/ft3
a/fts. ... 1b/Ft

S, . g/m3 .
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6.11 Isokinetic Variation.

6.11.1 Calculation from Raw Data.

60 Bvg Ps An

I

Equation 17-7
where: _ |
K3 = 0003458 mn Hg-m3/m1-OK for metric units;
0.002669 in.Hg-ft3/m1-OR for English units.

6.11.2 Calculation from Intermediate Values.

[ =___Ts Ym(std) Pstd 100
Tstd VS e An ps 60 (]—Bws)

Ts Vm{std)
= K4 Ps Vg An e (1-Bw5)

Equation 17-8

where:

w

Ky = 4.320 for metric units; 0.09450 for English units.

6.12 Acceptable Results. If S0 percent:élé110 percent, the results are

acceptable. If the results are low in comparison to the stqndard
and I is beyond the acceptable range, or, if I is less than 90
bercent, the Control Agency's Authorized Representative may opt to
accept the fe$u1ts. Otherwise, reject the results and repeat the

test.
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METHOD 100 - PROCEDURES FOR CONTINUOUS GASEOUS EMISSION STACK SAMPLING

1. Principle and Applicability

1.1 Principle:

1.2 Applicability:

A sample of an exhaust gas stream is extracted,
conditioned and analyzed continuously by instrumer
The measurements made by the continuous analyzers
used to determine average emission concentrations

measuring the stack gas flowrate and using this

1ts.

are

. By

information with the average emission concentration

mass emission rates can be determined:

This method 1s applicable for determining emissions of

Oxides of Nitrogen, Carbon Monoxide, Carbon Dioxide,

Sulfur Dioxide, Total Hydrocarbons, and Oxygen from

stationary source flowing gas streams in ducts, stacks

and flues except for turbine engines and stationary

diesel engines. This procedure does not supercede the

New Source Performance Standards requirement for
permanently installed continuous monitoring

instruments.

This test procedure is an alternative method to

appropriate U.S. EPA reference methods, in particular

EPA methods 3, 6, 7 and 10. This procédure should be

used only on those sources where equivalency to the

reference methods has been established or the specific

regulations for the source specify this procedure.
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2.2

2.3

2.1

4

Alternatively, samp1e71ine made from other material

(equivalent or better) may be used subject to the approval of.

the Control Agency's authori zed representative.

Sample Conditioner: General specifications; fi]tek, 90
percent efficient to 0.3 micron, glass ffber is acceptable;
capable of reducing moisture content of sample to below the

dewpoint 68°F (20°C); all parts, with the exception of th

11"

filter, exposed to the sample shall either be glass, stainless

-

steel or teflon. Refrigeration type conditioners shall be
equipped with a metal bellow or teflon lined diaphram pump

capable of 40 cfh. . . Provisions shall be made for back

flushing through the sample line from the sample conditioner

through the probe for removing particulate buildup on the

probe nozzle,

When sampling hydrocarbons 63 and above it is recommended
that heated line be used from the source to the hydrocarbon
analyzer, that all filters be heated, and that no sample

conditioning be performed that lowers sample temperature.|

Carbon Dioxide and Carbon Monoxide: Nondispersive infrared

analyzers are acceptable. See Table I for specifications

Oxygen: A paramagnetic analyzer is acceptable. See Table I

for specifications.
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2.4

2.5

2.6

2.7

2.8

2.9

acceptable. See Table I for specifications.

Total Hydrocarbons: Anranalyzer using a flame ionization
detector (FID) is acceptable. See Table I for
specifications. (Note: The FID may not be acceptable for

detecting certain organic compounds.)

Oxides of Nitrogen: An analyzer using chemiluminescent is

Sulfur Dioxide: An analyzer using ultraviolet absorption is:

acceptable, See Table I for specifications.

Other analyzers and measurement principles may be used, if

their performance capability is equivalent to those referenced

(see Q.A. Manual). An analyzer with more than a five percent

interference from substances present in the sample stream

(other than what is being measured) should not be used for the

application,

Recorders: Shall be compatible with analyzers and employing

strip chart paper with 100 divisions minimum.

Pitot tube. Same as required by Methods 1 and 2.

——l

Differential pressure guage. Same as required by Methods

and 2.
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3.

c2.1

2.13

2.15.

Reagents

3.1 Distilled water: Distilled, deionized.

| Span Gases: For each pollutant to be measured use one

The calibration gases used must be traceable to a primary

For determining water moisture content the equipment shall be

as specified by Method 4.

Barometer. Mercury, Aneroid, or other barometer capable of

measuring atmosphereic pressure to within 2.5 mm Hg.

Vacuum guage, 760 mm Hg. guage, to be used for Teak check of |

sampling train.

Thermocouple. Suitable for temperature range expected in the |

stack gases.

Calibration Gases
Zero Gas: Pure air or if appropriate nitrogen with Tess than

1 ppm of appropriate pollutant gas.

calibration gas in the expected concentration range. The
calibration gas should be approximately 70 to 80 percent of
the analyzer range and the expected maximum concentration to

be measured should be no more than 90 percent of the range.

standard (NBS standards if available).
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3.

2.11

2.12

2.13

Reagehts

3.1 Distilled water: -Distilled; deionized,

For determining water moisture content the equipment shall b

1 ppm of appropriate pollutant gas.

as specified by Method 4.

Barometer. Mercury, Aneroid, or other barometer capable of

measuring atmosphereic pressure to within 2.5 mm Hg.

Vacuum guage, 760 mm Hg. guage, to be used for teak check o

sampling train.

Thermocouple. Suitable for temperature range expected in th

stack gases.

Calibration Gases

Zero Gas: Pure air or if appropriate nitrogen with less tha

Span Gases: For each pollutant to be measured use one
calibration gas in the expected concentration range. The
calibration gas should be approximately 70 to 80 percent of
the analyzer range and the expected maximum concentration to
be measured should be no more than 90 percent of the range,
The calibration gases used must be traceable fo a primary

standard (NBS standards if available).
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3.2

Acetone: Reagent grade

Preparation for Sampling

4.1

4.2

4.3

Cleaning of Sample Train: Thoroughly flush probe, heat trace 1i

and sample conditioner with distilled water, followed by.acetone

dry with filtered dry air.

Continuous Analyzers: Allow analyzers to warm up according to

manufacturer's instructions and performance check the analyzers
accordance with the manufacturers operator manual and conduc; a
and span check using a span gas of approximately 70 to 80 percen
the instrument range. Record data. The analyzer rénge shou]& b
selected such that the maximum concentration measured is no more
90 percent of the range and the minimum concentration measured i

less than 30 percent of the range.

Sample Train Assembly: Assembje the sample train as shown in Fi
1.2. Lake check the vacuum side of the assembly {minus nozzle
filter) to 15 inches of Hg. (guage). If the leak is equal tom
than 0,20 CFH (94.m1/min) or is in excess of one percent of aver
sampling rate, check for leaks, correct any found and redo Tleak

check. Repeat until a satisfactory result is obtained. .Check

pressure side of system with 1iquid'5noop or equivalent and corr

ne

, and

in
Zero
t of
than
5 N0
gure
Ore

age

pct

any leaks. Alternate leak check methods are acceptable if they are

equivalent or better than the specified method.
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- Sample train assembly can be modified to reflect actual stack

conditipns. Permissible modifications include: (1) If stack 1§ at

or be]ow ambient temperature and there is no condensation problem,
the heating element and sample conditioner can be eliminated. (2) Iﬁ
condensation in the probe itself is not a problem, the probe heatingé
element can be eliminated. (3) If the only concern is with ;
concentrétion, the pitot tube can be eliminated. (4) If stack é .
temperature is uniform with time, the thermocouple can be |

eliminated.

5. Sampling

5.1 Select traverse points (only 1/3 number points, every third one,
required as compared to particulate matter test Method 5) and
determine moisture content and velocity pressures in the stack gases

in accordance with Methods 1-1, 1-2 and 1-4. If sampling location

meets criteria of eight diameters downstream and two diameters
‘upstream of a disturbance and/or there is no reason to suspect
stratification (stratification effects can be ignored if

concentration variation is less than 10 percent) in the gas stream,

o

select a convenient sampling point or a point at the point of averag

stack velocity (probe nozzle should never be within one inch of stac

wall).
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5. Sampling

5.1

or below ambient temperature and there is no condensation problem,

the heating element and sample conditioner can be eliminated. (2)

Sample train assembly can be modified to reflect actual stack

conditions. Permissible modifications include: (1) If stack is at

condensation in the probe itself is not a problem, the probe heatir
element can be eliminated. (3) If the only éoncern is with
concentration, the pitof tube can be eliminated. (4) If stack
temperature is uniform with time, the thermocouple can be

eliminated.

Select traverse points (only 1/3 number points, every . third one,
required as compared to particu]ate'matter test Method 5) and
determine moisture content and velocity pressures in the stack gase
inraccordance with Methods 141, 1-2 and 1-4. If sampling location
ﬁeets criteria of eight diameters downstream and two diameters
upstream of a disturbance and/ér there is no reason to suspect
stratification (stratification effects can be ignored if
concentration variation is less than 10 percent) in the gas stream,
select a convenient sampling point or a point at the point of avera
stack velocity (probe nozzle should never be within one inch of sta

wall).

