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In Part 60, Appendix A is amended by revising

Methods 1, 1A, 2, 2A, 2B, 2C, 2D, 2E, 3, 3B, 4, 5, 5A, 5B,
5D, 5E, 5F, 5G, 5H, 6, 6A, 6B, 7, 7A, 7B, 7C, 7D, 8, 10A,
10B, 11, 12, 13A, 13B, 14, 15, 15A, 16, 16A, 16B, 17, 18,
19, 21, 22, 24, 24A, 25, 25A, 25B, 25C, 25D, 25E, 26, 26A,
27, 28, 28A, and 29 to read as follows:
METHOD 1 - SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY SOURCES
NOTE:

This method does not include all of the

specifications (e.g., equipment and supplies) and procedures
(e.g., sampling) essential to its performance.

Some

material is incorporated by reference from other methods in
this part.

Therefore, to obtain reliable results, persons

using this method should have a thorough knowledge of at
least the following additional test method: Method 2.
1.0

Scope and Application.
1.1

Measured Parameters.

The purpose of the method

is to provide guidance for the selection of sampling ports
and traverse points at which sampling for air pollutants
will be performed pursuant to regulations set forth in this
part.

Two procedures are presented:

a simplified

procedure, and an alternative procedure (see Section 11.5).
The magnitude of cyclonic flow of effluent gas in a stack or
duct is the only parameter quantitatively measured in the
simplified procedure.
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1.2

Applicability.

This method is applicable to gas

streams flowing in ducts, stacks, and flues.

This method

cannot be used when: (1) the flow is cyclonic or swirling;
or (2) a stack is smaller than 0.30 meter (12 in.) in
diameter, or 0.071 m2 (113 in.2) in cross-sectional area.
The simplified procedure cannot be used when the measurement
site is less than two stack or duct diameters downstream or
less than a half diameter upstream from a flow disturbance.
1.3

Data Quality Objectives.

Adherence to the

requirements of this method will enhance the quality of the
data obtained from air pollutant sampling methods.
NOTE:

The requirements of this method must be

considered before construction of a new facility from which
emissions are to be measured; failure to do so may require
subsequent alterations to the stack or deviation from the
standard procedure.

Cases involving variants are subject to

approval by the Administrator.
2.0

Summary of Method.
2.1

This method is designed to aid in the

representative measurement of pollutant emissions and/or
total volumetric flow rate from a stationary source.

A

measurement site where the effluent stream is flowing in a
known direction is selected, and the cross-section of the
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stack is divided into a number of equal areas.

Traverse

points are then located within each of these equal areas.
3.0

Definitions.

4.0

Interferences.

5.0

Safety.
5.1

[Reserved]
[Reserved]

Disclaimer.

This method may involve hazardous

materials, operations, and equipment.

This test method may

not address all of the safety problems associated with its
use.

It is the responsibility of the user of this test

method to establish appropriate safety and health practices
and determine the applicability of regulatory limitations
prior to performing this test method.
6.0

Equipment and Supplies.
6.1

Apparatus.

The apparatus described below is

required only when utilizing the alternative site selection
procedure described in Section 11.5 of this method.
6.1.1

Directional Probe.

Any directional probe, such

as United Sensor Type DA Three-Dimensional Directional
Probe, capable of measuring both the pitch and yaw angles of
gas flows is acceptable.

Before using the probe, assign an

identification number to the directional probe, and
permanently mark or engrave the number on the body of the
probe.

The pressure holes of directional probes are

susceptible to plugging when used in particulate-laden gas
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streams.

Therefore, a procedure for cleaning the pressure

holes by "back-purging" with pressurized air is required.
6.1.2

Differential Pressure Gauges.

Inclined

manometers, U-tube manometers, or other differential
pressure gauges (e.g., magnehelic gauges) that meet the
specifications described in Method 2, Section 6.2.
NOTE:

If the differential pressure gauge produces

both negative and positive readings, then both negative and
positive pressure readings shall be calibrated at a minimum
of three points as specified in Method 2, Section 6.2.
7.0

Reagents and Standards.

8.0

Sample Collection, Preservation, Storage, and

Transport.
9.0

[Reserved]

[Reserved]

Quality Control.

[Reserved]

10.0

Calibration and Standardization.

11.0

Procedure.
11.1

[Reserved]

11.1.1

Selection of Measurement Site.
Sampling and/or velocity measurements are

performed at a site located at least eight stack or duct
diameters downstream and two diameters upstream from any
flow disturbance such as a bend, expansion, or contraction
in the stack, or from a visible flame.

If necessary, an

alternative location may be selected, at a position at least
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two stack or duct diameters downstream and a half diameter
upstream from any flow disturbance.
11.1.2

An alternative procedure is available for

determining the acceptability of a measurement location not
meeting the criteria above.

This procedure described in

Section 11.5 allows for the determination of gas flow angles
at the sampling points and comparison of the measured
results with acceptability criteria.
11.2

Determining the Number of Traverse Points.

11.2.1
11.2.1.1

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

can be met, the minimum number of traverse points shall be:
(1) twelve, for circular or rectangular stacks with
diameters (or equivalent diameters) greater than 0.61 meter
(24 in.); (2) eight, for circular stacks with diameters
between 0.30 and 0.61 meter (12 and 24 in.); and (3) nine,
for rectangular stacks with equivalent diameters between
0.30 and 0.61 meter (12 and 24 in.).
11.2.1.2

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 measurement site
to the nearest upstream and downstream disturbances, and
divide each distance by the stack diameter or equivalent
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diameter, to determine the 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 diameters 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 shown in
Table 1-1.
11.2.2

Velocity (Non-Particulate) Traverses.

When

velocity or volumetric flow rate is to be determined (but
not particulate matter), the same procedure as that used for
particulate traverses (Section 11.2.1) is followed, except
that Figure 1-2 may be used instead of Figure 1-1.
11.3

Cross-Sectional Layout and Location of Traverse

Points.
11.3.1
11.3.1.1

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 (see examples in

References 2 and 3 in Section 16.0) that gives the same
values as those in Table 1-2 may be used in lieu of Table 12.
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11.3.1.2

For particulate traverses, one of the

diameters must coincide with the plane containing the
greatest expected concentration variation (e.g., after
bends); one diameter shall be congruent to the direction of
the bend.

This requirement becomes less critical as the

distance from the disturbance increases; therefore, other
diameter locations may be used, subject to the approval of
the Administrator.
11.3.1.3

In addition, for elliptical stacks having

unequal perpendicular diameters, separate traverse points
shall be calculated and located along each diameter.

To

determine the cross-sectional area of the elliptical stack,
use the following equation:
Square Area = D1 X D2 X 0.7854
Where:

D1 = Stack diameter 1
D2 = Stack diameter 2

11.3.1.4

In addition, for stacks having diameters

greater than 0.61 m (24 in.), no traverse points shall be
within 2.5 centimeters (1.00 in.) of the stack walls; and
for stack diameters equal to or less than 0.61 m (24 in.),
no traverse points shall be located within 1.3 cm (0.50 in.)
of the stack walls.

To meet these criteria, observe the

procedures given below.
11.3.2

Stacks With Diameters Greater Than 0.61 m
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(24 in.).
11.3.2.1

When any of the traverse points as located

in Section 11.3.1 fall within 2.5 cm (1.0 in.) of the stack
walls, relocate them away from the stack walls to: (1) a
distance of 2.5 cm (1.0 in.); or (2) a distance equal to the
nozzle inside diameter, whichever is larger.

These

relocated traverse points (on each end of a diameter) shall
be the "adjusted" traverse points.
11.3.2.2

Whenever two successive traverse points are

combined to form a single adjusted traverse point, treat the
adjusted point as two separate traverse points, both in the
sampling and/or velocity measurement procedure, and in
recording of the data.
11.3.3

Stacks With Diameters Equal To or Less Than

0.61 m (24 in.).

Follow the procedure in Section 11.3.1.1,

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 larger.
11.3.4
11.3.4.1

Rectangular Stacks.
Determine the number of traverse points as

explained in Sections 11.1 and 11.2 of this method.
Table 1-1, determine the grid configuration.

From

Divide the

stack cross-section into as many equal rectangular elemental
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areas as traverse points, and then locate a traverse point
at the centroid of each equal area according to the example
in Figure 1-4.
11.3.4.2

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 other or both legs of the matrix;
the 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-section into as many
equal rectangular, elemental areas as traverse points, and
locate a traverse point at the centroid of each equal area.
11.3.4.3

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

Administrator must be contacted for resolution of the
matter.
11.4
11.4.1

Verification of Absence of Cyclonic Flow.
In most stationary sources, the direction of

stack gas flow is essentially parallel to the stack walls.
However, cyclonic flow may exist (1) after such devices as
cyclones and inertial demisters following venturi scrubbers,
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or (2) in stacks having tangential inlets or other duct
configurations which tend to induce swirling; in these
instances, the presence or absence of cyclonic flow at the
sampling location must be determined.

The following

techniques are acceptable for this determination.
11.4.2

Level and zero the manometer.

Connect a Type

S pitot tube to the manometer and leak-check system.
Position the Type S pitot tube at each traverse point, in
succession, so that the planes of the face openings of the
pitot tube are perpendicular to the stack cross-sectional
plane; when the Type S pitot tube is in this position, it is
at "0E reference."

Note the differential pressure ()p)

reading at each traverse point.

If a null (zero) pitot

reading is obtained at 0E reference at a given traverse
point, an acceptable flow condition exists at that point.
If the pitot reading is not zero at 0E reference, rotate the
pitot tube (up to ±90E yaw angle), until a null reading is
obtained.

Carefully determine and record the value of the

rotation angle (") to the nearest degree.

After the null

technique has been applied at each traverse point, calculate
the average of the absolute values of "; assign " values of
0E to those points for which no rotation was required, and
include these in the overall average.

If the average value

of " is greater than 20E, the overall flow condition in the
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stack is unacceptable, and alternative methodology, subject
to the approval of the Administrator, must be used to
perform accurate sample and velocity traverses.
11.5

The alternative site selection procedure may be

used to determine the rotation angles in lieu of the
procedure outlined in Section 11.4.
11.5.1
Procedure.

Alternative Measurement Site Selection
This alternative applies to sources where

measurement locations are less than 2 equivalent or duct
diameters downstream or less than one-half duct diameter
upstream from a flow disturbance.

The alternative should be

limited to ducts larger than 24 in. in diameter where
blockage and wall effects are minimal.

A directional flow-

sensing probe is used to measure pitch and yaw angles of the
gas flow at 40 or more traverse points; the resultant angle
is calculated and compared with acceptable criteria for mean
and standard deviation.
NOTE:

Both the pitch and yaw angles are measured from

a line passing through the traverse point and parallel to
the stack axis.

The pitch angle is the angle of the gas

flow component in the plane that INCLUDES the traverse line
and is parallel to the stack axis.

The yaw angle is the

angle of the gas flow component in the plane PERPENDICULAR
to the traverse line at the traverse point and is measured
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from the line passing through the traverse point and
parallel to the stack axis.
11.5.2

Traverse Points.

Use a minimum of 40 traverse

points for circular ducts and 42 points for rectangular
ducts for the gas flow angle determinations.

Follow

the procedure outlined in Section 11.3 and Table 1-1 or 1-2
for the location and layout of the traverse points.

If the

measurement location is determined to be acceptable
according to the criteria in this alternative procedure, use
the same traverse point number and locations for sampling
and velocity measurements.
11.5.3
11.5.3.1

Measurement Procedure.
Prepare the directional probe and

differential pressure gauges as recommended by the
manufacturer.

Capillary tubing or surge tanks may be used

to dampen pressure fluctuations.

It is recommended, but not

required, that a pretest leak check be conducted.

To

perform a leak check, pressurize or use suction on the
impact opening until a reading of at least 7.6 cm (3 in.)
H20 registers on the differential pressure gauge, then plug
the impact opening.

The pressure of a leak-free system will

remain stable for at least 15 seconds.
11.5.3.2

Level and zero the manometers.

Since the

manometer level and zero may drift because of vibrations and

193
temperature changes, periodically check the level and zero
during the traverse.
11.5.3.3

Position the probe at the appropriate

locations in the gas stream, and rotate until zero
deflection is indicated for the yaw angle pressure gauge.
Determine and record the yaw angle.

Record the pressure

gauge readings for the pitch angle, and determine the pitch
angle from the calibration curve.
each traverse point.

Repeat this procedure for

Complete a "back-purge" of the

pressure lines and the impact openings prior to measurements
of each traverse point.
11.5.3.4

A post-test check as described in Section

11.5.3.1 is required.

If the criteria for a leak-free

system are not met, repair the equipment, and repeat the
flow angle measurements.
11.5.4

Calibration.

Use a flow system as described

in Sections 10.1.2.1 and 10.1.2.2 of Method 2.

In addition,

the flow system shall have the capacity to generate two
test-section velocities: one between 365 and 730 m/min
(1,200 and 2,400 ft/min) and one between 730 and 1,100 m/min
(2,400 and 3,600 ft/min).
11.5.4.1

Cut two entry ports in the test section.

The axes through the entry ports shall be perpendicular to
each other and intersect in the centroid of the test
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section.

The ports should be elongated slots parallel to

the axis of the test section and of sufficient length to
allow measurement of pitch angles while maintaining the
pitot head position at the test-section centroid.

To

facilitate alignment of the directional probe during
calibration, the test section should be constructed of
plexiglass or some other transparent material.

All

calibration measurements should be made at the same point in
the test section, preferably at the centroid of the test
section.
11.5.4.2

To ensure that the gas flow is parallel to

the central axis of the test section, follow the procedure
outlined in Section 11.4 for cyclonic flow determination to
measure the gas flow angles at the centroid of the test
section from two test ports located 90E apart.

The gas flow

angle measured in each port must be ± 2E of 0E.
Straightening vanes should be installed, if necessary, to
meet this criterion.
11.5.4.3

Pitch Angle Calibration.

Perform a

calibration traverse according to the manufacturer's
recommended protocol in 5E increments for angles from -60E
to +60E at one velocity in each of the two ranges specified
above.

Average the pressure ratio values obtained for each

angle in the two flow ranges, and plot a calibration curve
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with the average values of the pressure ratio (or other
suitable measurement factor as recommended by the
manufacturer) versus the pitch angle.
through the data points.
traverse point.

Draw a smooth line

Plot also the data values for each

Determine the differences between the

measured data values and the angle from the calibration
curve at the same pressure ratio.

The difference at each

comparison must be within 2E for angles between 0E and 40E
and within 3E for angles between 40E and 60E.
11.5.4.4

Yaw Angle Calibration.

Mark the three-

dimensional probe to allow the determination of the yaw
position of the probe.

This is usually a line extending the

length of the probe and aligned with the impact opening.

To

determine the accuracy of measurements of the yaw angle,
only the zero or null position need be calibrated as
follows:

Place the directional probe in the test section,

and rotate the probe until the zero position is found.

With

a protractor or other angle measuring device, measure the
angle indicated by the yaw angle indicator on the threedimensional probe.

This should be within 2E of 0E.

Repeat

this measurement for any other points along the length of
the pitot where yaw angle measurements could be read in
order to account for variations in the pitot markings used
to indicate pitot head positions.
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12.0

Data Analysis and Calculations.
12.1

Nomenclature.