100-10
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5.2

5.3

5.4

be marked to indicate time on an hourly basis.

Turn on strip chart recorder so that hour coincides with divisian on

strip chart {for one channel with dual pen recorders). Identify

pollutant, source, range, calibration cylinder I.D. number, zero

and

span settings, chart speeds, date, time, person operating instr%ments‘

on the chart, and any other pertinent data.

Insert sample probe assembly into stack and block-off remainer of

opening. Set probe at predetermined position and note on strip

charts. If traverse is required, Teave probe in position for three

to five minutes {allow enough time for system to be flushed and

instruments to respond fully). Move probe to next position‘and-

repeat. Continue until stack has been fully traversed. Record data

on summary sheet (Figure 100-3). From data, select point of average

concentration and/or velocity. Set probe at this point.

With probe at average point, sample for desired time period without

further adjustments. Sampling should be‘conducted»for a minimum
two hours. Conduct zefo and span checks every hour, adjust'sett

as necessary, mark strip charts and record in log books. When z¢

and span checks repeat within one percent, make checks every six

hours. As necessary back flush through probe every two hours to

of
Ings .

210

prevent particulate build-up on probé filter, The Stfip chart s*oqu
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5.5

At end of sample period, make final zero and span check and mark
charts and record data. If velocity at end of test is 50 percent
different from at start or concentrations have changed by 100

percent, repeat traverse as indicated in 5.3.

Répeat leak check. If leak rate is two percent or more of total

sample flow (approximately 0.8 CFH) discard test.

6. Calculations

6.1

6.2

Emission Rate, 1bs/hr. 1bs of Pollutant/Hr. =

7

(PPH) ( ) (@) (60) = PPH x M x Q x 1,56 x 107

M
- 385 x 10°
Where: M = molecular weight - 1b/1b mole.

385 x 'IO6 = Constant

Q = standard dry cubic feet per minute of stack effluents

Q=0s x Tstd Ps (1 - Bws) = (s (§g§ ( Ps , (1 -Bws)
Ts Pstd Ts 29.92

17.65 Qs Ps (1 - Bws)
Ts

1]

Bws= percent water vapor in effluent stream

SUBSCRIPTS ,
s = stack conditions
std - standard condition

Percent Excess Air (EA)
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6.

5.5

Calculatians

6.1 Emission Rate, 1bs/hr. 1bs of Pollutant/Hr. =

6.2

At end of sample period, make final -zero and span check and mark
charts and record data. If ve]ocity‘at end of test is 50 percent
different from at start or concentrations have changed by 100

percent, repeat traverse as indicated in 5.3.

Repeat 1eak‘check; If leak rate is two percent or more of total

sample flow (approximateiy 0.8 CFH) discard test.

(PPM)

Whefe:

) (@) (60) = PPM x M x Q x 1.56 x 1077
385 x 10°

M = molecular weight - 1b/1b mole.

385 x 10% = Constant

Q = standard dry cubic feet per minute of stack eff]uents

Q=10s x Tstd Ps (1 - Bws) = g (528 ( Ps ) (1 -Bws)
Ts Pstd Ts 29.9

17.65 Qs Ps {1 - Bws}
o ‘Ts

Bws= percent water vapor in effluent stream

SUBSCRIPTS
s = stack conditions
std - standard condition

Percent Excess Air (EA)
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6.3

7.0

TEA=[ %02 - 0.52C0 1 100
0.264 %Np-(%02 - 0.5% CO) :

Where: %02 =  Percent 02 by volume (drj basis)
2C0 = Percent CO by volume (dry basis)
W, = Percent N, by volume (dry basis)
.264 = Ratio of 0, to Nz'ih air v/v

Pollutant Concentration Calculated to 12% co, or 3% 0,
For 12% CO0,: |

Conc = Conc. x 12%
(12% C02) (Std.) % 00, during test (dry basis)

For 3% 02 using 0z in air as 20.9%
Conc. = Conc. X 20.9 x 3.0

(32 09) (std.) 20.9 - %07 during test (dry basis)

Calibrations

A1l calibrations are to be performed in accordance with the Air

Resources Board "Source Testing Quality Assurance and Quality Co

Manual Vol. VI."
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1955/033H

METHOD 1-104 - REFERENCE METHOD FOR DETERMINATION OF BERYLLIUM EMISSIONS
FROM STATIONARY SOURCES

1. Principle and Applicabili
1.1 Pringip]e:

1.2 Applicability:

2. Apparatus:

2.1 Sampling Train. A schematic of the sampling train used by EPA is

shown in Figure 104-1. Commercial models of this train are

available, although

'APTD-0581,1/ and operating and maintenance procedures are described

in APTD-0576. The components essential to this sampling train are

the following:

1/These documents are available for a nominal cost from the Mational

ty:
Bgry]lium'emiSSions are isokinetically sampléd
from thé source, and the:¢011ected sample is
digested in an acid solution and analyzed by

atomic absorption spectrophotometry.

This method is applicable for the determination-
of beryllium 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

atmosphere without further processing.

construction details are described in

Technical Information Service, U.-S. Department of Commerce, 5285 Port Royal

Road, Springfield, YA 22151.
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2.1.1 Nozzle. Stainless steel or glass with sharp, tapered Teading

. ‘ | edge.

2/

2.1.2 Probe. Sheathed Pyrex glass. A heating system capable
of»maintaining é'minimdm gas temperature in the range of the
stack temperature at the probe outlet during sampling may|be

used to prevent condensation from occurring.

2.1.3 Pitot tube. Type S (Figure 104-2), or equivalent, with a

@

coefficient within 5 percent over the working range, attached

to probe to monitor stack gas velocity.

2.1.4 Filter holder. Pyrex glass. the filter holder must provide a

. positive seal against leakage from outside or around the
filter. A heating system capable of maintaining the filter at

a minimum temperature in the range of the stack temperature

may be used to prevent condensation from occurring.

2.1.5 Impingers. Four Greenburg-Smith impingers connected fn series
with glass ball joint fittings. The first; third and fourth
impiﬁgers may be modified by replacing the tip with a 1/2 inch
1.d. glass tube extending to one-half inch from the bottom of

the flask.

g/Mention of trade names on specific products does not constitute

endorsement by the Air Resources Board.
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2.1.6

2.1.7

2.2 Measurement of stack conditions (stack pressure, temperature,

moisture and ve1ocity).

2.2.1

2.2.2

2.2.3

2.2.4

2.2.5

Metering Systems. Vacuum gauge,‘leakless pump, thermometers

capable of measuring temperature to within 5°F, dry gas

meter with 2 percent accuracy, and related equipment,

described in APTD-0581, to maintain an isokinetic sampling

rate and to determine sample volume.

Barbmeter. To measure atmospheric pressure to + 0.1 in Hg.

Pitot tube: Type S, or equivalent, with a coefficient within

5 percent over the working range.

Differential Pressure Gauge. Inclined manometer, or
equivalent, to measure velocity head to within 10 percent

the minimum vaiue,

Temperature gauge. Any temperature measuring device to

measure stack temperature to within 5°F,

Pressure gauge. Pitot tube and inclined manometer, or

equivalent, to measure stack pressure to within 0.1 in Hg.

of

Moisture determination. Wet and dry bulb therometers, drying

tubes, condensers, or equivalent, to determine stack gas'

moisture content to within 1 percent.
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2.3 Sample recovery.

2.3.1 Probe cleaning rod. At least as long as probe.

2.3.2 leakless glass sample bottles. 500 mi. '
2.3.3 Graduated cylinder. 250 ml.
2.3.4 Plastic jar. Approximately 300 mt.

2.4 Analysis

2.4.1 Atomic absorption spectrophotometer. To measure absorbance a

234.8 nm. Perkin Elmer Model 303, or equivalent, with

N20/acety1ene burner,

2.4.2 Hot plate. !

2.4.3 Perchloric acid fume hood.

3. Reagents.

3.1 Stock reagents.

3.1.1 Hydrochloric acid concentrated

3.1.2 Perchloric acid. Concentrated, 70 percent.

3.1.3. Nitric acid. Concentrated.
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2.3 Sample recovery.

2.3.1 Probe cleaning rod. At least és long as probe.
2.3.2 Lleakless glass sample bottleé. 500 ml.
2.3.3 Graduated cylinder. 250 ml.
2.3.4 Plastic jar. Approximately 300 ml.
2.4 Analysis
2.4.1 Atomic absorption spectrophotometer. To measure absorbance at
234.8 nm. Perkin Elmer Model 303, or équiva]ent; with
N20/acety1ene burner.
2.4.2 Hot plate.
2.4.3 Perchloric acid fume hood.
Reagents.
3.1 Stock reagents.
3.1.1 Hydrochloric acid concentrated

3.1.2 Perchloric acid. Concéntrated, 70 percent.

3.1.3 Nitric acid. ' Concentrated.
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3.2

3.3

3.1.4 Suifuric Acid. Concentrated
3.1.5 Distilled and deionized water.
3.1.6 Beryllium powder. 98 percent minimum purity.

Sampling

-3.2.1 Filter. Millipore AA, or equivalent. It is suggested th

whatman 41 filter be placed immediately against the back
of the millipore filter as a guard against breaking the
Millipore filter. In the analysis of the filter, the Wha
41 filter should be included with the Mitlipore filter.

3.2.2 Silica gel. Indicating type, 6 to 16 mesh, dried at 350°

for 2 hours.
3.2.3 Distilled and deionized water.

Sample recovery

3.3.1 Distilled and deionized water.
3.3.2 Acetone. Reagent grade.

3.3.3 Wash acid. 1.1 V/V hydrochloric acid-water

104-7
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3.4 Analysis.

3.4.1 Sulfuric acid solution, 12 N. Dilute 333 m1 of concentrated

sulfuric acid 1 to 1 with distilled water.
3.4.2 25 percent V/Y hydrochloric acid-water.

3.5 Standard Beryllium Solution
3.5.1 Stock Solution. 1 ug/ml beryllium. Dissolve 10 mg of
beryllium in 80 m1 of 12 N su]furic acid solution and dilute
to a volume of 1000 m] with distilled water. Dilute a 10 ml
“aliquot to 100 m1 with 25 percent v/v hydrochloric acid, j .
giving a concentration of 1 ug/ml. This dilute stock soTutign
should be prepared fresh daily. Equivalent strength (in
beryl1lium) stock solutions may be prepared from beryilium

salts as Be012 and BE(NO3)2 (98 percent minimum purity).

4, Procedure.
4.1- Guidelines for source testing are detailed in the following

sections. These guidelines are generally appiicable; however, most

sample sites differ to some degree and temporary alterations such asg
stack extensions or expansions often are required to insure the besﬂ
' possible .sample site. Further, since beryllium is hazardous, care f
Vshould be taken to minimize exposure. Finally, since the total
quantity of beryillium to be collected is quite small, the test must

be carefully conducted to prevent contamination or loss-of sample.
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3.4 Analysis.

3.4.1 Su]furic acid solutioh, 12 N. Dilute 333 ml of concentrated

sulfuric acid 1 to 1 with distilled water.
3.4,2 25 percent V/V hydrochloric acid-water.

3.5 Standard Beryllium Solution
3.5.1 Stock Solution. 1 ug/ml Bery]]ium. Dissolve 10 mg of 7
beryitium in 80 m1 of 12 N sulfuric acid solution and dilute
to a volume of 1000 ml with distilled water. Dilute a 10 ml
~atiquot to 100 m1 with 25 percent v/v hydrochloric acid,
giviné a concentration of 1 ug/ml. This dilute stock soluti
should be prepared fresh daily. Equivalent strength (in
beryllium) stock solutions may be prepared from beryllium

salts as BeCl, and BE(N03)2 (98 percent minimum purity).

4, Procedure.
4.1 Guidelines for source testing are detailed in the following
sections. These guide]ine; are generally applicable; however, most
sample sites differ to some degree and temporary a1teration§ such a
stack extensions or expansions often are required to insure the bes
possible sample site. Further, since beryllium is hazardous, care

should be taken to minimize exposure. Finally, since the total

quantity of beryillium to be collected is quite small, the test must

‘be carefully conducted to prevent contamination or loss of sample.
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4.2 Selection of a sampling site and minimum number of traverse poin

4.2.1

4.2.3

4.2.4

Se1ect a suitable sampling site that is as close as

ts.

practicable to the point of atmospheric emission. If possible

stacks smaller than 1 foot in diameter from the following

equation:

L+ W “eq. 104-1

D_. = equivalent diameter

—
1]

length

=
1]

Width

When the above sampling site criteria can be met, the min
number of traverse points is four (4) for stacks 1 foot i
diameter or less, eight (8) for stacks larger than 1 foot
2 feet in diameter or less, and twelve (12) for stacks la

than 2 feet,

Some sampling situations may render the above sampling si

criteria impractical. When this is the case choose a

convenient sampling location and use Figure 104-3 to dete
the minimum number of traverse points. However, use Figu

104-3 only for stacks 1 foot in diameter or larger.
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4.3

4.2.5

4.2.6

Cross-sectional layout and location of traverse points.

4.3.1

4.3.2

_pipe diameters. Determine the corresponding number of

Tovuse Figure 104-3, first measure the distance from the
chosen sampling location to the nearest upstream and
downstream disturbances. Divide this distance by the diam

or equivalent diameter to determine the distance in terms

eter

of

traverse points fér each distance from Figure 104-3, Select

the higher of the two numbers of traverse points, or a gre
value, such that for circular stacks the number is a multi
of four, and for rectangular stacks the number follows the

criteria of Section 4,3.2.

If a selected sampling point is closer than 1 inch from the

ater

ple

stack wall, adjust the location of that point to ensure that

the sample is taken at Teast 1 inch away from the wall.

For circular stacks locate the traverse points on at least
diameters according to Figure 104-4 and Table 104-1. The
traverse axes shall divide the stack cross sections into e

parts.

For rectangular stacks divide the cross section into as many

equal rectangular areas as traverse points, such that the

ratio of the length to the width of‘the elemental areas is

between 1 and 2. Locate the traverse points at the centrpid

of each equal area according to Figure 104-5.
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- TASLE 104-1—LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
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4.4

4.5 Preparation of a sampling train.

Measurement of stack conditions.

4.4.1

4.4.2
4.4.3

4.4.4

- 4.5.1

Set up the apparatus as shown in Figure 104-2. Make sure
connections are tight and leak free. Measure the velocity
head and temperature at the traverse points specified by

Section 4.2 and 4.3,
Measure the static pressure in the stack.
Determine the stack gas moisture.

Determine the'stack gas molecular weight from the méasured
moisture content and knowledge of the expected gas stream
composition. A standard Orsat analyzer has been foundk
valuable at combustion sources.- In all cases, sound

engineering judgment should be used.

Prior to assembly, clean all glassware (probe, impingers,
connectors) by soaking in wash acid.for 2 hours. Place 10
of distilled water in each of the first two impingers, lea
the third impinger empty, and place approkiMater 200 g of
preweighted silica gel in the fourth impinger. Save a por
of the distilled water as a blank in the sample analysis.

up the train and the probe as in Figure 104-1.
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4.5.2 Leak check the sampling train at the sampling site. The

4.6 Beryllium train operation.

4.6.

4.6.2

‘accurately determine the maximum emissions which would occur@

leakage rate should not be in excess of 1 percent of the

desired sampling rate. If condensation in the probe or filte

is a problem, probe and filter heaters will be required.
Adjust the heaters to providé a temperature at or above the
stack temperature. However, membrane filters such as the
Millipore AA are limited to about 225° F. If the stack gas
is in excess of about 2_00o F, consideration should be given

to an alternative procedure such as moving the filter holder

downstream of the first impinger to insure that the filter
does not exceed its temperature limit. Place crushed ice
around the impingers. Add more.ice during the test to keep
the temperature of the gases leaving the last impinger at

70° F. or less.

For each run, record the data required on the example sheet
shown in Figure 104-6. Take readings at each sampling point5
at least every 5 minutes and when significant changes in stadk

conditions necessitate additional adjustments in flow rate.

Sample at a rate of 0.5 to l.OIft.3/min. Samples shall be

taken over such a period or periods as are necessary to E

in a 24-hour period. In the case of cyclic operations,
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- 4,5,2 Leak check the sampling train at the sampling site. The

4.6 Beryllium train operation.

4.6.1

46,2

“Millipore AA are limited to about 225° F. If the stack gas

.around the impingers. Add more.ice during the test to keep

-the temperature of the gases leaving the last impinger at

‘accurately determine the maximum emissions which would occur

in a 24-hour peried. In the case of cyclic operations,

Teakage rate should not be in excess of 1 percent of the

desired sampling rate. If condensation in the probe or filter

is a probiem, probe and filter heaters will be required.
Adjust the heaters to providé a temperature at or above the

stack temperature. However, membrane filters such as the

is in excess of about 200° F, consideration should be given
to an alternative procedure such as moving the filter holder
downstream of the first impinger to insure that the filter

does not exceed its temperéture limit. Place crushed ice

70% F. or less.

For each run, record the data required on the example sheet
shown in Figure 104-6. Take readings at each sampling point
at least every 5 minutes and when significant changes in sta

conditions necessitate additional adjustments in flow rate.

Sample at a rate of 0.5 to 1.0 ft.3/min. Samples shall be

taken over such a period or periods as are necessary to.
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sufficient tests shall be made so as to allow accurate

determination or calculation of the emissions which will occur

over the duration of the cycle. A minimum sample time of 2

hours is recommended.

4.6.3 To begin sampling, position the nozzle at the first traverse
point with the tip pointing directly into the gas stream.

Immediately start fhe pump and adjust the flow to isokinetic

conditions, Sample for at least 5 minutes at each, traverse

point; sampling time must be the same for each point.

Maintain isokinetic sampling throughout tﬁe sampling period.

Nomographs which aid in the rapid adjustment of the samp]ingg
rate without other computations are in APTD-0576 and are .
available from commercial suppliers. Note that standard

monographs are applicable only for Type S pitot tubes and aif

or a stack gas with an equivalent density. Contact ARB or the
sampling train supplier for instructions when the standard

nonograph is not applicable.