L

=

length

n

=

total number of traverse points.

Pi

=

pitch angle at traverse point i, degree.

Ravg =

average resultant angle, degree.

Ri

=

resultant angle at traverse point i, degree.

Sd

=

standard deviation, degree.

W

=

width.

Yi

=

yaw angle at traverse point i, degree.

12.2

For a rectangular cross section, an equivalent

diameter (De) shall be calculated using the following
equation, to determine the upstream and downstream
distances:
De '
12.3

2 (L) (W)
L % W

Eq. 1-1

If use of the alternative site selection

procedure (Section 11.5 of this method) is required, perform
the following calculations using the equations below: the
resultant angle at each traverse point, the average
resultant angle, and the standard deviation.

Complete the

calculations retaining at least one extra significant figure
beyond that of the acquired data.
the final calculations.

Round the values after
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12.3.1

Calculate the resultant angle at each traverse

point:
Ri = arc cosine [(cosine Yi)(cosine Pi)]
12.3.2

Eq. 1-2

Calculate the average resultant for the

measurements:
Ravg = 3 Ri/n
12.3.3

Eq. 1-3

Calculate the standard deviations:

Sd'

12.3.4

n
2
j (R i &Ravg)
i'1
(n& 1)

Eq. 1-4

Acceptability Criteria.

The measurement

location is acceptable if Ravg # 20E and Sd # 10E.
13.0

Method Performance.

14.0

Pollution Prevention.

15.0

Waste Management.
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Figure 1-1. Minimum number of traverse points for
particulate traverses.

202

TABLE 1-1.

CROSS-SECTION LAYOUT FOR

RECTANGULAR STACKS

_____________________________________________

Number of tranverse points

Matrix

layout
_____________________________________________

9

. . . . . . . . . . . . . . . . 3 x 3

12 . . . . . . . . . . . . . . . . 4 x 3
16 . . . . . . . . . . . . . . . . 4 x 4
20 . . . . . . . . . . . . . . . . 5 x 4
25 . . . . . . . . . . . . . . . . 5 x 5
30 . . . . . . . . . . . . . . . . 6 x 5
36 . . . . . . . . . . . . . . . . 6 x 6
42 . . . . . . . . . . . . . . . . 7 x 6
49 . . . . . . . . . . . . . . . . 7 x 7
_____________________________________________
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Figure 1-2. Minimum number of traverse
points for velocity (nonparticulate)
traverses.
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TABLE 1-2
LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
(Percent of stack diameter from inside wall
to traverse point)
Number of traverse points on a diameter

Traverse
Point
2

4

6

8

10

12

14

16

18

20

22

24

1 . . . .

14.6

6.7

4.4

3.2

2.6

2.1

1.8

1.6

1.4

1.3

1.1

1.1

2 . . . .

85.4

25.0

14.6

10.5

8.2

6.7

5.7

4.9

4.4

3.9

3.5

3.2

3 . . . .

75.0

29.6

19.4

14.6

11.8

9.9

8.5

7.5

6.7

6.0

5.5

4 . . . .

93.3

70.4

32.3

22.6

17.7

14.6

12.5

10.9

9.7

8.7

7.9

5 . . . .

85.4

67.7

34.2

25.0

20.1

16.9

14.6

12.9

11.6

10.5

6 . . . .

95.6

80.6

65.8

35.6

26.9

22.0

18.8

16.5

14.6

13.2

7 . . . .

89.5

77.4

64.4

36.6

28.3

23.6

20.4

18.0

16.1

8 . . . .

96.8

85.4

75.0

63.4

37.5

29.6

25.0

21.8

19.4

9 . . . .

91.8

82.3

73.1

62.5

38.2

30.6

26.2

23.0

10

. . .

97.4

88.2

79.9

71.7

61.8

38.8

31.5

27.2

11

. . .

93.3

85.4

78.0

70.4

61.2

39.3

32.3

12

. . .

97.9

90.1

83.1

76.4

69.4

60.7

39.8

13

. . .

94.3

87.5

81.2

75.0

68.5

60.2

14

. . .

98.2

91.5

85.4

79.6

73.8

67.7

15

. . .

95.1

89.1

83.5

78.2

72.8

16

. . .

98.4

92.5

87.1

82.0

77.0

17

. . .

95.6

90.3

85.4

80.6

18

. . .

98.6

93.3

88.4

83.9

19

. . .

96.1

91.3

86.8

20

. . .

98.7

94.0

89.5

21

. . .

96.5

92.1

22

. . .

98.9

94.5

23

. . .

96.8

24

. . .

99.9

Number on
a Diameter
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6
5
4
Traverse
Point
1
2
3
4
5
6

Distance
% of diameter
4.4
14.7
29.5
70.5
85.3
95.6

3
2
1

Figure 1-3. Example showing circular stack cross
section divided into 12 equal areas, with location of
traverse points.

Figure 1-4. Example showing rectangular stack cross section divided into 12
equal areas, with traverse points at centroid of each area.
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METHOD 1A - SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY
SOURCES WITH SMALL STACKS OR DUCTS
NOTE:

This method does not include all of the

specifications (e.g., equipment and supplies) and procedures
(e.g., sampling) essential to its performance.

Some

material is incorporated by reference from other methods in
this part.

Therefore, to obtain reliable results, persons

using this method should have a thorough knowledge of at
least the following additional test method: Method 1.
1.0

Scope and Application.
1.1

Measured Parameters.

The purpose of the method

is to provide guidance for the selection of sampling ports
and traverse points at which sampling for air pollutants
will be performed pursuant to regulations set forth in this
part.
1.2

Applicability.

The applicability and principle

of this method are identical to Method 1,

except its

applicability is limited to stacks or ducts.

This method is

applicable to flowing gas streams in ducts, stacks, and
flues of less than about O.30 meter (12 in.) in diameter, or
0.071 m2 (113 in.2) in cross-sectional area, but equal to or
greater than about O.10 meter (4 in.) in diameter, or 0.0081
m2 (12.57 in.2) in cross-sectional area.

This method cannot

be used when the flow is cyclonic or swirling.
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1.3

Data Quality Objectives.

Adherence to the

requirements of this method will enhance the quality of the
data obtained from air pollutant sampling methods.
2.0

Summary of Method.
2.1

The method is designed to aid in the

representative measurement of pollutant emissions and/or
total volumetric flow rate from a stationary source.

A

measurement site or a pair of measurement sites where the
effluent stream is flowing in a known direction is (are)
selected.

The cross-section of the stack is divided into a

number of equal areas.

Traverse points are then located

within each of these equal areas.
2.2

In these small diameter stacks or ducts, the

conventional Method 5 stack assembly (consisting of a Type S
pitot tube attached to a sampling probe, equipped with a
nozzle and thermocouple) blocks a significant portion of the
cross-section of the duct and causes inaccurate
measurements.

Therefore, for particulate matter (PM)

sampling in small stacks or ducts, the gas velocity is
measured using a standard pitot tube downstream of the
actual emission sampling site.

The straight run of duct

between the PM sampling and velocity measurement sites

208
allows the flow profile, temporarily disturbed by the
presence of the sampling probe, to redevelop and stabilize.
3.0

Definitions.

4.0

Interferences.

5.0

Safety.
5.1

[Reserved]
[Reserved]

Disclaimer.

This method may involve hazardous

materials, operations, and equipment.

This test method may

not address all of the safety problems associated with its
use.

It is the responsibility of the user of this test

method to establish appropriate safety and health practices
and determine the applicability of regulatory limitations
prior to performing this test method.
6.0

Equipment and Supplies.

[Reserved]

7.0

Reagents and Standards.

[Reserved]

8.0

Sample Collection, Preservation, Storage, and

Transport.
9.0

[Reserved]

Quality Control.

[Reserved]

10.0

Calibration and Standardization.

11.0

Procedure.
11.1

Selection of Measurement Site.

11.1.1
Flow.

[Reserved]

Particulate Measurements - Steady or Unsteady

Select a particulate measurement site located

preferably at least eight equivalent stack or duct diameters
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downstream and 10 equivalent diameters upstream from any
flow disturbances such as bends, expansions, or
contractions in the stack, or from a visible flame.

Next,

locate the velocity measurement site eight equivalent
diameters downstream of the particulate measurement site
(see Figure 1A-1).

If such locations are not available,

select an alternative particulate measurement location at
least two equivalent stack or duct diameters downstream and
two and one-half diameters upstream from any flow
disturbance.

Then, locate the velocity measurement site two

equivalent diameters downstream from the particulate
measurement site.

(See Section 12.2 of Method 1 for

calculating equivalent diameters for a rectangular crosssection.)
11.1.2

PM Sampling (Steady Flow) or Velocity (Steady

or Unsteady Flow) Measurements.

For PM sampling when the

volumetric flow rate in a duct is constant with respect to
time, Section 11.1.1 of Method 1 may be followed, with the
PM sampling and velocity measurement performed at one
location.

To demonstrate that the flow rate is constant

(within 10 percent) when PM measurements are made, perform
complete velocity traverses before and after the PM sampling
run, and calculate the deviation of the flow rate derived
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after the PM sampling run from the one derived before the PM
sampling run.

The PM sampling run is acceptable if the

deviation does not exceed 10 percent.
11.2
11.2.1

Determining the Number of Traverse Points.

Flow).

Particulate Measurements (Steady or Unsteady

Use Figure 1-1 of Method 1 to determine the number

of traverse points to use at both the velocity measurement
and PM sampling locations.

Before referring to the figure,

however, determine the distances between both the velocity
measurement and PM sampling sites to the nearest upstream
and downstream disturbances.

Then divide each distance by

the stack diameter or equivalent diameter to express the
distances in terms of the number of duct diameters.

Then,

determine the number of traverse points from Figure 1-1 of
Method 1 corresponding to each of these four distances.
Choose the highest of the four numbers of traverse points
(or a greater number) so that, for circular ducts the number
is a multiple of four; and for rectangular ducts, the number
is one of those shown in Table 1-1 of Method 1.

When the

optimum duct diameter location criteria can be satisfied,
the minimum number of traverse points required is eight for
circular ducts and nine for rectangular ducts.
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11.2.2

PM Sampling (Steady Flow) or only Velocity

(Non-Particulate) Measurements.

Use Figure 1-2 of Method 1

to determine number of traverse points, following the same
procedure used for PM sampling as described in Section
11.2.1 of Method 1.

When the optimum duct diameter location

criteria can be satisfied, the minimum number of traverse
points required is eight for circular ducts and nine for
rectangular ducts.
11.3

Cross-sectional Layout, Location of Traverse

Points, and Verification of the Absence of Cyclonic Flow.
Same as Method 1, Sections 11.3 and 11.4, respectively.
12.0

Data Analysis and Calculations.

13.0

Method Performance.

14.0

Pollution Prevention.

15.0

Waste Management.

16.0

References.

[Reserved]

[Reserved]
[Reserved]

[Reserved]

Same as Method 1, Section 16.0, References 1 through
6, with the addition of the following:
1.

Vollaro, Robert F.

Recommended Procedure for

Sample Traverses in Ducts Smaller Than 12 Inches in
Diameter.

U.S. Environmental Protection Agency, Emission

Measurement Branch, Research Triangle Park, North Carolina.
January 1977.
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17.0

Tables, Diagrams, Flowcharts, and Validation Data.
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Figure 1A-1. Recommended sampling arrangement for small ducts
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METHOD 2 - DETERMINATION OF STACK GAS VELOCITY AND
VOLUMETRIC FLOW RATE (TYPE S PITOT TUBE)
NOTE:

This method does not include all of the

specifications (e.g., equipment and supplies) and procedures
(e.g., sampling) essential to its performance.

Some

material is incorporated by reference from other methods in
this part.

Therefore, to obtain reliable results, persons

using this method should have a thorough knowledge of at
least the following additional test method:
1.0

Method 1.

Scope and Application.
1.1

This method is applicable for the determination

of the average velocity and the volumetric flow rate of a
gas stream.
1.2

This method is not applicable at measurement

sites that fail to meet the criteria of Method 1, Section
11.1.

Also, the method cannot be used for direct

measurement in cyclonic or swirling gas streams; Section
11.4 of Method 1 shows how to determine cyclonic or swirling
flow conditions.

When unacceptable conditions exist,

alternative procedures, subject to the approval of the
Administrator, must be employed to produce accurate flow
rate determinations.
procedures are:

Examples of such alternative

(1) to install straightening vanes; (2) to

calculate the total volumetric flow rate stoichiometrically,
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or (3) to move to another measurement site at which the flow
is acceptable.
1.3

Data Quality Objectives.

Adherence to the

requirements of this method will enhance the quality of the
data obtained from air pollutant sampling methods.
2.0

Summary of Method.
2.1

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 or reverse type)
pitot tube.
3.0

Definitions.

4.0

Interferences.

5.0

Safety.
5.1

[Reserved]
[Reserved]

Disclaimer.

This method may involve hazardous

materials, operations, and equipment.

This test method may

not address all of the safety problems associated with its
use.

It is the responsibility of the user of this test

method to establish appropriate safety and health practices
and determine the applicability of regulatory limitations
prior to performing this test method.
6.0

Equipment and Supplies.
Specifications for the apparatus are given below.

other apparatus that has been demonstrated (subject to

Any
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approval of the Administrator) to be capable of meeting the
specifications will be considered acceptable.
6.1

Type S Pitot Tube.

6.1.1

Pitot tube made of metal tubing (e.g.,

stainless steel) as shown in Figure 2-1.

It is recommended

that the external tubing diameter (dimension Dt, Figure 22b) be between 0.48 and 0.95 cm (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); it is recommended that this distance be
between 1.05 and 1.50 times the external tubing diameter.
The face openings of the pitot tube shall, preferably, be
aligned as shown in Figure 2-2; however, slight
misalignments of the openings are permissible (see Figure 23).
6.1.2

The Type S pitot tube shall have a known

coefficient, determined as outlined in Section 10.0.

An

identification number shall be assigned to the pitot 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 6.7 and 10.2.

Note, however, that the static and

impact pressure holes of standard pitot tubes are
susceptible to plugging in particulate-laden gas streams.
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Therefore, whenever a standard pitot tube is used to perform
a traverse, adequate proof must be furnished that the
openings of the pitot tube have not plugged up during the
traverse period.

This can be accomplished by comparing the

velocity head ()p) measurement recorded at a selected
traverse point (readable )p value) with a second )p
measurement recorded after "back purging" with pressurized
air to clean the impact and static holes of the standard
pitot tube.

If the before and after )p measurements are

within 5 percent, then the traverse data are acceptable.
Otherwise, the data should be rejected and the traverse
measurements redone.

Note that the selected traverse point

should be one that demonstrates a readable )p value.

If

"back purging" at regular intervals is part of a routine
procedure, then comparative )p measurements shall be
conducted as above for the last two traverse points that
exhibit suitable )p measurements.
6.2

Differential Pressure Gauge.

manometer or equivalent device.

An inclined

Most sampling trains are

equipped with a 10 in. (water column) inclined-vertical
manometer, having 0.01 in. H2O 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 other gauge of

equivalent sensitivity) is satisfactory for the measurement
of )p values as low as 1.27 mm (0.05 in.) H20.