4.6.4 Turn dff the pump at the conclusion of each run and record tWe
final readings. Immediately remove the probe and nozzle from
the stack and handle in accordance with the sample recovery

process described in Section 4.7. i
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4.6.3

4.6.4

sufficient tests shall be made so as to allow accurate
determination or calculation of the emissioné which will oca
over the duration of the cycle. A minimum sample time of 2

hours is recommended,

To begin sampling, position the nozzle at the first traverse
point with the tip pointing directly into the gas stream.
Immediately start fhe pump and adjust the flow to isokinetic
conditions. Sample for at Teast 5 minutes at each, traverse
point; sampling time must be the same for each point.

Maintain isokinetic sampling throughout the sampling period.

Nomographs which aid in the rapid adjustment of the sampling

rate without other computations are in APTD-0576 and are
available from commercial suppliers. Note that standard

monographs are applicable only for Type S pitot tubes and a3

or a stack gas with an equivalent density. Contact ARB or t

sampling train supplier for instructions when the standard

nonograph is not applicable.

Turn 6ff the pump at the conclusion of each run and record the

final readings. Immediately remove the probe and nozzle from

the stack and handle in accordance with the sample recovery

process described in Section 4.7.
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4,7 Sample Recovery.

4.7.1 (A1l glass storage bottles and the graduated cylinder must be

4.7.2

precleaned as in 4.5.1.) This operation should be performed

in an area free of possible beryllium contamination. When the

sampling train is moved, care must be exercised to prevent

breakage and contamination.

Disconnect the probe from the impinger train. Remove the

filter and any loose particulate matter from the filter holder

and place in a sample bottle. Place the contents {measured to

+1 m1) of the first three impingers into another samp]e‘

bottle. Rinse the probe and all glassware ‘between it and

back half of the third impinger with water and acetone, and

add this to the Tatter sample bottle. Clean the probe witl

brush or a Tong slender rod and cotton balls. Use acetone
while cleaning. Add these to the sample bottle. Retain a
sample of the water and acetone as a blank. The total ama

of wash water and acetone used should be measured for accu

blank correction. ' Place the si]ica'ge1 in the plastic janm.

Seal and secure all sample containeré for shipment. If an
additional test is desired, the glassware can be carefully
double rinsed with distilled water and reassembled. Howev
if the glassware is to be out of use more than 2 days, ﬁhe

initial acid wash procedure must be followed.
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4.8 Analysis

4.8.1 Apparatus preparation. Clean all glassware according to the

procedure of Section 4.5.1. Adjust the instrument settings
according to the instrument manual, using an absorption

wavelength of 234.8 nm.

4.8.2. Sample preparation. The digestion of beryllium samples is
accomp11shed in part in concentrated perchloric acid.

Caution: The analyst must insure that the sample is heated ﬂo
i

1ight brown fumes after the initial nitric acid addition;

l
i

otherwise, dangerous perchlorates may result from the

subsequent perchloric acid digestion. Perchloric acid also

should be used only under a perchloric acid hood.

4.8.2.1 Transfer the filter and any loose particulate matte

from the sample container to-a 150 ml beaker.l Add 35
ml concentrated nitric acid. Heat on a hotplate
until 1ight brown fumes are evident to destroy all

organic matter. Cool to room temperature and add 5

ml concentrated sulfuric acid and 5 m1 concentrated

perchloric acid. Then proceed with step 4.8.2.4

|
4.8,2.2 Place a portion of the water and acetone sample intg
i

|
a 150 m1 beaker and put on a hotplate, Add portiong

of the remainder as evaporation proceeds and
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4.8 Analysis

4.8.1

4.8.2

Apparatus préparation. Clean all glassware according to the

procedure of Section 4.5.1. 'Adjust the.instrument settings

according to the instrument manual, using an absorption

wavelength of 234.8 nm.

Sample preparation. The digestion of beryllium samples is

accomplished in part in concentrated perchloric acid.

Caution: The analyst must insure that the sample is heated

1ight brown fumes after the initial nitric acid addition;

otherwise, dangerous pérch]orates may result from the

subsequent perchloric acid digestion. Perchloric acid also

should be used only under a perchloric acid hood.

4.8.2.1

4.8.2.2

Transfef the filter and any loose particulate matte
from the sample container to-a 150 ml beaker. - Add

ml concentrated nitric acid. Heat on a hotplate

until Tight brown fumes are evident to destroy all |

organic matter. Cool to room temperature and add 5
ml concentrated sulfuric acid and 5 ml concentrated

perchloric acid. Then proceed with step 4.8.2.4

‘Place a portion of the water and acetone sample int

a 150 ml beaker and put on a hotplate. Add portion

of the remainder as evaporation proceeds and
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evaporate to dryness.‘ Cool the kesidue and add 35 m1
concentrated nitric acid. Heat on a hotplate until
Tight brown fumes are evident to destroy any crganic
matter. Cool to room temperature and add 5 ml
concentrated sulfuric acid, qnd 5 ml concentrated

perchloric acid. Then proceed with step 4.8.2.4

- 4.8.2.3 MWeigh the spent silica gel and report to the nearest

gram.

4.8.2.4 Samples from 4.8.2.1 and 4,8,2.2 may be combined here
for ease of analysis. Replace on a hotplate and
evaporate to dryness in a perchloric acid hood. |Cool
and dissolve the residue in 10.0 m1 of 25 percent V/V
hydrochloric acid. Samples are now ready for the
atomic absorption unit. The beryllium concentration
of the sample must be within the calibration range of
the unit. 1If necessary, further dilution of sample
with 25 percent V/V hydrochloric acid must be
performed to bring the sample within the calibration

range.
4.8.3 Beryllium determination. Analyze the samples prepared in

4.8.2 at 234.8 nm using a nitrous oxide/acetylene flame.'

Aluminum, silicon and other elements can interfere with thiis
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method if present in large quantities. Standard methods are

available, however, to effectively eliminate these

interferences (see Reference 5).

5. Calibration

6.

5.1 Sampling Train.

5.1.1 Use standard methods and equipment as detailed in APTD-0576

‘calibrate the rate meter, pitot tube, dry gas meter and probd

heater (if used). Recalibrate prior to each test series.

5.2 Analysis
5.2.1 Standardization is made with the procedure as suggested by t
manufacturer with standard beryllium solution. Standard
solutions will be prepared from the stock solution by diluti
with 25 percent V/V hydrochloric acid. The Tinearity of

working range should be established with a series of standar

solutions. If collected samples are out of the linear range,

the samples should be diluted. Standards should be
interspersed with the samples since the calibration can chan

slightly with time,

Calculations

6.1 Average dry gas meter temperature, stack temperature, stack pressur

and average orifice pressure drop. See data sheet (Figure 104-6).
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method if present in Jarge quantities. Standard methods are
available, however, to effectively eliminate these

interferences (see Reference 5).

. Calibration
5.1 Sampling Train.
5;1.1 Use standard methods and equipment as detailed in APTD-0576 to
cq1ibrate the rate meter, pitot tube, dry gas meter and probe

heater {if used). Recalibrate prior to each test series.

5.2 Analysis
5.2.1 Standardization is made with the procedure ds suggested by the
manufacturer with standard beryllium solution. Standard
solutions will be prepared from the stock solution by dilution
with 25 percent V/V hydroch1ofic acid. The 1inearity of
working range should be established with a series of standard
solutions. If collected samples are out of the linear range,
the samples should be diluted. Standafds should be
interspefsed with the samples since the calibration can change

slightly with time,
Calculations

6.1 Average dry gas meter temperature, stack temperature, stack pressure

_ and'avérage orifice pressufe drop. See data sheet (Figure 104-6).
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6.2

Dry gas volume. Correct the sample volume measured by the dry ga

meter to stack conditions by using eguation 104-2.

Phar +&_H
18 bar | .
Vms = Vm Tm p

eq. 104-2

where:

6.3

= Volume of gas sample through the dry gas meter (stack
conditions). ft |
= Volume of gas sample through the dry gas meter (meter
conditions). ft3 -
= Average temperature of stack gas, R

= Average dry gas meter temperature, %R

= Barometric pressure at the orifiqe meter, in Hg.

= Average pressure drop across the orifice meter, in H20.

= Specify gravity of mercury.

= Stack pressure, Phar * static pressure, in Hg.

Volume of water vapor.

Yus = KuVig Tg |
. Pe N

. eq. 104-3
Where: . _
sz = Vo%ume of water vapor in the gas sample (stack condition

fie.
Kw = 0.00257i?§g-ft3 ; when these units are used
m

Total volume of liquid collected in impingers and silica

(see Figure 104-7), ml.
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H

Average stack gas temperature, Or

-
n

Stack pressure, Pbar (+ static pressure, in Hg.)

6.4 Total gas volume.

Ytotal = ¥+ v,
s eq. 104-4

Where:
vtota] = Total volume of gas samp1e (stack condition), ft3.
Vms = Volume of gas through dry gas meter (stack éonditioné), ft3.
sz = Volume of water vapor‘in gas sample (stack conditions), ft3.
6.5 Stack gas velocity.

Use equation 104-5 to calculate the stack gas velocity.

(Vs)avg = KpCp ( Plavg (g:;2v9

eq. 104-5
where:
{Vs)avg = Averagé stack gas velocity, feet per second
Kp = 85,39 ft (1b-inHg . )1/2 when these units are us
sec  {1b mole-OR-inH20)
Cp‘ = Pitot tube coefficient, dimensionless.
(TS) avg. = Average stack gas temperature, OR,
( p) avg. = Average square root of the velocity head of stack gas
(in HZO)]/2 {see Figure 104-8).

P = Stack pressure, P + static pressure, in Hg.

bar —
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[}

Average stack gas temperature, R

]
1]

(+ static pressure, in Hg.)

Stack pressure, Pbar

6}4 Total gas volume.

Vtotal = Vms Y,
s eq. 104-4
Where:
vtota1 = Total volqme of gas sample (stack condition}, ft3.
Vms = Yolume of gas through dr& gas meter (stack conditions), £3,
sz = Vo]ume of water vapor in gas samp]e {stack conditions), ft3.

6.5 Stack gas velocity.

Use equation'104-5‘to catculate the stack gas velocity.

(vs)avg = KpCp ( | Plavg (;2&:vg
eqg. 104-5
where:
(Vg)avg = Average stack gas velocity, feet per second
Kp = 85,39 ft (1b-inHg )1/2, when these units are us
sec  (1b mole-CR-inH20) :
Cp = Pitot tube coefficient, dimensionless.
(TS) avg. = Average stack gas temperature, bR.
{ p) avg. = Average square root of the velocity head of stack gas
{in H20)1/2 (see Fjgure 104-8).
P' = Stack pressure, Pbar-i static pressure, in Hg.
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M_ = Molecular weight of stack gas (wet basis), the
summation of the products of the molecular weight of
each component multiplied by its volumetric

proportion in the mixture, 1b/1b. mole.

Figure 104-8 shows a sample recording sheet for velocity traverse data.
Use the averages in the last two columns of Figure 104-8 to determine the

average stack gas velocity from equation 104-5.

6.6 Beryllium collected. Calculate the total weight of beryllium
collected by using equation 104-6.

wt = V1C1 - Vwa'- Vaca

eq. 104-6

where: 7

Ht_= Total wefght of beryllium collected, ug.

Vt = Total volume of hydrochloric acid from step 4.8.2.4, mi.

Ct = Concentration of beryllium found in sample, ug/ml.

Vw = Total volume of water used in sampling {impinger contents plus
all wash amounts), ml.

Cw = Blank concentration of beryllium in water, ug/ml.
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FLANT,

DATE

FUN NO.

STAGK DIAMETER. in.

SARCMETRIC PRESSURE. in. Hg,

STATIC PRESSURE IN STACK (Pg L. in. Ha.

CPERATORS

SCHEMATIC GF STACK

CROSS SECTION

Traversa point
aumber

Velocity head,

in. H,0 \ﬂsp

Stack Temperature

(). °F

AVERAGE:

Figure {04-3. Velocity traversa data.
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FLANT,

DATE

EUN NO.

STACK DIAMEIER. in.

BAROMETRIC PRESSUAE, in. Hg,

STATIC PEESSURE IN STACK (Rl in. Ha.

CPERATORS

SCHEMATIC OF STACK

CROSS SECTION

Traverse point
" oumber

Velocity head,

in. Hy0 VAp

Stack Temperawre
). °F

AVERAGE:

Figure {n04-8. Ve?ocity travarses dxta.
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Total volume of acetone used in éamp1ing'

va=
(impinger contents plus all).
C. =  Blank cohcentration of bery11ium in aceto

ug/ml.

Total beryllium emissions. Calculate the total amount of bény11

6.7
emitted from each stack per day by equation 104-7. This equatio
applicable for continuous operations. For cyclic operations, us
only the time per day each stack-is in operation. The total
beryllium emissions from a source will be the summation of resul
from all stacks.
R = We(Ve) ayg A/Nyopqq X 86,800 seconds/day/108 ug/g
' eq. 104-7
where:
R = Rate of emission, g/day.
wt = Total weight of beryllium collected, ug.
vtota1 = Total volume of gas.sample {stack conditions),
ftd.
(Vs)aVg = Average stack gas velocity, féet per second.
As = Stack area, ftz.
6.8 Isokinetic variation (comparison of velocity of gas ih probe tip

stack velocity).

I =100 Viotal/An@/(VS)avg
eq. 104-8
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7.

(V)

s’avg

= Total volume of gas sample (stack conditions) ft-.

It

Percent of isokinetic sampling.

3
Probe tip area, ftz
Sampling time, sec.

Average stack gas velocity, feet per second.

Evaluation of results.

7.1 Determination of compliance, ¢

7.1.1

Each perfermance test shall consist of three repetitions o

the applicable test method. For the purpose of determinin@

compliance with an applicable national emission standard,

the average of results of all repetitions shall apply.

7.2 Acceptable isokinetic results.

7.2.1

- If 90 percent €I €110 percent, the results are acceptab1e;%

The following range sets the 1imit on acceptable isokineti

sampling results:

otherwise, reject the test and repeat.
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Percent of isokinetic sampling.

vtoté] = Total volume of gas sample (stack conditions) ft3.

An = Probe tip area, ftz
] = Sampling time, sec.
(Vs)avg = Average stack gas velocity, feet per second.

Evaluation of results.
7.1 Detérmination of compliance. -
7.1.1 Each performance test shall consist of three repetitions o
the applicable test method. For the purpose of determinin
compliance with an applicable national emission standard,

the average of results of all repetitions shall apply.

- 7.2 Acceptable isokinetic results.
7.2.1 | The following range sets the 1imit on acceptable isokinetd
sampling results:
If 90 percent <I <110 percent, the results are acceptable;

otherwise, reject the test and repeat.
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METHOD 106 - DETERMINATION OF VINYL CHLORIDE EMISSIONS FROM STATIONARY S

Introduction

Performance‘of this method should not be attempted by persons unfamilar w

the'operétion of a gas chromatograph, nor'by those who are unfamilar with

source sampling, as there are many details that are beyond the scope of 't

presentation. Case must be exercised to prevent exposure of sanpling

personnel to viny! chloride, a carcinogen.

1.

Principle and Applicability

1.1 An integrated bag sample of stack gas containing vinyl chloride

(chlaroethene) is subjected to chromatographic analysis, using a

flame ionization detector.

1.2 The method is app]fcab1e to the measurement of viny? chloride in

stack gases from ethylene dichloride, vinyl chloride and polyvin

chloride manufacturing processes, except where the vinyl chToridL'is

contained in particulate matter.
Range and Sensitivity. The lower limit of detection will vary accord
to the chromatograph used. Values reported include 1 x 10'7 mg and
ax 1077 mg.

Interferences. Acetaldehyde, which can occur in some vinyl chloride

sources, will interfere with the vinyl chloride peak from the Chromas

102! colunn. See Sections 4.3.2 and 6.4. If resolution of the vinyl

chloride peak is still not satisfactory for a particular sample, then

OURCES

ith

his

ing

orh

IMention of trade names on specific products does not constitute endorsement’
by the Air Resources Board.
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chromatograph parameters can be further altered with prior approval
of the Executive Officer. If alteration of the chromatograph
parameters fails to resolve the vinyl chloride peak, then
supplemental confirmation of the vinyl chloride peak through an
absolute analytical technique, such as mass spectroscopy, must be
performed, -
4., Apparatus
4.1 Sampling {Figure 106-1).

4.1.1 Probe. Stainless Steé], Pyrex glass, or Teflon Tubing
according to stack temperature, each equipped with a glass
wool plug to remove particu]ate‘mattér.

4.1.2 Sample line. Teflon, 6.4 mim; outside diameter, of
sufficient length at connect probe to bag. A new unused
piece is employed for each series of bag samples that
constitutes an emission test.

4.1.3 Male (2) and female (2) stainiess steel quick-connects,
with ball checks (one pair without) located as shown in

.~ Figure 106-1.

4.1.4 _ Tedlar bégs, 100 liter capacity. To contain samplex
Teflon bags are not acceptable. Aluminized Mylar bags may'
be used, pkovfded that the samples are analyzed within 24 |
hours of collections.

4.1.5 - Rigid leakproof-containers for 4.1.4 with covering to
protect contents from sunlight.

4.1.6 Needle valve. To adjust sample flow rate.
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4.

Apparatus

4.1

chromatograph parameters can be further altered with prior approval
of the Executive Officer. If alteration of the chromatograph
parameters fails to resolve the vinyl chloride peak, then
supplemental confirmation of the vinyl chloride peak throdgh an
absolute analytical technique, such as mass spectroscopy, must be

performed.

Sampling (Figure 106-1).
4.1.

4.1

4.1

4.1

4.1

4.1

]

.2

.3

.4

.5

.6

- Tefloh bags are not acceptable. Aluminized Mylar bags may

Probe. Stainless Steel, Pyrex glass, or Teflon Tubing
according to stack temperature, each equipped with a glass
wool plug to remove particulate matter.