However, a
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differential pressure gauge of greater sensitivity shall be
used (subject to the approval of the Administrator), if any
of the following is found to be true: (1) the arithmetic
average of all )p readings at the traverse points in the
stack is less than 1.27 mm (0.05 in.) H20; (2) for traverses
of 12 or more points, more than 10 percent of the individual
)p readings are below 1.27 mm (0.05 in.) H20; or (3) for
traverses of fewer than 12 points, more than one )p reading
is below 1.27 mm (0.05 in.) H20.

Reference 18 (see Section

17.0) describes commercially available instrumentation for
the measurement of low-range gas velocities.
6.2.1

As an alternative to criteria (1) through (3)

above, Equation 2-1 (Section 12.2) may be used to determine
the necessity of using a more sensitive differential
pressure gauge.

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

inclined manometers are used (e.g., magnehelic gauges),
their calibration must be checked after each test series.
To check the calibration of a differential pressure gauge,
compare )p readings of the gauge with those of a gauge-oil
manometer at a minimum of three points, approximately
representing the range of )p values in the stack. If, at
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each point, the values of )p as read by the differential
pressure gauge and gauge-oil manometer agree to within 5
percent, the differential pressure gauge shall be considered
to be in proper calibration.

Otherwise, the test series

shall either be voided, or procedures to adjust the measured
)p values and final results shall be used, subject to the
approval of the Administrator.
6.3

Temperature Sensor.

A thermocouple, liquid-

filled bulb thermometer, bimetallic thermometer, mercury-inglass thermometer, or other gauge capable of measuring
temperatures to within 1.5 percent of the minimum absolute
stack temperature.

The temperature sensor 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 Figure 2-4).

Alternative positions may

be used if the pitot tube-temperature gauge system is
calibrated according to the procedure of Section 10.0.
Provided that a difference of not more than 1 percent in the
average velocity measurement is introduced, the temperature
gauge need not be attached to the pitot tube.

This

alternative is subject to the approval of the Administrator.
6.4

Pressure Probe and Gauge.

A piezometer tube and

mercury- or water-filled U-tube manometer capable of
measuring stack pressure to within 2.5 mm (0.1 in.) Hg.

The
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static tap of a standard type pitot tube or one leg of a
Type S pitot tube with the face opening planes positioned
parallel to the gas flow may also be used as the pressure
probe.
6.5

Barometer.

A mercury, aneroid, or other

barometer capable of measuring atmospheric pressure to
within 2.54 mm (0.1 in.) Hg.
NOTE:

The barometric pressure reading may be obtained

from a nearby National Weather Service station. In this
case, the station value (which is the absolute barometric
pressure) shall be requested and an adjustment for elevation
differences between the weather station and sampling point
shall be made at a rate of minus 2.5 mm (0.1 in.) Hg per 30
m (100 ft) elevation increase or plus 2.5 mm (0.1 in.) Hg
per 30 m (100 ft.) for elevation decrease.
6.6

Gas Density Determination Equipment.

Method 3

equipment, if needed (see Section 8.6), to determine the
stack gas dry molecular weight, and Method 4 (reference
method) or Method 5 equipment for moisture content
determination.

Other methods may be used subject to

approval of the Administrator.
6.7

Calibration Pitot Tube.

When calibration of the

Type S pitot tube is necessary (see Section 10.1), a
standard pitot tube shall be used for a reference.

The
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standard pitot tube shall, preferably, have a known
coefficient, obtained either (1) directly from the National
Institute of Standards and Technology (NIST), Gaithersburg
MD 20899, (301) 975-2002, or (2) by calibration against
another standard pitot tube with an NIST-traceable
coefficient.

Alternatively, a standard pitot tube designed

according to the criteria given in Sections 6.7.1 through
6.7.5 below and illustrated in Figure 2-5 (see also
References 7, 8, and 17 in Section 17.0) may be used.

Pitot

tubes designed according to these specifications will have
baseline coefficients of 0.99 ± 0.01.
6.7.1

Standard Pitot Design.

6.7.1.1

Hemispherical (shown in Figure 2-5),

ellipsoidal, or conical tip.
6.7.1.2

A minimum of six diameters straight run

(based upon D, the external diameter of the tube) between
the tip and the static pressure holes.
6.7.1.3

A minimum of eight diameters straight run

between the static pressure holes and the centerline of the
external tube, following the 90E bend.
6.7.1.4

Static pressure holes of equal size

(approximately 0.1 D), equally spaced in a piezometer ring
configuration.
6.7.1.5

90E bend, with curved or mitered junction.
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6.8

Differential Pressure Gauge for Type S Pitot Tube

Calibration.

An inclined manometer or equivalent.

If the

single-velocity calibration technique is employed (see
Section 10.1.2.3), the calibration differential pressure
gauge shall be readable to the nearest 0.127 mm (0.005 in.)
H20.

For multivelocity calibrations, the gauge shall be

readable to the nearest 0.127 mm (0.005 in.) H20 for )p
values between 1.27 and 25.4 mm (0.05 and 1.00 in.) H20, and
to the nearest 1.27 mm (0.05 in.) H20 for )p values above
25.4 mm (1.00 in.) H20.

A special, more sensitive gauge

will be required to read )p values below 1.27 mm (0.05 in.)
H20 (see Reference 18 in Section 16.0).
7.0

Reagents and Standards.

8.0

Sample Collection and Analysis.
8.1

[Reserved]

Set up the apparatus as shown in Figure 2-1.

Capillary tubing or surge tanks installed between the
manometer and pitot tube may be used to dampen )p
fluctuations.

It is recommended, but not required, that a

pretest leak-check be conducted as follows:

(1) blow

through the pitot impact opening until at least 7.6 cm (3.0
in.) H20 velocity head registers on the manometer; then,
close off the impact opening.

The pressure shall remain

stable for at least 15 seconds; (2) do the same for the
static pressure side, except using suction to obtain the
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minimum of 7.6 cm (3.0 in.) H20.

Other leak-check

procedures, subject to the approval of the Administrator,
may be used.
8.2

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 (at least once per hour).

Record all necessary

data on a form similar to that shown in Figure 2-6.
8.3

Measure the velocity head and temperature at the

traverse points specified by Method 1.

Ensure that the

proper differential pressure gauge is being used for the
range of )p values encountered (see Section 6.2).

If it is

necessary to change to a more sensitive gauge, do so, and
remeasure the )p and temperature readings at each traverse
point.

Conduct a post-test leak-check (mandatory), as

described in Section 8.1 above, to validate the traverse
run.
8.4

Measure the static pressure in the stack.

One

reading is usually adequate.
8.5

Determine the atmospheric pressure.

8.6

Determine the stack gas dry molecular weight.

For combustion processes or processes that emit essentially
CO2, O2, CO, and N2, use Method 3.

For processes emitting

essentially air, an analysis need not be conducted; use a
dry molecular weight of 29.0.

For other processes, other
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methods, subject to the approval of the Administrator, must
be used.
8.7

Obtain the moisture content from Method 4

(reference method, or equivalent) or from Method 5.
8.8

Determine the cross-sectional area of the stack

or duct at the sampling location.

Whenever possible,

physically measure the stack dimensions rather than using
blueprints.

Do not assume that stack diameters are equal.

Measure each diameter distance to verify its dimensions.
9.0

Quality Control.

Section

Quality Control Measure

Effect

10.1-10.4

Sampling equipment
calibration

Ensure accurate
measurement of stack
gas flow rate, sample
volume

10.0

Calibration and Standardization.
10.1

Type S Pitot Tube.

Before its initial use,

carefully examine the Type S pitot tube top, side, and end
views to verify that the face openings of the tube are
aligned within the specifications illustrated in Figures 2-2
and 2-3.

The pitot tube shall not be used if it fails to

meet these alignment specifications.

After verifying the

face opening alignment, measure and record the following
dimensions of the pitot tube:

(a) the external tubing

diameter (dimension Dt, Figure 2-2b); and (b) the base-toopening plane distances (dimensions PA and PB, Figure 2-2b).
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If Dt is between 0.48 and 0.95 cm (3/16 and 3/8 in.), and if
PA and PB are equal and between 1.05 and 1.50 Dt, there are
two possible options: (1) the pitot tube may be calibrated
according to the procedure outlined in Sections 10.1.2
through 10.1.5, or (2) a baseline (isolated tube)
coefficient value of 0.84 may be assigned to the pitot tube.
Note, however, that if the pitot tube is part of an
assembly, calibration may still be required, despite
knowledge of the baseline coefficient value (see Section
10.1.1).

If Dt, PA, and PB are outside the specified limits,

the pitot tube must be calibrated as outlined in Sections
10.1.2 through 10.1.5.
10.1.1

Type S Pitot Tube Assemblies.

During sample

and velocity traverses, the isolated Type S pitot tube is
not always used; in many instances, the pitot tube is used
in combination with other source-sampling components (e.g.,
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 (Reference 9 in Section 17.0); 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
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that aerodynamic interference effects are eliminated.
Figures 2-4, 2-7, and 2-8 illustrate interference-free
component arrangements for Type S pitot tubes having
external tubing diameters 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 2-4, 2-7, and 28 shall be calibrated according to the procedure outlined in
Sections 10.1.2 through 10.1.5, and prior to calibration,
the values of the intercomponent spacings (pitot-nozzle,
pitot-thermocouple, pitot-probe sheath) shall be measured
and recorded.
NOTE:

Do not use a Type S pitot tube assembly that is

constructed such that the impact pressure opening plane of
the pitot tube is below the entry plane of the nozzle (see
Figure 2-6B).
10.1.2

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 performed in a flow system having the following essential
design features:
10.1.2.1

The flowing gas stream must be confined to a

duct of definite cross-sectional area, either circular or
rectangular.

For circular cross sections, the minimum duct

diameter shall be 30.48 cm (12 in.); for rectangular cross
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sections, the width (shorter side) shall be at least 25.4 cm
(10 in.).
10.1.2.2

The cross-sectional area of the calibration

duct must be constant over a distance of 10 or more duct
diameters.

For a rectangular cross section, use an

equivalent diameter, calculated according to Equation 2-2
(see Section 12.3), to determine the number of duct
diameters.

To ensure the presence of stable, fully

developed flow patterns at the calibration site, or "test
section," the site must be located at least 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 Administrator), provided that the flow at
the test site has been demonstrated to be or found stable
and parallel to the duct axis.
10.1.2.3

The flow system shall have the capacity to

generate a test-section velocity around 910 m/min (3,000
ft/min).

This velocity must be constant with time to

guarantee steady flow during calibration.

Note that Type S

pitot tube coefficients obtained by single-velocity
calibration at 910 m/min (3,000 ft/min) will generally be
valid to ±3 percent for the measurement of velocities above
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300 m/min (1,000 ft/min) and to ± 6 percent for the
measurement of velocities between 180 and 300 m/min (600 and
1,000 ft/min).

If a more precise correlation between the

pitot tube coefficient ,(Cp), and velocity is desired, the
flow system should have the capacity to generate at least
four distinct, time-invariant test-section velocities
covering the velocity range from 180 to 1,500 m/min (600 to
5,000 ft/min), and calibration data shall be taken at
regular velocity intervals over this range (see References 9
and 14 in Section 17.0 for details).
10.1.2.4

Two entry ports, one for each of the

standard and Type S pitot tubes, shall be cut in the test
section.

The standard pitot entry port shall be located

slightly downstream of the Type S port, so that the standard
and Type S impact openings will lie in the same crosssectional plane during calibration.

To facilitate alignment

of the pitot tubes during calibration, it is advisable that
the test section be constructed of Plexiglas™ or some other
transparent material.
10.1.3

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 10.1.5.

Note also that this procedure applies only

to single-velocity calibration.

To obtain calibration data
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for the A and B sides of the Type S pitot tube, proceed as
follows:
10.1.3.1

Make sure that the manometer is properly

filled and that the oil is free from contamination and is of
the proper density.

Inspect and leak-check all pitot lines;

repair or replace if necessary.
10.1.3.2

Level and zero the manometer.

fan, and allow the flow to stabilize.

Switch on the

Seal the Type S pitot

tube entry port.
10.1.3.3
zeroed.

Ensure that the manometer is level and

Position the standard pitot tube at the calibration

point (determined as outlined in Section 10.1.5.1), 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 that the entry

port surrounding the tube is properly sealed.
10.1.3.4

Read )pstd, and record its value in a data

table similar to the one shown in Figure 2-9.

Remove the

standard pitot tube from the duct, and disconnect it from
the manometer.
10.1.3.5

Seal the standard entry port.
Connect the Type S pitot tube to the

manometer and leak-check.

Open the Type S tube entry port.

Check the manometer level and zero.

Insert and align the

Type S pitot tube so that its A side impact opening is at
the same point as was the standard pitot tube and is pointed
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directly into the flow.

Make sure that the entry port

surrounding the tube is properly sealed.
Read )ps, and enter its value in the data

10.1.3.6
table.

Remove the Type S pitot tube from the duct, and

disconnect it from the manometer.
10.1.3.7

Repeat Steps 10.1.3.3 through 10.1.3.6 until

three pairs of )p readings have been obtained for the A side
of the Type S pitot tube.
10.1.3.8

Repeat Steps 10.1.3.3 through 10.1.3.7 for

the B side of the Type S pitot tube.
10.1.3.9

Perform calculations as described in Section

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

12.4.

and FB are less than or equal to 0.01 and if the absolute
value of the difference between C̄p(A) and C̄p(B) is 0.01 or
less.
10.1.4

Special Considerations.

10.1.4.1
10.1.4.1.1

Selection of Calibration Point.
When an isolated Type S pitot tube is

calibrated, select a calibration point at or near the center
of the duct, and follow the procedures outlined in Section
10.1.3.

The Type S pitot coefficients measured or

calculated, [i.e. C̄p(A) and C̄p(B)] will be valid, so long as
either: (1) the isolated pitot tube is used; or (2) the
pitot tube is used with other components (nozzle,
thermocouple, sample probe) in an arrangement that is free
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from aerodynamic interference effects (see Figures 2-4, 2-7,
and 2-8).
10.1.4.1.2

For Type S pitot tube-thermocouple

combinations (without probe assembly), select a calibration
point at or near the center of the duct, and follow the
procedures outlined in Section 10.1.3.

The coefficients so

obtained will be valid so long as the pitot tubethermocouple combination is used by itself or with other
components in an interference-free arrangement (Figures 2-4,
2-7, and 2-8).
10.1.4.1.3

For Type S pitot tube combinations with

complete probe assemblies, the calibration point should be
located at or near the center of the duct; however,
insertion of a probe sheath into a small duct may cause
significant cross-sectional area interference and blockage
and yield incorrect coefficient values (Reference 9 in
Section 17.0).

Therefore, to minimize the blockage effect,

the calibration point may be a few inches off-center if
necessary.

The actual blockage effect will be negligible

when the theoretical blockage, as determined by a projectedarea model of the probe sheath, is 2 percent or less of the
duct cross-sectional area for assemblies without external
sheaths (Figure 2-10a), and 3 percent or less for assemblies
with external sheaths (Figure 2-10b).
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10.1.4.2

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
specifications illustrated in Figure 2-7A), the value of
Cp(s) depends upon the amount of free space between the tube
and nozzle and, therefore, is a function of nozzle size.

In

these instances, separate calibrations shall 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 larger nozzle sizes
(>0.635 cm or 1/4 in.) are not ordinarily used for
isokinetic sampling at velocities around 910 m/min (3,000
ft/min), which is the calibration velocity.

Note also that

it is not necessary to draw an isokinetic sample during
calibration (see Reference 19 in Section 17.0).
10.1.4.3

For a probe assembly constructed such that

its pitot tube is always used in the same orientation, only
one side of the pitot tube need be calibrated (the side
which will face the flow).

The pitot tube must still meet

the alignment specifications of Figure 2-2 or 2-3, however,
and must have an average deviation (F) value of 0.01 or less
(see Section 10.1.4.4).
10.1.5
10.1.5.1

Field Use and Recalibration.
Field Use.
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10.1.5.1.1

When a Type S pitot tube (isolated or in

an 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 faces the flow,
and the B side coefficient shall be used when the B side
faces the flow.

Alternatively, the arithmetic average of

the A and B side coefficient values may be used,
irrespective of which side faces the flow.
10.1.5.1.2

When a probe assembly is used to sample a

small duct, 30.5 to 91.4 cm (12 to 36 in.) in diameter, the
probe sheath sometimes blocks a significant part of the duct
cross-section, causing a reduction in the effective value of
Cp(s).

Consult Reference 9 (see Section 17.0) for details.

Conventional pitot-sampling probe assemblies are not
recommended for use in ducts having inside diameters smaller
than 30.5 cm (12 in.) (see Reference 16 in Section 17.0).
10.1.5.2
10.1.5.2.1

Recalibration.
Isolated Pitot Tubes.

After each field

use, the pitot tube shall be carefully reexamined in top,
side, and end views.

If the pitot face openings are still

aligned within the specifications illustrated in Figure 2-2
and Figure 2-3, it can be assumed that the baseline
coefficient of the pitot tube has not changed.

If, however,
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the tube has been damaged to the extent that it no longer
meets the specifications of Figure 2-2 and Figure 2-3, the
damage shall either be repaired to restore proper alignment
of the face openings, or the tube shall be discarded.
10.1.5.2.2

Pitot Tube Assemblies.

After each field

use, check the face opening alignment of the pitot tube, as
in Section 10.1.5.2.1.

Also, remeasure the intercomponent

spacings of the assembly.

If the intercomponent spacings

have not changed and the face opening alignment is
acceptable, it can be assumed that the coefficient of the
assembly has not changed.

If the face opening alignment is

no longer within the specifications of Figure 2-2 and Figure
2-3, either repair the damage or replace the pitot tube
(calibrating the new assembly, if necessary).

If the

intercomponent spacings have changed, restore the original
spacings, or recalibrate the assembly.
10.2

Standard Pitot Tube (if applicable).

If a

standard pitot tube is used for the velocity traverse, the
tube shall be constructed according to the criteria of
Section 6.7 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 Administrator).
10.3

Temperature Sensors.
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10.3.1

After each field use, calibrate dial

thermometers, liquid-filled bulb thermometers, thermocouplepotentiometer systems, and other sensors at a temperature
within 10 percent of the average absolute stack temperature.
For temperatures up to 405EC (761EF), use an ASTM mercuryin-glass reference thermometer, or equivalent, as a
reference.

Alternatively, either a reference thermocouple

and potentiometer (calibrated against NIST standards) or
thermometric fixed points (e.g., ice bath and boiling water,
corrected for barometric pressure) may be used.

For

temperatures above 405EC (761EF), use a reference
thermocouple-potentiometer system calibrated against NIST
standards or an alternative reference, subject to the
approval of the Administrator.
10.3.2

The temperature data recorded in the field

shall be considered valid.

If, during calibration, the

absolute temperature measured with the sensor being
calibrated and the reference sensor 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 the test results shall be made, subject to
the approval of the Administrator.

236
10.4

Barometer.

Calibrate the barometer used against

a mercury barometer.
11.0

Analytical Procedure.
Sample collection and analysis are concurrent for this

method (see Section 8.0).
12.0

Data Analysis and Calculations.
Carry out calculations, retaining at least one extra

significant figure beyond that of the acquired data.

Round

off figures after final calculation.
12.1

Nomenclature.

A

=

Cross-sectional area of stack, m2 (ft2).

Bws

=

Water vapor in the gas stream [from Method 4
(reference method) or Method 5],

proportion

by volume.
Cp

=

Cp(s) =

Pitot tube coefficient, dimensionless.
Type S pitot tube coefficient,
dimensionless.

Cp(std)

= Standard pitot tube coefficient; use 0.99
if the coefficient is unknown and the tube
is designed according to the criteria of
Sections 6.7.1 to 6.7.5 of this method.

De

=

Equivalent diameter.

K

=

0.127 mm H20 (metric units).
0.005 in. H20 (English units).
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Kp

=

Velocity equation constant.

L

=

Length.

Md

=

Molecular weight of stack gas, dry basis
(see Section 8.6), g/g-mole (lb/lb-mole).

Ms

=

Molecular weight of stack gas, wet basis,
g/g-mole (lb/lb-mole).

n

=

Total number of traverse points.

Pbar

=

Barometric pressure at measurement site, mm
Hg (in. Hg).

Pg

=

Stack static pressure, mm Hg (in. Hg).

Ps

=

Absolute stack pressure (Pbar + Pg), mm Hg
(in. Hg),

Pstd

=

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).

T

=

Sensitivity factor for differential pressure
gauges.

Ts

=

Ts(abs) =

Tstd

Stack temperature, EC (EF).
Absolute stack temperature, EK (ER).

=

273 + Ts for metric units,

=

460 + Ts for English units.

=

Standard absolute temperature, 293 EK (528
ER).

vs

=

Average stack gas velocity, m/sec (ft/sec).
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W

=

Width.

)p

=

Velocity head of stack gas, mm H20 (in. H20).

)pi

=

Individual velocity head reading at traverse
point "i", mm (in.) H20.

)pstd =

Velocity head measured by the standard pitot
tube, cm (in.) H20.

)ps

=

Velocity head measured by the Type S pitot
tube, cm (in.) H20.

3600 =

Conversion Factor, sec/hr.

18.0 =

Molecular weight of water, g/g-mole (lb/lbmole).

12.2

Calculate T as follows:

j
n

T '

)pi % K

i'1

j

i'1

12.3

Eq. 2-1

n

)p i

Calculate De as follows:
De '

12.4

2 LW
L %W

Eq. 2-2

12.4.1

Calibration of Type S Pitot Tube.
For each of the six pairs of )p readings

(i.e., three from side A and three from side B) obtained in
Section 10.1.3, calculate the value of the Type S pitot tube
coefficient according to Equation 2-3:
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Cp(s) ' Cp(std)

12.4.2

)pstd

Eq. 2-3

)p

Calculate C̄p(A), the mean A-side coefficient,

and C̄p(B), the mean B-side coefficient.

Calculate the

difference between these two average values.
12.4.3

Calculate the deviation of each of the three

A-side values of Cp(s) from C̄p(A), and the deviation of each of
the three B-side values of Cp(s) from C̄p(B), using Equation
2-4:
Deviation = Cp(s) - C̄p(A

or B)

Eq. 2-4

Calculate F, the average deviation from the

12.4.4

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

Use

Equation 2-5:

j / Cp(s) & C̄p(A or B)/
'
3
3

FA or B
12.5

Eq. 2-5

Molecular Weight of Stack Gas.
Ms

12.6

i'1

=

Md (1 - Bws) + 18.0 Bws

Eq. 2-6

Average Stack Gas Velocity.

v s ' Kp Cp )pavg

Ts(abs)
Ps M s

Eq. 2-7
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34.97

m
(g/g@ mole)(mm Hg)
sec
(EK)(mm H2O)

m (lb/lb&mole)(in. Hg)
sec
(ER)(in. H20)

85.49

12.7

14.0

Pollution Prevention.

15.0

Waste Management.
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1.90 - 2.54 cm*
(0.75 - 1.0 in.)

7.62 cm (3 in.)*

Temperature Sensor

Type S Pitot Tube
Manometer

Leak-Free Connections

* Suggested (Interference Free)
Pitot tube/Thermocouple Spacing

Figure 2-1.

Type S Pitot Tube Manometer Assembly.
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Transverse
Tube Axis
A

B

Face
Opening
Planes
(a)
A-Side Plane
Note:
Longitudinal
Tube Axis

Dt

P
A

A
B

P
B

1.05 D <
t P < 1.50 D

t

PA= P B

B-Side Plane
(b)

(a) end view; face opening planes perpendicular
to transverse axis;
(b) top view; face opening planes parallel to
longitudinal axis;

A or B
(c)

Figure 2-2.

(c) side view; both legs of equal length and
centerlines coincident, when viewed from
both sides. Baseline coefficient values of
0.84 may be assigned to pitot tubes constructed this way

Properly Constructed Type S Pitot Tube.
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1

Transverse
Tube Axis

1

A

2

A

B

B

(a)

Flow

B

Longitudinal
Tube Axis

(b)

B

Flow

A

A

$ 1(+)

$ 1(-)
(c)

(d)

$ 2(+ or -)

B
A

$ 1(+ or -)

(e)

Z
B
W
A

A
B
(f)

(g)

The types of face-opening misalignment shown above will not affect the baseline value of Cp(s) so
long as and
< 10E,
$ and $1 < 5E, z2< 0.32 cm (1/8 in.), and w < 0.08 cm (1/32 in.) (reference
1
2
11.0 in Section 16.0).

Figure 2-3. Types of face-opening misalignments that can
result from field use or improper construction of type S
pitot tubes.
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W > 7.62 cm

W > 5.08 cm

(3 in.)

(2 in.)

Temperature Sensor

Temperature Sensor
Z > 1.90 cm (¾ in.)

Dt

Type S Pitot Tube

Dt

Type S Pitot Tube

OR
Sample Probe

Sample Probe

Figure 2-4.
Proper temperature sensor placement to
prevent interference; Dt between 0.48 and 0.95 cm (3/16 and
3/8 in).
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D

Curved or
Mitered Junction

Static
Holes
(~0.1D)

Hemispherical
Tip

Figure 2-5.

Standard pitot tube design specifications.
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PLANT
DATE

RUN NO.

STACK DIA. OR DIMENSIONS, m (in.)
BAROMETRIC PRESS., mm Hg (in. Hg)
CROSS SECTIONAL AREA, m2 (ft2)
OPERATORS
PITOT TUBE I.D. NO.
AVG. COEFFICIENT, Cp =
LAST DATE CALIBRATED
SCHEMATIC OF STACK
CROSS SECTION
Vel. Hd.,

Stack

Pg

Traverse

ªp

Temperature

mm Hg

Pt. No.

mm (in.)

Ts,

Ts,

H2O

EC (EF)

EK (ER)

(in.Hg)

Average
Figure 2-6.

Velocity traverse data.

(ªp)1/2
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Type S Pitot Tube

Dt

x > 1.90 cm (¾ in.) for D = 1.3 cm
n (½ in.)

Dn
Sampling Nozzle

A. Bottom View; showing minimum pitot tube-nozzle separation.

Sampling
Nozzle

Sampling
Probe

Static Pressure
Opening Plane

Dt

Impact Pressure
Opening Plane

Nozzle Entry
Plane

Type S
Pitot Tube

B. Side View; to prevent pitot tube from interfering with gas
flow streamlines approaching the nozzle, the impact pressure
opening plane of the pitot tube shall be even with or above the
nozzle entry plane.

Figure
2-7.
configuration.

Proper

pitot

PITOT TUBE IDENTIFICATION NUMBER:

Dt

Sample Probe

tube-sampling

nozzle

DATE:

Type S Pitot Tube

Y > 7.62 cm (3 in.)

Figure 2-8. Minimum pitot-sample probe separation needed
to prevent interference; Dt between 0.48 and 0.95 cm (3/16
and 3/8 in).
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CALIBRATED BY:
"A" SIDE CALIBRATION

RUN NO.

ªPstd

ªP(s)

cm H2O

cm H2O

(in H2O)

(in H2O)

Deviation
Cp(s)

Cp(s) - Cp(A)

1
2
3
Cp,avg
(SIDE A)

"B" SIDE CALIBRATION

RUN NO.

ªPstd

ªP(s)

cm H2O

cm H2O

(in H2O)

(in H2O)

Deviation
Cp(s)

Cp(s) - Cp(B)

1
2
3
Cp,avg
(SIDE B)
3

j Cp(s) & C̄p(A or B)

FA or B '

3

[Cp,avg (side A) - Cp,avg (side B)]
*

Eq. 2-5

i'1

*

Must be less than or equal to 0.01
Figure 2-9.

Pitot tube calibration data.
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External
Sheath

W

W
I

I

Estimated
Sheath
Blockage
(%)

(a)

Figure 2-10.

=

IxW

x 100

Duct Area

(b)

Projected-area models for typical pitot tube assemblies.
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METHOD 3 - GAS ANALYSIS FOR THE
DETERMINATION OF DRY MOLECULAR WEIGHT
NOTE:

This method does not include all of the

specifications (e.g., equipment and supplies) and procedures
(e.g., sampling) essential to its performance.

Some

material is incorporated by reference from other methods in
this part.

Therefore, to obtain reliable results, persons

using this method should also have a thorough knowledge of
Method 1.
1.0

Scope and Application.
1.1

Analytes.

Analyte

CAS No.

Sensitivity

Oxygen (O2)

7782-44-7

2,000 ppmv

Nitrogen (N2)

7727-37-9

N/A

Carbon dioxide (CO2)

124-38-9

2,000 ppmv

Carbon monoxide (CO)

630-08-0

N/A

1.2

Applicability.

This method is applicable for the

determination of CO2 and O2 concentrations and dry molecular
weight of a sample from an effluent gas stream of a fossilfuel combustion process or other process.
1.3

Other methods, as well as modifications to the

procedure described herein, are also applicable for all of
the above determinations.
modifications include:

Examples of specific methods and

(1) a multi-point grab sampling

method using an Orsat analyzer to analyze the individual
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grab sample obtained at each point; (2) a method for
measuring either CO2 or O2 and using stoichiometric
calculations to determine dry molecular weight; and (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 Administrator.

The

method may also be applicable to other processes where it
has been determined that compounds other than CO2, O2,
carbon monoxide (CO), and nitrogen (N2) are not present in
concentrations sufficient to affect the results.
1.4

Data Quality Objectives.

Adherence to the

requirements of this method will enhance the quality of the
data obtained from air pollutant sampling methods.
2.0

Summary of Method.
2.1

A gas sample is extracted from a stack by one of

the following methods:

(1) single-point, grab sampling; (2)

single-point, integrated sampling; or (3) multi-point,
integrated sampling.
CO2 and percent O2.

The gas sample is analyzed for percent
For dry molecular weight determination,

either an Orsat or a Fyrite analyzer may be used for the
analysis.
3.0

Definitions.

4.0

Interferences.

[Reserved]
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4.1

Several compounds can interfere, to varying

degrees, with the results of Orsat or Fyrite analyses.
Compounds that interfere with CO2 concentration measurement
include acid gases (e.g., sulfur dioxide, hydrogen
chloride); compounds that interfere with O2 concentration
measurement include unsaturated hydrocarbons (e.g., acetone,
acetylene), nitrous oxide, and ammonia.