Samplie line. Teflon, 6.4 mim. outside diameter, of
sufficient length at connect probe to bag. A new unused
piece is employed for each series of bag samples that
constitqtes an emission test. |

Male (2) and female (2) staiﬁ]ess steel quick-connects,
with ball checks (one pair without) located as shown in
Figure 106-1.

Tedlar bags, 100 liter capacity. To contain sample:

be used, provided that the samples are analyzed within 24
hours of collections.

Rigid Teakproof-containers for 4.71.4 with covering to
protect contents from sunlight.

Needle valve. To adjust sample flow rate.
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4.1.7
4.1.8

4.1.9

4.1.10

4.1.11

4.2 Sample Recovery.

4.2.1

4.3 _Ana]ysis
4.3.1

4.3.2

Gas chromatograph. With flame ionization detector,

Pump. Leak-free, Minimum capacity 2 1iters per minute.

Charcoal tube. To prevent admfssion of vinyl chloride to
atmosphere in vicinity of samplers.

Flow meter. For obﬁerving sample flow rate: capable of

measuring a flow range from 0ﬁ10 to 1.00 Titer per minute.
Connecting_tubing. Teflon, 6.4 mm outside diameter to |
assembly sample train (Figure 106-1).

Pitot tube. Type S (or equivalent), attached to the probe
S0 that'thé sanpling flow raté can be regulated - |

proportional to the stack gas velocity.

Tubing. Teflon, 6.4 nm outside diameter, to connect bag ﬂ
gas chromatograph sample loop. A new unused piece is
employed for each series of bag samples that constitutes 4§
emission test and is to be discarded upon conclusion of

analysis of those bags.

potentiometric strip chart recorder and 1.0 to 5.0 ml
heated sampling loop in automatic sample valve.
Chromatographic column. Stainless steel, 2 m x 3.2 mm,
conta{ning 80/100 mesh Chromasorb 102. A secondary co]umﬁ
of GE SF-96, 20 percent on 60/80 mesh AW Chromasorb P, |
stain1ess steel, 2mx 3.2 mm or Porapak T, 80/100 mesh,

stainless steel, 1 m x 3.2 mm is required if
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4.1.7
4.1.8

4.1.9

4.3.10-

4.1.11

4,2 Sample Recovery.

4.2.1

4,3 Analysis
4.3.1

4.3.2

Flow meter. For observing sample flow rate: capable of

~ potentiometric strip chart recorder and 1.0 to 5.0 ml

Pump. Leak-free. Minimum capacity 2 liters per minute.
Charcoal tube. To prevent admission of vinyl chloride to

atmosphere in vicinity of samplers.

me&suring a flou range from 0.10 to 1.00 liter per minute.

Connecting tubing. Teflon, 6.4 mm outside diameter to
assembly sample train (ngure 106-1).

Pitot tube. Type S (or equivalent), attached to the prob
so that tﬁé samp]ing.f1ow raté can be regulated

proportional to the stack gas velocity.

Tubing. Teflon, 6.4 mm outside diameter, to connect bag
gas chromatograph sample loop. A new unused piece is

employed for each series of bag samples that constitutes
emission test.and is to be discarded upon conclusion of

analysis of those bags.
Gas chromatograph. With flame ionization detector,

heated sampling loop in automatic,sample valve.
Chromatographic column. Stain1ess.st¢e1, 2mx 3.2 mm,
cohta{ning 80/100 mesh Chromasorb 102. A secondary colum
of GE SF-96, 20 percent on 60/80 mesh AW Chromasorb P,
stainless steel, 2 n X 3.2 mm or Porapak T, 80/100 mesh,

stainless steel, 1 m x 3.2 mm is required if
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4.4

acetaldehyde is present. If used, a secondary column jis
placed after the Chromasorb 102 column. The combined
columns should then be operated at 120° C.

4.3.3 Flow meters (2)._ Rotameter type, O to 100 ml/min capacity,
with flow control valves. -

4.3.4 Gas regulators. For required gas cylinders.

4,3.5 Thermometer. Accurate tb one degree centigrade, to nepsure
‘temperature of heated sample loop at time of sample
injection.

4.3.6 Barometer. Accurate to 5 mm Hg. to measure atmospheric:
pressure around gas chromatograph during sample analysis.

4.3.7  Pump. Leak-free. Minimum capacity 100 ml/min.

Calibration

4,41 Tubing. Teflon, 6.4 nm outside diameter, separate pieces
marked fof each calibration concentration.

4,4,2 Tedlar Bags. Sixteen-inch square size, separate bag marked
for each calibration concentration.

4.4.3 Syringe. 0.5 ml, gas tight

4.4.4  Syringe. 50 ml , gas tight.

4.4.5 Flow meter. Rotameter type, 0 to 1000 ml/min range
accurate to + 1%, to meter nitrogen in preparation of
standard gas mixtures.

4.4.6 Stop watch. Of known accuracy, to time gas flow in
preparation of standard gas mixtures.
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5. Reagents. It is necessary that all reagents be of chromatographic

grade.

5.1 Analysis.
5.1.1 Helium gas or nitrogen gas. Zero grade, for

chramatographic carrier gas.

5.1.2 Hydrogen gas. Zero grade.
5.1.3 Dxygen gas, or Ajr, as required by the detector. Zero
grade.

5.2 Calibration. Use one of the following options: either 5.2.1 and

5.2.2, or 5.2.3.

¥

5.2.1 Vinyl chloride, 99.9+ percent. Pure vinyl chloride gas

certified by the manufacturer to contain a mininum of 99.9
percent vinyl chloride for use in the preparation of
standard gas mixtures in Section 7.1. If the gas

manufacturer maintains a bulk cylinder supply of 99.9+

percent vinyl chloride, the certification analysts may hawe
been performed on this supply rather than on each gas |

cylinder prepared from this bulk supply. The date of gas

cylinder preparation and the certified analysis must have

been affixed to the cylinder before shipment from the gas
manufacturer to the buyer.
5.2.2 Nitrogen gas. Zero grade, for preparation of standard gas

mixtures,
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5.

Reagents. - It is‘necessary that all reagents be of chromatographic

grade.
5.1 Analysis.
5.1.1 Helium gas or nitrogen gas. Zero grade, for
chromatographic carrier gas. |
5.1.2 Hydrogen gas. Zero grade.
5.1.3 Okygen gas, or Air, as required by the detectqr. Zero
grade[
5.2 CaTibration. Use one of the following options: either 5.2.7 and

5.2.2, or 5.2.3.

5.2.1 Vinyl chloride, 99.9+ percent. Pure vinyl chloride gas
certified by the manufacturer to contain a minimum of 99.9
percent vinyl chloride for use in the preparation of

 standard gas mixtures in Section 7.1. If the gas
manufacturer maintains a bulk cylinder supp1y of 99,9+
percent vihy] chloride, the cert{fication analysts may have
been performed on this supply rather than on each gas
cylinder preparedvfrom this bulk supply. The date of gas
cylinder preparation and the ceftified analysis must have
been affixed‘to the cylinder before shipment froh the gas
manufacturer to the buyer. l
5.2.2 Nitrogen gés. Zero grade, for'preparation of standard gas

mixtures.
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5.2.3

Cylinder standards (3). Gas mixture sfandards (50, 10, and
5 ppm Viny] chloride in nitrogen cylinders) for whichtthe
 gas composition has been certified by the manufaéturer.
The manufacturer must have recommended a maximum shelf 1ife
for each cylinder so.that te concentration does not change
greater than +5 percent from the certified value. The date
of gas cylinder preparation, certified vinyl chloride
concentrat%on and recommended maximum shelf life must have
been affixed to the cylinder before shipment from the |gas
manufacturer to the buyer. These gas mixture standards may
be directly used to prepare a chromatograph calibration
curve as described in Section 7.3.
5.2.3.1 Cylinder standards certification. The concentration
of vinyl chloride in nitrogen in each cylinder must
have been certified by the manufacturer by a direct
analysis of each cylinder using an analytical
procedure that the manufacturer had calibrated on the
day of éy]inder analysis. The calibratidn of the
analytical procedure shall, as a minimum, have
utilized a three-point calibration curve. It is
recommended that the manufacturer maintain two
calibration standards and use these standards in the
following way: (1) A high concentration standard
(between 50 and 100 ppm) for preparation of a |
calibration curve by an appropriate dilution
technique; (2) a low concentration standard (between 5
and 10 ppm) for verification of the dilution technique
used.
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5,2.3.2 Establishment and verification of calibration

standards. The concentration of each calibration

standard ﬁust have been established by the
manufacturer using reliable procedures. Additionally,
each calibration standard must have been verified by
‘the manufacturer by one of the following procedures, |
and the agreemént between the initially determined
_concentration-vafue and the verification concentratiin
value must be within +5 percent: (1) verification |

value determined by comparison with a calibrated vinﬂl

chloride permeation tube, (2) verification value
determined by comparison with a gas mixture prepared|
in accordance with the procedure described in Section

7.1 and using 99.9+ percent vinyl chloride, or (3)

verification value obtained by having the calibration
standard analyzed by the National Bureau of

Standards. A1l calibration standards must be reneweﬁ‘

~on a time interval consistent with the shelf 1ife of

the cylinder standards sold.
6. Sampling.