Ammonia reacts

chemically with the O2 absorbing solution, and when present
in the effluent gas stream must be removed before analysis.
5.0

Safety.
5.1

Disclaimer.

This method may involve hazardous

materials, operations, and equipment.

This test method may

not address all of the safety problems associated with its
use.

It is the responsibility of the user of this test

method to establish appropriate safety and health practices
and determine the applicability of regulatory limitations
prior to performing this test method.
5.2
5.2.1

Corrosive Reagents.

reagents:

A typical Orsat analyzer requires four
a gas-confining solution, CO2 absorbent, O2

absorbent, and CO absorbent.

These reagents may contain

potassium hydroxide, sodium hydroxide, cuprous chloride,
cuprous sulfate, alkaline pyrogallic acid, and/or chromous
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chloride.

Follow manufacturer's operating instructions and

observe all warning labels for reagent use.
5.2.2

A typical Fyrite analyzer contains zinc

chloride, hydrochloric acid, and either potassium hydroxide
or chromous chloride.

Follow manufacturer's operating

instructions and observe all warning labels for reagent use.
6.0

Equipment and Supplies.
NOTE:

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 Administrator.
6.1
6.1.1

Grab Sampling (See Figure 3-1).
Probe.

Stainless steel or borosilicate glass

tubing equipped with an in-stack or out-of-stack filter to
remove particulate matter (a plug of glass wool is
satisfactory for this purpose).

Any other materials,

resistant to temperature at sampling conditions and inert to
all components of the gas stream, may be used for the probe.
Examples of such materials may include aluminum, copper,
quartz glass, and Teflon.
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6.1.2

Pump.

A one-way squeeze bulb, or equivalent,

to transport the gas sample to the analyzer.
6.2

Integrated Sampling (Figure 3-2).

6.2.1

Probe.

Same as in Section 6.1.1.

6.2.2

Condenser.

An air-cooled or water-cooled

condenser, or other condenser no greater than 250 ml that
will not remove O2, CO2, CO, and N2, to remove excess
moisture which would interfere with the operation of the
pump and flowmeter.
6.2.3

Valve.

A needle valve, to adjust sample gas

flow rate.
6.2.4

Pump.

A leak-free, diaphragm-type pump, or

equivalent, to transport sample gas to the flexible bag.
Install a small surge tank between the pump and rate meter
to eliminate the pulsation effect of the diaphragm pump on
the rate meter.
6.2.5

Rate Meter.

A rotameter, or equivalent,

capable of measuring flow rate to ± 2 percent of the
selected flow rate.

A flow rate range of 500 to 1000 ml/min

is suggested.
6.2.6

Flexible Bag.

Any leak-free plastic (e.g.,

Tedlar, Mylar, Teflon) or plastic-coated aluminum (e.g.,
aluminized Mylar) bag, or equivalent, having a capacity
consistent with the selected flow rate and duration of the
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test run.

A capacity in the range of 55 to 90 liters (1.9

to 3.2 ft3) is suggested.

To leak-check the bag, connect it

to a water manometer, and pressurize the bag to 5 to 10 cm
H2O (2 to 4 in. H2O).

Allow to stand for 10 minutes.

Any

displacement in the water manometer indicates a leak.

An

alternative leak-check method is to pressurize the bag to 5
to 10 cm (2 to 4 in.) H2O and allow to stand overnight.

A

deflated bag indicates a leak.
6.2.7

Pressure Gauge.

A water-filled U-tube

manometer, or equivalent, of about 30 cm (12 in.), for the
flexible bag leak-check.
6.2.8

Vacuum Gauge.

A mercury manometer, or

equivalent, of at least 760 mm (30 in.) Hg, for the sampling
train leak-check.
6.3

Analysis.

An Orsat or Fyrite type combustion gas

analyzer.
7.0

Reagents and Standards.
7.1

Reagents.

As specified by the Orsat or Fyrite-

type combustion analyzer manufacturer.
7.2

Standards.

Two standard gas mixtures, traceable

to National Institute of Standards and Technology (NIST)
standards, to be used in auditing the accuracy of the
analyzer and the analyzer operator technique:
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7.2.1.

Gas cylinder containing 2 to 4 percent O2 and

14 to 18 percent CO2.
7.2.2.

Gas cylinder containing 2 to 4 percent CO2 and

about 15 percent O2.
8.0

Sample Collection, Preservation, Storage, and

Transport.
8.1
8.1.1

Single Point, Grab Sampling Procedure.
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 1.0 m (3.3 ft), unless otherwise specified
by the Administrator.
8.1.2

Set up the equipment as shown in Figure 3-1,

making sure all connections ahead of the analyzer are tight.
If an Orsat analyzer is used, it is recommended that the
analyzer be leak-checked by following the procedure in
Section 11.5; however, the leak-check is optional.
8.1.3

Place the probe in the stack, with the tip of

the probe positioned at the sampling point.

Purge the

sampling line long enough to allow at least five exchanges.
Draw a sample into the analyzer, and immediately analyze it
for percent CO2 and percent O2 according to Section 11.2.
8.2
8.2.1

Single-Point, Integrated Sampling Procedure.
The sampling point in the duct shall be located

as specified in Section 8.1.1.

319
8.2.2

Leak-check (optional) the flexible bag as in

Section 6.2.6.
Figure 3-2.

Set up the equipment as shown in

Just before sampling, leak-check (optional) 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 should remain stable for at least

0.5 minute.

Evacuate the flexible bag.

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.
8.2.3

Sample Collection.

(± 10 percent).

Sample at a constant rate

The sampling run should be simultaneous

with, and for the same total length of time as, the
pollutant emission rate determination.

Collection of at

least 28 liters (1.0 ft3) of sample gas is recommended;
however, smaller volumes may be collected, if desired.
8.2.4

Obtain one integrated flue gas sample during

each pollutant emission rate determination.

Within 8 hours

after the sample is taken, analyze it for percent CO2 and
percent O2 using either an Orsat analyzer or a Fyrite type
combustion gas analyzer according to Section 11.3.
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NOTE:

When using an Orsat analyzer, periodic Fyrite

readings may be taken to verify/confirm the results obtained
from the Orsat.
8.3

Multi-Point, Integrated Sampling Procedure.

8.3.1

Unless otherwise specified in an applicable

regulation, or by the Administrator, a minimum of eight
traverse points shall be used for circular stacks having
diameters less than 0.61 m (24 in.), a minimum of nine shall
be used for rectangular stacks having equivalent diameters
less than 0.61 m (24 in.), and a minimum of 12 traverse
points shall be used for all other cases.

The traverse

points shall be located according to Method 1.
8.3.2

Follow the procedures outlined in Sections

8.2.2 through 8.2.4, except for the following:

Traverse all

sampling points, and sample at each point for an equal
length of time.
Figure 3-3.

Record sampling data as shown in

321
9.0

Quality Control.

Section

Quality Control
Measure

Effect

8.2

Use of Fyrite to
confirm Orsat results.

Ensures the accurate
measurement of CO2 and
O2.

10.1

Periodic audit of
analyzer and operator
technique.

Ensures that the
analyzer is operating
properly and that the
operator performs the
sampling procedure
correctly and
accurately.

11.3

Replicable analyses of
integrated samples.

Minimizes experimental
error.

10.0

Calibration and Standardization.
10.1

Analyzer.

The analyzer and analyzer operator's

technique should be audited periodically as follows:

take a

sample from a manifold containing a known mixture of CO2 and
O2, and analyze according to the procedure in Section 11.3.
Repeat this procedure until the measured concentration of
three consecutive samples agrees with the stated value ± 0.5
percent.

If necessary, take corrective action, as specified

in the analyzer users manual.
10.2

Rotameter.

The rotameter need not be

calibrated, but should be cleaned and maintained according
to the manufacturer's instruction.
11.0

Analytical Procedure.
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11.1

Maintenance.

The Orsat or Fyrite-type analyzer

should be maintained and operated according to the
manufacturers specifications.
11.2

Grab Sample Analysis.

Use either an Orsat

analyzer or a Fyrite-type combustion gas analyzer to measure
O2 and CO2 concentration for dry molecular weight
determination, using procedures as specified in the analyzer
user's manual.

If an Orsat analyzer is used, it is

recommended that the Orsat leak-check, described in Section
11.5, be performed before this determination; however, the
check is optional.

Calculate the dry molecular weight as

indicated in Section 12.0.

Repeat the sampling, analysis,

and calculation procedures until the dry molecular weights
of any three grab samples differ from their mean by no more
than 0.3 g/g-mole (0.3 lb/lb-mole).

Average these three

molecular weights, and report the results to the nearest 0.1
g/g-mole (0.1 lb/lb-mole).
11.3

Integrated Sample Analysis.

Use either an Orsat

analyzer or a Fyrite-type combustion gas analyzer to measure
O2 and CO2 concentration for dry molecular weight
determination, using procedures as specified in the analyzer
user's manual.

If an Orsat analyzer is used, it is

recommended that the Orsat leak-check, described in
Section 11.5, be performed before this determination;
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however, the check is optional.

Calculate the dry molecular

weight as indicated in Section 12.0.

Repeat the analysis

and calculation procedures until the individual dry
molecular weights for any three analyses differ from their
mean by no more than 0.3 g/g-mole (0.3 lb/lb-mole).

Average

these three molecular weights, and report the results to the
nearest 0.1 g/g-mole (0.1 lb/lb-mole).
11.4

Standardization.

A periodic check of the

reagents and of operator technique should be conducted at
least once every three series of test runs as outlined in
Section 10.1.
11.5

Leak-Check Procedure for Orsat Analyzer.

an Orsat analyzer frequently causes it to leak.

Moving

Therefore,

an Orsat analyzer should be thoroughly leak-checked on site
before the flue gas sample is introduced into it.

The

procedure for leak-checking an Orsat analyzer is as follows:
11.5.1

Bring the liquid level in each pipette up to

the reference mark on the capillary tubing, and then close
the pipette stopcock.
11.5.2

Raise the leveling bulb sufficiently to bring

the confining liquid meniscus onto the graduated portion of
the burette, and then close the manifold stopcock.
11.5.3

Record the meniscus position.
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11.5.4

Observe the meniscus in the burette and the

liquid level in the pipette for movement over the next 4
minutes.
11.5.5

For the Orsat analyzer to pass the leak-check,

two conditions must be met:
11.5.5.1

The liquid level in each pipette must not

fall below the bottom of the capillary tubing during this
4-minute interval.
11.5.5.2

The meniscus in the burette must not change

by more than 0.2 ml during this 4-minute interval.
11.5.6

If the analyzer fails the leak-check

procedure, check all rubber connections and stopcocks to
determine whether they might be the cause of the leak.
Disassemble, clean, and regrease any leaking stopcocks.
Replace leaking rubber connections.

After the analyzer is

reassembled, repeat the leak-check procedure.
12.0

Calculations and Data Analysis.
12.1
Md

Nomenclature.
=

Dry molecular weight, g/g-mole
(lb/lb-mole).

%CO2

=

Percent CO2 by volume, dry basis.

%O2

=

Percent O2 by volume, dry basis.

%CO

=

Percent CO by volume, dry basis.

%N2

=

Percent N2 by volume, dry basis.
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0.280

=

Molecular weight of N2 or CO, divided by
100.

0.320

=

Molecular weight of O2 divided by 100.

0.440

=

Molecular weight of CO2 divided by 100.

12.2

Nitrogen, Carbon Monoxide Concentration.

Determine the percentage of the gas that is N2 and CO by
subtracting the sum of the percent CO2 and percent O2 from
100 percent.
12.3

Dry Molecular Weight.

Use Equation 3-1 to

calculate the dry molecular weight of the stack gas.
M d ' 0.440(%CO2) % 0.320 (%O2) % 0.280 (%N2 % %CO)

NOTE:

Eq. 3-1

The above Equation 3-1 does not consider the

effect on calculated dry molecular weight of argon in the
effluent gas.

The concentration of argon, with a molecular

weight of 39.9, in ambient air is about 0.9 percent.

A

negative error of approximately 0.4 percent is introduced.
The tester may choose to include argon in the analysis using
procedures subject to approval of the Administrator.
13.0

Method Performance.

[Reserved]

14.0

Pollution Prevention.

15.0

Waste Management.

16.0

References.

[Reserved]

[Reserved]
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EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER
NSPS TEST METHOD
Method 10 - Determination of Carbon Monoxide Emissions
from Stationary Sources
1.

PRINCIPLE AND APPLICABILITY

1.1
Principle.
An integrated or continuous gas sample is
extracted from a sampling point and analyzed for carbon monoxide
(CO) content using a Luft-type nondispersive infrared analyzer
(NDIR) or equivalent.
1.2
Applicability.
This method is applicable for the
determination of carbon monoxide emissions from stationary sources
only when specified by the test procedures for determining
compliance with new source performance standards. The test
procedure will indicate whether a continuous or an integrated
sample is to be used.
2.
2.1

RANGE AND SENSITIVITY
Range.

0 to 1000 ppm.

2.2 Sensitivity. Minimum detectable concentration is 20 ppm for
a 0- to 1000—ppm span.
3.

INTERFERENCES

Any substance having a strong absorption of infrared energy will
interfere to some extent. For example, discrimination ratios for
water (H2O) and carbon dioxide (CO2) are 3.5 percent H2O per 7 ppm
CO and 10 percent CO2 per 10 ppm CO, respectively, for devices
measuring in the 1500- to 3000-ppm range. For devices measuring in
the 0- to 100-ppm range, interference ratios can be as high as
3.5 percent H2O per 25 ppm CO and 10 percent CO2 per 50 ppm CO. 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.
4.

PRECISION AND ACCURACY

4.1
Precision.
The precision
approximately ±2 percent of span.

analyzers

is

4.2
Accuracy.
The accuracy of most NDIR analyzers
approximately ±5 percent of span after calibration.

is

5.

of

most

NDIR

APPARATUS

Note:
Mention of trade names or specific products does not
constitute endorsement by the Environmental Protection Agency.
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5.1
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Continuous Sample (Figure 10-1).

5.1.1 Probe. Stainless steel or sheathed Pyrex glass, equipped
with a filter to remove particulate matter.
5.1.2 Air-Cooled Condenser or Equivalent.
moisture.
5.2

To remove any excess

Integrated Sample (Figure 10-2).

5.2.1

Probe.

Same as in Section 5.1.1.

5.2.2
Air-Cooled Condenser or Equivalent.
5.1.2.
5.2.3

Valve.

Same as in Section

Needle valve, or equivalent, to adjust flow rate.

5.2.4 Pump. Leak-free diaphragm type, or equivalent, to transport
gas.
5.2.5 Rate Meter. Rotameter, or equivalent, to measure a flow
range from
0 to 1.0 liter per minute (0 to 0.035 cfm).
5.2.6 Flexible Bag. Tedlar, or equivalent, with a capacity of 60
to 90 liters (2 to 3 ft3). 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 the 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 time or a sample
traverse is conducted.
5.3

Analysis (Figure 10-3).

5.3.1
Carbon Monoxide Analyzer.
Nondispersive infrared
spectrometer, or equivalent.
This instrument should be
demonstrated, preferably by the manufacturer, to meet or exceed
manufacturer's specifications and those described in this method.
5.3.2

Drying Tube.

5.3.3

Calibration Gas.

5.3.4

Filter.

To contain approximately 200 g of silica gel.
Refer to Section 6.1.

As recommended by NDIR manufacturer.

5.3.5
CO2 Removal Tube.
ascarite.
5.3.6

Ice Water Bath.

To contain approximately 500 g of

For ascarite and silica gel tubes.

EMTIC TM-010
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Valve.
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Needle valve, or equivalent, to adjust flow rate.

5.3.8 Rate Meter. Rotameter, or equivalent, to measure gas flow
rate of 0 to 1.0 liter/min (0 to 0.035 cfm) through NDIR.
5.3.9 Recorder (Optional).
readings.
6.

To provide permanent record of NDIR

REAGENTS

6.1 Calibration Gases. Known concentration of CO in nitrogen (N2)
for instrument span, prepurified grade of N2 for zero, and two
additional concentrations corresponding approximately to 60 percent
and 30 percent of 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
(347°F) for 2 hours.
6.3
7.
7.1

Ascarite.

Commercially available.

PROCEDURE
Sampling.

7.1.1
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 purge the sampling
line.
Connect the analyzer, and begin drawing sample into the
analyzer. Allow 5 minutes for the system to stabilize, then record
the analyzer reading as required by the test procedure.
(See
Sections 7.2 and 8). CO2 content of the gas may be determined by
using the Method 3 integrated sampling procedure, or by weighing
the ascarite CO2 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 10-2 with the bag disconnected. Place
the probe in the stack, and purge the sampling line. Connect the
bag, making sure that all connections are leak free. Sample at a
rate proportional to the stack velocity. CO2 content of the gas
may be determined by using the Method 3 integrated sample
procedures, or by weighing the ascarite CO2 concentration from the
gas volume sampled and the weight gain of the tube.
7.2 CO Analysis. Assemble the apparatus as shown in Figure 10-3,
calibrate the instrument, and perform other required operations as
described in Section 8.
Purge analyzer with N2 prior to
introduction of each sample. Direct the sample stream through the
instrument for the test period, recording the readings. Check the
zero and the span again after the test to assure that any drift or

EMTIC TM-010
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Record the sample data on Table 10-1.

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 1 hour for warmup. During this time check
the sample conditioning 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, N2
and the calibration gases.
TABLE 10-1 - FIELD DATA
Location:

Date:

Test:

Operator:

Clock Time

9.

Rotameter Reading
liters/min (cfm)

Comments

CALCULATION--CONCENTRATION OF CARBON MONOXIDE

Calculate the concentration of carbon monoxide in the stack using
Equation 10—1.
Eq. 10-1
where:
CCO(stack) = Concentration of CO in stack, ppm by volume, dry
basis.
CCO(NDIR) = Concentration of CO measured by NDIR analyzer, ppm by
volume, dry basis.
FCO2 = Volume fraction of CO2 in sample, i.e., percent CO2
from Orsat analysis divided by 100.

EMTIC TM-010
10.
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ALTERNATIVE PROCEDURE--INTERFERENCE TRAP

The sample conditioning system described in Method 101A, Sections
2.1.2 and 4.2, may be used as an alternative to the silica gel and
ascarite traps.
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ADDENDA
A. Performance Specifications for NDIR Carbon Monoxide Analyzers.
TABLE A-1. Performance Specifications for NDIR CO Analyzers
——————————————————————————————————————————————————————————————————
Range (minimum)
0-1000 ppm
Output (minimum)

0-10 mV

Minimum detectable sensitivity

20 ppm

Rise time, 90 percent (maximum)

30 seconds

Fall time, 90 percent (maximum)

30 seconds

Zero drift (maximum)

10% in 8 hours

Span drift (maximum)

10% in 8 hours

Precision (maximum)

±2% of full scale

Noise (maximum)

±1% of full scale

Linearity (maximum deviation)

2% of full scale

Interference rejection ratio
CO2 - 1000:1; H2O 500:1
——————————————————————————————————————————————————————————————————
B.

Definitions of Performance Specifications.

1.

Range - The minimum and maximum measurement limits.

2.

Output - Electrical signal which is proportional to the
measurement; intended for connection to readout or data
processing devices.
Usually expressed as millivolts or
milliamps full scale at a given impedance.

3.

Full Scale - The maximum measuring limit for a given range.

4.

Minimum Detectable Sensitivity - The smallest amount of input
concentration that can be detected as the concentration
approaches zero.

5.

Accuracy - The degree of agreement between a measured value and
the true value; usually expressed as ± percent of full scale.

6.

Time to 90 Percent Response - The time interval from a step
change in the input concentration at the instrument inlet to
a reading of 90 percent of the ultimate recorded concentration.

7.

Rise Time (90 Percent) - The interval between initial response
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time and time to 90 percent response after a step increase in
the inlet concentration.
8.

Fall Time (90 Percent) - The interval between initial response
time and time to 90 percent response after a step decrease in
the inlet concentration.

9.

Zero Drift - The change in instrument output over a stated time
period, usually 24 hours, of unadjusted continuous operation
when the input concentration is zero; usually expressed as
percent full scale.

10. Span Drift - The change in instrument output over a stated time
period, usually 24 hours, of unadjusted continuous operation
when the input concentration is a stated upscale value; usually
expressed as percent full scale.
11. Precision - The degree of agreement between repeated
measurements of the same concentration, expressed as the
average deviation of the single results from the mean.
12. Noise - Spontaneous deviations from a mean output not caused
by input concentration changes.
13. Linearity - The maximum deviation between an actual instrument
reading and the reading predicted by a straight line drawn
between upper and lower calibration points.

APPENDIX A TO PART 63--TEST METHOD
* * * * *
Method 316 - Sampling and Analysis for Formaldehyde Emissions
from Stationary Sources in the Mineral Wool and Wool Fiberglass
Industries
1.0 Introduction.
This method is applicable to the determination of
formaldehyde, CAS Registry number 50-00-0, from stationary
sources in the mineral wool and wool fiber glass industries.
High purity water is used to collect the formaldehyde. The
formaldehyde concentrations in the stack samples are determined
using the modified pararosaniline method. Formaldehyde can be
detected as low as 8.8 x 10-10 lbs/cu ft (11.3 ppbv) or as high as
1.8 x 10-3 lbs/cu ft (23,000,000 ppbv), at standard conditions
over a 1 hour sampling period, sampling approximately 30 cu ft.
2.0 Summary of Method.
Gaseous and particulate pollutants are withdrawn
isokinetically from an emission source and are collected in high
purity water. Formaldehyde present in the emissions is highly
soluble in high purity water. The high purity water containing
formaldehyde is then analyzed using the modified pararosaniline
method. Formaldehyde in the sample reacts with acidic
pararosaniline, and the sodium sulfite, forming a purple
chromophore. The intensity of the purple color, measured
spectrophotometrically, provides an accurate and precise measure
of the formaldehyde concentration in the sample.
3.0 Definitions.
See the definitions in the General Provisions of this
Subpart.
4.0 Interferences.
Sulfite and cyanide in solution interfere with the
pararosaniline method. A procedure to overcome the interference
by each compound has been described by Miksch,
et al.
5.0 Safety. (Reserved)
6.0 Apparatus and Materials.
6.1 A schematic of the sampling train is shown in
Figure 1. This sampling train configuration is adapted from EPA
Method 5, 40 CFR part 60, appendix A, procedures.

The sampling train consists of the following components: probe
nozzle, probe liner, pitot tube, differential pressure gauge,
impingers, metering system, barometer, and gas density
determination equipment.
6.1.1
Probe Nozzle: Quartz, glass, or stainless
steel with sharp, tapered (30E angle) leading edge. The taper
shall be on the outside to preserve a constant inner diameter.
The nozzle shall be buttonhook or elbow design. A range of
nozzle sizes suitable for isokinetic sampling should be available
in increments of 0.15 cm (1/16 in), e.g., 0.32 to 1.27 cm (1/8 to
1/2 in), or larger if higher volume sampling trains are used.
Each nozzle shall be calibrated according to the procedure
outlined in Section 10.1.
6.1.2
Probe Liner: Borosilicate glass or quartz
shall be used for the probe liner. The probe shall be maintained
at a temperature of 120EC ± 14EC (248EF ± 25EF).
6.1.3
Pitot Tube: The pitot tube shall be Type S,
as described in Section 2.1 of EPA Method 2, 40 CFR part 60,
appendix A, or any other appropriate device. The pitot tube
shall be attached to the probe 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 Figure 2-6b, EPA Method 2, 40 CFR part 60, appendix A)
during sampling. The Type S pitot tube assembly shall have a
known coefficient, determined as outlined in Section 4 of EPA
Method 2, 40 CFR part 60, appendix A.
6.1.4
Differential Pressure Gauge: The
differential pressure gauge shall be an inclined manometer or
equivalent device as described in Section 2.2 of EPA Method 2, 40
CFR part 60, appendix A. One manometer shall be used for
velocity-head reading and the other for orifice differential
pressure readings.
6.1.5
Impingers: The sampling train requires a
minimum of four impingers, connected as shown in Figure 1, with
ground glass (or equivalent) vacuum-tight fittings. For the
first, third, and fourth impingers, use the Greenburg-Smith
design, modified by replacing the tip with a 1.3 cm inside
diameters (1/2 in) glass tube extending to 1.3 cm (1/2 in) from
the bottom of the flask. For the second impinger, use a
Greenburg-Smith impinger with the standard tip. Place a
thermometer capable of measuring temperature to within 1EC (2EF)
at the outlet of the fourth impinger for monitoring purposes.
6.1.6
Metering System: The necessary components
are a vacuum gauge, leak-free pump, thermometers capable of
measuring temperatures within 3EC (5.4EF), dry-gas meter capable
of measuring volume to within 1 percent, and related equipment as
shown in Figure 1. At a minimum, the pump should be capable of 4
cfm free flow, and the dry gas meter should have a recording
capacity of 0-999.9 cu ft with a resolution of 0.005 cu ft.
Other metering systems may be used which are capable of

maintaining sample volumes to within 2 percent. The metering
system may be used in conjunction with a pitot tube to enable
checks of isokinetic sampling rates.
6.1.7
Barometer: The barometer may be 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) is requested and an adjustment for
elevation differences between the weather station and sampling
point is applied at a rate of minus 2.5 mm Hg (0.1 in Hg) per 30
m (100 ft) elevation increase (rate is plus 2.5 mm Hg per 30 m
(100 ft) of elevation decrease).
6.1.8
Gas Density Determination Equipment:
Temperature sensor and pressure gauge (as described in Sections
2.3 and 2.3 of EPA Method 2, 40 CFR part 60, appendix A), and gas
analyzer, if necessary (as described in EPA Method 3, 40 CFR part
60, appendix A). The temperature sensor ideally should be
permanently attached to the pitot tube or sampling probe in a
fixed configuration such that the top of the sensor extends
beyond the leading edge of the probe sheath and does not touch
any metal. Alternatively, the sensor may be attached just prior
to use in the field. Note, however, that if the temperature
sensor is attached in the field, the sensor must be placed in an
interference-free arrangement with respect to the Type S pitot
openings (see Figure 2-7, EPA Method 2, 40 CFR part 60, appendix
A). As a second alternative, if a difference of no more than 1
percent in the average velocity measurement is to be introduced,
the temperature gauge need not be attached to the probe or pitot
tube.
6.2 Sample Recovery.
6.2.1
Probe Liner: Probe nozzle and brushes;
bristle brushes with stainless steel wire handles are required.
The probe brush shall have extensions of stainless steel,
TeflonTM, or inert material at least as long as the probe. The
brushes shall be properly sized and shaped to brush out the probe
liner, the probe nozzle, and the impingers.
6.2.2
Wash Bottles: One wash bottle is required.
Polyethylene, TeflonTM, or glass wash bottles may be used for
sample recovery.
6.2.3
Graduated Cylinder and/or Balance: A
graduated cylinder or balance is required to measure condensed
water to the nearest 1 mR or 1 g. Graduated cylinders shall have
division not > 2 mR. Laboratory balances capable of weighing to
± 0.5 g are required.
6.2.4
Polyethylene Storage Containers: 500 mR
wide-mouth polyethylene bottles are required to store impinger
water samples.
6.2.5
Rubber Policeman and Funnel: A rubber
policeman and funnel are required to aid the transfer of material

into and out of containers in the field.
6.3 Sample Analysis.
6.3.1
Spectrophotometer - B&L 70, 710, 2000, etc.,
or equivalent; 1 cm pathlength cuvette holder.
6.3.2
Disposable polystyrene cuvettes, pathlengh 1
cm, volume of about 4.5 mR.
6.3.3
Pipettors - Fixed-volume Oxford pipet (250
FR; 500 FR; 1000 FR); adjustable volume Oxford or equivalent
pipettor 1-5 mR model, set to 2.50 mR.
6.3.4
Pipet tips for pipettors above.
6.3.5
Parafilm, 2E wide; cut into about 1" squares.
7.0 Reagents.
7.1 High purity water: All references to water in
this method refer to high purity water (ASTM Type I water or
equivalent). The water purity will dictate the lower limits of
formaldehyde quantification.
7.2 Silica Gel: Silica gel shall be indicting type,
6-16 mesh. If the silica gel has been used previously, dry at
175EC (350EF) for 2 hours before using. New silica gel may be
used as received. Alternatively, other types of desiccants
(equivalent or better) may be used.
7.3 Crushed Ice: Quantities ranging from 10-50 lbs
may be necessary during a sampling run, depending upon ambient
temperature. Samples which have been taken must be stored and
shipped cold; sufficient ice for this purpose must be allowed.
7.4 Quaternary ammonium compound stock solution:
Prepare a stock solution of dodecyltrimethylammonium chloride (98
percent minimum assay, reagent grade) by dissolving 1.0 gram in
1000 ml water. This solution contains nominally 1000 Fg/ml
quaternary ammonium compound, and is used as a biocide for some
sources which are prone to microbial contamination.
7.5 Pararosaniline: Weigh 0.16 grams pararosaniline
(free base; assay of 95 percent or greater, C.I. 42500; Sigma
P7632 has been found to be acceptable) into a 100 mR flask.
Exercise care, since pararosaniline is a dye and will stain.
Using a wash bottle with high-purity water, rinse the walls of
the flask. Add no more than 25 mR water. Then, carefully add 20
mR of concentrated hydrochloric acid to the flask. The flask
will become warm after the addition of acid. Add a magnetic stir
bar to the flask, cap, and place on a magnetic stirrer for
approximately 4 hours. Then, add additional water so the total
volume is 100 mR. This solution is stable for several months
when stored tightly capped at room temperature.
7.6 Sodium sulfite: Weigh 0.10 grams anhydrous sodium
sulfite into a 100 mR flask. Dilute to the mark with high purity
water. Invert 15-20 times to mix and dissolve the sodium
sulfite. This solution MUST BE PREPARED FRESH EVERY DAY.
7.7 Formaldehyde standard solution: Pipet exactly
2.70 mR of 37 percent formaldehyde solution into a 1000 mR
volumetric flask which contains about 500 mR of high-purity

water. Dilute to the mark with high-purity water. This solution
contains nominally 1000 Fg/mR of formaldehyde, and is used to
prepare the working formaldehyde standards. The exact
formaldehyde concentration may be determined if needed by
suitable modification of the sodium sulfite method (Reference:
J.F. Walker, FORMALDEHYDE (Third Edition), 1964.). The 1000
Fg/mR formaldehyde stock solution is stable for at least a year
if kept tightly closed, with the neck of the flask sealed with
Parafilm. Store at room temperature.
7.8 Working formaldehyde standards: Pipet exactly
10.0 mR of the 1000 Fg/mR formaldehyde stock solution into a 100
mR volumetric flask which is about half full of high-purity
water. Dilute to the mark with high-purity water, and invert 1520 times to mix thoroughly. This solution contains nominally 100
Fg/mR formaldehyde. Prepare the working standards from this 100
Fg/mR standard solution and using the Oxford pipets:
Working
Standard, F/mL

FL or 100
Fg/mL Solution

Volumetric Flask Volume
(Dilute to mark with water)

0.250

250

100

0.500

500

100

1.00

1000

100

2.00

2000

100

3.00

1500

50

The 100 Fg/mR stock solution is stable for 4 weeks if kept
refrigerated between analyses.