6.1 Procedure. Assemble the sample train as in Figure 106-1. Perform g
bag Teak check according to Section 7.4. Observe that all
connections 5etween the hag and the probe are tight.. Place the endé
of the probe at the centrnid of the stack and start the pump with tré

needle valve
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6.

Sampling.

6.7  Procedure. - Assemble the sample train as in Figure 106-1. Perform ¢
bag leak check accofding to Section 7.4. Cbserve that all
connections between the bag and the probe are tight. Place the end
of the probe at the centroid of the stack and start the pump with t

needle valye

5.2.3.2

Establishment and verification of calibration
standards. The concentration of each calibration:

standard must have been established hy the

manufacturer using ré1iab1e procedures. ‘Additionally,

each calibration standard must have been verified by
the manufacturer by one of the following procedures,

and the agreement between the initially determined

concentration value and the verification concentration

value must be within +5 percent: (1) verification

value determined by comparison with a calibrated vinyl

chioride permeation tube, (2) verification value

determined by comparison with a gas mixture prepared

in accordance with the procedure described in Section

7.1 and using 99.9+ percent vinyl chloride, or (3)

verification value obtaired by having the calibration

standard analyzed by the National Bureau of

Standards. Al1 calibration standards must be renewed

on a time interval consistent with the shelf life of

the cylinder standards sold.
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6.2

6.3

6.4

_sample valve to the leak-free pump, and then to a charcoal tube,

adjusted to yield a'f1ow of 0.5 Ipn. After a period of time

sufficient to purge the line several times has elapsed, connect the

vacuurt 1ine to the bag and evacuate the bag until the rotameter

indicates no flow. then reposition the sample and vacuum 1ines and

begin the actual sampling, keeping the rate proportional to the Stack

velocity. Direct the gas exiting the rotameter away from sampiing

pefsonne]. At the end of the sample peridd, shut off the pump,

disconnect the sample line from the bag, and disconnect the vacuum

line from the bag container. Protect the bag container from sunlight.

Sample storage. Sample bags must be kept out of direct sunlight.

When at all possible analysis is to be performed within 24 hours, but

in no case in excess of 72 hours of sample collection.

bag, connect a bag inlet valve to the gas chromatograph sample

valve. Switch the valve to withdraw gas from the bag through the

sample Toop. Plumb the equipment so the sample gas passes from the

followed by a 0-100 ml/min rotameter with f]qw‘control valve.
Analysis. Set the‘éolumn temperature to 1009 C, the detector
temperature to 150° C, and the sample loop temperature to 70° C.
When optimum hydrogen and oxygen flow rates have been determined
verify and maintain these flow rates dufing all chromatograph

operations. Using zero helium or nitrogen as the carrier gas,

establish a flow rate in the range consistent with the manufactur

requirements for satisfactory detector operation. A flow rate of
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6.5

approximately 40 m1/min should produce adequate separations. Obser
the base 1ine periodically and determine that the noise level has
stabilized and that base line drift has ceased. Purge the samplg
Toop fqr-thirty seconds at the rate of 100 ml/min, then activate th

sampTe valve. Record the injection time (the position of the pen o

the chart at the time of sample injection), the sample number, the i

sample loop temperature, the column temperature, carrier gas flow
rate, chart speed and the attenuator setting. Record the laborator
pressure. From the chart, select the peak having the retention tim
corresponding to viny]lchloride, as determined in Sectibn 7.2,
Measure the peak area, Am, by use of a disc integrator or a

planimeter. Measure the peak height, Hm. Record Am, Hm and the

retention time. Repeat the injection at least two times or until two
consecutive vinyl chloride peaks do not vary in area more than 5%.

The average value for these two areas will be used to compute the bp

concentration.

Compafe the ratio of Hm to Am for the vinyl chloride sample with th
same ratio for the standard peak which is closest in height. As a
guideline, if these ratios differ by more than 10%, the vinyl
chloride peak may not be pure (possibly acetaldehyde is present) an
the secondary cQ1umn should be employed (see Section 4.3.2)

Measure the ambient temperature and barometric pressure near the

bag. ' (Assume the relative humidity to be 100 percent.) From a watg

saturation vapor pressure table, determine and record the water vap

content of the bag.
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6.5

consecutive vinyl chloride peaks do not vary in area more than 5%.

approximately 40 ml/min should produce adequate separations. Observe
the base 1ine periodically and determine that the noise level has
stahilized and that base Tine drift has ceased. Purge the sample
Toop for thirty seconds at the rate of 100 ml/min, then activate the
sample valve. Recnrd the injection time (the position of the pen on
the chart at the time of.samp1e injection), the sample number, the
sample loop temperature, the column temperature, carrier gas floﬁ‘
rate, chart speed and the attenuator sétting. Record the laboratory
pressure. From the chart, select the peak having the retention time
corresponding to viny1lch1oride, as determined in Section 7.2.
Measure the peak area, Am, by use of a disc integrator or a
planimeter. Measure the peak height, Hr. rRecord Am, Hm and the

retention time. Repeat the injection at least two times or until two

The average value for these two areas will be used to compute the bag

concentration.

LE™d

Compare the ratio of Hm to Am for the vinyl chloride sample with the
same ratio for the standard peak which is closest-in height. As a

guideline, if these ratios differ by more than 10%, the vinyl

=5

chloride peak may not be pure {possibly acetaldehyde isrpresent)'an
the secondafy column should be employed (see Section 4.3.2)

Measure the ambient temperature and barometric. pressure near the
bag. (Assume the relative humidity to be 100 percent.) From a water
saturation vapor pressure table, determine and record the water vapor

content of the bag. -
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7.

Calibration and Standards.

7.1

7.2

or nitrogen and activate the sample valve. Record the injection

Preparation of vinyl chloride standard gas mixtures. Evacuate a
sixteen-inch square Tedlar bag that has passed a leak check
(described in Section 7.4) and meter in 5 liters of nitrogen. Whi

the hag is filling, use the 0.5 ml syringe to inject 250 m1 of 99.

9+

percent vinyl chloride through the wall of the bag. Upon withdrawing

the syringe needle immediately cover the resulting hole with a pie

of adhesive tape. The bag now contains a vinyl chloride

concentration of 50 ppm. In a like manner use the other syringe to

prepare gas mixtures having 10 and 5 ppm vinyl chloride

concentrations. Place each bag.on a smooth surface and alternatelly

ce

depress opposite sides of the bag 50 times to further mix the gases.

These gas mixture standards may be used for 10 days from the date
preparation, after which time preparation of new gas mixtures is

required. (CAUTION. Contamination may be a problem when a bag is

of

reused if the new gas mixture standard contains a lower concentration

than the previous gas mixture standard did.)

Determination of vinyl chloride retention time. _This section can

performed simultaneously with Section'7.3. Establish chromatograph

conditions identical with those in Section_6.3, above. Set

attenuator to X 1 position. Flush the sampling loop with zero hel

time, the sample loop temperature, the column temperature, the
carrier gas flow rate, the chart speed and the attenuator setting
Record peaks and detector responses that occur in the absence of

vinyl chloride. Maintain conditions. With the eduipment plumbing

106-11
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7.3

7.4

arranged identically to Section 6.3, flush the sample loop for 30
seconds at the rate of 100 m1/min with one of the vinyl chloride
calibration mixtures and activate the sample valve. Record the
injection time. Select fhe peak that corresponds to vinyl chloride
Measure the distance on the chart from the injection time to the ti
at which the péak maximum occurs; This quantity, divided by the

chart speed, is defined as the retention time record.

Preparation of éhromatograph calibration curve. Make a gas mixtureé

standard (described in Section 5.2.2 or 7.1) using conditions
identical with those listed in Sections 6.3 and 6.4. Flush the

sampling loop for 30 seconds at the rate of 100 m1/min with each

standard gas mixture and activate the sample valve. Record Cc, the

concentration of vinyl chloride injected, the attenuator setting,

chart speed, peak area, sample loop temperature, column temperature.

carrier gas flow rate, and retention time. Record the Taboratory

pressure. Calculate Ac, the peak area muTtipTied by the attenuaton

setting. Repeat until two injection areas are within 5 percent, then

pTOt these points v. Cc. When the other concentrations have been
plotted, draw a smooth curve through the points. Perform calibrati
daily, or before and after each set of bag samples, whichever is mg
frequent.

Bag 1eak'checks. While performance of this section is required
subsequent to bag use, it is also advised that it be performed prig

tn bag use. After each use, make sure a bag did not develop leaks

follows. To leak check, connect a water manometer and pressurize {

bag to 5-10cm HQO (2-4 in H20). Allow to stand for 10 minutes.
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7.3

7.4

arranged identically to Section 6.3, flush the sample loop for 30

seconds at the rate of 100 m1/min with one of the vinyl chloride

calibration nixtures and activate the sample valve. Record the

injection time. Select the peak that corresponds to vinyl chloride.

Measure the distance on the chart from the injection time to the ti
at which the peak maximum occufs. This quantity, divided by the

chart speed, is defined as the retention time record.