The working standards (0.25 -

3.00 Fg/mR) should be prepared fresh every day, consistent with
good laboratory practice for trace analysis.

If the laboratory

water is not of sufficient purity, it may be necessary to prepare
the working standards EVERY DAY.

The laboratory MUST ESTABLISH

that the working standards are stable - DO NOT assume that your
working standards are stable for more than a day unless you have
verified this by actual testing for several series of working
standards.

8.0

Sample Collection.
8.1

Because of the complexity of this method, field

personnel should be trained in and experienced with the test
procedures in order to obtain reliable results.
8.2
8.2.1

Laboratory Preparation:
All the components shall be maintained and

calibrated according to the procedure described in APTD-0576,
unless otherwise specified.
8.2.2

Weigh several 200 to 300 g portions of silica

gel in airtight containers to the nearest 0.5 g.

Record on each

container the total weight of the silica gel plus containers.

As

an alternative to preweighing the silica gel, it may instead be
weighed directly in the impinger or sampling holder just prior to
train assembly.
8.3.1

8.3

Preliminary Field Determinations.

Select the sampling site and the minimum

number of sampling points according to EPA Method 1, 40 CFR part
60, appendix A, or other relevant criteria.

Determine the stack

pressure, temperature, and range of velocity heads using EPA
Method 2, 40 CFR part 60, appendix A.

A leak-check of the pitot

lines according to Section 3.1 of EPA Method 2, 40 CFR part 60,
appendix A, must be performed.

Determine the stack gas moisture

content using EPA Approximation Method 4,40 CFR part 60, appendix
A, or its alternatives to establish estimates of isokinetic
sampling rate settings.

Determine the stack gas dry molecular

weight, as described in EPA Method 2, 40 CFR part 60, appendix A,

Section 3.6.

If integrated EPA Method 3, 40 CFR part 60,

appendix A, sampling is used for molecular weight determination,
the integrated bag sample shall be taken simultaneously with, and
for the same total length of time as, the sample run.
8.3.2

Select a nozzle size based on the range of

velocity heads so that it is not necessary to change the nozzle
size in order to maintain isokinetic sampling rates below 28
R/min (1.0 cfm).

During the run do not change the nozzle.

Ensure that the proper differential pressure gauge is chosen for
the range of velocity heads encountered (see Section 2.2 of EPA
Method 2, 40 CFR part 60, appendix A).
8.3.3

Select a suitable probe liner and probe

length so that all traverse points can be sampled.

For large

stacks, to reduce the length of the probe, consider sampling from
opposite sides of the stack.
8.3.4

A minimum of 30 cu ft of sample volume is

suggested for emission sources with stack concentrations not
greater than 23,000,000 ppbv.

Additional sample volume shall be

collected as necessitated by the capacity of the water reagent
and analytical detection limit constraint.

Reduced sample volume

may be collected as long as the final concentration of
formaldehyde in the stack sample is greater than 10 (ten) times
the detection limit.
8.3.5

Determine the total length of sampling time

needed to obtain the identified minimum volume by comparing the

anticipated average sampling rate with the volume requirement.
Allocate the same time to all traverse points defined by EPA
Method 1, 40 CFR part 60, appendix A.

To avoid timekeeping

errors, the length of time sampled at each traverse point should
be an integer or an integer plus 0.5 min.
8.3.6

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-volume samples.

In these cases,

careful documentation must be maintained in order to allow
accurate calculations of concentrations.
8.4
8.4.1

Preparation of Collection Train.
During preparation and assembly of the

sampling train, keep all openings where contamination can occur
covered with TeflonTM film or aluminum foil until just prior to
assembly or until sampling is about to begin.
8.4.2

Place 100 mR of

water in each of the first

two impingers, and leave the third impinger empty.

If additional

capacity is required for high expected concentrations of
formaldehyde in the stack gas, 200 mR of water per impinger may
be used or additional impingers may be used for sampling.
Transfer approximately 200 to 300 g of pre-weighed silica gel
from its container to the fourth impinger.

Care should be taken

to ensure that the silica gel is not entrained and carried out
from the impinger during sampling.

Place the silica gel

container in a clean place for later 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.
8.4.3

With a glass or quartz liner, install the

selected nozzle using a Viton-A O-ring when stack temperatures
are < 260EC (500EF) and a woven glass-fiber gasket when
temperatures are higher.

See APTD-0576 for details.

Other

connection systems utilizing either 316 stainless steel or
TeflonTM ferrules may be used.

Mark the probe with heat-

resistant tape or by some other method to denote the proper
distance into the stack or duct for each sampling point.
8.4.4

Assemble the train as shown in Figure 1.

During assembly, a very light coating of silicone grease may be
used on ground-glass joints of the impingers, but the silicone
grease should be limited to the outer portion (see APTD-0576) of
the ground-glass joints to minimize silicone grease
contamination.
leaks.

If necessary, TeflonTM tape may be used to seal

Connect all temperature sensors to an appropriate

potentiometer/display unit.

Check all temperature sensors at

ambient temperatures.
8.4.5

Place crushed ice all around the impingers.

8.4.6

Turn on and set the probe heating system at

the desired operating temperature.

Allow time for the

temperature to stabilize.
8.5
8.5.1

Leak-Check Procedures.
Pre-test Leak-check:

Recommended, but not

required.

If the tester elects to conduct the pre-test leak-

check, the following procedure shall be used.
8.5.1.1

After the sampling train has been assembled,

turn on and set probe heating system at the desired operating
temperature.

Allow time for the temperature to stabilize.

If a

Viton-a O-ring or other leak-free connection is used in
assembling the probe nozzle to the probe liner, leak-check the
train at the sampling site by plugging the nozzle and pulling a
381 mm Hg (15 in Hg) vacuum.
NOTE:

A lower vacuum may be used, provided that the lower vacuum

is not exceeded during the test.
If a woven glass fiber gasket is used, do not connect
the probe to the train during the leak-check.

Instead, leak-

check the train by first attaching a carbon-filled leak-check
impinger to the inlet and then plugging the inlet and pulling a
381 mm Hg (15 in Hg) vacuum.

(A lower vacuum may be used if this

lower vacuum is not exceeded during the test.)

Next connect the

probe to the train and leak-check at about 25 mm Hg (1 in Hg)
vacuum.

Alternatively, leak-check the probe with the rest of the

sampling train in one step at 381 mm Hg (15 in Hg) vacuum.
Leakage rates in excess of (a) 4 percent of the average sampling
rate or (b) 0.00057 m3/min (0.02 cfm), whichever is less, are
unacceptable.
8.5.1.2

The following leak-check instructions for the

sampling train described in APTD-0576 and APTD-0581 may be

helpful.

Start the pump with the fine-adjust valve fully open

and coarse-valve completely closed.

Partially open the coarse-

adjust valve and slowly close the fine-adjust valve until the
desired vacuum is reached.

Do not reverse direction of the fine-

adjust valve, as liquid will back up into the train.

If the

desired vacuum is exceeded, either perform the leak-check at this
higher vacuum or end the leak-check, as described below, and
start over.
8.5.1.3

When the leak-check is completed, first

slowly remove the plug from the inlet to the probe.

When the

vacuum drops to 127 mm (5 in) Hg or less, immediately close the
coarse-adjust valve.

Switch off the pumping system and reopen

the fine-adjust valve.

Do not reopen the fine-adjust valve until

the coarse-adjust valve has been closed to prevent the liquid in
the impingers from being forced backward in the sampling line and
silica gel from being entrained backward into the third impinger.
8.5.2

Leak-checks During Sampling Run:

8.5.2.1

If, during the sampling run, a component

change (e.g., impinger) becomes necessary, a leak-check shall be
conducted immediately after the interruption of sampling and
before the change is made.

The leak-check shall be done

according to the procedure described in Section 10.3.3, except
that it shall be done at a vacuum greater than or equal to the
maximum value recorded up to that point in the test.

If the

leakage rate is found to be no greater than 0.0057 m3/min (0.02

cfm) or 4 percent of the average sampling rate (whichever is
less), the results are acceptable.

If a higher leakage rate is

obtained, the tester must void the sampling run.
NOTE:

Any correction of the sample volume by calculation reduces

the integrity of the pollutant concentration data generated and
must be avoided.
8.5.2.2

Immediately after component changes, leak-

checks are optional.

If performed, the procedure described in

section 8.5.1.1 shall be used.
8.5.3

Post-test Leak-check:

8.5.3.1

A leak-check is mandatory at the conclusion

of each sampling run.

The leak-check shall be done with the same

procedures as the pre-test leak-check, except that the post-test
leak-check shall be conducted at a vacuum greater than or equal
to the maximum value reached during the sampling run.

If the

leakage rate is found to be no greater than 0.00057 m3/min (0.02
cfm) or 4 percent of the average sampling rate (whichever is
less), the results are acceptable.

If, however, a higher leakage

rate is obtained, the tester shall record the leakage rate and
void the sampling run.
8.6
8.6.1

Sampling Train Operation.
During the sampling run, maintain an

isokinetic sampling rate to within 10 percent of true isokinetic,
below 28 R/min (1.0 cfm).

Maintain a temperature around the

probe of 120EC ± 14EC (248E ± 25EF).

8.6.2

For each run, record the data on a data sheet

such as the one shown in Figure 2.
dry-gas meter reading.

Be sure to record the initial

Record the dry-gas meter
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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 2 at least once at each
sample point during each time increment and additional
readings when significant adjustments (20 percent variation
in velocity head readings) necessitate additional
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.
8.6.3

Clean the stack access ports prior to

the test run to eliminate the chance of sampling deposited
material.

To begin sampling, remove the nozzle cap, verify

that the probe heating system are at the specified
temperature, and verify that the pitot tube and probe are
properly positioned.

Position the nozzle at the first

traverse point, with the tip pointing directly into the gas
stream.

Immediately start the pump and adjust the flow to

isokinetic conditions.

Nomographs, which aid in the rapid

adjustment of the isokinetic sampling rate without excessive
computations, are available.

These nomographs are designed

for use when the Type S pitot tube coefficient is 0.84 ±
0.02 and the stack gas equivalent density (dry molecular
weight) is equal to 29 ± 4.

APTD-0576 details the procedure

for using the nomographs.

If the stack gas molecular weight

and the pitot tube coefficient are outside the above ranges,
do not use the nomographs unless appropriate steps are taken
to compensate for the deviations.
8.6.4

When the stack is under significant

negative pressure (equivalent to the height of the impinger
stem), take care to close the coarse-adjust valve before
inserting the probe into the stack in order to prevent
liquid from backing up through the train.

If necessary, a

low vacuum on the train may have to be started prior to
entering the stack.
8.6.5

When the probe is in position, block off

the openings around the probe and stack access port to
prevent unrepresentative dilution of the gas stream.
8.6.6

Traverse the stack cross section, as

required by EPA Method 1, 40 CFR part 60, appendix A, 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 access port, in order to minimize the
chance of extracting deposited material.
8.6.7

During the test run, make periodic

adjustments to keep the temperature around the probe at the
proper levels.

Add more ice and, if necessary, salt, to

maintain a temperature of < 20EC (68EF) at the silica gel
outlet.

8.6.8

A single train shall be used for the

entire sampling run, except in cases where simultaneous
sampling is required in 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.

An additional train or trains may also be used for

sampling when the capacity of a single train is exceeded.
8.6.9

When two or more trains are used,

separate analyses of components from each train shall be
performed.

If multiple trains have been used because the

capacity of a single train would be exceeded, first
impingers from each train may be combined, and second
impingers from each train may be combined.
8.6.10

At the end of the sampling run, turn off

the coarse-adjust valve, remove the probe and nozzle from
the stack, turn off the pump, record the final dry gas meter
reading, and conduct a post-test leak-check.

Also, check

the pitot lines as described in EPA Method 2, 40 CFR part
60, appendix A.

The lines must pass this leak-check in

order to validate the velocity-head data.
8.6.11

Calculate percent isokineticity (see

Method 2) to determine whether the run was valid or another
test should be made.
8.7

Sample Preservation and Handling.
8.7.1

Samples from most sources applicable to

this method have acceptable holding times using normal
handling practices (shipping samples iced, storing in
refrigerator at 2EC until analysis).

However, forming

section stacks and other sources using waste water sprays
may be subject to microbial contamination.

For these

sources, a biocide (quaternary ammonium compound solution)
may be added to collected samples to improve sample
stability and method ruggedness.
8.7.2

Sample holding time:

analyzed within 14 days of collection.

Samples should be

Samples must be

refrigerated/kept cold for the entire period preceding
analysis.

After the samples have been brought to room

temperature for analysis, any analyses needed should be
performed on the same day.

Repeated cycles of warming the

samples to room temperature/refrigerating/rewarming, then
analyzing again, etc., have not been investigated in depth
to evaluate if analyte levels remain stable for all sources.
8.7.3

Additional studies will be performed to

evaluate whether longer sample holding times are feasible
for this method.
8.8

Sample Recovery.
8.8.1

Preparation:

8.8.1.1

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 handled safely, wipe off all external particulate
matter near the tip of the probe nozzle and place a cap over
the tip to prevent losing or gaining particulate matter.

Do

not cap the probe tightly while the sampling train is
cooling because a vacuum will be created, drawing liquid
from the impingers back through the sampling train.
8.8.1.2

Before moving the sampling train to the

cleanup site, remove the probe from the sampling train and
cap the open outlet, being careful not to lose any
condensate that might be present.

Remove the umbilical cord

from the last impinger and cap the impinger.

If a flexible

line is used, let any condensed water or liquid drain into
the impingers.
outlets.

Cap off any open impinger inlets and

Ground glass stoppers, TeflonTM caps, or caps of

other inert materials may be used to seal all openings.
8.8.1.3

Transfer the probe and impinger assembly

to an area that is clean and protected from wind so that the
chances of contaminating or losing the sample are minimized.
8.8.1.4

Inspect the train before and during

disassembly, and note any abnormal conditions.
8.8.1.5

Save a portion of the washing solution

(high purity water) used for cleanup as a blank.

Catches.

8.8.2

Sample Containers:

8.8.2.1

Container 1:

Probe and Impinger

Using a graduated cylinder, measure to the nearest

ml, and record the volume of the solution in the first three
impingers.

Alternatively, the solution may be weighed to

the nearest 0.5 g.
this determination.

Include any condensate in the probe in
Transfer the combined impinger solution

from the graduated cylinder into the polyethylene bottle.
Taking care that dust on the outside of the probe or other
exterior surfaces does not get into the sample, clean all
surfaces to which the sample is exposed (including the probe
nozzle, probe fitting, probe liner, first three impingers,
and impinger connectors) with water.

Use less than 400 mR

for the entire waste (250 mR would be better, if possible).
Add the rinse water to the sample container.
8.8.2.1.1 Carefully remove the probe nozzle and
rinse the inside surface with water from a wash bottle.
Brush with a bristle brush and rinse until the rinse shows
no visible particles, after which make a final rinse of the
inside surface.

Brush and rinse the inside parts of the

Swagelok (or equivalent) fitting with water in a similar
way.
8.8.2.1.2 Rinse the probe liner with water.

While

squirting the water into the upper end of the probe, tilt
and rotate the probe so that all inside surfaces will be
wetted with water.

Let the water drain from the lower end

into the sample container.

The tester may use a funnel

(glass or polyethylene) to aid in transferring the liquid

washes to the container.
brush.

Follow the rinse with a bristle

Hold the probe in an inclined position, and squirt

water into the upper end as the probe brush is being pushed
with a twisting action through the probe.

Hold the sample

container underneath the lower end of the probe, and catch
any water and particulate matter that is brushed from the
probe.

Run the brush through the probe three times or more.

Rinse the brush with water and quantitatively collect these
washings in the sample container.

After the brushing, make

a final rinse of the probe as describe above.
NOTE:

Two people should clean the probe in order to

minimize sample losses.

Between sampling runs, brushes must

be kept clean and free from contamination.
8.8.2.1.3 Rinse the inside surface of each of the
first three impingers (and connecting tubing) three separate
times.

Use a small portion of water for each rinse, and

brush each surface to which the sample is exposed with a
bristle brush to ensure recovery of fine particulate matter.
Make a final rinse of each surface and of the brush, using
water.
8.8.2.1.4 After all water washing and particulate
matter have been collected in the sample container, tighten
the lid so the sample will not leak out when the container
is shipped to the laboratory.

Mark the height of the fluid

level to determine whether leakage occurs during transport.

Label the container clearly to identify its contents.
8.8.2.1.5 If the first two impingers are to be
analyzed separately to check for breakthrough, separate the
contents and rinses of the two impingers into individual
containers.

Care must be taken to avoid physical carryover

from the first impinger to the second.

Any physical

carryover of collected moisture into the second impinger
will invalidate a breakthrough assessment.
8.8.2.2

Container 2:

Sample Blank.

Prepare a

blank by using a polyethylene container and adding a volume
of water equal to the total volume in Container 1.

Process

the blank in the same manner as Container 1.
8.8.2.3

Container 3:

Silica Gel.

Note the

color of the indicating silica gel to determine whether it
has been completely spent and make a notation of its
condition.

The impinger containing the silica gel may be

used as a sample transport container with both ends sealed
with tightly fitting caps or plugs.
or TeflonTM caps maybe used.

Ground-glass stoppers

The silica gel impinger should

then be labeled, covered with aluminum foil, and packaged on
ice for transport to the laboratory.

If the silica gel is

removed from the impinger, the tester may use a funnel to
pour the silica gel and a rubber policeman to remove the
silica gel from the impinger.

It is not necessary to remove

the small amount of dust particles that may adhere to the

impinger wall and are difficult to remove.

Since the gain

in weight is to be used for moisture calculations, do not
use water or other liquids to transfer the silica gel.

If a

balance is available in the field, the spent silica gel (or
silica gel plus impinger) may be weighed to the nearest 0.5
g.
8.8.2.4

Sample containers should be placed in a

cooler, cooled by (although not in contact with) ice.
Putting sample bottles in Zip-LockTM bags can aid in
maintaining the integrity of the sample labels.

Sample

containers should be placed vertically to avoid leakage
during shipment.

Samples should be cooled during shipment

so they will be received cold at the laboratory.

It is

critical that samples be chilled immediately after recovery.
If the source is susceptible to microbial contamination from
wash water (e.g. forming section stack), add biocide as
directed in section 8.2.5.
8.8.2.5

A quaternary ammonium compound can be

used as a biocide to stabilize samples against microbial
degradation following collection.

Using the stock

quaternary ammonium compound (QAC) solution; add 2.5 ml QAC
solution for every 100 ml of recovered sample volume
(estimate of volume is satisfactory) immediately after
collection.

The total volume of QAC solution must be

accurately known and recorded, to correct for any dilution

caused by the QAC solution addition.
8.8.3

Sample Preparation for Analysis
8.8.3.1

The sample should be refrigerated if the

analysis will not be performed on the day of sampling.
Allow the sample to warm at room temperature for about two
hours (if it has been refrigerated) prior to analyzing.
8.8.3.2

Analyze the sample by the pararosaniline

method, as described in Section 11.

If the color-developed

sample has an absorbance above the highest standard, a
suitable dilution in high purity water should be prepared
and analyzed.
9.

Quality Control.
9.1

Sampling:

See EPA Manual 600/4-77-02b for

Method 5 quality control.
9.2

Analysis:

The quality assurance program

required for this method includes the analysis of the field
and method blanks, and procedure validations.

The positive

identification and quantitation of formaldehyde are
dependent on the integrity of the samples received and the
precision and accuracy of the analytical methodology.
Quality assurance procedures for this method are designed to
monitor the performance of the analytical methodology and to
provide the required information to take corrective action
if problems are observed in laboratory operations or in
field sampling activities.

9.2.1

Field Blanks:

Field blanks must be

submitted with the samples collected at each sampling site.
The field blanks include the sample bottles containing
aliquots of sample recover water, and water reagent.

At a

minimum, one complete sampling train will be assembled in
the field staging area, taken to the sampling area, and
leak-checked at the beginning and end of the testing (or for
the same total number of times as the actual sampling
train).

The probe of the blank train must be heated during

the sample test.

The train will be recovered as if it were

an actual test sample.

No gaseous sample will be passed

through the blank sampling train.
9.2.2

Blank Correction:

The field blank

formaldehyde concentrations will be subtracted from the
appropriate sample formaldehyde concentrations.

Blank

formaldehyde concentrations above 0.25 Fg/mR should be
considered suspect, and subtraction from the sample
formaldehyde concentrations should be performed in a manner
acceptable to the Administrator.
9.2.3

Method Blanks:

A method blank must be

prepared for each set of analytical operations, to evaluate
contamination and artifacts that can be derived from
glassware, reagents, and sample handling in the laboratory.
10.

Calibration.
10.1 Probe Nozzle:

Probe nozzles shall be

calibrated before their 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 measurements at three

separate places across the diameter and obtain the average
of the measurements.

The difference between the high and

low numbers shall not exceed 0.1 mm (0.004 in).

When the

nozzle becomes nicked or corroded, it shall be repaired and
calibrated, or replaced with a calibrated nozzle before use.
Each nozzle must be permanently and uniquely identified.
10.2 Pitot Tube:

The Type S pitot tube assembly

shall be calibrated according to the procedure outlined in
Section 4 of EPA Method 2, or assigned a nominal coefficient
of 0.84 if it is not visibly nicked or corroded and if it
meets design and intercomponent spacing specifications.
10.3 Metering System.
10.3.1

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 correct the gas meter dial readings mathematically 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 delete leakages with the pump.

For these

cases, the following leak-check procedure will apply:

make

a ten-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 and dry-gas meter volumes and divide the difference
by 10 to get the leak rate.

The leak rate should not exceed

0.00057 m3/min (0.02 cfm).
10.3.2

After each field use, check the

calibration of the metering system by performing three
calibration runs at a single intermediate orifice setting
(based on the previous field test).

Set the vacuum 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 the metering system.
of the calibration factor.

Calculate the average value

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.
10.3.3

Leak-check of metering system:

The

portion of the sampling train from the pump to the orifice
meter (see Figure 1) should be leak-checked prior to initial
use and after each shipment.

Leakage after the pump will

result in less volume being recorded than is actually
sampled.

Use the following procedure:

on the meter box.

Close the main valve

Insert a one-hole rubber stopper with

rubber tubing attached into the orifice exhaust pipe.
Disconnect and vent the low side of the orifice manometer.

Close off the low side orifice tap.

Pressurize the system

to 13 - 18 cm (5 - 7 in) water column by blowing into the
rubber tubing.

Pinch off the tubing and observe the

manometer for 1 min.

A loss of pressure on the manometer

indicates a leak in the meter box.
NOTE:

Leaks must be corrected.

If the dry-gas meter coefficient values obtained

before and after a test series differ by > 5 percent, either
the test series must be voided or calculations for test
series must be performed using whichever meter coefficient
value (i.e., before or after) gives the lower value of total
sample volume.
10.4 Probe Heater:

The probe heating system must

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.
10.5 Temperature gauges:

Use the procedure in

section 4.3 of USEPA Method 2 to 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.
10.6 Barometer:

Adjust the barometer initially

and before each test series to agree to within ± 2.5 mm Hg
(0.1 in Hg) of the mercury barometer.

Alternately, if a

National Weather Service Station (NWSS) is located at the

same altitude above sea level as the test site, the
barometric pressure reported by the NWSS may be used.
10.7 Balance:

Calibrate the balance before each

test series, using Class S standard weights.

The weights

must be within ± 0.5 percent of the standards, or the
balance must be adjusted to meet these limits.
11.0 Procedure for Analysis.
The working formaldehyde standards (0.25, 0.50,
1.0, 2.0, and 3.0 Fg/mR) are analyzed and a calibration
curve is calculated for each day's analysis.

The standards

should be analyzed first to ensure that the method is
working properly prior to analyzing the samples.

In

addition, a sample of the high-purity water should also be
analyzed and used as a "0" formaldehyde standard.
The procedure for analysis of samples and
standards is identical:

Using the pipet set to 2.50 mR,

pipet 2.50 mR of the solution to be analyzed into a
polystyrene cuvette.

Using the 250 FR pipet, pipet 250 FR

of the pararosaniline reagent solution into the cuvette.
Seal the top of the cuvette with a Parafilm square and shake
at least 30 seconds to ensure the solution in the cuvette is
well-mixed.

Peel back a corner of the Parafilm so the next

reagent can be added.

Using the 250 FR pipet, pipet 250 FR

of the sodium sulfite reagent solution into the cuvette.
Reseal the cuvette with the Parafilm, and again shake for

about 30 seconds to mix the solution in the cuvette.

Record

the time of addition of the sodium sulfite and let the color
develop at room temperature for 60 minutes.

Set the

spectrophotometer to 570 nm and set to read in Absorbance
Units.

The spectrophotometer should be equipped with a

holder for the 1-cm pathlength cuvettes.

Place cuvette(s)

containing high-purity water in the spectrophotometer and
adjust to read 0.000 AU.
After the 60 minutes color development period, read the
standard and samples in the spectrophotometer.
absorbance reading for each cuvette.

Record the

The calibration curve

is calculated by linear regression, with the formaldehyde
concentration as the "x" coordinate of the pair, and the
absorbance reading as the "y" coordinate.

The procedure is

very reproducible, and typically will yield values similar
to these for the calibration curve:
Correlation Coefficient:

0.9999

Slope:

0.50

Y-Intercept:

0.090

The formaldehyde concentration of the samples can be found
by using the trend-line feature of the calculator or
computer program used for the linear regression.

For

example, the TI-55 calculators use the "X" key (this gives
the predicted formaldehyde concentration for the value of
the absorbance you key in for the sample).

Multiply the

formaldehyde concentration from the sample by the dilution
factor, if any, for the sample to give the formaldehyde
concentration of the original, undiluted, sample (units will
be micrograms/mR).
11.1 Notes on the Pararosaniline Procedure
11.1.1

The pararosaniline method is

temperature-sensitive.

However, the small fluctuations

typical of a laboratory will not significantly affect the
results.
11.1.2

The calibration curve is linear to

beyond 4 Fg/mR formaldehyde, however, a research-grade
spectrophotometer is required to reproducibly read the high
absorbance values.

Consult your instrument manual to

evaluate the capability of the spectrophotometer.
11.1.3

The quality of the laboratory water used

to prepare standards and make dilutions is critical.

It is

important that the cautions given in the Reagents section be
observed.

This procedure allows quantitation of

formaldehyde at very low levels, and thus it is imperative
to avoid contamination from other sources of formaldehyde
and to exercise the degree of care required for trace
analyses.
11.1.4

The analyst should become familiar with

the operation of the Oxford or equivalent pipettors before
using them for an analysis.

Follow the instructions of the

manufacturer; one can pipet water into a tared container on
any analytical balance to check pipet accuracy and
precision.

This will also establish if the proper technique

is being used.

Always use a new tip for each pipetting

operation.
11.1.5

This procedure follows the

recommendations of ASTM Standard Guide D 3614, reading all
solutions versus water in the reference cell.

This allows

the absorbance of the blank to be tracked on a daily basis.
Refer to ASTM D 3614 for more information.
12.0 Calculations.
Carry out calculations, retaining at least one
extra decimal figure beyond that of the acquired data.
Round off figures after final calculations.
12.1 Calculations of Total Formaldehyde.
12.1.1

To determine the total formaldehyde

in mg, use the following equation if biocide was not used:
Total mg formaldehyde =

C d × V × DF x 0.001 mg/µg
where:
Cd

=

measured conc. formaldehyde, Fg/mR

V

=

total volume of stack sample, mR

DF

=

dilution factor

12.1.2

To determine the total formaldehyde in

mg, use the following equation if biocide was used:
Total mg formaldehyde =

Cd × V
(V&B) × DF × 0.001 mg/µg
Where:
Cd

=

measured conc. formaldehyde, Fg/mR

V

=

total volume of stack sample, mR

B

=

total volume of biocide added to sample, mR

DF

=

dilution factor

12.2 Formaldehyde concentration (mg/m3) in stack
Determine the formaldehyde concentration (mg/m3) in

gas.

the stack gas using the following equation:
Formaldehyde concentration (mg/m3) =

K × [total formaldehyde,mg]
Vm(std)
where:
K

=

35.31 cu ft/m3 for Vm(std) in English units,

K

=

1.00 m3/m3 for Vm(std) in metric units

or

Vm(std)

=

volume of gas sample measured by a dry
gas meter, corrected to standard
conditions, dscm (dscf)

12.3 Average dry gas meter temperature and average
orifice pressure drop are obtained from the data sheet.

12.4 Dry Gas Volume:

Calculate Vm(std) and

adjust for leakage, if necessary, using the equation in
Section 6.3 of EPA Method 5, 40 CFR part 60, appendix A.
12.5 Volume of Water Vapor and Moisture Content:
Calculated the volume of water vapor and moisture content
from equations 5-2 and 5-3 of EPA Method 5.
13.0 Method Performance.
The precision of this method is estimated to be
better than ± 5 percent, expressed as ± the percent relative
standard deviation.
14.0

Pollution Prevention. (Reserved)

15.0

Waste Management. (Reserved)

16.0
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