Preparation of chromatograph calibration curve. Make a gas mixture

standard (described in Section 5.2.2 or 7.1) using conditions
identical With those 1isted in Sections 6.3 and 6.4. Flush the
saripling loop for 30 seconds at the rate of 100 ml/min wfth each
étandard gas mixture and activate the sample valve. Record Cc, the

concentration of vinyl chloride injected, the attenuator setting,

chart speed, peak area, samp1é loop temperature, column temperature

carrier gas flow rate, and retention time. Record the laboratory

pressure. Calculate Ac, the peak area muttiplied by the attenuator

setting. Repeat until two injection areas are within 5 percent, th

plot these points v. Cc. When the other concentrations have been
plotted, draw a smooth curve through the points. Perform calibrati
daily, or before and after each set of bag samples, whichever is mo
frequent.

Bag leak checks. While performance of this section is requiked
subsequent -to bag use, it is a1so‘advised that it be performed prio
tn bag use. After_eath use, make sure a bag did not develop leaks

follows. To leak check, conﬁect a water manometer and pressurize t

| bag to 5-10cm H20_(2-4 in HZO)' Allow to stand for 10 minutes.
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8. Calculations.

8.1

8.2

 Any displacement in the water manometer indicates'a leak. Also cl

-AC= The sample peak area.

A the sample beak area, Calculate Cb as follows:

the rigid container for leaks in this manner.

NOTE: An alternative leak check method is to pressurfze the bag to

5-10 cm H20 or 2-4 in, H20 and allow to stand overnight. A
deflated bag indicates a 1eak;) For each sample bag in its rigid

container; place a rotameter in-line between the bag and the pump

heck

intet. Evacuate the bag. Failure of the rotameter to register zero.

flow when the bag appears to be empty indicates a leak.)

Determine the sample peak area as follows:

Ae = Ayhs Equation 106-1.

Where:

Am= The measured peak area.

Af= The attenuation factor,

Vinyl chloride concentrations. From the calibration curve described

in Section 7.3, above, select the value of C. that corresponds to

C’

CePpTi

(o]
(=
1]

PiTr{1-Byb) Equation 106-2

where:

B,p = The water vapor content of the bag sample, as analyzed.

Cb = The concentration of vinyl chloride in the bag samp1e in ppm,
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C_ = The concentration of vinyl chloride indicated by the gas
chromatograph, in ppm. l |

P_ = The reference pressure, the Taboratory pressure recorded
during ca1ibration, mim. Hg.

T. = The sémple loop temperature on the abso]hte scale at the time
of ané1ysis, %, |

P. = The laboratory pressure at time of analysis, mm Hg.

The reference temperature, the samp1e loop temperature

recorded during calibration, %.
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Adopt Article 2, Subchapter 8, Chapter 1, Part III, Title 17, California

Administrative Code, Sections 94100-94116, to read as follows:

Article 2. Test Methods for Determining Compliance with District

Nonvehicular Emission Standards

94100. Applicability

The test methods set forth in this article shall be used to determine
compliance with the nonvehicular emission standards of the districts.

However, where a district board, air pollution control officer or executiy

officer has established a test method concerning the same subject as a test

metnod set forth in this article, the district test method shall be used t

determine compliance with the district's nonvehicular emission standards.

e

o}

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safety

Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94101, Method 1 - Sample and Velocity Traverses.

and

The test procedure for determining traverse points for sample and velocity

measurements is set forth in the Air Resources Board's Method 1, Sample and

Velocity Traverses for Stationary Sources, adopted June 29, 1983,

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.
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94102. Method 2 - Velocity and Volumetric Flow Rate.

The test method for determining stack gas velocity and volumetric flow

rate using a type S pitot tube is set forth in the Air Resources Board's

Method 2, Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S

Pitot Tube), adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code, Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94103. Method 3 - Gas Analysis.

The test method for determining carbon dioxide, oxygen, excess air and
molecular weight on a dry basis in stack gases is set forth in the Air
Resources Board's Method 3, Gas Analysis for Carbon Dioxide, Oxygen, Exces

Air, and Dry Molecular Weight, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94104. Method 4 - Moisture Content.

The test method for determining the moisture content in stack gases is
forth in the Air Resources Board's Method 4, Determination of Moisture Con

in Stack Gases, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 339515, 39516, 39605, 39607, and 40001, Health
Safety Code.
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94105. Method 5§ - Particulate Matter Emissions.

The test method for determining particulate matter emissions is set fo
in the Air Resources Board's Method 5, Determination of Particulate Matten

Emissions from Stationary Sources, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94106. Method 6 - Sulfur Dioxide.

The test method for determining sulfur dioxide emissions is set forth |i

the Air Resources Board's Method 6, Determination of Sulfur Dioxide Emissi

from Stationary Sources, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94107. Method 7 - Nitrogen Oxides.

The test method for determining nitrogen oxide emissions is set forth |i

the Air Resources Board's Method 7, Determination of Nitrogen Oxide Emissi

from Stationary Sources, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94708. Method 8 - Sulfuric Acid Mist and Sulfur Dioxide.

The test method for determining sulfuric acid mist and sulfur dioxide
emissions is set forth in the Air Resources Board's Method 8, Determinatio
Sulfuric Acid Mist and Sulfur Dioxide Emissions from Stationary Sources,

adopted June 29, 1983.
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NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safety

Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94109. Method 10 - Carbon Monoxide.

The test method for determining carbon monoxide emissions is set forth
the Air Resources Board's Method 10, Determination of Carbon Monoxide

Emissions from Stationary Sources, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94110. Method 11 - Hydrogen Sulfide.

The test method for determining the hydrogen sulfide content in petrol
refinery fuel gas streams is set forth in the Air Resources Board's Method
Determination of Hydrogen Sulfide Content of Fuel Gas Streams in Petroleum

Refineries, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code, Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94111. Method 15 - Sulfides.

The test method for determining hydrogen suifide, carbonyl suifide, an
carbon disulfide emissions is set forth in the Air Resources Board's Methg
15, Determination of Hydrogen Sulfide, Carbonyl Sulfide, and Carbon Disulf

Emissions from Stationary Sources, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.
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94112. Method 16 - Sulfur.

The test method for determining emissions of total reduced sulfur is set
forth in the Air Resources Board's Method 16, Semicontinuous Determination of

Sulfur Emissions from Stationary Sources, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safety
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health jand
Safety Code.

94113. Method 17 - Particulate Matter Emissions (In-Stack).

The test method for determining particulate matter emissions using an
in-stack filtration method is set forth in the Air Resources Board's Method
17, Determination of Particulate Matter Emissions from Stationary Sources

(In-stack Filtration Method), adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safety
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health and
Safety Code.

94114. Method 100 - Continuous Sampling.

The test method for continuous gaseous emission stack sampling is set
forth in the Air Resources Board's Method 100, Procedures for Continuous

Gaseous Emission Stack Sampling, adopted June 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safety
Code, Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health and
Safety Code.

94115. Method 104 - Beryllium,

The test method for determining particulate beryllium emissions is set
forth in the Air Resources Board's Method 104, Determination of Beryllium

Emissions from Stationary Sources, adopted June 29, 1983
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NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.

94316. Method 106 - Vinyl Chloride.

The test method for determining vinyl chloride emissions from ethylene

dichloride, vinyl chloride and polyvinyl chloride manufacturing processes |i

set forth in the Air Resources Board's Method 106, Determination of Vinyl

Chloride Emissions from Stationary Sources, adopted dJune 29, 1983.

NOTE: Authority cited: Sections 39600, 39601, and 39607, Health and Safe
Code. Reference: Sections 39515, 39516, 39605, 39607, and 40001, Health
Safety Code.
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State of California
AIR RESOURCES BOARD

Response to Significant Environmental Issues

Item: Public Hearing to Consider Adoption of Title 17, California
Administrative Code, Sections 94100-94116, Regarding Test
Methods for Determining Compliance with District Nonvehicular
(Stationary Source) Emission Standards

Agenda Item No.: 83-8-1

Public Hearing Date: June 29, 1983

Response Date: June 29, 1983

Issuing Authority: Air Resources Board

Comment: No comments were received identifying any significant

environmental issues pertaining to this jtem. The staff

report identified no adverse environmental effects.

Response: N/A

CERTIFIED:

e
DATE : ,%%%zu4;?‘jﬁf;/4§2€3

RECEIVED BY
Office of the Secretary

DEC 0 6 1983

fesourcas Agency of Califomia




State of California

Memordndum

. .

From. :

Gordon Van Vleck ‘ Date  : pecember 7, 19¢
Secretary .
Resources Agency Subject:  Fi1ing of Notic

33

e of

Decisions of the Air

Resources Boart

Pursuant to Title 17, Section 60007 (b), and in compliance with Air Resourc
Board certification under section 21080.5 of the Public Resources Code, the

Air Resources Board hereby forwards for posting the attached notice of dec]
and response to environmental comments raised during the comment period.

" ATTACHMENTS

83-15
83-16
83-21.
83-22
83-24

RECEIVED BY
Office of the

DEC 0 61388,

" Wesources Agency of California
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